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BLASTODERM. — Blastodemi  is  a  term  of  soniewbat 
Taried  signitication  according  to  tlie  animal  to  which  it 
is  applied,  and,  indeed,  according  to  the  stage  of  de- 
velopment. The  blastoderm  of  vertebrates  is  dift'ereut 
from  the  so-called  blastoderm  of  many  invertebrates. 
The  term  is  applied  especially 
to  meroblastic  ova,  but  is  also 
used  in  reference  to  the  mam- 
malian ovum;  it  designates 
the  layer  or  layers  of  cells 
which  partially  or  completely 
cover  the  yolk  and  directly 
participate  in  the  formation  of 
the  embryo.  Tlie  htastudenn 
may  be  defined  as  the  stnitum  of 
cells  rcsHlting  from  segmenta- 
tion of  tlie  ovum,  and  not  belong- 
iny  to  the  ynlk.  We  cannot  en- 
ter into  a  detailed  comparison 
of  the  blastoderm  throughout 
the  animal  kingdom ;  let  it 
Fig.  499.— Section  of  Egg  of  suffice  to  point  out  that  the 
Onlscus  Murarlus.  (After  structures  so  called  are  by  no 
means  always  homologous. 
Thus,  in  insects,  segmentation  is  partial  and  produces 
a  single  layer  of  cells  {Fig.  499),  which  gradually 
spreads  over  the  yolk  and  apparently  represents  only 
the  ectoderm.  In  vertebrates,  however,  the  blasto- 
derm is  more  complex,  and  consists,  in  most  forms, 
of  several  layers  of  cells,  or  rather  at  first  of  a  thick 
stratum  of  cells  not  separated  into  distinct  layers 
until  later  stages.      The  typical  vertebrate  blasto- 


indebted  for  the  accompanj-ing  semi-diagrammatic  figure 
(Fig.  .500)  of  the  ovum  and  blastoderm  of  a  flounder. 
The  ovum  is  surroimded  by  a   vitelline  membrane,  z. 


Kw. 


FIG.501.— Eggof  AxcIotlafterSesmentation.  Transvei-se section.  Bl, 
Primitive  or  ectodermal  blastoderm ;  s.c,  segmentation  cavity ;  hw, 
(Keimwall)  germinal  wall;  I'oik.  segmented  yolk.  (After  Belloncl.) 


Fig.  500.— Ovum  of  a  Floumier  in  Tran.sverse  Vertical  Section, 
.semidiagrammatic.  2,  Viti^lline  membrane;  hii'.  segment- 
ing zone  (Keimwall)  ;  Bl.  blastoderm;  s.c.  segmentation 
cavity ;  s.g.,  subgermlnal  plate;  q\.  oil  globule  of  yolk. 

•derm  can,    perhaps,    be    best   seen  in    the  eggs  of  Fig,  502.-Ovum  of  Rabbit ;  ninety-fnur  hours  after  coitus.    Ec,  External  cell 

bonv  fishes       The  flisnnsitinn    ln«   hppn   vervparp  layer ;  i.m.,  inner  ma.ss  of  cells  ;  Z,  zona  pelluclda.    (The  upper  half  rep- 

uouy  nsiies       1  nc  aisposition    lias   Deen  very  care-  ^^^.^^^  ^„  ^  ^j^,  ggetion,  the  lower  half  a  surface  view.)     (After  Van 

JuUy  studied  by  Dr.  C.  O.  Whitman,  to  whom  I  am  Beneden.) 
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from  which  it  has  slightly  -withdrawn,  notablj'  at  the 
upper  pole,  where  lies  the  thick  cap  of  cells  coustitutiug 
the  blastoderm,  Bl ;  in  the  stage  represented  the  outer 
layer  of  cells  is  just  becoming  marked  ofif  as  a  distinct 


"■•i.m. 

Fig.  503.^Section  of  Rabbit's  Blastoderm,  of  five  clays  and  four  hours.    Z,  Zona 
pellucida ;  Ec,  ectoderm ;  i.m.,  inner  mass,     (.\fter  Van  Beneden.) 

layer,  the  ectoderm ;  underneath  the  blastoderm  is  the 
well-marked  segmentation  cavity,  s.c;  everywhere  at 
the  edge  of  the  blastoderm  lies  the  segmenting  zone, 
kir. ,  a  ring  of  granular  protoplasm  with  rapidly  dividing 
nuclei ;  the  cells  resulting  from  these  divisions  are  added 
to  the  edge  of  the  blastoderm,  which  thus  enlarges  by 
peripheral  additions  as  well  as  b.v  the  proliferation  of  its 
component  cells.  The  segmenting  zone  is  prolonged  in- 
ward, forming  the  floor  of  the  segmentation  cavity,  or, 
as  it  is  named,  the  subgerminal  plate,  s.y.  This  plate 
grows  in  from  the  perijihery  toward  the  centre;  it  con- 
tains nuclei  and  thins  out  from  the  edge  of  the  blasto- 
derm inward.  The  'segmenting  zone,  kir.,  is  essentially 
the  homologue  of  the  germinal  wall  of  the  anmiota, 
which  lias  been  described  under  Ami,  but  it  is  sharply 
bounded  against  the  yolk,  and  in  that  respect  differs 
from  the  wall  in  the  chick,  because  in  the  latter  the 
germinal  wall  merges  gradually  into  the  yolk. 

In  the  ovum  of  elasmobranchs  (sharks,  etc.),  we  find, 
at  the  so-called  close  of  segmentation,  that  the  blastoderm 
is  a  lenticular  mass  of  cells,  a  little  thickened  at  one 
point  where  the  primitive  streak  arises  later,  and  resting 
at  its  edge  upon  the  very  large  yolk,  which  forms  an  en- 
circling zone  of  segmentation  around  the  blastoderm ; 
between  the  mass  of  cells  and  the  yolk  there  is  a  cavity 
commonly  described  as  the  segmentation  cavity.  If  this 
designation  be  correct,  then  the  comparison  with  the 
teleost  ovum  is  direct  and  evident.  It  is  possible,  how- 
ever, that  the  space  under  the  blastoderm  is  not  the 
true  segmentation  cavity,  but  the  entodermic  cavity,  as 


Fig.  5W.— Diagram  of  a  Segmented  .Mammalian  Ovum.  Bl,  Blasto- 
derm ;  s.c,  secondary  cavity  of  the  yolk  ;  Yolk,  layer  of  cells,  rep- 
resenting the  remnatit  of  segmented  yolk. 

maintained  by  Balfour ;  in  other  words,  that  the  disposi- 
tion of  parts  is  the  same  as  in  the  birds,  which  we  pro- 
ceed to  describe. 

The  birds  and  reptiles  being  very  closely  related,  we 
find  very  close  resemblances  between  the  blastoderms  in 
the  two  classes.  The  actual  hom55lJbgies  of  the  parts 
have  been  worked  out  a.s  yet  only  in  the  birds,  but  there 
cannot  be  much  doubt  that  essentiall.y  the  same  features 
exist  in  the  blastoderm  of  reptiles.  Duval  has  recently 
shown  that  in  birds  the  primitive  blastoderm  represents 
only  the  ectoderm,  as  is  the  case  also  with  the  amphibia ; 


it  is  separated  from  the  underlying  yolk  by  a  distinct 
cavity;  in  birds  this  cavity  is  very  small,  and  is  overlaid 
by  a  single  row  of  cells,  the  ectodermal  or  primitive 
blastoderm;  the  cavity  is  very  soon  obliterated  by  the 
development  of  cells  below  it,  and  these  cells, 
together  with  the  outer  layer  first  formed,  con- 
stitute the  secondary  blastoderm,  which,  there- 
fore, contains,  first,  the  young  ectoderm,  and, 
second,  a  deeper-lying  stratum  of  cells,  shown 
by  their  subsequent  history  to  be  the  meso- 
derm united  with  part  of  the  entoderm;  in 
other  words,  at  this  stage  the  mesoderm  and 
entoderm  are  not  distinct.  Underneath  this  compound 
blastoderm  appears  a  second  cavity,  which  is  not  what 
it  has  been  often  called — the  true  segmentation  cavity — 
but  is  entodermic.  being  bounded  by  the  true  entoderm 
above  and  the  yolk  below  ;  the  .volk.  it  must  be  remem- 
bered, is  modified  entoderm.  In  birds  (and  probably 
reptiles)  the  thick  blastoderm  of  the  teleost  is  represented 

I T 
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Fig.  505.— Sections  through  Three  Successive  Stages,  Oyum  of  the  Mole, 
to  show  the  changes  in  the  inner  mass,  i.m.  z  and  x  designate  th& 
zone  pellucida ;  Ec.  suhzimal  cell  layer,  usually  called  ectoderm,  but 
probably  entoderm;  /ij/,  portion  of  the  inner  mass,  which  enters- 
into  the  composition  of  the  entoderm  of  later  stages.    (Aiter  Heape.) 

by  only  a  few  cells ;  the  secondary  blastoderm  is  another 
structure,  consisting  of  two  layers,  and  developed  later. 
The  similarity  between  the  eggs  of  ganoids  and  of 
amphibians  permits  us  to  consider  these  two  classes  to- 
getlier.  At  first  sight  the  segmented  ovum  of  an  am- 
phibian seems  very  unlike  that  of  the  mcsoblastic  verte- 
brates, but  if  we  begin  by  the  study  of  parts  obviously 
identical,  I  believe  that  we  can  determine  the  homologies 
of  all  the  parts.  Fig.  501  represents  a  transverse  section 
of  an  ovum  of  an  axolotl ;  the  membranes  of  the  ovum 
are  not  represented.  The  parts  can  be  readily  compared 
with  those  in  the  teleost.  The  blastoderm,  Bl,  is  very 
large  in  proportion  to  the  whole  ovum,  and  is  composed 
of  several  layers  of  cells,  all  of  which  belong  to  the  ecto- 
derm, and  at  this  stage  are  found  to  be  multiplying  with 
extreme  rapidity';  the  yolk  is  segmented,  and  accord- 
ingly consists  of  large  cells.  At  the  edge  of  the  yolk,  kw, 
is  the  zone  in  which  cells  are  being  added  to  the  blasto- 
derm, and  which  is  therefore  the  homologue  of  the 
germinal  wall.  The  segmentation  cavity,  s.c,  is  very 
large ;  the  3'olk  cells  bounding  it  inferiorly  may,  perhaps. 
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be  homologous  with  the  nucleated  subgerminal  plate  of 
teleosts.  The  segmentation  cavity  is  ultimately  obliter- 
ated, and  a  secondary  blastoderm,  including  the  three 
germ  layers,  is  developed,  as  described  in  the  article 
FaUti,  Develaptnentof.  Underneath  the  secondary  l.ilasto- 
derm  arises  a  second  distinct,  or  true  entodermic  cavity 
(Fig.  506).  The  relations  are  strictly  comparable,  there- 
fore, to  those  in  the  birds. 

The  mammalia,  according  to  the  description  hitherto 
given,  offer  no  homology  in  the  blastoderm  stage  with 
other  vertebrates.  The  formation  of  the  blastoderm  is 
described  under  Segmentation.  The  result  of  segmen- 
tation is  the  so-called  blastodermic  vesicle,  a  hollow 
sac  formed  by  a  single  layer  of  cells  (Fig.  503,  Ec.) 
lying  close  against  the  zonapellucida;  at  one  pole,  where 
the  embryo  is  subsequently  formed,  lies  a  lenticular 
mass  of  cells,  i.in.  Now,  the  exact  relations  of  this  cell 
mass  have  never  been  thoroughly  .studied  by  any  one  with 
the  view  of  elucidating  the  homologies  of  the  parts,  all  in- 
vestigators having  apparently  come  to  a  tacit  agreement 
to  neglect  this  problem.  Van  Beneden,  to  be  sure,  at- 
tempted an  interpretation  bv  calling  the  outer  vesicle  the 
ectoderm,  and  the  inner  mass  the  in\aginated  entoderm, 
thus  defining  the  whole  as  a  modified  gastrula.  It  has 
since  been  definitely  settled  that  Van  Beneden  was  in 
error  in  this.  Our  knowledge  of  the  changes  that  take 
place  in  the  inner  cell  mass  is  based  almost  wholly  upon 
the  study  of  various  rodents  (rabbits,  guinea-pigs,  and 
mice),  all  of  whom  pass,  during  their  early  development, 
through  phases  which  obviouslj'  represent  great  modifica- 
tions of  the  normal  mammalian  ontogeny.  In  the  rabbit 
the  cells  where  the  inner  mass  lies  soon  form  three  layers 
(Fig.  503).  These  are  not,  however,  the  three  germ  layers : 
for,  as  Rauber  has  shown,  the  two  outer  layers  ft)rm  the 
ectoderm,  and  the  third  inner  lajer  forms  the  entoderm; 
the  mesoderm  arises  later.  Here,  then,  we  reach  a 
definite  point  of  comparison.  The  whole  of  this  mass  of 
cells  performs  the  role  of  the  secondary  blastoderm  in 
the  chick,  teleost,  and  frog ;  I  therefore  conclude  that  it 
is  the  7nanunalian  blastoderm.  The  second  point  to  be 
made  is  that  the  so-called  ca\ity  of  the  blastodermic 
vesicle  is  probably  not  the  segmentation  cavity,  but 
the  secondary  yolk  cavity,  which  later  fuses  with  the 
notochordal  canal  (see  Notmhord)  to  form  the  definitive 
archenteron.  Hence  comes  the  third  point,  that  the 
cellular  vesicle  represents  not  the  ectoderm,  as  has 
hitherto  been  universally  assumed,  but  the  yolk  sac 
hollowed  out. 

For  convenience  of  comparison  with  Figs.  500  and  502, 
the  accompanying  diagram  (Fig.  504)  of  a  mammalian 
ovum  after  segmentation  is  given.  According  to  the 
identification  of  homologies  I  have  here  hypothetically 
advanced,  the  blastoderm,  Bl,  must  include  both  ecto- 
derm above  and  entoderm  within.  If  we  imagine  the 
yolk  of  the  axolotl.  Fig.  501,  very  much  reduced,  so  as 
to  form  only  a  single  laj'cr  of  cells,  we  should  have  the 
mammalian  condition,  Fig.  504. 

It  appears  to  me  that  the  invagination  of  the  inner  cell 
mass  is  a  general  phenomenon  in  the  development  of 
placental  mammals,  and  that  the  remarkable  inversion 
of  the  germ  layers  in  the  guinea-pig  is  only  a  persistence 
of  this  early  invagination.  It  is  a  law  which,  as  I  pointed 
out  several  years  ago,  holds  throughout  the  animal  king- 
dom, that  the  result  of  segmentation  is  to  produce  two 
sets  of  cells:  one  of  small-.sized  cells,  belonging  to  the 
ectoderm,  the  other  of  larger  cells,  belonging  to  the  en- 
toderm. In  mammals  also  segmentation  produces  the 
two  kinds  of  cells,  but  the  smaller  ones  (ectoderm)  form 
most  of  the  inner  cell  mass  which  Van  Beneden  errone- 
ously called  entoderm.  It  seems  to  me  clear  that  this 
first  invagination  has  nothing  to  do  with  a  gastrula  in- 
vagination. The  inner  cell  mass  gradually  flattens  out 
again  in  most  cases,  but  in  some  mammals  it  remains 
permanently  turned  in  (guinea-pig,  arvicola.  etc.).  The 
process  of  the  flattening  out  of  the  inner  cell  mass  is 
shown  in  Fig.  505,  which  represents  sections.  In  the 
mole  the  inner  mass  is  nearly  globular.  A,  and  quite  small 
in  proportion  to  the  whole  vesicle.     It  soon  becomes  lens- 


shaped,  B,  and  next  separated  into  three  layers,  C,  the 
outermost  of  which  disappears;  the  middle  layer  becomes 
the  ectoderm  of  the  embryo ;  the  innermost,  part  of  the 
entoderm.  These  changes  are  discussed  in  the  article 
Fo'tns.  For  the  present  it  must  be  said  that  we  have  no- 
clear  notions  as  to  the  passage  of  the  segmented  mam- 
malian ovum  into  the  embryo,  because  we  do  not  know 
yet  either  the  history  of  the  segmentation  cavity  nor  the 
origin  of  the  entodermic  cavity. 

Co>XLUSiONS. — The  blastoderm  of.(probivbly  all)  verte- 
brates passes  through  two  stages:  ihe  primary  blastoderm 
consists  of  ectoderm  only,  which  is  separated,  except  at 
its  edges,  from  the  yolk  by  the  segmentation  cavity ; 
the  secowlarii  blastoderm  is  constituted  by  portions  of  the 
three  primary  germ  layers,  which  overlie  a  second  cavity 


Fig.  .506.- Esg  of  A.xolotl,  Loii(ritiiiliiial  Section.  (After  Belloncl.) 
lil.  Primitive  Ijlast-HU-rni ;  I'r.  :iri-iniiiilatinn  of  ci-lls,  sliowin?  the 
commenrement  i>f  tlif  scmndiiry  blastoderm;  tiiis  aniimiilation 
corre.sponds  to  the  primiti\<'  stfoak  of  iiirds;  }>i,  l)lasto|iore  and 
commencement  of  the  entodermie  cavity. 

belonging  to  the  entoderm  and  lying  behind  and  separated 
from  the  segmentation  cavity;  the  secondary  blastoderm 
is  the  commencement  of  the  embryo. 

The  history  of  the  changes  in  the  secondar}'  blasto- 
derm is  given  under  Fa'tiis.  We  will  note  here  only  the 
nature  of  the  first  step,  which  is  an  accumulation  of  cells, 
appearing  at  the  posterior  end  of  the  blastoderm,  and 
which  is  known  in  the  higher  vertebrates  by  the  name 
of  t/ie  jirimitire  streak.  It  is  almost  the  first  steji  toward 
the  addition  of  inner  layers  to  the  ectoderm  or  primary 
blastoderm,  and  it  remains  recognizable  for  a  consider- 
able period  at  the  hind  region  of  the  blastoderm  or  germ- 
inal area.  Charles  Sedgwick  Minot. 
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BLASTOPORE.— In  the  lower  vertebrates,  notably  in 
the  ElasiiiobraiM'hiata,  Gauoidca.  Dlpnoe,  and  Amphibia, 
there  appears  during  the  I'orniation  of  the  entodermic 
cavity  a  small  opening  at  the  posterior  edge  of  the  blas- 
toderm. This  opening  leads  directly  into  the  entodermic 
cavity,  and  is  known  as  the  blastopore.  It  jiersists  dur- 
ing early  embryonic  life.  This  opening  is  best  seen  in  a 
longitudinal  section  (Fig.  .507).  Tlie  blastoporic  opening 
leads  into  a  descending  canal,  which  directly  communi- 
cates with  the  posterior,  or  caudal,  end  of  the  entodermic 
space,  which  lies  between  the  yolk,  17,  and  the  dorsal 
entoderm,  Ent.  The  appearances  of  the  ova  of  the 
lamprey,  or  of  an}-  amphibian,  at  a  corresponding  stage, 
are  closely  similar  to  those  of  Fig.  507. 

The  blastopore  is  also  found  in  reptiles,  birds,  and 
mammals,  but  the  recognition  of  its  occurrence  in  these 
forms  was  long  hindered  by  the  fact  that  it  does  not  exist 
at  iirst  as  a  canal.     The  blastopore  is  the  external  open- 

Ec. 


ing  of  a  tube  passing  through  the  primitive  streak,  or 
the  thick  mass  of  cells  at  the  posterior  end  of  the  blasto- 
derm (or  later  eiubryo).  Now,  it  from  any  cause  the 
walls  of  the  tube  grew  together,  the  lumen  would  dis- 


\ 


Fig.  S07.— Longitudinal  Section  of  an  c  Hum  of  the  Sturgeon  After  the 
Formation  of  the  Entodermic  cavity.  Ec,  ectoderm  :  M'cs,  meso- 
derm ;  Ent.  entoderm;  Bl,  bIast<ipore:  A],  diverticulum  of  the 
digestive  tract ;  Ti.  yolk.     <.\fter  Salensky.) 

appear,  and  the  primitive  streak  would  become  a  solid 
mass  of  cells.  This  is  the  condition  we  actually  find  in 
the  mammals  (Fig.  508,  A).  Now,  since  the  primitive 
streak  really  is  morphologically  the  thick  wall  of  the 


Fig.  508.— Formation  of  the  Blastopore  in  Lacerta  Muralis.  (After  Weldon.)  A,  B,  C,  longitudinal  sections  of  three  successive  stages  In  the 
development  of  the  blastoderm,  made  after  Its  removal  from  the  yolk ;  D,  transverse  section  of  the  posterior  part  of  a  blastopore  a  little 
younger  than  C.  Ee,  ectoderm ;  En,  entoderm ;  Pr,  primitive  streak ;  bi,  blastopore ;  Ch,  notochord ;  mes,  mesoderm ;  Som,  somatopleure  ; 
Spl,  splaDchDopleure. 
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blastopore,  the  homologies  are  not  altered  by  the  tem- 
porary disappearance  of  the  canal,  especially  as  the  canal 
reappears  as  such  in  later  stages,  at  first  as  a  pit  upon 
the  external  surface  (Fig.  508,  B,  W);  this  pit  soon  be- 
comes a  complete  perforation  (Fig.  508,  C,  hi). 

It  is  a  remarkable  but  very  common  phenomenon  in 
vertebrate  development  to  encounter  tubular  organs 
existing  temporarily  as  solid  cell  masses  in  the  embryo. 
This  occurs  with  most  glands,  the  Wolffian  duct,  the 
vagina  of  man,  the  urethra  in  the  penis,  the  nares,  the 
meatus  auditorius  externus,  the  posterior  part  of  the 
medullary  canal  in  the  axolotl,  the  intestines  of  teleosts, 
etc.  There  is.  therefore,  nothing  speciallv  remarkable  in 
the  temporary  absence  of  the  blastoporic  lumen,  and  the 
want  of  an  opening  is  not  a  valid  argument  against  the 
homology  of  the  amniote  blastopore  with  that  of  the 
amphibia  and  similar  forms. 

(For  the  relation  of  blastopore  to  the  nervous  system, 
see  Nevrenteric  Oinal.) 

The  blastopore  usually  disappears  by  closure,  and  a 
new  posterior  opening,  the  true  or  permanent  anus,  is 
formed.  Miss  Johnson  .states  that  in  the  Triton  the  anus 
is  the  persistent  blastopore,  an  observation  of  great  theo- 
retical importance.  Vharlcs  Sedgwick  Minot. 
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BLENNOSTASINE  is  a  compound  of  tmstated  formula 
derived  from  one  of  the  cinchona  alkaloids.  It  is  seda- 
tive to  the  central  nervous  system  and  has  given  much 
relief  in  haj'  fever,  coryza,  laryngitis,  etc.  It  is  not  ap- 
plied locally,  but  is  given  by  the  mouth  in  doses  of  gr.  i. 
to  iv.  frequently  repeated.  TV.  A.  Bastedo. 

BLEPHAROSPASM.  —  DEFrsiTioN.  — Spasmodic  con- 
traction of  the  orl)icularis  i)al])ebrarum  muscle,  tonic  or 
clonic  iu  character,  evidenced  by  occlusion  of  the  palpe- 
bral fissure  when  the  entire  muscle  is  affected,  or  by 
fibrillary  contraction  of  a  limited  portion. 

It  occurs  generally  as  a  symptomatic  affection,  al- 
though it  can  exist  as  a  disease  by  itself. 

Its  causes  may  be  divided  into  three  gioups:  first, 
affections  of  the  eye  and  ear;  second,  affections  of  the 
nervous  system ;  third,  general  diseases.  The  first  group 
includes  foreign  bodies  in  the  conjunctiva  or  cornea,  in- 
flammations of  the  conjunctiva,  cornea,  iris  and  ciliary 
body,  sympathetic  irritation,  ectropion,  entropion,  trich- 
iasis, heterophoria,  ametropia,  foreign  bodies  in  the  ex- 
ternal auditory  canal,  and  otitis  media. 

The  second  group  compiises  affections  of  the  facial  and 
trigeminal  nerves,  hysteria,  and  chorea. 

The  third  group  includes  as  causes,  chlorosis,  perni- 
cious ana?raia,  malaria,  rheumatism,  and  influenza. 

Symptoms. — It  occurs  in  the  form  of  a  touic  or  of  a 
clonic  spasm.  In  the  tonic  form  the  palpebral  fissure  is 
tightly  closed,  great  force  often  being  required  to  open 
it.  It  is  an  excessive  action  of  the  normal  reflex  mechan- 
ism, ofteu  persisting  as  a  troublesome  afflictiofi  in  excess 
of  its  cause.  It  may  be  intermittent  in  character,  com- 
ing on  suddenly,  and  frequently  placing  the  patient  iu 


great  danger,  when  it  is  binocular ;  or  continuous,  some- 
times to  such  a  degree"  as  to  cause  a  temporaiy  amaurosis. 
The  latter  condition  is  usually  observed  in  children  of 
three  or  four  years  of  age.  after  relief  from  a  very  pro- 
tracted blepharospasm.  They  are  unable  to  see  large 
objects,  and  orieutatiou  is  practically  impossible.  The 
pupillary  reflex  will  be  found  active,  strong  light  pain- 
ful, and  ophthalmoscopic  examination  negative.  The 
amaurosis  is  believed  to  be  cortical  iu  nature  (Leber, 
Uthofi),  owing  to  the  absence  of  peripheral  stimula- 
tion. Samelsohn  has  considered  it  to  be  analogous 
to  the  suppression  of  the  image  in  alternating  strabis- 
mus. Others  believe  it  ti>  be  due  to  the  disturbance 
of  the  iuti'a-ocular  circulation  by  the  prolonged  press- 
ure of  the  eyelids,  in  support  of  which  lielief  they  cite 
individual  cases  which  have  exhibited  choroidal  and  re- 
tinal changes. 

In  clonic  blepharospasm  there  ai'e  intermittent  con- 
tractions of  the  entire  muscle,  manifested  by  constant 
opening  and  closing  of  the  palpebial  fissure,  or  by  con- 
tractions of  a  limited  number  of  fibres,  as  evidenced  by  a 
slight  twitching  of  the  lids,  more  often  of  the  lower  lid. 
While  the  spasm  may  be  intermittent  at  the  outset,  its 
continuance  engenders  its  becoming  constant  and  per- 
manent, and  frequently  the  spasmodic  impulse  extends 
to  neighboring  muscles. 

Cai'ses. — Tonic  spasm  is  particularly  induced  by 
foreign  bodies  in  the  conjunctiva  and  cornea,  and  by 
abrasions  or  inflammations  of  the  conjunctiva  and  cornea, 
the  phlyctenular  variety  particularly  giving  rise  to  it. 
This  form  of  inflammation,  which  is  seen  in  stiumous 
children,  is  frequently  accompanied  by  uasiil  disease, 
which  may  cause  a  persistence  of  the  spasm  long  after 
the  conjunctival  and  corneal  disease  has  disappeared. 
The  intense  photophobia,  and  the  oedema  of  the  lids, 
particularly  of  the  upper,  caused  by  the  compression  of 
the  veins  of  the  lids  by  the  firmly  contracted  muscle, 
i-ender  the  examination  of  the  eye  extremely  difficult. 
Fissures  of  the  commissures  and  spastic  ectropion  or  en- 
tropion are  induced.  It  is  believed  that  the  blepharo- 
spasm in  keratitis  is  due  to  direct  irritation  of  the  corneal 
nerves;  Iwanoff  having  found  that  the  cellular  infiltra- 
tion extended  along  the  course  of  the  corneal  nerves.  It 
is,  however,  in  part  voluntarily  induced  by  the  i)at  lent  for 
the  purpose  of  relieving  the  photophobia.  The  forcible 
separation  of  the  lids  is  often  accompanied  by  pain,  suffi- 
cient in  some  cases  to  induce  epileptiform  convulsions, 
and  by  sneezing,  reflex  in  character,  caused  by  the  hyper- 
iBsthesia  of  the  retina  to  light.  The  violence  of  the  spasm 
is  by  no  means  in  direct  proportion  to  the  severity  of  the 
disease  of  the  eye,  slight  corneal  abrasions  or  a  small  for- 
eign body  frequently  inducing  the  most  violent  tonic 
spasm,  iritis  and  cyclitis  are  occasionally  accompanied 
by  blepharospasm.  Donders  speaks  of  it  occurring  as  a 
sympathetic  neurosis  in  cases  of  irido-cyclitis.  Rampol- 
di  reports  cases  that  were  caused  by  the  presence  of  for- 
eign bodies  in  the  external  auditory  canal,  Ziem  a  case 
following  syringing  of  the  cavity  of  the  tympanum,  and 
Berger  cases  accompanying  suppuration  of  the  sinuses 
adjacent  to  the  orbit. 

Clonic  blepharospasm  is  frequently  observed  in  young 
children  on  their  commencement  of  school  life,  either  as 
a  decided  complete  contraction  of  the  muscle,  or  in  the 
form  of  fibrillary  twitchings,  often  difficult  to  discover 
on  close  inspection,  though  extremely  annoying.  In  the 
first  in.stance  it  is  often  a  manifestation  of  commencing 
chorea,  the  children  presenting  a  marked  anaemia.  The 
fibrillary  form  is  generally  due  to  uncorrected  errors  of 
refraction.  Adults  presenting  heterophoria  and  ametro- 
pia, particularly  hypermetropic  astigmatism,  are  prone 
to  this  variety. 

Aft'ections  of  the  facial  nerve  through  traumatism  or 
cerebral  lesions  may  give  rise  to  blepharospasm,  though 
it  is  more  often  a  reflex  phenomenon  due  to  a  local  or 
distal  irritation  of  one  of  the  branches  of  the  trigeminus. 
Supra-  and  infra-orbital  neuralgia,  caries  of  the  teeth  or 
maxilla",  ulcerations  of  the  tongue,  mouth,  and  palate, 
and  chronic  affections  of  the  lachrymal  canal  may  be 
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cited  as  causes  of  such  irritation.  Saemisch  has  men- 
tioned cases  which  were  caused  by  the  imprisonment  of 
sensitive  nerve  tilaments  in  cicatrices.  In  neuralgia  of 
the  different  branches  of  the  lifth  nerve  sensitive  points 
can  be  found,  pressure  upon  which  will  often  arrest  the 
spasm.  These  spots  may  be  situated  at  the  point  of  exit 
of  the  nerves  from  their  foramina,  or  may  be  located 
some  distance  from  the  affected  muscle,  as  at  the  back  of 
the  neck,  over  the  spines  of  the  vertebrae.  Romberg 
found  that  pressure  upon  the  facial  nerve  at  its  exit  from 
the  stylomastoid  foramen  would  arrest  the  spasm  in 
some  cases.  The  patient  often  discovers  where  these 
pressure  points  are  situated,  and  will  avail  himself  of 
this  knowledge  to  obtain  relief.  Pressure  upon  certain 
parts  of  the  tjody  has  been  known  to  bring  on  blepharo- 
spasm, as  in  the  case  reported  by  Zehender,  in  which 
pressure  in  the  region  of  the  first  cervical  vertebra  in- 
duced it.  Cases  like  this  one  are  undoubtedly  of  hys- 
terical origin.  Indeed,  not  a  few  cases  of  blepharospasm 
are  of  hysterical  nature.  The  spasm  ma}-  be  caused 
primarily,  in  these  subjects,  by  traumatism,  bj'  a  carious 
tooth,  or  by  a  foreign  body  in  the  conjunctiva,  cornea, 
auditory  canal,  etc.  Its  continuation  after  removal  of 
the  cause  and  disappearance  of  all  irritation  would  indi- 
cate its  hysterical  character.  It  is  usually  binocular, 
tonic  in  character,  and  rarely  preceded  by  clonic  move- 
ments. Its  disappearance  is  as  sudden  as  its  invasion, 
and  its  duration  varies  greatly.  Dr.  Charles  Lasagne 
cites  a  case  of  monocular  hysterical  blepharospasm, 
caused  by  traumatism,  which  lasted  four  months,  while 
the  immediate  effects  of  the  traumatism  lasted  but  twenty- 
four  hours.  A  constant  twitching  of  the  upper  lids  re- 
peated about  twice  a  second  is  characteristic  of  hysteria, 
and  is  believed  by  Knies  to  be  due,  like  nystagmus,  to  a 
weakening  of  the  motor  cortical  innervation  of  the  mus- 
cles. Aniesthesia  of  the  palpebral  skin  may  be  noticed 
as  an  accompanying  symptom,  as  shown  by  Gilles  de  la 
Tourette.  In  ansemic  and  nervous  children  blejiharo- 
spasm  occurs  as  the  commencement  of  general  chorea. 
The  habit-chorea  (Weir  Mitchell),  which  commences  in 
childhood,  ceases  after  a  few  months  or  years,  although 
it  occasionally  goes  on  to  middle  life.  When  it  com- 
mences in  middle  life  it  is  generally  permanent.  It  is 
more  common  in  females,  following  some  impairment  of 
the  general  health,  fright,  injury  or  overwork,  and  in 
boys,  as  the  result  of  masturbation.  Imitation  can  bring 
it  on  and  observation  increases  it.  Refractive  errors, 
follicular  conjunctivitis,  and  blepharitis  are  also  found 
as  frequent  causes.  It  is  often  associated  with  symptoms 
of  hysteria  in  young  women,  making  it  difficult  to  de- 
termine to  which  disease  the  spasm  properly  belongs. 
Ana?mic  women  occasionally  present  a  clonic  monocular 
spasm,  due  to  the  general  debility  induced  by  uterine 
and  ovarian  disease. 

Prognosis. — The  prognosis  in  blepharospasm  is  un 
certain  except  wliere  it  is  due  to  hj'steria.  traumatism, 
conjunctival  or  corneal  disease.  Prolonged  contraction 
may  involve  serious  consequences  to  the  eye,  through 
the"  pressure  of  the  lids  causing  definite  lesions  of  the 
choroid  or  retina. 

Treatjient. — The  treatment  of  blepharospasm  re- 
solves itself  into  treatment  of  its  causative  conditions. 
A  careful  search  should  be  made  for  foreign  bodies  in  the 
conjunctiva,  cornea,  nose,  and  ear.  If  conjunctivitis  and 
keratitis,  particularly  of  the  phlyctenular  variety,  are 
present,  they  should  be  carefully  treated.  Cocaine, 
while  often  of  value  in  relieving  blepharospasm  and 
rendering  the  examination  of  the  eye  easier,  should  be 
avoided  incases  in  which  there  are  corneal  ulcerations; 
holocain  should  be  used  instead,  in  one-percent,  solu- 
tion. The  dilatation  of  the  pupil  with  consequent  in- 
crease of  the  photophobia,  owing  to  the  hyper.'esthesia  of 
the  retina  and  the  softening  of  the  corneal  epithelium 
following  the  use  of  the  cocaine,  are  avoided  by  the  sub- 
stitution of  the  holocain,  the  latter  being  primarily  an 
an;psthetic  and  secondarily  an  antiseptic.  In  cases  in 
which  the  spasm  persists  after  the  conjunctival  and  cor- 
neal disease  has  been  cured,  forcible  opening  of  the  pal- 


pebral fissure,  during  chloroformization,  with  canthotomy 
if  necessary-,  and  the  dropping  of  iced  water  on  the  ex- 
posed eyeball  at  half-hour  intervals,  will  usually  suffice 
to  produce  a  cure.  These  children  should  not  be  allowed 
to  remain  in  the  dark,  nor  should  dark  glasses  be  given. 
Fissures  of  the  canthi  may  be  touched  with  a  crystal  of 
sulphate  of  copper  or  with  nitrate  of  silver,  and  the  ac- 
companying nasal  disease,  when  present,  should  be 
treated.  In  cases  in  which  eserin  is  seemingly  indicated 
it  may  be  found  that  the  spasm  is  increased  by  its  use, 
eserin  having  been  known  to  cause  violent  blepharospasm. 
De  Wecker  recommends  its  use  as  a  curative  agent,  be- 
lieving that  it  diminishes  the  tendency  to  reflex  trans- 
missions. Errors  of  refraction  must  be  corrected  under 
atropinization,  and  muscular  errors  should  be  carefully 
remedied.  In  cases  due  to  irritation  of  some  branch  of 
the  fifth  nerve,  careful  search  must  be  made  for  pressure 
points.  Hypodennic  injections  of  morphine,  in  doses  of 
from  gr.  yV  to  i,  may  be  made  at  these  points.  Conium, 
in  the  form  of  the  fluid  extract,  may  be  given  in  doses 
of  ten  drops,  from  three  to  six  times  daily,  until  the 
physiological  effects  of  the  drug  are  shown.  The  extract 
of  "conium  may  at  the  same  time  be  used  externally  in  the 
form  of  an  ointment.  Gelsemium  may  be  found  of  bene- 
fit in  the  cases  of  true  tic  doloureux.  Galvanism,  used 
after  the  method  of  Remak,  the  negative  pole  being  ap- 
plied over  the  muscle  and  the  positive  over  the  fifth 
cervical  vertebra,  is  sometimes  efticacious. 

The  careful  examination  of  the  moiith  and  teeth  by 
a  competent  dentist  should  always  be  insisted  on,  the 
patient  often  being  unaware  of  the  presence  of  dental 
or  buccal  trouble.  Other  remedies  having  failed,  and 
pressure  upon  sensitive  points  having  been  found  to 
give  relief,  division  of  the  offending  nerve  may  be  prac- 
tised. This  operation  was  first  performed  by  von  Graefe 
in  a  case  following  the  lodgment  of  a  foreign  body 
in  the  folds  of  the  conjunctiva.  The  nerve  divided  was 
the  supra-orbital,  and  success  followed  the  operation. 
The  supra-  and  infra-orbital  nerves  should  be  divided  at 
their  exit  from  their  respective  foramina,  the  temporal 
branch  of  the  malar  in  the  temporal  fossii,  and  the  in- 
ferior dental  in  the  mouth.  The  nerve  should  be  com- 
pletely cut  through;  in  fact,  some  authorities  think  that 
a  better  result  is  obtainable  by  the  excision  of  1  to  2  cm. 
of  the  nerve.  The  relief  given  by  section  of  the  nerves 
is  not  always  permanent,  the  spasm  after  a  short  period 
returning  and  being  accompanied  by  the  development  of 
new  pressure  points.  This  is  particularly  true  in  senile 
blepharospasm.  Excision  of  a  portion  of  the  nerve  is 
productive  of  more  lasting  relief,  although  it  gives  rise 
to  a  prolonged  anaesthesia  of  the  region  supplied  b.y  the 
nerve.  Stretching  of  the  nerves  has  been  advocated  by 
Panas.  Dieffenbach  practised  subcutaneous  division  of 
the  orbicularis  muscle,  but  without  much  success. 

Treatment  of  liysterical  blepharospasm  is  decidedly 
unsatisfactory.  Tonics,  sea  bathing,  the  use  of  the  ap- 
pliance devised  by  Mathewson  and  used  with  success  by 
Strawbridge,  and  the  application  of  the  Charcot  magnet 
with  suggestion,  may  lie  tried.  The  device  of  Matliew- 
son  consists  of  a  rubber  band  fastened  to  the  upper  lid 
below,  and  to  the  forehead  above.  The  constant  traction 
eventuall}-  overcomes  the  resistance  offered  by  the  muscle. 
Arsenic  given  internally,  or  hypodermically,  as  suggested 
by  Weir  Mitchell,  appears  to  be  the  most  efficacious 
remedy  in  the  cases  of  habit-chorea. 

C.  Cole  Bradley. 

BLINDNESS.— (Lat.,  C'cecitas ;  Ger.,  BUndheit ;  Fr., 
Art'iiijltnitnt.)  Amaurosis  is  sometimes  used  synony- 
mously with  blindness,  and  in  selected  cases — the  cause  of 
which  is  obscure,  or  is  located  in  the  nervous  apparatus 
— this  is  admissible,  with  the  same  limitations  that  apply 
to  blindness.  Blindness  is  a  misleading  term,  being  a 
symptom  only,  and  should  not  be  used  in  scientific 
language  (except  in  a  generic  sense)  without  a  qualify- 
ing phrase  which  describes  the  condition  upon  which  it 
depends — as  blindness  from  optic-nerve  atrophy.  A 
strict  application  of  the  tcm  would  include  only  such 
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eyes  as  are  not  possessed  of  light  perception.  It  is.  liow- 
ever,  usually  understood  to  embrace  all  eyes  incapable  of 
recognizing  the  outline  or  shape  of  objects:  and  prac- 
tically il  should  include  all  eyes  with  vision  less  than 
^5,  i.e.,  all  eyes  whirli  are  able  to  count  fingers  at  only 
one  foot,  for  such  individuals  have  to  be  Iml  around. 

Economic  Effects  of  Blindness. — Blindness  is  a  mis- 
fortune not  only  to  the  individual,  but  to  a  community, 
for  a  blind  person  has  to  be  supported,  and,  too.  he  is  not 
a  produce):  To  illustrate  the  importance  of  these  two 
factors,  let  us  apply  them  to  the  United  States,  wliich. 
according  to  the  census  of  1890,  had  .50,411  blind  in- 
habitants. The  e<mt  of  supporting  one  blind  person  in  an 
economical  manner  may  be  placed  at  S183  annually  (S3 
per  week  for  board,  S38  for  clothing),  so  that  the  cost  to 
this  country  for  caring  for  its  blind  is  S6,6.54.2.'52  annu- 
ally. The  producing  capacity  of  a  man  at  Si. 30  for  each 
working  day  and  of  a  woman  at  .SO. 40  a  day  would  be 
§404  and  .S2.56  respectively  annually,  wliicb  would  give 
$17,024,480  as  the  annual  earning  capacity  lost  to  this 
covmtrv  bv  its  blind — cost  and  loss  together  amounting 
tflS23.(iTS,732. 

The  GEOGR.\Piiic.\L  DISTRIBUTION  of  blindness  as 
shown  in  Table  I.,  compiled  by  Mayr,  of  Munich,  in 
1877,  has  been  subject  to  slight  changes  by  later  statistics, 
so  far  as  the  proportion  of  the  blind  to  the  population  is 
concerned. 

Table  I. 


Country. 


England  and  Ireland 

Denmark 

Norway  ...  

Sweden 

Finland  

Austria 

Hungary 

Switzerland 

Netherlands 

Belgiutu 

France 

Spain 

Italy 

United  States  of  America  . 

Argentine  Republic 

Britisli  lulniHi's  in— 

North  .\iinTica 

Wesl  Indies 

Africa 

Australia 

Germany 


Totals 248,148,446 


Population. 


,831, 
mi. 
701, 
168. 
732, 
394. 
417, 
,6B!), 
,575, 
.529, 
102, 
,6S8, 
413, 
.5.58, 
74:3, 

583, 
9(1,5, 

roil, 

:iii,-). 

39,,si;2, 


Total 

number  of 

blind. 


31,1.59 

1,46.5 

2,.320 

3,359 

3,891 

11.329 

18,523 

2,032 

1.593 

3,675 

30,214 

17.379 

26..H26 

20,320 

3..529 

361 

2,030 

416 

116 

:i5,048 

215,.585 


Number 
of  blind  in 

lO.IKXI. 


9.85 
7.86 

13.63 
8.06 

22.46 
.5.55 

12.01 
7.61 
4.46 
8.11 
8.37 

11.26 

10.16 
5.27 

20.24 

6.19 
22.41 
12.53 
3.79 
8.79 


8.74 


The  population  of  the  United  States  in  the  above  table 
is  taken  from  the  census  of  1870.  The  census  for  1880 
shows  a  population  of  .50.1.5.5,783;  number  of  blind, 
48,928;  number  of  lilind  in  ten  thousand.  9.73.  A  strik- 
ing difference  is  the  great  increase  of  blindness  in  the 
Uuiteil  States  in  the  subsetiuent  decade,  as  is  shown  in 
the  figures  for  1880.  Various  causes  must  be  considered 
in  determining  the  reasons  for  this  increase  in  blindness, 
the  most  important  of  which  are  the  following:  1.  The 
census  retui'ns  were  more  complete  for  the  last  census 
than  they  have  been  heretofore.  2.  Injuries  more  or  less 
remote  from  the  e\-e.  sustained  during  the  late  war,  con- 
tinue to  swell  the  I'anks  of  the  blind,  and  with  pensions 
in  view  a  considerable  number  make  tiie  claim  unjustly. 

3.  The  foreign  clement  in  our  population  adds  to  the 
percentage  of  blind;  for  natives  of  the  United  States 
furnish  9^3  blind  to  10.000  inhabitants,  while  13.4.5  blind 
are  found  in  the  same  number  of  our  foreign  population. 

4.  The  increase  of  manufacturing  interest  and  its  spread 
to  localities  remote  from  competent  professional  care. 
•5.  The  increase  of  those  competitive  trades  that  bring 
bodily  and  mental  strain,  which  are  liable  to  produce 
changes  in  the  nervous  system,  in  which  the  eyes  partici- 
pate. 

The  last  decade — census  for  1890 — shows  a  gratifying 
reduction   in  the   proportion  of  blindness;   population. 


63,622.250:  blind,  50,411 :  number  of  blind  in  10,000,  8.1 ; 
number  of  natives  blind  in  10.000,  7.4:  number  of  for- 
eigners blind  in  10.000^  10.1.  This  improveiuent  is  due 
to  two  causes;  first,  the  proportion  furnished  by  the  late 
war  has  been  depleted  by  death,  and  the  proportion  of 
foreigners  has  been  lessened  by  laws  restricting  emigra- 
tion; second,  people  are  being  educated  to  seek  proper 
relief  for  diseases  and  injuries  of  the  eyes. 

The  latest  foreign  statistics,  as  obtained  from  Eulen- 
burg's  Eeal-EncydopMie,  p.  502  (1894).  show  the  num- 
ber of  blind  to  100,000  inhabitants  of  the  countries  re- 
ferred to,  as  follows : 


Holland 44 

Canada 62 

Poland 70 

Italy 75 

Switzerland 76 

Denmark 79 

Sweden .SO 

Belgium 81 


Table  II. 

Prussia 83 

France 84 

Germany 85 

England 88 

Austria 94 

United  States....    97 

Ireland 120 

Hungary 128 


Norway 1.34 

Spain 148 

Caucasia    1.50 

Argentina 202 

European  Russia . .  210 

Finland 211 

Portugal 219 

Iceland 340 

The  statistics  in  Prussia,  according  to  Guftstadt.  show- 
that  in  1871  there  were  22,977  blind— i.e..  9.5  per  10,000 
—whilst  in  1880  there  were  22,678,  or  8.2  to  10,000. 
This  shows  a  diminution  of  1.3  per  10,000.  although  the 
poptilation  had  increased  10.6  per  cent.  In  Saxonj' the 
figures  declined  from  7.9  to  7.1. 

The  latest  blind  census  in  Austria,  on  December  31, 
1890.  showed  81  blind  to  100,000,  there  being  907  females 
to  1,000  males. 

The  CLIMATIC  rNTLUENCE,  as  illustrated  in  Europe, 
is  shown  in  Table  III. ,  from  Magnus,  of  Breslau,  1883. 

Table  III. 

Between  latitudes  30°  and  40°  the  number  of  blind  in  10,000  is  11.09 

40      ••    50 •      "       "  10,1X10  "    8,63 

50      "    60 "       '■  10.(M0  "    7..55 

60      "    70 "      "  10,000  "  18.04 

It  is  true  also  of  the  United  States  that  the  proportion 
of  blindness  gradually  increases  from  the  north  to  the 
south.  The  proportion  of  lilindness  is  greatest  in  the 
Eastern  portion  of  the  United  States,  less  in  the  middle, 
and  least  in  the  Western. 

And  for  the  Western  continent  the  same  author  gives 
Table  IV. 

Table  IV. 

Between  latitudes  10°  and  20°  the  numlier  of  blind  In  10.000  Is  22.41 
2(J      "    m    (vacant). 

30      "    40  the  number  of  blind  in  10,0(X)  is    8.96 
40      "    .50 10,000  "    5.36 

The  hot  southern  latitudes  are  iiijuiious,  because  of 
their  dry,  Siindy  interiors  (in  which  the  glare  and  the 
prevalence  of  high  winds,  accompanied  by  clouds  of  a 
fine  sandy  dust,  exert  an  irritating  influence  upon  the 
eyes),  and  their  moist,  swamjiy,  miasmatic  boitlers  and 
water-courses.  The  cold  northern  latitudes  are  injur- 
ious, because  confinement  in  badly  ventilated  (lujirters 
is  a  necessary  coneomitant :  and.  the  days  being  short 
during  the  long  winters,  the  work  of  the  eyes  is  crowded 
into  a  limited  time,  or  is  prolonged  in  insufficiently  lighted 
rooms,  where  work  becomes  injurious.  The  most  tem- 
perate zone  presents  the  least  number  of  these  objec- 
tions, hence  we  find  here  the  smallest  percentage  of 
blindness.  There  are  also  geological  causes  which  in- 
fluence the  percentage  of  blindness;  for  instance,  it  is 
more  frequent  on  one  side  of  the  Jura  Mountains  than 
on  the  other. 

It  has  been  asserted  that  Ijlindness  was  more  frequent 
in  cities  than  in  rural  districts,  and  this,  aside  from  such 
causes  as  lead  to  blindness  from  injuries,  trades,  etc. ;  but 
investigations  in  Russia,  and  by  Howe  in  this  countr}% 
would  seem  to  refute  that  claim  under  the  present  ex- 
isting circumstances.  Investigation  of  the  ntnnber  of 
blind  in  cities  of  the  Unitetf  States  containing  fifty 
thousand  and  upward  inhabitants  showed  that  the 
proportion  was  thirty-three  per  cent,  less  than  in 
the  country:  and  still  further  investigation  by  Howe 
seemed  to  show  that  this  improvement  was  due  to  the 
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more  general  use  of  preventive  measures  against  oph- 
thalmia neonatorum  in  cities  than  by  the  country  prac- 
titioners. 

That  there  are  race  pectjliahities  is  shown  by  the 
fact  that  out  of  10.000  Christians  there  are  only  9.4  blind, 
while  the  same  number  of  Jews  furnishes  13.3  blind. 
One  reason  for  this  large  percentage  of  blindness  in 
Jews  is  the  great  frequency  with  which  they  suffer 
from  glaucoma.  It  is  said  that  the  sclera  is  more  dense 
and  less  elastic  in  people  of  this  race  than  in  others,  and 
that  this  condition  favors  the  development  of  glaucoma. 
It  has  been  further  claimed  that  dark  eyes  are  more  prone 
to  amaurotic  ailectious  than  light  ones,  and  that  Jews, 
who  usually  have  dark  eyes,  are  therefore  more  liable  to 
suffer  from  blindness.  This,  however,  is  not  borne  out 
by  facts,  for  dark  races  are  usually  possessed  of  deeply 
pigmented  eyes,  yet  the  percentage  of  blindness  is  not 
great  with  them.  It  should  be  remembered,  however, 
that  the  so-called  amaurotic  affections  constitute  but  a 
small  proportion  of  the  causes  of  blindness :  and  the  fact 
should  not  be  oveilooked  that  overcrowding  and  bad 
ventilation  are  often  found  in  the  class  to  which  the  ma- 
jority of  Jews  belong — and  such  surroundings  are  prolific 
sources  of  external  inflammations  of  the  eye.  Consan- 
guinity in  marriage  is  another  cause  which  renders  the 
Jewish  race  more  prone  to  blindness  than  others.  They, 
too,  almost  invariably  live  in  cities,  where  the  percentage 
of  blindness  has  heretofore  been  higher  than  in  rural  dis- 
tricts. The  number  of  blind  negroes  in  the  United 
States  in  1890  was  7,160  out  of  a  population  of  7,470.040; 
or  9.5  to  10.000.  Lack  of  care  for  diseases  and  injuries 
is  the  probable  cause  of  much  blindness  with  them, 
rather  than  any  other  racial  difference. 

IsFLiEXCE  OP  Sex. — The  United  States  has  a  popu- 
lation of  33,067,880  males  and  30,  .554, 370  females,  which 
gives  a  preponderance  of  1,513,510  in  favor  of  males. 
The  number  of  blind  males  is  27,983,  and  of  females  23,- 
428,  which  gives  a  preponderance  of  5.555  in  favor  of  the 
male  blind.  The  number  of  blind  in  10.000  males  is  8.7 
and  in  the  same  lumiber  of  females  7.3.  This  difference 
is  a  slight  one.  and  can  be  easily  accoimted  for  by  the 
accidents  arising  from  exposure  of  the  eyes  to  the  injuri- 
ous influences  of  the  trades  followed  by  men.  An  inter- 
esting fact  bearing  ujion  this  point  is  the  comparative 
diminution  in  the  percentage  of  blindness  in  males 
after  they  reach  an  age  which  recalls  them  from  pur- 
suits that  endanger  the  eyes  to  suiToundings  more 
nearly  like  those  of  females.  Table  V.,  prepared  by 
Magnus  from  the  Prussian  census,  illustrates  this  con- 
dition most  aptly. 


Age. 

Nr.MBER 

OP  Bli.nd,  1871. 

Nr.MBER 

OF  BUND,  1880. 

Males. 

Females. 

Males. 

Females. 

1.113 
2,572 
.5,7.52 

558 

845 

3,336 

7.100 

572 

992 

3,565 

6,148 

4S8 

823 

2989 

6,975 

See  in  this  connection  Table  X.  for  the  causes  which 
produce  blindness  at  different  ages. 


Age. 

Percentage  of 
blind  between 
the  ages  given. 

Percentage 

of 
population. 

Number 

of  blind  in 

10.090. 

3.7 
4.6 
9.8 
11.1 
15.2 
17.3 
19.7 
13.5 
4.3 

24.9 

19.9 

16.4 

13.0 

11.1 

7.5 

4.7 

1.8 

.3 

.02 

1  75 

2.36 

20  to   30  years 

3.25 

40  to   ,50  years 

50  to   60  years 

60  fo    70  years                   .... 

6.84 
n..50 
2t)  23 

92  44 

80  to   90  years 

90  to  100  years            

207.00 
373.30 

Table  VI.  gives  the  percentage  of  blind  of  different 
ages  in  column  2,  and  the  percentage  of  population  at 
different  ages  in  column  3  (Katz),  whUe  column  4,  which 
has  been  adapted  from  ilejr's  tabic,  shows  the  number 
of  blind  in  10.000  at  different  ages. 

This  table,  which  is  a  very  interesting  and  Instructive 
one.  deserves  attention  for  its  own  merits;  yet  it  becomes 
more  instructive  when  considered  in  connection  with 
Table  X.,  which  gives  the  causes  that  produce  blindness 
at  different  ages. 

The  following  table  from  Eulenburg's  Bml-Encyclo- 
padie.  p.  505  (1894),  shows  the  percentage  of  blindness  at 
different  ages  in  the  countries  referred  to,  as  follows: 

Table  VII. 


Ages. 


1  to  5. . . . 

6  to  10. . . . 
11  to  15. . . , 
16  to  20. . . . 
21  to  30. . . , 
31  to  40. . . , 
41  to  50. . . . 
Oyer  .50  . . , 
Not  stated. 


England, 
Wales, 

and 
Ireland. 

•6 
a 

B 

E 

3 

1.45 

1.61 

1.70 

0.69 

0.47 

2.63 

2..30 

2.39 

1.00 

.79 

2.42 

3.23 

3.21 

.98 

1.60 

3.73 

3.76 

4.3(1 

1.92 

1.87 

4.40 

5.12 

17.00 

1.93 

3.19 

6.41 

7.81 

12.52 

2.95 

5.51 

9.90 

10.95 

126.31 

4.31 

14.11 

33.18 

37.39 

1(8.49 

16.59 

25.85 

50.82 

13.27 

19.31 

12.76 

0.58 
1.66 
2.75 
3.38 
3.30 
4.17 
6.55 
23.73 
13.56 


IsFLTiENCB  OP  OCCUPATION. — The  causes  of  blindness 
incidental  to  occupation  may  be  divided  into  two  classes, 
viz.,  traumatie  ai\d  iion-troumntic. 

Traumatic. — Under  this  head  are  included  such  oc- 
cupations as  necessitate  exposure  of  the  eyes  to  the  direct 
inliuence  of  injurious  agents  from  without,  which  result 
from  the  work  performed — as  machinists,  who  arc  con- 
stantly exposed  to  flying  bits  of  metal,  which  often  pro- 
duce injury  of  the  eye  and  blindness;  and  the  same  is 
true  of  blacksmiths,  locksmiths,  stonecutters,  and  miners. 
The  last  named  are  also  exposed  to  the  dangers  of  pre- 
mature or  careless  explosions.  Cases  of  munacular  blind- 
vesii  almost  invariably  arise  from  the  causes  just  con- 
sidered. 

Cohn  found  535  men  with  554  blind  eyes,  and  241 
women  with  446  blind  eyes.  Preference  is  shown  for 
neither  eye.  The  United  "States  census  reports  for  1890 
show  93.988  cases  of  monticular  blindness — or  15.1  to 
10,000.  The  males  show  21.7  to  10,000;  females,  8.3  to 
10.000.  The  greater  frequenc}'  of  binocular  blindness 
in  females  is  another  argument  in  favor  of  the  accidental 
occurrence  of  blindness  from  the  injurious  trades  fol- 
lowed by  men. 

yoii-trainnatic. — Under  this  head  are  included  such 
occupations  as  produce  blindness  indirectly — as  myopia, 
from  over-use  of  the  eyes.  Professional  men,  whose 
duties  necessitate  much  study ;  and  others,  who,  from 
necessity  or  preference,  do  much  reading,  or  much  fine 
work,  which  requires  close  and  long-continued  use  of  the 
eyes,  are  liable  to  suffer  from  myopia  and  the  train  of 
symptoms  which  in  this  disease  lead  to  blindness.  Work- 
ers in  lead  are  liable  to  suffer  from  neuro-retinitis  or 
atrophy  of  the  optic  nerves;  and  workers  in  India  rubber 
are  exposed  to  the  same  dangers,  from  sulphide  of  car- 
bon. It  is  claimed  that  optic-nerve  atrophy  sometimes 
occurs  in  workers  who  are  ex])osed  to  the  fumes  of 
tobacco  or  of  alcohol.  Soldiers  in  crowded  barracks 
are  apt  to  suffer  from  conjunctival  diseases,  and  the 
exposure  to  wind,  dust,  glare,  and  inclemencies  of 
weather,  when  marching,  maj'  also  cause  the  same 
trouble.  Sailors  who  are  constantly  exposed  to  the 
vicissitudes  of  weather  are  liable  to  suffer  from  con- 
junctival and  other  forms  of  eye  disease,  and  their 
crowded  quarters  and  often  meagre  fare  are  also  con- 
ducive to  eye  affections. 

Causes  oV  Blindness. — Table  VIII.  gives  an  anatom- 
ical grouping  of  the  causes  of  blindness,  compiled  by 
ilagnus  from  770  cases. 
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Table  VIII. 

Per  cent. 

Conjunctiva 16.364 

Cornea 10.650 

Uveal  nerve 22.208 

Retina 16.259 

Optic  nen'e 22.597 

Glaucoma 12.597 

Congenital  deformities  of  the  eye 2.46S 

Unclassiflable 2.857 

Table  IX. .  compiled  by  the  same  author  from  a  study 
of  2.528  cases  reported  by  various  writers,  gives  the 
causes  of  blindness,  arranged  in  pathological  groups,  and 
the  percentage  of  each  individual  cause. 

Table  IX. 

k.— Congenital  blindness.  Per  cent. 

Anophthalmus  and  microphthalmus 1.06S 

Mctral'  'pllIluilTiius 435 

IViit'fiHtnl.Mtani.t 119 

ClJ'iroiililis.  ri.nirt'Uital 158 

Atrophy  of  optic  nen'e.  congenital 7.51 

Retinitis  pigmentosa  congenitalis .751 

Congenital  blindness  with  retinal  atrophy 079 

tumors 039 

"         amaurosis,  not  specified 237 

'B.—Aequired  blindness— ia)  From  IdJopathie  diseases  of 
the  eye. 

Ophthalmia  neonatorum 10.876 

Tnichnniji  and  blenorrhoea  of  adults 9.492 

Diphtheritic-  conjunctivitis 356 

Discas«-s  .  if  the  cornea 8.068 

Iriilu-ch"rni.litis.  cyclitls,  iritis 8.860 

Clinroidilis  Hivupica 949 

Chwroiiiitis.  limniiilo-retinitis 1.107 

Retinitis  inL'iiiciit'isa,  acquired 1.266 

Retinitis  a|i"plei  tica 119 

Neiiii.ivliriitis  791 

Iietii.liineiit  nf  retina  4.746 

(■  hi  iiic  .Ilia 8.978 

Idiopiitlii'-  nptic-nerve  atrophy 7.751 

Tumors  ut  the  eye  and  its  surrotmdlngs 356 

Undassitlable 3.368 

C,—Acriuir(d  blindness— W)  Injuries. 

Direct  injury  of  the  eye 4.034 

Unsuccessful  operations 1.938 

Injuries  of  head 277 

Traumatic  sympathetic  ophthalmia 4.509 

D. — Acquired  blindness— (e)   The  eye  disease  being  in 
consequence  of  disease  of  the  body. 

Disca.ses  of  the  eye  from  syphilis 470 

(Vciiniiii.fiii  conjunctivitis 910 

Scrnfulniis  iliseases  of  the  eye 039 

IriUo-chor^iiditis  with  meningitis 1.424 

Atrophy  of  optic  nerve,  cerebral 6.961 

■^       spinal 2.333 

"       "      "       '■      of   neuritis  following  bsema- 

temesis 396 

"       "       "       "       after  vomiting,  not  blood 079 

Atrophy  from  hemorrhage  from  piles 039 

after  facial  erysipelas  .- - 079 

"       with  insanity 039 

"  "     epilepsy 1.58 

"  "    dysentery 079 

Retinitis  nephrltica, .   198 

Diseases  of  the  eye  from  typhus 949 

'     rbeasles (>33 

"         "        "      "     scarlatina 514 

"         "        •*      "     variola 2.216 

*'         exanthemata*?) 235 

*'         **        "      '*     heart  disease 039 

'*        "      *'     childbirth  and  pregnancy 431 

Intoxication  amaurosis 039 

Blindness  from  disease  of  the  orbit 039 

Congenital  anomalies  constitute  nearly  four  per  cent, 
of  the  causes  of  blindness.  The  majority  of  instances 
occur  as  a  result  of  consanguineous  marriages,  or  where 
there  is  an  hereditary  tendency  toward  defects  of  the  eye, 
or  as  a  result  of  sj'philitic  manifestations  in  intra-uterine 
life.  They  are  usually  hopeless — cataract  being  the  only 
cause  in  this  category  which  is  amenable  to  treatment. 
Among  34  children,  the  offspring  of  14  marriages  in 
which  one  or  both  parties  were  blind  from  birth  or  child- 
hood, Magnus  found  8  cases,  i.e.,  23. .5  per  cent.,  of  blind- 
ness or  bad  sight. 

The  various  ages  at  which  other  causes  of  blindness 
arise  are  well  shown  in  Table  X.  from  Magnus,  wliich 
gives  the  percentage  of  causes  at  the  ages  when  they  are 
developed. 


Table  X. 


Proportion 

OF 

Blindness  in 

10,000, 

A\n 

THF, 

Perce.niage   of  Its  Causes  at  Different 

Ages, 

Cause 

of  blindness. 

U?  05 

"  f- 

a^ 

r^./. 

S,: 

"*■  ?- 

■-"  r- 

—     ■/ 

t~  ;/: 

?» 

Sd 

S5 

sS 

B  ^ 

^  ? 

z  z 

-  z 

'-    ^ 

^  =s 

— '     >, 

jj=.. 

— 

s^ 

a--- 

n  '*"■ 

tC 

l^  ^ 

Ophthalmia  neona- 

1  w 

Traohoraa 

0.04 

0.07 

0  02 

o.a5 

0.12 

Injuries 

.01 

.04 

0.02 

0.05 

o.io 

0,21 

0.13 

.19 

.(B 

Optic -nerve  atro- 

phy of  all  forms. 

.35 

.26 

.OT 

.26 

.30 

,28 

.69 

,61 

.47 

,26 

.la 

Uveal    tract   with 

choroido  -  retini- 

tis, retinitis  pig- 

mentosa   

.27 

.11 

9.14 

.13 

,27 

,28 

.25 

,29 

.;i2 

.49 

,12 

Deta chment  of 

retina 

.01 

.m 

.07 

,(»5 

.20 

.24 

.11 

.14 

.2il 

.10 

.07 

«7 

.6.5 

1  ,511 

1  30 

Operations 

.01 

.0.5 

.2,'> 

Corneal  diseases . , 

.27 

.04 

.04 

.02 

.13 

.14 
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Scarlatina 
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Typhus 
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.07 

,15 

,03 
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The  various  causes  of  blindness,  as  given  in  Table 
IX.,  will  now  be  considered  individually,  with  such  re- 
marks and  deductions  as  are  of  general  interest. 

(1)  Ophthiihnia  neonatonim  furnishes  10.876  per  cent, 
of  the  blind,  a  larger  proportion  than  any  other  single 
cause — which  in  itself  invests  it  with  grave  importance; 
and  this  importance  is  greatly  enhanced  when  it  is  con- 
sidered tlmt  blindness  from  this  cause  means  an  entire 
life  of  blindness;  that  this  disease  can  be  practically  pre- 
vented by  proper  prophylactic  measures;  and  further, 
that  even  after  it  is  developed,  prompt,  energetic,  and 
appropriate  treatment  will  usually  bring  it  to  a  success- 
ful termination  without  impairment  of  sight.  The  sim- 
ple lueasure  of  washing  the  eyes  of  all  infants  with 
warm  water  as  .soon  as  they  are  born,  and  instilling  a  few 
drops  of  a  two-per-cent.  solution  of  silver  nitrate  into  the 
conjunctival  sac,  and  subsequent  attention  to  cleanliness, 
would  almost  banish  this  disease  from  our  lists,  as  has 
been  lately  proven  in  the  Maternity  Hospital  in  Vienna 
and  other  similar  institutions.  Ophthalmia  neonatorum 
is  almost  always  caused  by  the  irritating  discharges  from 
the  vagina,  which  gain  access  to  the  eye  either  during 
birth,  or,  later,  bj'  the  careless  handling  of  the  infant 
with  unwashed  hands  which  have  been  about  the  vulva. 
And  it  should  be  Ijorne  in  mind  that  these  discharges 
may  produce  intlamiiiation  in  any  conjunctiva  with 
which  they  come  in  contact.  Furthermore,  the  contiigi- 
ou.sness  of  conjunctival  discharges  should  never  be  over- 
looked, and  this  action  should  always  be  explained  to 
those  who  have  to  deal  with  any  form  of  conjunctivitis. 
As  a  rule,  the  contagious  material  from  a  mild  form  of 
conjunctivitis  will  produce  a  slight  attack  in  another 
eye,  and  rice  vcrad  for  virulent  forms.  Yet  this  is  not 
always  the  case. 

(2)  Truehoma  and  hlennorrhaa  of  adults,  with  a  per- 
centage of  9.492,  come  next  in  order  of  importance. 
Trachoma  occurs  chiefly  in  the  lower  walks  of  life,  where, 
from  necessity  or  indifference,  there  are  overcrowding,  bad 
ventilation,  lack  of  cleanliness,  and  a  general  disregard 
of  the  laws  of  hygiene.  It  is  often  seen  in  the  poor  and 
neglected  of  our  city  population,  in  the  crowded  bar- 
racks of  military  camps,  and  in  the  confined  cjuarters  of 
northern  latitudes.  Its  development  is  favored  by  low 
and  damp  localities  on  the  one  hand,  and  by  dry  and 
sandy  districts  on  the  other.  The  contagiousness  of  the 
secretion  is  also  an  important  element  in  the  spread  of 
the  disease  in  crowded  ciuarters.  The  presence  of  tra- 
choma, even  in  a  miltl  fiu-in,  renders  an  eye  very  prone 
to  take  on  an  active  form  of  inflammation  (blennorrhoea), 
which  will  assume  epidemic  character  if  conditions  favor 
its  spread,  as  is  seen  in  Egyptian  or  military  ophthalmia. 
Once  developed,  trachoma  becomes  always  an  obstinate, 
and  often  a  serious,  disease ;  hence  prophylactic  measures 
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against  it  are  of  the  utmost  importance,  and  they  are  to 
he  found  in  a  correction  of  the  sanitary  conditions  re- 
ferred to.  Its  local  treatment  should  be  prompt,  ener- 
getic, and  persistent. 

Bleunorrhmi  of  ndidts  may  arise  from  the  same  con- 
ditions that  produce  trachoma,  and  it  is  often  an  out- 
growth of  the  latter.  It  is  frequently — in  fact  usually 
— the  result  of  contagion.  The  discharge  from  any  form 
of  conjunctivitis,  as  also  leucoirha'al  or  other  irritative 
discharges,  gaining  access  to  the  eye  may  produce  the 
disease.  The  observance  of  care  and  cleanliness,  with 
proper  regard  to  hygiene,  would  cause  both  of  these  dis- 
eases to  disappear,  and  appropriate  treatment  w-ould 
cure  most  cases,  even  after  the  disease  has  developed. 

(3)  Diphtheritic  Conjunctii-itis. — Diphtheritic  and  mem- 
branous ophthalmia  are  sometimes  caused  by  direct  in- 
fection of  the  conjunctiva  by  diphtlieritic  material  from 
the  throat  of  another  person,  while  in  other  cases  the 
diphtheritic  process  creejis  up  the  nasal  duct  from  the 
no.se,  and  thus  reaches  the  lining  membrane  of  the  eye. 
But  in  the  majority  of  cases  of  diphtheritic  ophthalmia 
the  disease  is  a  local  one.  in  which  the  inflammation 
takes  on  this  special  form.  No  doulit  there  is  often 
something  pecidiar  in  the  patient's  health,  or  in  the  state 
of  his  eye  tissues,  which  gives  a  proclivity  to  this  particu- 
lar pathological  process.  These  cases  are,  for  instance, 
seen  with  particidar  frequency  after  measles,  and  less 
commonly  during  or  after  scarlet  fever,  and  are  more 
likely  to  occur  in  children  than  in  adults.  The  existence 
of  old.  granular  di.sease  of  the  conjunctiva  also  gives  a 
strong  tendency  to  a  diphtheritic  type  of  inflammation, 
and  the  same  tendency  is  seen  sometimes  in  a  well-marked 
degree  in  ophthalmia  neonatorum,  and  in  gonoiThceal 
ophthalmia. 

(4)  Diseases  of  the  Cornea. — This  furnishes  rather  a 
large  contingent  of  blind,  and  it  is  not  to  be  wondered  at 
when  we  consider  that  transparency  and  regularity  of 
curve  of  this  membrane  are  essential  to  good  vision. 
Keratitis,  in  its  various  forms,  may  leave  opacity  sufii- 
cieut  to  cause  blindness;  and  the  same  is  true  of  super- 
ficial ulceration :  while  deeper  ulceration  may  lead  to 
prolapse  of  the  iris,  displacement  or  obliteration  of  the 
pupil,  etc.,  and  all  are  at  times  liable  to  be  followed  by 
softening  of  the  cornea,  with  development  of  staphyloma, 
■etc.  Hypopyon  keratitis  furnislies  a  larger  number  of 
1)liud  than  all  other  corneal  afifections  put  together. 
Kerato-couus  and  kerato-globus  are  sometimes  causes  of 
blindness. 

(5)  Trido-choroiditts,  Cyclitia,  Iritis. — The  different  dis- 
eases enumerated  under  this  heading  are  placed  together, 
first,  because  they  often  combine;  and,  second,  because 
the  structure  involved — the  uveal  tract — is  common  to 
each  of  the  several  anatomical  parts  designated.  The 
term  urcitis  is  often  and  advantageously  employed  to 
•describe,  collectively,  inflammations  in  these  parts. 
Iritis,  uncomplicated,  rarel.y  causes  blindness;  yet  it 
may  do  so  if  the  pupil  becomes  glued  down  to  the  lens 
and  the  pupillary  space  becomes  blocked  with  exudation 
(ocrli{.\ioii  of  piijn'l).  Both  this  condition  and  that  of 
e.vrliision  of  pupil  (complete  posterior  synechise)  are  very 
apt  to  be  followed  by  seiymihiri/  r/hiuconm.  .More  fre- 
quently synechiiT  from  previous  inflammation  cause  re- 
current attacks  of  iritis ;  and  the  inflaumiatory  process, 
extending  to  the  choroid,  or  to  the  ciliary  body,  or  to 
both,  gives  rise  to  opacities  in  the  vitreous,  and  later  to 
detachment  of  the  retina,  cataract,  etc.  The  trouble 
may  begin  in  the  choroid,  or,  less  frequently,  in  the 
ciliary  body,  and,  extending  to  other  parts  or  remain- 
ing in  either  locality,  may  cause  blindness  in  the  same 
way. 

(0)  Choroiditis  nu/opiea  (6)  and  detachment  of  the  retina 
<11)  will  be  treated  of  together  under  the  head  of  the 
latter,  both  being  considered  as  effects  of  myopia. 

(7)  Choroiditis.  Retino-choroiditis. — The  choroid  and 
retina  are  so  intimately  associated  that  it  is  difficult  to 
have  an  affection  of  one  of  these  structures  without  in- 
volvement of  the  other.  Syphilis,  acquired  or  inherited, 
is  the  usual  cause;  and  blindness  is  produced  by  the 


formation  of  opacities  in  the  vitreous  and  disturbance  or 
destruction  of  the  retinal  elements. 

(8)  Retinitis  Pigmentosa,  Acquired. — Though  this  af- 
fection may  be  developed  at  almost  any  period  of  life, 
it  cannot  be  considered  an  acqviired  disease,  for  it  occurs 
in  particular  groups  of  individuals  who,  from  hereditary 
tendencies  or  from  consanguineous  marriages,  show  con- 
genital deficiencies  in  this  and  in  other  ways.  Such  cases 
are  hopeless ;  and  even  when  the  disease  is  recognized  in 
an  early  stage  little  or  nothing  can  be  accomplished  in 
the  way  of  treatment. 

(9)  lietinitis  Apoplectica. — The  chief  significance  of 
this  disease  is  the  index  which  it  furnishes  of  the  condi- 
tion of  the  blood-vessels  in  the  brain ;  for  it  is  usually 
but  a  precursor  of  similar  trouble  within  the  cranium. 

(10)  yeuro-retinitis,  as  an  idiopathic  affection,  is  al- 
most unknown.  It  usually  occurs  as  an  accompaniment 
of  some  other  disease — as  syphilis.  Bright 's  disease,  in- 
tracranial disease,  pregnancy,  cardiac  disease,  etc. :  but 
as  these  diseases  are  specially  considered  as  sources  of 
blindness  further  on,  we  are  reduced  to  very  narrow 
limits.  It  must  be  admitted  that  cases  of  neuro-retinitis 
are  occasionally  seen  without  apparent  cause.  And  it  is 
probable  that  such  vague  causes  as  prolonged  exposure 
of  the  eyes  to  very  bright  light,  with  great  heat,  as  the 
glare  of  a  furnace,  or  to  the  reflection  of  the  sun  from 
the  waters  of  the  tropics,  or  from  exces.sive  use  of  the 
eyes  by  strong,  artificial  light,  may  produce  the  disease 
and  thus  lead  to  blindness. 

(11)  Detachment  of  the  Retina  and  (6)  Choroiditis 
Myojiica. — 3Iyopia,  the  cause  common  to  each  of  these 
conditions,  is  of  great  importance,  and  merits  careful 
consideration.  It  may  be  said  to  be  an  outgrowth  of 
civilization  and  education,  and  it  may  be  taken  as  an 
index  of  the  studious  habits  and  of  tlie  close  eyework 
of  a  people.  In  this  present  busj-  age  of  progress  and 
competition,  which  calls  for  work  at  high  pressure,  and 
necessitates  the  forcing  process  as  soon  as  school  days  are 
begun,  there  are  many  causes  at  work  which  serve  to 
swell  the  ranks  of  myopes,  and  to  lay  the  foimdation  for 
its  future  increase.  The  long  hours  of  confinement  in 
the  schoolroom,  and  the  lack  of  proper  out  of-door  ex- 
ercise and  fresh  air,  tend  to  ctdtivate  sedentary  habits 
'and  to  lessen  the  resisting  power  of  the  tissues  of  the 
body.  The  close  application  of  the  eyes  at  near  work, 
with  badly  constructed  desks  and  insufficient  illumina- 
tion, which  necessitate  stooping  over  the  pages  and  strain- 
ing the  eyes,  brings  on  congestion  of  the  fundus  of  the 
eye,  with  thinning  and  bulging  of  the  sclera  at  the  point 
of  least  resistance — the  posterior  pole :  and  the  develop- 
ment of  myopia  is  the  consequence.  This  condition,  once 
produced,  is  increased  by  a  continuation  of  the  causes 
which  induced  it;  and,  in  unpromising  subjects,  even 
the  removal  of  these  causes  does  not  put  a  stop  to  its 
progress. 

The  development  and  increase  of  myopia  during  school 
life  are  nowhere  bettershown  than  in  the  following  table, 
taken  from  Fuchs  and  prepared  by  Cohn.  The  village 
school  corresponds  to  our  lowest  grade,  and  then  follow 
in  regular  sequence  the  higher  grades,  until  the  last  or 
tmiversity  course  is  reached ; 

Table  XI. 


I 


village  scbool 

Elementary  schcjl  — 
Intermediate  school  . . 

High  school 

Gymnasium  (college) 
University 


Percentage 
of  myopia. 


1.4 
6.7 
10.:5 
19.7 
28.2 
59.0 


Degree 
of  myopia. 


'/„.7 

'/ai-e 

'/l8.- 


It  was  furthermore  noted  that  the  percentage  of 
m.yopia  increased  in  each  school  from  class  to  class. 
Among  theological  and  medical  students,  whose  term  of 
studv  is  prolonged  beyond  the  ordinary'  university  course, 
the  percentage  of  myopia  is  still  further  increased,  reach 
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ing  in  the  case  of  theological  students  seventy-eight  per 
cent.  And  iu  reference  to  confinement  and  indoor  life 
on  the  one  hand,  and  out-of-door  life  and  exercise  on  the 
other,  Erisman  found  the  percentage  of  myopia  in  resi- 
dent scholars  to  be  forty -two  per  cent. .  and  in  day  scholars 
to  be  thirty -tive  per  cent.  Dor  found  even  a  greater 
difference — thirty-three  per  cent,  against  eighteen  per 
cent. 

Myopia  abounds  amon.g  studious  jieople,  and  is  almost 
unknown  among  the  ignorant  and  illiterate.  It  is  not 
■congenital,  yet  the  tendency  to  its  development  is  cer- 
tainly transmitted  from  parent  to  child.  The  prophy- 
lactic measures  against  myopia  are  of  the  utmost  impor- 
tance. First  and  foremost  are:  A  proper  amount  of 
■out-of-door  exercise  during  school  life:  well-ventilated 
schoolrooms,  with  good  illumination,  properly  con- 
structed desks,  so  that  the  light  will  fall  to  best  advan- 
tage upon  the  page,  and  avoidance  of  the  habits  of  stoop- 
ing or  bending  the  head  over  the  work,  and  of  holding 
■ob.jects  close  to  the  eyes.  After  the  development  of  my- 
■oijia,  much  can  be  done  for  its  relief  b_y  the  use  of  atro- 
pine and  the  wearin.g  of  properl}'  selected  glasses.  It 
should  be  remembered  that  myopia  fosters  sedentary  and 
studious  habits:  and  it  at  times  becomes  advisable  to 
■discontinue  the  use  of  the  eyes  for  near  work  altogether; 
and  it  not  infrequently  falls  within  the  province  of  the 
physician  to  decide  upon  the  child's  future  mode  of  life 
and  employment. 

A  few  cases  of  myopia  with  choroiditis  occur  inde- 
pendently of  the  causes  hero  ascribed  to  it ;  yet  they  are 
so  infrequent  that  they  may  be  left  out  of  consideration. 
And.  too.  detachment  of  the  retina  is  sometimes  seen  in 
■eyes  that  are  not  myopic;  but  it  rarely  occurs  in  such  as 
a  primary  affection,  and  when  secondary  to  some  r>thcr 
pathological  lesion,  that,  and  not  the  detachment,  is  the 
cau.se  of  blindness. 

(13)  GlaucoiiKi. — The  importance  of  this  disease,  as 
indicated  by  its  cjuota  of  lilind.  is  forcibly  increased, 
when  its  usual  amenability  to  treatment  is  considered. 
"While  a  well-marked  case  of  glaucoma  jireseuts  unmis- 
takable symptoms  of  the  disease,  which  it  would  be  un- 
pardonable to  overlo(jk,  there  are  other  cases  which  are 
obscure  and  misleading.  The  very  fact  of  this  uncer- 
tainty should,  however,  put  us  U]>on  our  guard;  and 
there  are  few  cases  indeed  which  would  nui  the  gaunt- 
let of  careful  examination  and  close  observation.  Once 
recognized,  prompt  and  energetic  treatment  is  indicated ; 
and  there  is  no  operation  in  the  whole  ran.ge  of  surgery 
that  affords  more  brilliant  results  than  does  iridectomy 
in  cases  of  acute  glaucoma.  Sclerotomy  and  eserine 
have  their  spheres  of  usefulness;  and  stretching  the  ex- 
ternal nasal  nerve  has  recently  been  much  lauded  in  the 
treatment  of  certain  obstinate  forms  of  glaucoma.  Un- 
fortimatcly  the  more  obscure  cases  attract  but  little  at- 
tention imtil  the  disease  is  far  advanced,  and  medical 
advice  is  sought  only  after  serious  and  permanent  im- 
pairment of  sight  comes  on.  A  more  thorough  knowl- 
edge of  the  disease  and  greater  familiarity  with  its  symp- 
toms by  the  general  jjractitioner  will  not  onh'  insure  its 
more  prompt  recognition,  but  will  lead  the  laity  to  a 
better  understanding  of  the  affection,  and  cause  greater 
care  in  the  observance  of  eye  symptoms.  A  few  cases 
of  glauc(jma  are  strongly  allied  to  optic-nerve  atrophy, 
and  these  are  very  unfavorable. 

(13)  Idi'ipii/Jtir  opiic-iierve  atrophy  occurs  most  fre- 
quently in  subjects  wlio  have  inherited  a  tendency  to 
nervous  disorders.  It  is  often  a  precursor  of  spinal  cord 
or  of  cereljral  disease :  and  as  the  length  of  time  which 
may  intervene  between  the  development  of  optic  atrojihy 
and  central  changes  is  often  considerable,  the  diagnosis  is 
usually  difhcult  and  uncertain.  The  disease  is  one  of  the 
most  obscure  that  we  have  to  deal  with,  and  the  prog- 
nosis is  unfavorable.  It  is  much  more  frequent  in  men 
than  in  women. 

(14)  Tmnors  i>f  the  Eye  and  its  Surroundings. — Malif/- 
niiiit  (Hscasex.  as  glioma  of  the  retina,  sarcoma  of  the 
choroid,  of  the  ciliary  body,  and  of  the  iris,  and  epithe- 
lioma or  lupus  of  the  conjunctiva,  or  of  the  cornea,  may 


produce  blindness  through  destruction  of  the  globe  by 
their  own  growth;  \'et>their  chief  importance  is  in  their 
danger  to  life.  Cysts  of  the  iris,  if  they  are  not  re- 
moved, may  cause  blindness  by  increase  in  size. 

Onmmatii  of  the  ciliary  body  and  of  the  sclera  may 
also  produce  blindness  in  the  same  way.  Other  tumors 
of  the  eye  rarely  cause  blindness.  Tiunors  arising  from 
partsadjaceut  to  the  eye  may  produce  blindness,  directly 
hy  extension  of  the  disease  to  the  globe,  or  indirectly  by 
pressure  effects  iipon  the  globe  or  optic  nerve,  as  is  seen 
in  vascular  and  cystic  tumors  of  the  orbit,  and  iu  tumor 
or  distention  of  the  frontal,  ethmoidal,  na.sal,  or  maxillary 
sinuses. 

(15)  Unclassifiable. — The  percentage  here  given  may 
be  taken  as  a  fair  example  of  the  proportion  of  the  blind 
which  present  such  com]ilicated  conditions  as  to  preclude 
classification. 

(16)  Direct  Injury  of  ttie  Eyes. — The  more  important 
proportion  of  these  cases  occur  in  individuals  whose  labor 
necessitates  exposure  of  the  eyes  to  llying  bits  of  metal 
or  stone,  as  machinists,  workers  in  stone,  miners,  etc., 
and  in  those  who  have  to  deal  with  explosives,  as  in 
blasting,  the  manufacture  of  explosive  materials,  etc. 
The  u.se  of  jirotective  glasses,  preferably  of  mica,  which 
combines  jierfect  transjiarency  with  considerable  strength, 
is  a  measure  that  would  afford  nnich  protection  to  the 
eyes,  though  it  has  been  but  little  adopted  by  workmen 
exposed  to  these  dangers. 

A  certain  ninnber  of  cases  occur  from  unavoidable  and 
unforeseen  accidents,  and  of  these  it  is  imnecessary  to 
treat. 

Injuries  of  the  eye  in  the  German  army  during  the 
Franco-German  war  (1870-71)  were  met  with  in  7SC  cases 
— bein.g  0.7!)  per  cent,  of  the  whole  number  of  injuries, 
and  7.K  per  cent,  of  head  injuries ;  and  affections  of  vision 
after  head  injuries  were  met  with  in  74  cases— or  0.7  per 
cent,  of  head  injuries. 

(17)  Unsuei'emful  Operations. — The  percentage  here 
furnished  certainly  appears  small,  when  it  is  considered 
that  many  eye  operations  are  attended  with  considerable 
risk  to  the  eye,  even  in  the  hands  of  the  most  accom- 
plished operators.  Cataract  extraction — the  most  im- 
portant operation  in  ocular  surger_y,  and  at  the  same 
time  the  most  formidable — is  accountable  for  most  cases 
of  blindness  from  operative  measures.  As  it  is  per- 
formed late  in  life,  when  the  process  of  repair  is  impaired 
by  age  and  often  by  disease,  it  is  to  be  wondered  that  the 
proportion  of  unfavorable  results  is  not  larger. 

(I'S)  Injuries  «f  the  head  produce  blindness  through 
lesions  of  the  optic  nerve,  at  or  about  the  optic  foramen. 
It  is  known  that  blows  upon  the  head  may  cause  frac- 
ture of  the  bones  about  the  apex  of  the  orbit,  or  at  the 
optic  foramen;  and  blindness  ensues  from  injury  to  the 
optic  nerve — immediately  if  the  injury  be  severe,  and 
more  slowly  if  dependent  upon  secondary  degenerative 
changes  (atrophy).  Meningitis  following  injuries  of  the 
head  may  cause  optic  neuritis  or  atrophy  and  blindness. 
And  injuries  of  the  angular  gyrus  may  produce  blindness. 

(19)  Trainiiitiic  Syiiipittlietie  (tphtliiilmia. — This  is  one 
of  the  most  im])ortant  of  eye  diseases,  and,  because  of  its 
insidious  character  and  its  intractable  and  uncertain 
course,  merits  the  utmost  care  in  its  consideration  at  the 
hands  of  ophthalmologists,  and  general  practitioners  as 
well.  Residting,  as  it  does,  from  previous  mechanical 
injury  which  has  .greatly  impaired  or  entirel.v  destroyed 
the  fellow  e_ve,  its  treatment  involves  .great  responsibility. 
And  as  it  not  infrequently  happens  that  the  sympathiz- 
ing eye  is  ultimatel}'  left  in  a  worse  condition  tlian  the 
exciting  one,  advice  shoidd  be  well  audintelli.genth'  con- 
sidered. The  disease  may  appear  within  a  few  weeks, 
or  it  may  not  develop  for  years ;  and  while  its  prodromes 
may  extend  over  periods  varying  from  weeks  to  months, 
it  sometimes  comes  on  imannounced,  and  quickly  leads 
to  blinilness.  Arising  at  times  from  wovuuls.  apparently 
trivial,  in  the  ciliary  region,  it  occasionally  fails  to  ap- 
pear after  extensive" injury  to  this,  the  vulnerable  zone. 
Treatment  of  the  disease  after  it  has  developed  is  of  course 
important,  and  while  it  is  sometimes  unsatisfactory,  it  is 
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usually  productive  of  great  good.  The  measure  above 
all  others  to  be  adopted  is  propliylaxis ;  and  this  includes 
the  proper  care  of  the  primarily  injured  eye,  as  well  at 
the  time  of  the  injury  as  later  on;  and  this  of  course  in- 
volves the  question  of  enucleation.  This  is  an  important 
problem,  and  there  are  many  points  to  be  carefully  con- 
sidered before  a  conclusion  is  reached.  It  may  be  stated 
as  a  cardinal  point,  however,  that  an  eye  so  seriously 
injured  in  the  ciliary  region  as  to  preclude  the  possibility 
of  retention  of  sight  should  be  promptly  removed;  for 
such  an  eye  is  not  only  a  useless  organ,  but  is  a  source 
of  constant  menace  to  its  fellow. 

(20)  Diseases  of  the  Eye  from  Syphilis. — Syphilis  is  a 
prolific  source  of  eye  disease,  and  may  cause  almost  any 
form  of  it.  The  inherited  form  of  syphilis,  through  de- 
fective development  or  inflammation  of  the  several  parts 
of  the  eye  during  intra  uterine  life,  may  cause  blindness. 
And  abnormalities  in  the  osseous  development  of  the 
orbit  or  of  the  skull  may,  through  pressure  upon  the 
visual  tract,  cause  optic  neuritis  or  atrophy  and  blind- 
ness. Diffuse  (parenchymatous)  keratitis — a  disease  of 
early  life — is  also  occasionally  productive  of  blindness. 
Either  the  inherited  or  the  acquired  form  of  syphilis  may 
cause  blindness  through  kerato-iritis,  iritis,  irido-cyclitis, 
irido-choroiditis,  choroiditis,  retino-choroiditis,  and  optic 
neuritis  or  atrophy.  In  tertiary  svphilis,  gummata — 
affecting  by  preference  the  sclera  or  the  ciliary  body — 
may  produce  destruction  of  the  eye.  And  the  jjeriosteal 
or  bony  lesions  of  this  stage  may  cause,  through  partici- 
pation or  by  their  pressure  effects,  disease  of  the  eye  or 
of  its  conducting  apparatus,  which  leads  to  blindness. 
An  early  recognition  of  the  specific  taint,  and  prompt 
and  energetic  measures  against  it,  constitute  the  sheet- 
anchor  of  success  in  all  diseases  dejiendent  thereon, 

(31)  Gonnrrhfeal  Conjinu-tieitis. — This  is  a  most  viru- 
lent form  of  purulent  ophthalmia,  due  to  inoculation  of 
the  conjunctiva  with  the  discharge  from  a  specific  ure- 
thritis or  vaginitis.  The  material  is  conveyed  to  the  eye 
by  accident  or  by  carelessness,  through  unwashed  hands 
in  persons  with  gonorrhoea,  or  in  those  treating  it,  and 
the  use  of  towels  or  of  linen  which  have  become  contami- 
nated. Perfect  cleanliness  and  care,  observed  by  gonor- 
rha?al  subjects  and  by  their  attendants  and  associates, 
would  expel  this  disease  from  the  category  of  eye  affec- 
tions. 

(22)  Scrofulous  Diseases  of  the  Eye. — The  strumous  con- 
dition is  a  "fruitful  source  of  eye  disease,  yet  the  diseases 
to  which  it  most  frequently  gives  rise — ophthalmia  tarsi, 
phlyctenular  troubles,  etc. — seldom  cause  blindness. 
One  of  its  diseases,  however — cyclo-keratitis — is  a  most 
serious  disease,  and  often  produces  blindness.  It  was 
first  described  by  Dalrymple,  and  is  sometimes  spoken 
of  as  Dalrvmple's  disease.  It  is  fortunately  rare.  Lupus 
is  usually  considered  a  strumous  disease,  and  this  may 
lead  to  destruction  of  the  eye — whether  attacking  the 
eye  primarily,  or  involving  it  secondarily.  Tuberculosis 
may  also  cause  blindness,  through  choroiditis,  iritis,  and 
keratitis. 

(23)  Irido-choroitUtis  with  Meningitis. — This  disease  is 
commonly  spoken  of  as  metastatic  choroiditis,  and  is 
caused  by  an  extension  of  inflammation  from  the  head  to 
the  eye  in  simple  meningitis,  or,  as  is  more  frequently' 
seen  in  cerebro-spinal  meningitis,  by  metastasis.  The 
disease  usually  destroys  the  eye,  and  treatment  is  ordi- 
narily unavailing. 

(2-i  and  2.5)  Atrophy  of  the  Optic  Xerte  (Cerebral  and 
Spinal). — It  is  often  difticult  and  sometimes  impossible 
to  locate  the  lesion  upon  which  optic-nerve  atrophy  de- 
pends, and  it  will  be  convenient  to  consider  these  two 
forms  together.  According  to  Galezowski,  who  tabu- 
lated 166  cases  of  optic-nerve  atrophy,  about  50  per 
cent,  are  due  to  diseases  of  the  brain  and  spinal  cord ; 
13  per  cent,  are  traumatic;  9  per  cent,  are  due  to 
alcoholism;  8  per  cent,  to  syphilis,  and  the  remain- 
ing causes  are  of  the  most  varied  kind.  And  accord- 
ing to  von  Graefe,  about  30  per  cent,  of  cases  of  primary 
atrophy  of  the  optic  nerve  are  due  to  spinal  disease. 

Cerebral   optic-nerce  atrophy  may  be  consecutive  to 


optic  neuritis  (of  central  origin),  or  it  may  follow  lesion 
of  the  chiasm,  of  the  cerebral  centres,  or  of  the  cortex 
about  the  angular  gyrus,  or  it  may  be  caused  through 
pressure  upon  the  nerve  by  an  exostosis,  tumor,  or  aneu- 
rism ;  through  narrowing  of  the  optic  foramen  by  hyperos- 
tosis or  b}'  pressure  upon  the  chia.sm  from  distention  of 
the  third  ventricle.  Meningitis,  chronic  or  acute,  may 
also  cause  ptosis,  or  atrophy  without  recognized  neuritis, 
etc.  Spinal  atrophy  occurs  with  locomotor  ataxia,  of 
which  it  may  be  the  earliest  symptom ;  or  it  may,  as  is 
often  the  case,  come  as  a  late  manifestation  of  the  disease. 
(26)  Atrophy  of  the  Optic  JS'erve,  or  Neuritis  after 
Hceinateinesis. — Loss  of  blood  is  occasionally  followed  by 
affection  of  vision,  which  may  be  temporary  or  perma- 
nent. It  is  with  the  latter  that  we  have  to  deal,  and  this 
usually  depends  u|)on  either  neuritis  or  atrophy.  Clini- 
cal experience  has  taught  that  hemorrhages  from  the 
gastrointestinal  tract  cause  disturbance  of  vision  more 
frequently  than  hemorrhages  from  other  localities  (thirty- 
five  per  cent.).  The  connection  between  the  loss  of  blood 
anil  disease  of  the  optic  nerve  has  so  far  received  no  sat- 
isfactory solution.  The  same  connection  probably  exists 
between  atrophy  of  the  optic  nerve  after  bleeding  frmn  piles 
(27),  and  after  dysentery  (28). 

(29)  Atrophy  of  the  optic  neree  after  vomiting  is  rare, 
and  the  connection  between  the  two  is  obscure.  The 
straining  and  consequent  congestion  may  produce  retro- 
ocular  hemorrhage,  or  serous  effusion :  or  it  may  be  due 
to  the  connection  which  exists  between  the  stomach  and 
the  corpora  quadrigemina. 

(30)  Optic-nerve  atrophy  after  facial  erysipelas  is  usually 
caused  by  an  extension  of  the  cellulitis  to  the  tissue  of 
the  orbit,  and  the  resulting  damage  to  the  trunk  of  the 
nerve. 

(31)  Atropihy  of  the  Optic  ICerve  icith  Insanity. — Atrophy 
sometimes  occurs  among  the  insane,  and  most  frequently 
in  subjects  of  general  paresis — though  it  sometimes  oc- 
curs in  dementia  and  in  other  forms  of  insanity.  It  is  a 
degenerative  change,  associated  with  similar  lesions  in 
the  central  nervous  system. 

(32)  Atrophy  icith  Epilepsy. — It  does  not  appear  that 
idiopathic  epilepsy  has  connection  with  any  form  of  eye 
disease.  It  is  only  in  such  cases  as  are  dependent  upon 
gross  intracranial  lesions  that  changes  are  observed  in 
the  disc,  and  the  atrophic  changes  here  differ  in  no  way 
from  those  seen  in  the  usual  forms  of  brain  disease. 

(33)  Retinitis  nephriticu  occurs  in  about  twenty -five 
per  cent,  of  cases  of  chronic  Bright's  disease.  It  is  more 
important  as  a  means  of  diagnosis  than  as  a  cause  of 
blindness,  for  not  infrecjuently  it  is  the  first  symptom 
which  leads  to  a  detection  of  disease  of  the  kidney.  It 
rarely  causes  blindness,  however,  in  spite  of  the  marked 
pathological  changes  that  are  noticeable  in  the  retina, 
and  often  in  the  optic  nerve. 

(34)  Diseases  of  the  Eye  with  Typhoid. — Loss  of  sight 
has  been  many  times  observed  during  convalescence  from 
typhoid  fever,  and,  subsequently,  optic-nerve  atrophy 
has  usuallj'  been  found.  In  some  of  these  cases  cerebral 
symptoms  have  been  observed,  and  in  others  there  was 
none.  Keratitis  is  sometimes  seen,  and  blindness  maj' 
be  one  of  its  consequences. 

(35)  Blindness  from  measles  may  be  due  to  optic  neu- 
ritis, or  it  nia_y  result  from  neglected  diseases  of  the  ex- 
ternal eye,  i.e.,  conjunctivitis,  keratitis,  etc. 

(36)  Disease  of  the  Eye  from  Scarlatina. — The  fre- 
quency with  which  renal  disease  accompanies  scarlet 
fever  renders  affections  of  sight  not  very  rare  conse- 
q\iences  of  the  disease.  Tet  neuro-retinitis  does  occur 
without  the  presence  of  renal  disorder.  Atrophy  of  the 
optic  nerve  may  also  be  the  result  of  scarlatina.  In 
malignant  cases  sloughing  of  the  cornea  has  been  ob- 
served, and  in  other  cases  keratitis  may  produce  blindness. 

(37)  Disease  of  the  Eye  from  Variola. — Variola  may 
cause  neuro-retinitis  or  atrophy  of  the  optic  nerve ;  but 
its  chief  danger  is  from  diseases  of  the  external  eye,  al- 
most any  part  of  which  may  be  the  seat  of  the  eruption. 
The  most  dangerous  seat  is  the  cornea,  where  ulceration 
often  leads  to  blindness.     Iritis  has  also  been  observed. 
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Table  XII. 


Preventable  causes  of  blindness. 


Probably  preventable  blindness. 


Unpreventable  blindness. 


Ophthalmia  neonatonnn 

Trachoma  and  blf  unorrh*a 

Diphtheritic  conjunctivitis 

Choroiditis  myopica 

Detachment  of  retina 

Glaucoma 

Sympathi'tii'  oiilithnlmia 

Gon<iiTtiii-al  u|iiitti:ilmia 

Diseases  of  eye  fRiUi  smallpox.. . . 
Intoxication  amaurosis 


Per  cent. 
. ...  10.S76     nisfiisfs  (if  the  cornea. 
9.492  i  Diri'it  injuries  of  the  eye  .. . 


Per 


.356 

.949 
3.741) 
8.00(1 
4..509 

.010 
2.31B 

.039 


41.093 


fiisucifssful  operations  . . 

IridcMlinniiditis,  cycUtis,  iritis 

licta.liiiiHUt  of  retina 

( i  Utllri  iliia 

riiciiosillahle 

DiscMsrs  nf  the  eye  from  syphilis  — 

I'lionijditis.  chorio-retinitis 

Idlnpatiiir  nptic-nerve  atrophy 

i)p(ii--iicr\t'  atrophy,  cerebral 

( )ptii'-ni-rvc  atn  >phy,  spinal 

Typhoid,  measles,  scarlatina,  etc  ...  ■ 


cent. 
4.034 
2.017 
1.978 
4.430 
l.«M 


1.081 
.2=38 
.:369 

2.000 

2.000 
.333 

1.165 


Per  cent. 

Diseases  of  the  n  miea 4.034 

Direct  injuries  of  I  lie  eye  2.017 

Tumors  of  evf  aud  suiToundings    3.56 

Irid»_>-chnroiduis,  cyclitis,  iritis 4.430 

Injuries  to  till- head 277 

Sen 'fuinus  diseases -■ 039 

Vnclassiflalilf l.Wil 

Disease  ■  if  eyi-  from  s>T)hilis 238 

Choroiditis,  cliorio-retinitis 738 

Idiopathic  oiitii'-iiiTve  atrophy. 

Optic-ni-i\e  atro(iliy,  rcr.'t.ral 

(Iptli-liorve  atropliv,  spinal 

Typhoid,  inoasles.  .-tc 

Indo-ihoroidiljs  with  meningitis 

Other  causes,  im-luding  3.835  per  cent,  of 
congenital  blindness 


5.7.51 
4.961 
2.000 
1.1B5 
1.42t 

5.413 

34.523 


Important  as  tlie  local  treatment  of  these  disorders  may 
be,  the  pi-ophylaetic  measure  of  vaccination  should 
supersede  tlicni  all,  and  thus  prevent  entirely  the  disease 
upon  which  they  depend. 

(38)  Dimtse  of  the  Eye  from  Heart  Trouble. — The  most 
frequent  cause  of  blindness  from  heart  disease  (valvular) 
is  the  so-called  embolism  of  the  central  artery  of  the 
retina.  This  is  usuall.y  monocular,  but  sometimes  both 
eyes  are  affected.  Thrombosis  of  the  central  vein  of  the 
retina  behind  the  eye,  in  a.ssociatiou  T\'ith  disease  of  the 
heart,  may  also  ]iroduce  blindness.  In  ulcerative  endo- 
carditis retinal  hemorrhages  often  occur,  and  sometimes 
panophthalmitis  is  observed. 

(39)  DiseiDies  of  the  Eye  from  Childhirth  or  Pregnancy. 
— In  pregnancy  we  are  liable  to  have  albuminuric  reti- 
nitis, and,  following  childbirth,  we  may  have  metastatic 
choroiditis,  or  retinal  hemorrhage ;  and  cases  of  atrophy 
of  the  optic  nerve  are  sometimes  dependent  upon  lactation. 

(40)  Intoxication  Amaurosis. — Under  this  head  are  in- 
cluded cases  of  blindness  resulting  from  the  abuse  of  cer- 
tain no.xious  agents,  chief  among  which  are  alcohol  and 
tobacco.  It  is  claimed  that  the  free  and  long-continued 
use  of  cither  of  these  substances  not  infrequentlj'  leads  to 
a  form  of  oiitic-nerve  atrophy  possessed  of  certain  dis- 
tinctive peculiarities.  There  seems  to  be  good  reason  for 
attiibuting  such  to  alcohol,  but  the  reasons  in  favor  of 
tobacco  are  not  so  strong. 

(41)  Blindness  from  Diseases  of  the  Orbit. — Inflamma- 
tory processes  in  the  orbit,  whether  in  the  cellular  tissue 
or  in  the  periosteum  or  bone,  maj-  cause  either  simple 
atrophy  of  the  optic  nerve  or  neuritis  and  consecutive 
atrophy.  With  much  swelling  of  the  orbital  tissue  there 
is  danger  that  the  nutritive  stijiply  of  the  globe  may  be 
cut  off  by  pressure,  and  that  the  inflammation  or  slough- 
ing which  results  may  produce  blindness.  Tumors  of 
the  orbit  may  act  as  inflammatory  products,  or,  the  dis- 
ease extending  to  the  eye,  may  directl3'  cause  destruction 
of  this  organ. 

An  important  matter  in  the  consideration  of  the  causes 
of  blindness,  is  the  proportion  composed  of  those  whose 
origin  is  unavoidable,  and  the  course  of  which  is  beyond 
control.  If  arranged  under  the  headings  of  Precentahle. 
Probably  Prerentiihle.  and  UnprerentnUe  Blindness,  we  are 
at  once  struck  with  the  large  number  included  under 
the  first  and  second  headings,  anil  the  small  proportion 
embraced  under  the  last.  Absolute  accuracj'  in  this 
arrangement  is,  of  course,  not  claimed,  but  it  will  serve 
the  purpose  of  illustrating  the  large  amount  of  blindness 
arising  from  avoidable  causes,  and  such  as  are  amenable 
to  treatment. 

It  may  be  of  interest  to  state  that  the  first  institution 
for  the  blind  was  founded  in  Memingen,  by  Weef  VI., 
in  1178:  the  second  in  Paris,  by  St.  Louis,  in  1260;  the 
lirst  for  the  employment  of  adult  blind  was  opened  in 
Edinburgh,  by  Dr.  Johnston,  in  1793.  There  were,  in 
1873,  one  hundred  and  forty-eight  institutions  for  the 
blind  in  the  world. 


There  are  certain  irregular  forms  of  blindness  which 
will  be  treated  of  under  appropriate  headings  elsewhere, 
and  it  will  be  necessary  to  refer  to  them  here  only  in  a 
general  way.  The  free  exhibition  of  quinine  or  of  sali- 
cylic acid  sometimes  causes  blindness,  and  it  has  been 
observed  in  rare  instances  to  follow  the  use  of  silcer,  of 
mercury,  and  of  lead.  Prolonged  exposure  to  the  fumes 
of  sidphide  of  carbon  may  produce  amblyopia ;  and  the 
fumes  of  omiic  acid  may  bring  about  the  same  condition. 
The  circulation,  in  the  blood,  of  a  su]ier;il)undance  of  vrca 
is  apt  to  cause  transient  attacks  of  blindness.  Aud  in 
migraine,  or  sick  headache,  attacks  of  blindness  are  not 
infrequent.  The  attacks  of  blindness  in  the  foregoing 
conditions  of  the  system  are  usually  transient,  and  ])er- 
fect  recover}'  quickly  follows:  yet,  if  they  arc  often  re- 
peated, pennanent  impairment  of  sight  may  result,  which 
in  some  instances  declares  itself  as  a  low  grade  of  optic 
neuritis  or  atrophy.  Hysterical  amblyopia  is  a  recog- 
nized condition.  It  is  teini)orary  and  irregular,  and  is 
usually  attended  by  other  hysterical  symptoms.  Tem- 
porary blindness  may  occur  as  the  aura  of  an  epileptic 
attack.  Cases  of  ico'rd-blindnt'.is  which  were  dependent 
upon  lesions  about  the  angular  gyrus  have  been  observed 
in  individuals  who  could  talk  and  even  write.  Kight- 
blindne.'<s  OT  moon-blindness — hemcralopia — is  a  condition 
of  torpor  of  the  retina  which  usually  affects  those  who 
have  been  long  exposed  to  bright  lights — as  sailors  or 
marching  soldiers,  in  the  tropics.  Insuflicient  food,  either 
as  to  quantity  or  quality,  seems  also  to  be  a  factor  in  the 
disease.  Day-blindness,  or  nyctalopia',  is  a  form  of  retinal 
hypersesthesia  which  is  also  usually  caused  by  long  ex- 
posure to  glistening  surfaces  brilliantly  illuminated  by 
the  sun.  Siiote  or  ice  blindneits  is  a  variety  of  nj'Cta- 
lopia,  though  there  are  usually  with  this  form  signs  of 
conjunctival  implication.  One-sided  blindness,  or  hemi- 
anopsia, which  may  exist  in  various  forms,  is  occasion- 
ally seen,  and  it  is  often  of  importance  in  locating  intra- 
cranial lesions.  Blindness  from  disuse — amblyopia  e.r 
anopsia — is  claimed  by  many  to  result  from  the  long- 
continued  disuse  of  an  ej'e.  Simulated  blindness  can 
usually  be  detected,  yet  it  is  often  done  with  difficulty. 
Color-blindness  —  achromatojma  —  may  exist  in  various 
forms.  It  is  of  great  importance,  and  receives  ample 
consideration  elsewhere. 

Prerention  of  Blindness. — Much  can  be  done  toward 
peventing  blindness  through  a  better  understanding  of 
its  causes  by  the  laity,  while  the  profession  should  not 
only  be  alive  to  these  points,  but  should  be  able 
quickly  to  recognize  diseases  of  the  eye,  and  acquainted 
certainly  with  the  simpler  forms  of  treatment.  The  most 
prolific  "source  of  blindness — ophthalmia  neonatorum — 
can  be  stamped  out  by  the  observance  of  the  simplest 
procedure — Crede's  method— already  referred  to.  So 
imjiortant  is  this  disease  that  the  legislatures  of  some 
of  the  European  countries,  and  of  some  States  in  our 
Union,  have  enacted  laws  for  the  guidance  of  those 
concerned. 
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The  act  of  New  York,  which  will  serve  as  an  illustra- 
tion, is  given  here ; — 

"An  Act  to  Pre%'ent  Blindness. 

"Sect.  1.  Should  any  midwife  or  nurse  having  charge 
of  an  infant  in  this  state  notice  that  one  or  both  eyes  of 
such  infant  are  inflamed  or  reddened  at  any  time  within 
two  weeks  after  its  birth,  it  shall  be  the  duty  of  such 
midwife  or  nurse,  so  having  charge  of  such  infant,  to 
report  the  fact  in  writing  within  six  hours  to  the  health 
oflicer.  or  some  legally  qualified  practitioner  of  medicine, 
of  the  city,  town,  or  district  in  which  the  parents  of  the 
infant  reside. 

■'  Sect.  2.  Any  failure  to  comply  with  the  provisions 
of  this  act  shall  be  punishable  by  a  fine  uot  to  exceed 
one  hundred  dollars,  or  imprisonment  not  to  exceed  six 
months,  or  both. 

"  Sect.  3.  This  act  shall  take  effect  on  the  first  of 
September,  1890."  James  Lancelot  Jliiioi: 

BLISTERS. — This  subdivision  of  agents,  otherwise 
and  technically  known  as  vesicants  or  epispastics.  be- 
longs to  the  larger  order  of  so-called  Irritants.  They 
also  belong,  in  the  arbitrary  classification  of  drugs,  to 
the  Neurotics — on  account  of  their  counter-irritant  action, 
which  effect  is  produced  largely  through  the  nervous 
system.  There  are  four  degrees  of  irritant  action,  and 
the.se  are  expressed  in  the  following  classification:  (1) 
Rubefacients ;  (2)  Vesicants  or  Epispastics  (blisters) ;  (3) 
Pustulants  or  Suppurants:  and  (-1)  Escharotics.  Each  of 
these,  which  differ  only  in  degree,  represents  substances, 
which,  when  applied  to  the  skin,  produce  more  or  less 
irritation,  ?'.<•.,  vascular  reaction  or  excitement.  Rube- 
facients, by  rousing  the  capillaries,  are  intended  to  ex- 
cite mere  redness;  if  allowed  to  remain  in  contact  with 
the  skin  too  long,  they  sometimes  produce  vesication. 
Epispastics  ajiplied  to  the  skin  excite  not  only  redness 
but  also  more  or  less  local  inflammation,  accompanied 
by  the  transudation  of  serum  beneath  the  cuticle.  Such 
fluid  transudations,  forming  between  the  epidermis  and 
the  dermis,  at  first  minute,  soon  coalesce  into  one  or  more 
larger  accumulations,  called  a  blister. 

The  list  of  principal  vesicants  includes  cantharides. 
Iodine,  the  volatile  oil  of  mustard,  the  confined  vapor  of 
ammonia,  the  confined  vapor  of  chloroform,  chloral  liy- 
drate  crystals  (if  confined),  glacial  acetic  acid,  rhus  tox 
icodendron,  euphorbium,  mezereon,  heat  in  the  form  of 
Corrigan's  hammer,  the  mo.xa  or  plain  boiling  water, 
also  turpentine  and  other  agents.  All  of  these  may  act 
either  as  mere  rubefacients  or  as  vesicants,  according  to 
the  length  of  time  during  which  they  are  permitted  to  re- 
main in  contact  with  the  surface  of  the  skin,  and  also 
according  to  their  degree  of  concentration. 

Pliysioiogical  Action. — AVhen  a  blister  is  applied  to  the 
integument,  the  superficial  vessels,  and  particularly  the 
capillaries,  become  engorged ;  and  at  the  same  time  the 
subject  of  the  experiment  feels  a  sense  of  warmth  and 
tingling,  which  latter  soon  gives  way  to  heat,  burning, 
and  actual  pain.  Reflexly.  the  deep-seated  vessels  may 
also  undergo  dilatation,  and  in  this  consists  the  counter- 
irritant  action  of  blisters.  After  a  variable  length  of 
time — dependent  upon  the  character  and  activity  of  the 
vesicant  employed,  as  well  as,  al.so.  to  some  extent,  upon 
the  histological  character  of  the  tissue  to  which  the 
blistering  agent  is  applied — clear  serum,  plasma,  and 
finally,  in  some  instances,  more  or  less  blood  corpuscles 
escape  from  the  vessels  and  collect  between  the  epidermis, 
which  is  now  raised,  and  the  true  skin,  forming  what  is 
known  as  a  bleb,  blister,  bulla,  bulle  (French),  Blase  (Ger- 
man). Occasionally,  where  the  blistering  material  is 
weak,  its  action  may  cease  with  mere  capillary  dilatation, 
heat  and  redness  (rubefacient  effect).  On  the  other  hand, 
it  is  possible,  for  a  very  strong  and  active  epispastic,  if 
kept  for  too  long  a  time  in  contact  with  the  skin,  to  act 
with  such  force,  as  to  xiause  pustulation.  The  size  of 
the  vesicle  is  proportionate  to  the  dimensions  of  the 
blistering  material  used,  the  surrounding  skin  being  more 


or  less  inflamed  and  erysipelatous  in  appearance.  Prima- 
rily, a  stimulant  action  is  observed  not  only  in  the  organs 
and  parts  in  close  proximity  to  the  blister,  but  also  in  the 
entire  superficial  circulation.  AVith  this  is  associated  a 
corresponding  diminution  in  the  deep-seated  vascular 
pressure,  and  this  secondary  depression  is  proportionate 
to  the  size  of  the  blister  or.  more  properly,  to  the  amount 
of  albumin  abstracted  from  the  blood.  Under  certain 
circumstances,  and  especialh-  in  old  or  debilitated  persons, 
this  depression  may  become  alarming. 

The  exact  modus  operandi  of  vesicants  is  not  clearly 
imderstood.  By  some  the  counter-irritant  action  is 
thought  to  play  the  most  important  part,  and  these  per- 
sons explain  this  action  as  taking  place  through  the 
nervous  system.  They  maintain,  that,  by  a  determination 
of  nervous  as  well  as  vascular  energy  to  the  blistered 
part,  there  is  produced  a  derivative  or  revellent  effect  in 
the  deeper  structures, — an  effect,  which  is  accompanied 
not  simply  by  anemia,  but  also  by  changes  in  the  nutri- 
tion and  secretion  of  the  organ  or  part  affected.  Other 
authorities  attach  importance  to  the  stimulant  action, 
which  is  exerted,  by  extension,  upon  the  capillaries  of 
the  inflamed  structure  or  structures  (in  behalf  of  which 
the  blister  was  api'lied  to  the  skin). 

Uses  of  Blisters. — To  relieve  pain:  to  reduce  swelling 
and  to  allay  deep-seated  inflammation:  to  facilitate  ab- 
sorption; to  stimulate  secretion:  to  recall  suppressed  dis 
charges  or  to  recall  suppressed  inflammation,  as  in  mumps 
(see  below);  to  .stinudale  the  whole  body,  as  in  syncope 
(or  in  coma),  or  a  part  of  the  body,  as  in  para'ysis;  to 
prepare  a  surface  for  endermic  medication.  Blisters  are 
employed  to  good  advantage  in  chronic  inflammation  of 
joints,  either  of  rhevunatic  or  of  gonorrhieal  origin;  in 
chronic  thickening  about  the  joints:  in  chronic  synovitis 
and  periostitis:  in  spinal  and  in  cerebral  meningitis;  in 
insolation  (sunstroke);  in  optic  neuritis  and  in  iritis  (ap- 
plied behiud  the  ears) ;  in  otitis  media ;  in  mastoid  inflam- 
mation and  in  inflammation  of  the  sinuses  (frontal  sinus, 
antrimi  of  Highmore.  etc.) ;  in  neuralgia,  gastralgia,  enter- 
algia;  in  pleurodynia;  in  hysterical  paralysis;  in  facial 
paralysis;  in  reflex  cough ;  in  aphonia;  in  obstinate  vom- 
iting; in  enuresis;  in  spermatorrhea;  in  alcoholic  or 
opium  narcosis ;  in  lumbago :  in  sciatica ;  in  endocarditis, 
pericarditis,  and  pleuritis;  in  hydropericardium  or  in 
dropsy  of  other  sacs,  especially  in  hydrocephalus :  in  hepa- 
titis, splenitis,  ovaritis ;  in  metastatic  orchitis  (of  mumps, 
when  it  is  well  to  place  the  blister  o\er  the  parotid) ;  in 
prostatitis  and  in  chronic  gleet.  Blisters  are  also  employed 
to  stimulate  indolent  ulcers  or  fissures:  and  in  chronic 
eczema  and  other  chronic  dry  and  scaly  skin  disorders, 
especially  of  a  somewhat  inflammatorj-  character,  to  sub- 
stitute a  healthy,  acute  inflammatory  action  for  the  ex- 
isting, long-continued,  chronic  inflanmiation.  What  the 
action  of  blisters  is  in  such  cases  is  not .  known,  but 
they  have  been  used  to  good  advantage  in  erysipelas,  as 
a  means  of  preventing  the  spread  of  the  process.  In 
functional  diseases  of  the  nervous  system,  the  counter- 
irritant  action  and  the  stimulant  as  well  as  the  moral 
effect  of  the  blister  almost  invariably  prove  salutary. 
Good  results  have  also  been  reported  from  the  application 
of  a  blister  over  the  perineum  in  spermatorrhoea,  over 
the  back  of  the  neck  in  incontinence  of  urine,  and  over 
the  epigastrium  in  persistent  nausea. 

Contraindications. — Blisters  should  be  avoided  in  the 
very  young,  in  the  very  old,  and  in  those  who  are  de- 
bilitated, or  who  have  depressed  vital  forces.  They 
should  never  be  applied  in  the  following  situations: 
directly  over  an  inflamed  part,  over  a  bony  prominence, 
over  a  part  pressed  upon  by  clotlies,  over  recumbent 
parts  which  are  pressed  tipon  in  bed,  over  parts  which 
are  deprived  of  vitality  by  the  presence  of  cicatricial 
tissue  or  by  paralysis — in  a  word,  over  any  part  in  which 
the  circulation  is  [joor,  and  in  which  consequently  the 
blister  might  cause  gangrene  and  .■iloughing.  In  parts 
of  the  body,  wliere  there  is  considerable  loose  connective 
tissue— such,  for  example,  as  the  scrotum,  the  labia,  the 
eyelids,  or  the  axilla — blisters  should  not  be  applied.  In 
pregnancy,  also,  it  is  best  not  to  make  a  blistering  appli- 
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cation  about  the  breasts.     Diabetes,  scurvy,  purpura,  and 

the  acute  exanthemata  contraindicate  the  use  of  blisters. 
Too  long  contact  of  the  vesicating  material  with  the  skin 
should  tie  carefully  avoided,  as  deep  vdceration  may 
occur,  and  a  special  warning  must  be  given  in  I'egard  to 
cautharides.  which  should  not  be  allowed  to  remain  too 
long  over  any  portion  of  the  thorax  or  alidomen.  lest  in- 
flammation of  the  pleura  or  of  the  peritoneum  ari.se. 
Cantharides  should  blister  in  from  four  to  se\en  hours. 
The  conliued  vapor  of  aqua  ammouise  fortioraets  in  from 
three  to  ten  minutes,  but  a  blister  thus  produced  is  very 
painful.  For  this  reason,  the  followiug  mixture,  called 
Granville's  lotion,  is  preferable:  it  consists  of  five  parts 
of  the  aqua  ammoniie  fortior,  two  parts  of  the  spirit  of 
camphor,  and  one  part  of  the  spirit  of  rosemary.  A 
piece  of  tiannel  is  saturated  with  this  lotion  and  laid  on 
the  skin.  It  will  jiroduce  a  blister  in  from  three  to  ten 
minutes.  Gondret's  vesicating  ointment  is  also  very 
satisfactory.  It  is  prepared  with  two  parts  of  expressed 
oil  of  almond,  melted  together  with  thirty-two  parts  of 
lard,  and  to  which  seventeen  parts  of  aqua  ammonia' 
fortior  are  added.  It  will  blister  in  ten  minutes,  caus- 
ing less  pain  than  plain  ammonia  does.  Pain  is  not  al- 
ways a  safe  guide,  as  regards  the  time  when  the  blistering 
agent  should  be  removed,  and  this  is  especially  true  in 
cases  in  which  blisters  are  applied  as  stimulants — as,  for 
example,  in  .sj'ncope  or  in  the  shock  following  hemor- 
rhage or  injury, — for,  in  these  conditions,  pain  may  be 
entirely  wanting.  Cantharides,  the  prince  of  blistering 
agents,  is  contraindicated,  as  a  rule,  in  renal  disease,  also 
in  inflammatory  conditions  of  the  genito-uiinai'y  tract, 
in  which  it  is  accused  of  producing  priapism,  erotic  ex- 
citement, strangury,  pain,  tenesnuis,  bloody  urine,  and 
the  like.  These  latter  very  distressing  effects  of  can- 
tharides may  be  prevented,  at  times,  by  the  use  of 
powdered  cam]ihor  or  bicarbonate  of  soda,  sprinkled  on 
the  blistered  surface.  A  thin  piece  of  silver  paper,  spread 
over  the  blister,  is  also  said  to  prevent  strangury. 

Si/neiyhts. — On  the  absorlients,  the  action  of  blisters 
is  aided  by  alteratives:  and  it  is  also  i)robal)le  that  the 
various  drugs,  that  belong  to  the  class  of  stimulants 
synergize  vesicants.  The  blister  eithermay  be  permitted 
to  heal  or  it  may  be  converted  into  a  running  sore,  just 
as  the  physician  may  prefer.  Perpetual  blisters,  how- 
ever, are  very  seldom  employed  to-day.  In  fact,  tlie 
hitherto  very  commendable  custom  of  blisteiing  lias 
fallen  into  an  undeserved  disrepute  in  recent  years.  So 
soon  as  the  blister  has  formed,  it  is  well  to  puncture  it 
at  its  most  dependent  jioint,  allowing  the  serum  to 
escape.  Then  a  simple  dressing  of  cerate  or  any  other 
bland,  unirritating  material  will  favor  prompt  healing. 
Basilicon  salve  or  other  more  irritant  ointment  may  be 
employed  in  those  cases  in  which  it  is  intended  to  main- 
tain the  discharge.  When  the  vesicant  has  been  re- 
moved, and  no  blister  forms,  a  bread-crumb  poultice, 
made  with  milk,  will  help  it  to  develop.  Lead  water 
and  laudanum  is  reconunended  as  an  application  for 
painful  blisters.  A  succession  of  small  blisters,  applied 
one  after  the  other,  whereby  continuous  counter-irritant 
action  is  obtained,  represents  what  are  termed  "  Flying 
Blisters."  Besides  the  commonly  employed  Spanish  fl}' 
plaster,  which  is  made  by  mixing  ceratum  cantharida- 
tum  with  wax  and  spreading  it  on  a  thin  cloth,  there  are 
numerous  other  cantharidal  preparations — ethereal,  alco- 
holic, watery,  and  hydrochloric  extracts  of  cantharides, — 
all  more  or  less  active ;  and.  among  these,  none  is  more 
useful  than  cantharidal  collodion.  It  possesses  one  great 
advantage:  it  can  be  applied  to  any  surface,  no  matter 
how  irregular  it  may  be.  As  an  application  in  alopecia 
circumscripta  (functional)  and  in  tinea  tonsurans  and 
circinata,  collodium  cantbaridatum  is  much  used.  The 
cantharis  vittata  or  potato  fly,  inhabiting  the  potato  plant 
of  the  United  States,  contains  a  percentage  of  cantharidin, 
and  resembles,  in  its  effect,  the  imported  Spanish  fly. 

It  is  to  be  hoped  that  the  pendulum  will  one  day.  in 
the  near  futiu-e.  swing  liack  from  its  iiresent  extreme 
position,  and  give  to'tliis  branch  of  our  therapeutic 
armamentarium  its  proper  place.     The  statement  has  been 


made  by  the  former  writer  upon  this  subject  in  a  previous 
edition,  that  venesection,  only,  can  so  quickly  and  radi- 
cally induce  changes  in  the  physical  and  physiological 
condition  of  limited  areas  of  surface  or  of  extensive  parts 
or  organs  as  vesication.  If  this  statement  be  true,  and 
we  believe  that  it  is,  then  it  were  well  for  steps  to  be 
tmdertaken  to  instruct  the  profession  in  a  therapeutic 
procedure  which  is  fast  disappearing. 

Leon  L.  Solomon. 

BLOCK  ISLAND. -This  island  (Lat.  41°  13'  N..  Long. 
71  'd'>  \V.),  lying  some  ten  miles  out  at  sea,  and  situated 
about  miilway  between  Point  Judith,  on  the  Rhode  Island 
coast,  and  Montauk  Point,  the  eastern  extremity  of  Long 
Island,  is,  with  perhaps  the  single  exception  of  Nan- 
tucket, farther  distant  from  the  mainland,  and  con- 
set|uently  more  thoroughh'  exposed  to  purely  maritime 
influences,  than  is  any  other  resort  lying  along  the  At- 
lantic coast  of  the  L'nited  States.  According  to  "  Lip- 
pincott's  Gazetteer,"  the  length  of  the  island,  from  north 
to  south,  is  eight  miles:  its  breadth  from  east  to  west 
varies  between  two  and  five  miles.  The  greater  part  of 
the  island  is  considerably  elevated  above  sea  level.  The 
rocky  blutfs  lying  upon  its  southern  and  southeastern 
shores  are  said  to  rise  some  two  hundred  feet  above  the 
water,  rendering  this  part  of  its  coast  exceedingly  pictin-- 
esque  and  bold  in  appearance;  while  an  elevation  of 
some  three  hundred  feet  is  said  to  be  attained  in  some 
liarts  of  the  interior.  The  general  surface  of  the  island 
l)y  no  means  consists,  however,  of  a  uniformly  elevated 
tableland,  but  is  decidedly  undulating  and  of  uneven 
configuration.  On  the  eastern  shore,  where  the  chief 
hotels  are  located,  there  is  a  tine  beach  for  bathing.  The 
facilities  for  boating  and  for  fishing  are  also  said  to  be 
unsurpassed.  Besides  the  meagre  account  of  Block  Island 
contained  in  the  pages  of  "Lippincott's  Gazetteer,"  the 
writer  has  hitherto  .seen  no  description  of  the  island,  save 
that  contained  in  the  two  jiamphlets  circulated  as  adver- 
tisements of  its  hotels.  In  these  pamphlets,  however, 
there  is  to  be  found  a  long  extract  from  an  account  of 
Block  Island  as  a  health  resort,  written  by  Dr.  H.  IIol- 
brook  Curtis,  of  New  York,  a  physician  who  was  for- 
merlj-  in  the  habit  of  passing  his  sinnmers  at  this  seaside 
resort.  The  reputation  of  this  gentleman  is  such  as  to 
give  the  greatest  weight  to  his  comments,  which  are 
based,  moreover,  upon  personal  experience.  In  this 
article,  published  originally  in  the  pages  of  the  New 
York  Medical  Reronl,  Dr.  Curtis  bears  witness  to  the  ex- 
ceptional purity  of  atmosphere  existing  at  Block  Island, 
to  the  coolness  of  the  place  in  summer,  to  the  bracing 
and  remarkably  tonic,  as  well  as  soothing,  etfect  of  its 
climate,  and  to  the  decided  benefits  attainable  and  at- 
tained by  a  summer  sojourn  at  this  spot  in  cases  of  ner- 
vous prostration,  insomnia,  malarial  poisoning,  and  in 
some  cases  of  pulmonary  phthisis.  The  doctor  also 
testifies  to  the  good  quality  of  the  water  supply,  the 
comfort  of  the  hotels,  and  the  perfect  S}-stem  of  drainage 
in  vogue  at  the  latter.  His  article  also  contains  a  table, 
showing  the  temperature  at  noon  for  each  day  of  the 
two  months  of  .July  and  August,  1880,  as  taken  by  a 
gentleman  who  was  staying  at  the  island.  Similar  tables 
for  those  two  months  during  the  years  1881,  1883,  and 
1883,  based  also  upon  private  observations,  are  given 
elsewhere  in  the  two  pamphlets  already  referred  to. 
From  the  figures  of  these  four  tables  the  present  writer 
has  deduced  b_v  calculation  the  following  chart,  which 
shows  the  average  noon  temperature  for  .Jul  v  and  August, 
in  each  of  the  four  years  specified  (1880,  1881,  18837  and 
1883),  as  also  the  absolute  maximum  and  absolute  mini- 
mum noon  temperatures,  the  average  maximum  and 
minimum  at  noon,  the  absolute  and  the  average  range, 
and  also  the  absolute  and  the  average  number  of  days  in 
each  month  upon  which  the  mercury  rose  to  80°  F.  or 
above,  and  upon  which  it  stood  at  70'  F.  or  lower,  at  the 
hour  specified.  A  glance  at  this  table  will  .show  not  onlj- 
the  coolness,  but  also  the  great  evenness  of  the  midday 
temperature  at  this  exceptionally  and  truly  maritime 
resort. 
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Noon  Temperatures  at  Block  Island.    (Fahrenheit  Scale.) 
(July  and  August,  1880, 1881, 1882,  and  1883.) 
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[Below  are  added  some  more  lecent  data  in  regard  to 
the  climatological  conditions  which  exist  at  Block  Island : 

Meteorological  Data  of  Block  Island  for  the  Four  Months, 
June,  July,  August,  September,  from  1.s90  to  1897  Inclu.site, 
from  the  United  States  Weather  Bureau.  (Fahrenheit 
Scale.) 


Mean 

average 

temperature 

for  the  four 

months. 

Mean 
maximum 

tem- 
perature. 

Mean 
minimum 

tem- 
perature. 

Relative 

humidity. 

1890 

1891 

1892 

&5.2° 
65.2 
65.7 
64.4 
65.9 
&5.8 
65.5 
65.4 

73.0° 
81.0 
81.0 
79.7 
80.5 
81.5 
80.0 
79.9 

60.0° 
52.7 
53.0 
51.5 
52.5 
50.0 
52.5 
51.7 

87.3° 
89.0 
86.4 

1893 

85.0 

1894 

85.5 

18ft5 

86.6 

1896 

86.5 

1897 

85.7 

The  temperature  of  the  summer  proper  is  67°  F. ;  of 
autumn,  53°  F. :  winter.  32°  F. ;  spring.  43°  F. :  and  the 
annual  mean,  56°  F.  The  mean  annual  rainfall  is  53 
inches.  Sunshine  for  summer,  63  per  cent.  ;  autumn,  43 
per  cent.  ;  winter,  51  per  cent. ;  and  spring,  48  per  cent. 
Annual  mean,  53  per  cent.  {Medical  Record.  1897), 

The  island  is  reached  from  New  York,  Providence, 
Newport,  and  New  London.  From  the  private  letter  of 
a  gentleman  who  has  passed  man}-  summers  on  the  island, 
the  following  is  extracted: 

"  There  are  more  or  less  fogs  on  the  island,  hut  gener- 
ally not  enough  to  be  uncomfortable ;  the  bathing  is 
good  and  perfectly  safe.  There  is  almost  always  a 
breeze,  and  of  course  no  land  breeze,  so  that  the  weather 
is  cool  and  comfortable,  and  no  one  need  fear  any  dis- 
comfort from  the  heat ;  there  is  practicallj'  absolute  free- 
dom from  mosquitoes." 

In  another  private  letter  of  a  gentleman  who  spent 
two  months  on  the  island  it  is  stated  that  "  the  bathing 
is  poor,  dangerous  on  the  seaward  side,  and  stormy  on 
the  protected  side."  As  he  was  unfortunate  in  meeting 
with  an  unfavorable  season — "  damp,  foggy  weather  " — 
and  was  a  sufferer  from  rheumatism,  he  may  have  been 
prejudiced  in  his  opinion  of  the  island  and  of  its  bathing 
facilities. 

"  There  are  probably  twenty  or  thirty  hotels  on  the 
island,"  says  the  former  correspondent,  "good,  bad,  and 
indifferent. "  There  are  also  said  to  be  cottages  especially 
adapted  for  invalids  and  convalescents. 

Block  Island  is  a  favorite  place  for  excursionists,  a  con- 
dition which  niav  be  of  annoyance  to  the  summer  resi- 
dent.—£.  0.0.]' 

BLODGETT'S  SPRINGS.— Santa  Clara  County,  Cali- 
fornia. Hotels  and  cottages.  These  excellent  springs 
are  picturesquely  located  in  the  coast  range  of  moun- 
tains,  about  eight  miles  west  of  Gilroy.      They  are 


reached  by  the  Southern  Pacific  Railroad  to  Gilroy,  and 
from  thence  b.y  a  daily  stage.  The  surroundings  are 
beautiful.  The  atmosphere  is  pure,  balmy,  and  invigor- 
ating, and  the  mineral  water  and  baths  are  of  consider- 
able therapeutic  value.  One  of  the  principal  fountains 
is  the  Soda  Spring,     Anderson's  analysis: 

One  United  States  Gallon  Contains  : 
Solids.  Grains, 

Sodium  chloride 8,30 

Sodium  carbonate 9.92 

Sodium  sulphate Trace. 

Potassium  chloride Trace. 

Potassium  iodide Trace. 

Potassium  carbijnate 0.47 

Magnesium  carbonate 6.65 

Magnesium  sulphate 1.15 

Calcium  carbonate 7.31 

Calcium  sulphate 2,19 

Ferrous  carbonate .   . .  Trace. 

Alumina 4.13 

Borates Trace. 

Silica 4,11 

Organic  matter Trace, 

TotalsoUds 44.13 

Gases.  Cubic  inches. 

Carbonic  acid 9.25 

Sulphureted  hydrogen Trace. 

The  waters  are  antacid,  diuretic,  aperient,  and  tonic, 
and  of  value  in  acid  dyspepsia  and  catarrh  of  the  stomach, 
in  constipation,  and  in  kidney  and  bladder  troubles. 

The  next  spring  in  importance  is  the  Sulphur  Spring. 
It  is  verj-  similar  in  chemical  composition  to  the  Soda 
Spring,  but  contains  a  much  larger  volume  of  sulphu- 
reted hydrogen  (7.25  cubic  inches  per  United  States  gal- 
lon). This  water  is  also  antacid,  laxative,  tonic,  and  diu- 
retic, and  is  said  to  be  useful  in  rheumatism  and  sciatica, 
chronic  arthritis,  and  skin  diseases.  Excellent  bathing 
facilities  have  been  constructed.  James  K.  Crook. 
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See  Circulation 


BLOOD,  FORMATION  OF  THE.— A  complete  ac- 
count of  the  formation  of  the  blood  ought  naturally  to" 
contain  a  discussion  of  the  origin  and  maintenance  of 
XXie  liquor  sanguinis  OT  plasma,  in  addition  to  a  descrip- 
tion of  the  formation,  growth,  and  life  history  of  the 
different  corpuscular  elements  which  are  found  suspended 
in  that  fluid  and  which  constitute,  together  with  it,  the 
blood.  But  such  an  inclusive  use  of  the  term  would 
open  up  to  discussion  under  this  heading  all  the  phe- 
nomena of  nutrition,  metabolism,  and  excretion,  for  all 
these  are  concerned  in  the  preservation  of  a  normal  blood 
plasma,  and  would  lead  to  a  repetition  of  much  that  has 
been  treated  of  elsewhere.  Accordingly,  we  shall  confine 
ourselves  in  the  present  article  to  a  description  of  the 
formation  of  the  blood  corpuscles,  only  incidentally 
mentioning  the  first  origin  of  the  liquor  sanguinis  in  the 
fcEtus,  and  omitting  all  description  of  its  subsequent 
maintenance  in  normal  condition.  It  will  be  convenient, 
in  treating  of  the  origin  of  the  corpuscles,  to  divide  the 
subject  into  two  headings  and  describe  separately  their 
formation  during  intra-uterine  and  during  extra-uterine 
life,  since  their  mode  of  origin  is  somewhat  different  in 
the  two  conditions ;  and  it  will  also  add  clearness  to  de- 
scribe in  each  of  these  two  sections  the  formation  of  the 
red  corpuscles,  or  erythrocytes,  including  here  what  is 
known  concerning  the  origin  of  the  blood  platelets,  and 
then  separately  take  up  the  account  of  the  white  cor- 
puscles or  leucocytes. 

The  literature  which  has  accumulated  upon  the  sub- 
ject of  the  origin,  growth,  and  regeneration  of  the  blood 
corpuscles  is  enormous,  so  that  a  mere  recapitulation  of 
the  titles  of  papers  written  upon  the  subject  would  prob- 
abl)'  occupy  more  space  than  this  entire  article,  which 
can  accordingly  not  aim  at  completeness,  but  instead 
at  giving  a  comprehensive  bird's-eye  view  of  the  subject, 
and  an  outline  only  of  the  more  important  opinions  held 
by  various  authors.  At  the  end  of  the  article  are  given 
a  few  references  to  summarized  accounts  of  the  subject 
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from  various  standpoints  in  which  some  Imndreds  of 
references  to  other  original  papers  will  he  found,  and  the 
writer  here  acknowledges  his  indebtedness  to  the  authors 
of  these  articles  for  the  subject  matter  of  the  present 
sketch  of  the  subject. 

Intra -uteri  lie  Formation  of  Blood  Corjnisdes. — It  is  ex- 
ceedingly interesting,  from  the  evolutionist's  point  of 
view,  to" note  that  the  first  erythrocytes  observed  in  the 
earlier  embryonic  stages  in  man  and  other  mammals  re- 
semble those  which  persist  throughout  life  in  the  lower 
vertebrates  in  being  nucleated  cells.  In  the  human  em- 
bryo at  the  fourth  week  all  the  red  blood  corpuscles  are 
nucleated;  at  the  third  month,  the  nucleated  cells  form 
only  one-sixth  to  one-eighth  of  the  total  number  of  blood 
corpuscles;  at  the  fifth  month,  the  nucleated  cells  are 
still  quite  numerous,  although  present  in  much  dimin- 
ished percentage ;  while  at  birth  at  full  term  nucleated 
red  blood  corpuscles  are  entirely  absent,  having  been 
completely  replaced  in  the  circulating  blood  by  the  bicon- 
cave discs  which  characterize  the  biood  of  the  mamma- 
lian adult. 

It  is  generally  agreed  that  the  earliest  red  blood  cor- 
puscles which  have  been  observed,  arise  outside  the  grow- 
ing embryo  in  a  portion  of  the  mesoblastic  tissue  which 
is  known" as  the  area  rasculosa.  Here  certain  pigmented 
patches  appear,  caused  by  the  develojunent  of  haMuo- 
globin  within  the  cells,  which  are  known  as  "blood 
islands,"  and  it  is  generally  admitted  that  it  is  in  these 
"blood  islands"  of  the  mesoblast  outside  the  growing 
foetus  that  the  first  blood-vessels  and  erythrocytes  origi- 
nate. At  a  later  stage  the  blood-vessels  within  the  em- 
bryo are  formed  by  outgrowths  from  these,  and  from 
similar  developments  taking  place  within  the  body  of 
the  embryo. 

There  are,  however,  two  principal  theories  extant  as 
to  the  manner  in  which  the  initial  blood-vessels  and  red 
corpuscles  are  formed  in  the  mesoblastic  cells. 

The  earlier  of  these  two  theories,  which  was  originally 
supported  by  Reichcrt  and  Kolliker,  states  that  the  first 
blood  corpuscles  originate  from  solid  cords  of  cells  which 
later  develoj)  to  form  the  heart  and  vessels,  with  the  con- 
tained plasma  and  corpuscles.  These  solid  cords  appear 
in  the  vascular  area  and  develop  so  as  to  fonn  a  com- 
municating network.  The  peripheral  cells  in  the  cord 
alter  later  to  form  the  walls  of  the  future  blood-vessel, 
while  the  central  cells  become  pigmented  by  haemoglobin, 
acquire  a  spheroidal  shape,  and  remain  attached  to  the 
peripheral  part  in  tufts;  meanwhile  a  fluid  appears  be- 
tween the  masses  of  cells  within  the  developing  vessel 
which  forms  the  future  plasma ;  this  fluid,  being  set  in 
motion  by  the  contractions  of  the  heart  which  has  now 
developed  in  connection  with  the  system,  detaches  by 
degrees  the  adherent  cells,  which  then  circulate  and  form 
the  first  red  blood  corpuscles.  The  number  of  circulat- 
ing cells  is  increased  afterward  both  b)'  indirect  division 
of  those  already  circulating  and  by  increase  in  a  similar 
fashion  of  those  still  adherent  to  the  wall  of  the  embry- 
onic blood-vessel  and  their  subsequent  detachment.  This 
theory  has  lately  been  somewhat  revived,  as  a  result  of 
direct  observation  during  life  on  the  transparent  embryos 
of  certain  fishes.  Here  it  is  said  that  the  first  fluid  driven 
round  by  the  developing  embryonic  heart  is  a  colorless 
plasma,  in  which  nucleated  red  blood  corpuscles  appear 
later.  It  is  further  claimed  that  these  corpuscles  can  be 
observed  becoming  detached  at  certain  areas  of  the  vas- 
cular system,  and  that  from  the  frequency  of  karyoki- 
netic  figures  occurring  in  the  circulating  corpuscles  at 
this  stage  they  undoulitedly  imdergo  increase  by  indirect 
division  while  circulating. 

The  other  view,  which  was  introduced  by  Klein  and 
is  supported  by  Balfour,  Schafer,  and  most  English  his- 
tologists,  holds  that  the  first  red  blood  corpuscles  are 
formed  by  free  endogenous  subdivision  of  the  nucleus 
within  large  mesoblastic  cells  of  the  vascular  area. 

The  cells  which  are  to  form  the  futiire  blood-vessels 

send  out  processes  in  various  directions  which  anastomose 

with  one  another,  and  later  communication  is  estaljlished 

by  means  of  these  processes,  so  that  a  continuous  commu- 
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nicating  network  of  vessels  is  thus  formed.  Jleanwhile, 
witliineach  of  these  Irtrge  branching  cells  alterations 
take  place  resulting  in  a  liquefaction  of  a  portion  of  the 
cytoplasm  to  form  the  future  plasma,  while  the  remainder 
continues  adherent  around  the  nucleus.  Extensive  pro- 
liferation of  the  nucleus  also  takes  place,  and  around  each 
of  the  daughter  nuclei  a  portion  of  protoplasm  forms 
which  finally  becomes  pigmented  with  haimoglol)in,  so 
giving  rise  to  red  blood  corpuscles.  Still  later  the  inter- 
commuicating  channels  enlarge  so  as  to  allow  of  the 
passage  of  the  corpuscles  along  them,  and  by  the  con- 
tractions of  the  heart  which  has  now  developed  the  cor- 
puscles are  driven  along  the  system.  The  primary 
erythrocytes  formed  in  this  way  closely  resemble  leuco- 
cytes iu  their  appearance  and  jiroperties,  possessing  like 
these  the  power  of  amoeboid  movement  and  of  increase 
by  cell  division,  and  differ  only  in  the  almost  complete 
absence  of  granules  and  in  the  faint  yellow  color  of  their 
cytoplasm. 

According  to  Howell,  two  distinct  types  of  nucleated 
red  blood  corpuscles  are  present  side  b}"  side  in  the 
blood  of  the  early  embryo.  One  of  these  types  is  large 
and  oval  in  shape,  being  two  to  four  times  as  long  in 
the  long  diameter  as  the  corpuscle  of  the  adult,  and  being 
in  some  cases  biconcave,  in  others  biconvex.  The  other 
variety  is  circular  in  outline  and  of  about  the  size  of  the 
ordinary  blood  disc  of  the  adult,  from  which  it  differs  in 
being  nucleated.  Howell  suggests  that  the  large  oval 
corpuscles  may  represent  the  form  of  the  red  corpuscle 
characteristic  of  the  ancestors  of  the  mammalia,  and  that 
the}'  may  hence  be  spoken  of  as  ancestral  corpuscles, 
while  the  smaller  circular  corpuscles  of  the  usual  size  of 
the  nucleated  red  corpuscles  of  the  mauunalia  exhibit 
a  modification  of  this  ancestral  form  which  has  liccome 
characteristic  of  the  blood  of  most  of  the  mammalia. 
These  latter  corpuscles  afterward  lose  their  nuclei  and 
are  converted  into  the  biconcave  blood  discs,  the  transi- 
tion taking  place  in  the  young  embryo  in  the  circulating 
blood  stream  itself,  but  later  being  confined  to  certain 
specific  organs. 

The  first  blood-vessels  within  the  body  of  the  embryo 
are  probably  formed  in  a  similar  fashion  from  cells  of  the 
mesoblast,  and  communicate  by  a  network  with  those  al- 
ready developed  as  above  described  in  the  vascular  area 
outside  the  body.  Through  this  whole  system  a  current 
of  blood  is  driven  by  the  contractions  of  the  fetal  heart. 
In  the  later  stages  of  embryonic  life  such  a  general 
formation  as  has  been  above  described  of  red  corpuscles 
throughout  the  vascular  system  probably  entirely  ceases 
except  in  regions  where  new  vessels  are  being  formed. 
The  formation  of  new  corpuscles,  to  replace  those  broken 
down,  or  to  increase  the  number  in  the  circulation  as  the 
embryo  grows  and  the  vascular  system  increases  in  vol- 
ume, "is  confined  in  the  later  stages  of  embryonic  life  to 
certain  organs  exclusively ;  and  it  is  further  known  that 
the  organ" most  active  in  so  supplying  new  corpuscles 
varies  as  the  development  advances.  At  first,  the  liver 
is  the  most  important  organ  in  the  development  of  em- 
bryonic red  blood  corpuscles,  but  at  a  later  stage  this 
organ  takes  up  other  work,  and  the  development  of  cor- 
puscles in  it  graduall_y  comes  to  a  standstill.  During 
this  period  the  spleen  "has  been  increasing  in  size,  and 
this  organ  next  becomes  the  chief  seat  of  formation  of 
new  red  blood  corpuscles.  Still  later,  as  the  long  bones 
develop  and  become  capable  of  taking  up  the  function 
of  developing  erythrocytes  within  their  marrow,  the 
haematopoietic  function  "of  the  spleen  also  becomes  de- 
pressed, and  soon  after  birth  it  is  probable  that  this  func- 
tion of  the  spleen,  at  least  under  normal  conditions,  be- 
comes abortive,  and  the  red  marrow  of  the  bones  is  finally 
left  the  sole  source  of  supply  of  erythrocytes  during  the 
remainder  of  the  life  of  the  animal. 

That  the  liver  becomes  a  seat  of  formation  of  new  red 
blood  corpuscles  in  the  embryo  almost  as  soon  as  it  be- 
gins to  form,  was  first  clearly  shown  by  Kolliker,  who 
believed  that  the  nucleated  erythrocytes  developed  from 
certain  nucleated  white  corpuscles  contained  in  the  de- 
veloping blood-vessels,  that  they  became  pigmented  from 
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a  formation  of  haemoglobin,  and  then  subsequently  lost 
their  nuclei,  so  becoming  transformed  into  non-nncleated 
red  blood  corpuscles.  Neumann  states  that  the  red 
blood  corpuscles  are  formed  -n-ithin  certain  large  cells  of 
the  embryonic  liver  by  an  endogenous  division  of  the 
original  nucleus  and  a  portion  of  the  cell  protoplasm, 
whereby  a  number  of  nucleated  corpuscles  appear  within 
the  original  large  cell. 

Howell  describes  the  blood-forming  cells  in  the  em- 
bryonic liver  as  occurring,  not  indiscriminately,  but 
grouped  into  cords  or  strings  lying  between  the  columns 
of  true  liver  cells  which  are  just  commencing  to  show  a 
definite  structural  arrangement.     (See  Fig.  509.)    These 


Fig.  .W9.— Section  of  the  Liver  of  a  Fetal  Cat,  2.7  cm..  Showing  the 
Development  of  the  Liver  Vessels  and  the  Nucleated  Red  Corpuscles. 
To  the  right  of  the  Hgure  the  newly  formed  vessel  contains  a  num- 
ber of  non-nucleated  red  corpuscles.    (After  Howell.) 

cords  of  cells  develop  into  the  blood-vessels,  and  it  is  prob- 
able that  the  peripheral  cells,  by  flattening  and  otherwise 
altering,  form  the  endothelial  wall  of  the  vessel,  while  the 
central  cells  are  set  free  as  red  blood  corpuscles.  Also  at 
places  the  solid  mass  of  cells  is  interrupted  by  vacant 
spaces  filled  with  plasma  which  contains  only  a  few  ftdly 
developed  red  corpuscles  either  with  or  without  nuclei. 
The  masses  of  cells  above  described  are  at  first  colorless, 
but  afterward  they  develop  hie^moglobin,  thus  becoming 
pigmented. 

The  formation  of  red  blood  corpuscles  in  the  spleen  is 
demonstrated  by  the  presence  in  that  organ  of  nucleated 
erythrocytes  in  considerable  number  from  the  fifth  month 
of  intra-uterine  life  until  a  few  months  after  birth. 

The  share  taken  by  the  spleen  in  the  formation  of  red 
blood  corpuscles  in  the  embryo  is  in  any  case  an  impor- 
tant one  only  during  the  latter  half  of  inti-a-uteiine  life, 
after  the  process  of  formation  in  the  liver  begins  to  abate 
and  before  the  long  bones  are  fully  formed.  The  process 
of  multiplication  of  erythrocytes  in  the  spleen  is  prob- 
ably identical  with  that  above  described  in  the  ease  of  the 
liver;  it  persists,  though  in  much  lessened  degree,  up  to 
the  end  of  fetal  life,  and  even  for  a  period  thereafter 
which  is  variously  stated  by  different  observers  as  from 
two  or  three  weeks  up  to  as  many  months.  Eventually 
the  formation  of  red  blood  corpuscles  in  the  spleen  entirely 
ceases,  according  to  most  modern  observers,  and  this  proc- 
ess is  afterward  confined  to  the  red  marrow.  It  has  been 
clearly  shown  that  the  nucleated  erythrocytes  in  all  stages 
of  intra-uterine  development  increase  in  number  by  mi- 
totic division,  and  the  relative  activity  of  different  organs 
as  seats  of  formation  has  been  rated  from  the  relative  num- 
ber of  erythrocytes  showing  karyokinetic  figures  in  any 
given  part.  At  first  the  cells  iindergoing  division  are 
seen  in  the  circulating  blood ;  later  they  may  be  observed 
only  in  the  liver,  and  do  not  occur,  or  only  occasionally, 
in  the  blood  in  other  ]iarts  of  the  body :  still  later  they  are 
found  in  great  numbers  in  the  spleen;  but  at  the  close  of 


intrauterine  life  and  thereafter  they  are  found  but  rarely 
in  the  spleen  snre  after  c.vtensire  bleeding,  and  are  almost 
solely  confined  to  the  red  marrow.  This  is  an  interesting 
confirmation  of  the  order,  stated  abo%e,  in  which  the 
hematopoietic  organs  of  intra-uterine  life  take  up  their 
functions. 

The  manner  in  which  these  nucleated  erythrocytes  are 
converted  gradually  into  non-nucleated  cells  as  embrj'onic 
life  advances,  is  probably  the  same  as  that  by  which  a 
similar  change  occurs  in  extrauterine  life,  and  hence  the 
reader  is  referred  to  that  section  of  the  article  for  a  dis- 
cussion of  the  subject. 

A  mode  of  development  of  red  blood  corpuscles  which 
is  distinctly  ditferent  from  all  those  above  described  in 
that  non-nucleated  corpuscles  are  formed  therein,  was 
first  observed  independently  by  Schafer  and  Ranvier  as 
taking  place  in  large  cells  of  the  connective  ti,ssue  just 
before  birth,  or  just  after  birth  in  the  ease  of  mammals 
born  in  an  immature  condition,  such  as  the  white  rat. 

The  large  connective-tissue  cells  in  which  this  peculiar 
intracellular  formation  of  blood  discs  has  been  observed 
were  named  angioblasts  by  Schafer  and  vaso-formative 
cells  by  Ranvier.  Schiifer  describes  this  method  of 
formation  of  blood  discs  somewhat  as  follows: 

A  portion  of  the  protoplasm  of  the  angioblastic  cell 
acquires  a  reddish  hue  from  the  development  of  h;emo- 
globin.  and  after  a  time  this  pigmented  sulwtance  sepa- 
rates in  the  form  of  globules  witliin  the  cells,  which  at 
first  vary  in  size  from  a  minute  s|ieck  u\f  to  globules  of 
the  diameter  of  a  mature  red  blood  disc  or  even  larger; 
but  later  the  globules  become  more  uniform  in  size.  At 
a  later  stage,  the  angioblastic  cells  become  elongated  and 
pointed  at  their  ends,  and  processes  grow  out  from  them 
to  join  siiuilar  processes  of  neighboiing  cells.  Vacuoles 
now  form  within  the  cells,  and  l)y  enlarging  coalesce 
to  form  a  cavity  filled  with  fluid  in  which  the  reddish 
globvdes,  which  are  by  this  time  becoming  disc-shaped, 
float.  Finally  the  cavity  extends  through  the  cell  proc- 
esses into  those  of  adjoining  cells,  thus  constituting  a 
hollow  network  of  coiumunicating  vessels  wliich  becomes 
united  with  blood-vessels  already  formed  so  as  be  a  part 
of  the  vascular  system.  In  this  manner  the  blood  discs ' 
formed  as  above  described  pass  into  the  circulating  blood. 

This  type  of  formation  of  blood  discs  in  the  mammalia 
is  confined  to  the  portion  of  intrauterine  life  immediately 
preceding  birth,  but  in  a  few  mammals  Avhich  are  born 
in  an  immature  condition  it  may  be  observed  for  a  short 
period  after  birth.  At  a  later  stage,  although  new  ves- 
sels are  similarly  formed  in  growing  connective  tissue, 
no  blood  discs  are  observed  in  the  process  of  genesis 
within  them.  Quite  recently  Hayem  claims  to  have  ob- 
served blood  platelets  as  well  as  blood  discs  within  these 
vaso-formative  cells  of  young  connective  tissue. 

Little  is  known  as  to  the  formation  or  mode  of  growth 
of  either  blood  platelets  or  leucocytes  during  embry- 
onic life,  but  it  is  certain  that  both  are  present  in  the 
blood  during  the  later  stages  of  intra-uterine  existence, 
and  also  that  both  appear  at  a  much  later  period  than 
the  red  corpuscles.  In  a  human  embryo  of  five  months 
Howell  found  both  white  blood  corpuscles  and  blood 
platelets,  but  both  were  present  only  in  .small  numbers. 
The  white  corpuscles  were  of  two  kinds,  as  in  the  adult, 
one  variety  being  of  small  size  with  a  single  vesicular 
nucleus  resembling  the  Ivmphocytes,  while  the  other 
kind  was  of  larger  size,  faintly  granular,  and  apparently 
with  several  nuclei  or  a  fragmented  nucleus. 

According  to  Schafer,  the  earliest  white  blood  cor- 
puscles of  embryonic  life  are  in  all  probability  amteboid 
cells  of  mesoblastic  origin  which  have  wandered  into  the 
blood-vessels  or  lymphatics,  where  they  either  ma)'  be 
increased  in  number  by  similar  additions  or  may  mul- 
tiply by  division. 

Lowit  states  that  white  blood  corpuscles  are  also  formed 
in  the  liver  during  a  portion  of  embryonic  life,  but  at  a 
later  stage  than  the  red  corpuscles.  It  will  subsequently 
be  pointed  out  that  during  extra-uterine  life  white  cor- 
puscles are  chiefly  formed  in  lymphatic  tissue.  The 
lymphatic  glands  commence  to  develop  somewhat  late  in 
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fetal  life,  and  after  this  there  i.s  no  doubt  that  they,  like 
the  somewhat  more  diffuse  lyniphatic  tissue  formed  else- 
where before  them,  take  up  the  function  of  supplying 
♦  leucocytes  by  mitotic  division  of  the  amoeboid  cells 
which  they  contain.  It  has  also  been  stated  that  leuco- 
cytes are  formed  in  iutra-uterine  life  in  the  intestinal 
epithelium  or  the  tissue  underlying  it. 

According  to  Ziegler,  the  white  corpuscles  may  be  re- 
garded as  separated  cells  of  the  mesoderm,  and  the  lym 
phatic  glands  as  portions  of  the  mesoderm  which  retain 
in  this  respect  their  embryonic  character,  and  accordingly 
throughout  life  give  rise  to  fresh  mesodermic  cells  (the 
white  blood  corpuscles)  which  are  carried  off  in  the 
lymph. 

The  fact  that  the  leucocytes  are  not  found  in  the  circu- 
lating blood  in  the  earlier  stages  of  fetal  life  shows  that  , 
these  are  not  formed  in  those  organs  which  generate  the 
erythrocytes,  and  hence  that  they  are  not.  properly  speak- 
ing, intrinsic  constituents  of  the  blood,  but  rather  have 
been' added  from  without  probably  by  the  agenc}'  of  the 
lymph-forming  organs.  At  this  stage  amoeboid  cells  are 
also  to  be  found  in  the  tissues  outside  the  blood-vessels 
as  well  as  in  the  circulating  blood  stream,  and  accordingly 
they  may  lie  looked  vipon  as  normal  constituents  of  all 
tissues  which  are  carried  into  the  blood  by  the  agency  of 
the  lymph  stream,  and  then  afterward  circulate  in  the 
blood  for  a  variable  time, 

Extm-uteriiie  Fornidtion  of  Blood  Corpuscles. — The 
earliest  view  entertained  with  regard  to  the  origin  of  the 
red  blood  corpuscles  in  extrauterine  life  was  that  they 
developed  from  the  white  corpuscles.  Tliis  view  was 
first  enunciated  by  AVharton  Jones  in  1846,  who  supposed 
that  the  red  cor]niscles  were  the  modified  nuclei  of  the 
white  corpuscles.  The  formation  of  a  red  corpuscle  from 
a  white  one,  according  to  this  observer,  consisted  in  a  dis 
appeai'ance  of  the  protoplasm  surrounding  the  nucleus 
and  a  development  of  hasmoglobin  in  the  latter  which 
took  on  the  iieculiar  shajie  of  the  blood  disc.  Kijlliker 
also  supported  the  view  that  the  red  were  formed  from 
the  white  blood  corpuscles,  but  gave  an  entirelj'  different 
account  of  the  mode  of  development.  He  thought,  from 
a  comparison  in  size,  that  the  blood  discs  arose  from  the 
small  uni-nucleated  white  corpuscles  derived  from  the 
lymphatic  glands,  and  claimed  that  these  have  frequently 
a  yellowish  tinge,  probably  due  to  the  presence  of  hsemo- 
globin,  and  hence  that  they  may  develop  into  erythro- 
cytes .iust  as  in  the  embryo,  where,  he  states,  the  first 
nucleated  cells  found  in  the  blood-vessels  are  originally 
colorless.  Kijlliker  admitted  that  no  transition  stages 
could  be  satisfactorily  demonstrated  in  the  blood,  and  in 
part  attempted  to  explain  this  as  possibly  due  to  the 
rapidity  of  the  change  in  certain  stages.  He  supposed 
that  the  chief  acts  in  the  change  were  the  disappearance 
of  the  nucleus  and  the  modification  in  shape  of  the  pro- 
toplasm. He  further  admitted  that  the  large  multiuuclear 
leucocytes  probably  did  not  undergo  any  such  metamor- 
phosis into  red  blood  corpuscles.  This  theory  was  sup- 
ported by  many  observers,  and  some  described  the  ajj- 
pearance  in  tlie  blood  of  transitional  forms  between  the 
white  and  red  corpuscles,  especially  under  exceptional 
conditions,  in  which  the  rate  of  formation  of  red  corpus- 
cles might  be  expected  to  be  increased,  as,  for  example, 
after  excessive  hemorrhage  or  in  leukemia;  while  under 
opposed  conditions,  such  as  inanition,  these  transitional 
forms  were  said  entirely  to  disappear.  Thus  Erb  claimed 
to  have  observed  certain  red  corpuscles  which  contained 
a  fragmented  nucleus  or  granules  apparently  of  nuclear 
origin.  He  supposed  that  white  corpuscles  arose  in  the 
lymphatic  glands  and  spleen  and  passed  into  the  blood 
stream  as  small  uni-nucleated  cells  with  a  scanty  cyto- 
plasm. The  cell  increased  in  size  and  then  underwent 
two  modifications,  one  of  which  consisted  in  the  partial 
disappearance  of  the  nucletis  by  fragmentation,  and  the 
other  in  the  development  of  hiemoglobin  in  the  cyto- 
plasm, so  giving  rise  to  his  observed'transitional  forms. 
Finally,  the  cell  became  somewhat  smaller  and  took  on 
the  characteristic  shape  of  the  blood  disc. 

A  later  theory  located  the  origin  of  the  blood  discs  in 


the  spleen,  where  they  were  supposed  to  be  formed  endog- 
enously  within  certain  large  cells  of  the  splenic  pulp. 
This  theory  rested  on  the  ex|)erimental  observation  that 
within  these  splenic  cells  blood  discs  could  be  observed 
in  various  stages  of  formation;  but  while  this  experi- 
mental observation  is  generally  admitted  to-day,  it  is 
taught  by  many  observers  that  this  indicates  a  destruc- 
tion of  effete  red  blood  corpuscles  within  the  organ,  and 
not  a  building  up  of  new  ones.  The  stages  of  alteration 
within  these  erythroclastic  cells  jiresent  all  the  appear- 
ances of  degradation  in  the  irregular  and  broken  outline 
of  the  corpuscles,  and  not  those  of  new  formation. 

The  chemistr\-  of  the  spleen  proteids  also  supports  the 
view  that  there  is  such  a  breaking  down  of  htemoglobin 
within  this  organ  accompanied  by  a  conservation  of  the 
iron-containing  portion  of  the  haemoglobin  molecule,  for 
the  spleen  is  the  richest  organ  of  the  body  in  iron-contain- 
ing proteids  other  than  ha>moglobin.  A  similar  presence 
of  proteids  containing  iron  in  the  liver,  as  well  as  the  for- 
mation of  the  bile  pigments  which  are  so  closely  related 
to  hamioglobin,  indicates  that  chemical  processes  con- 
nected with  the  metabolism  of  ha;moglobin  also  occur  in 
the  liver  cells.  The  fact  first  demonstrated  by  Schafer, 
that  the  plasma  of  the  splenic  vein  contains  no  free 
hsemogliiliin.  shows  clearly  that  the  chemical  alteration 
undergone  by  the  red  corpuscles  disintegrated  in  the 
spleen  is  a  deep-seated  one,  and  not  merely  a  physical 
breaking  up  of  the  blood  disc  as  a  physiological  organiza- 
tion. 

The  next  important  advance  in  our  knowledge  of 
the  extra-uterine  formation  of  red  blood  corpuscles  was 
made  independently  and  practically  simultaneously  by 
Neumann  and  Bizzozero  in  1868,  by  the  discovery  of 
nucleated  red  blood  corpuscles  in  great  numlier  in  the 
red  marrow  of  bone,  which  closel}'  resemble  those  found 
in  embryonic  life,  but  differ  in  being  present  at  all  stages 
of  the  animal's  subsequent  life  This  important  discov- 
ery may  be  .said  to  have  completely  revolutionized  our 
knowledge  of  the  subject,  and  it  is  now  very  generally 
believed  that  except  imder  very  abnormal  conditions  no 
red  blood  corpuscles  are  formed  elsewhere  than  in  the  red 
marrow  of  bone,  although  there  are  still  ditfereuces  of 
opinion  as  to  tlie  origin  of  these  nucleated  erythrocytes 
of  the  red  marrow,  as  to  the  way  in  which  they  increase, 
and  as  to  the  mauuer  and  place  in  which  they  alter  so 
as  to  give  rise  to  the  perfected  blood  discs.  The  erythro- 
cytes of  red  marrow  are  nucleated  cells  of  very  variable 
size  which  are  capable  of  very  active  amoeboid  move- 
ment, but  differ  from  firdinary  leucocytes  of  blood  or 
lymph,  and  also  from  the  other  leucocytic  elements  of 
the  mari'ow  itself,  in  that  they  are  tinged  a  light  yellow 
color  in  the  fresh  condition  by  the  presence  of  haemo- 
globin. These  cells  undergo  division,  as  was  first  shown 
by  Bizzozero,  by  karyokinesis,  and  in  this  way  undoubt- 
edly are  largely  if  not  entirely  regenerated  in  the  marrow. 
In  most  sections  of  red  marrow  karyokinetic  figures  are 
easily  observed,  of  which  the  diaster  is  the  most  fre- 
quently occurring  form.  It  is  also  stated  that  the  num- 
ber of  cells  undergoing 
such  indirect  division  is 
enormously  increased  af- 
ter severe  hemorrhage,  so 
illustrating  the  much-in- 
creased rapidit}'  of  forma- 
tion of  blood  discs. 

Howell  divides  the  nu- 
cleated red  blood  corpus- 
cles into  immature  cells 
and  mature  cells,  accord- 
ing to  the  behavior  of  the 
nucleus  toward  chroma- 
tiu-staining  reagents.     As 

extreme  types  he  describes  thosecontaining  in  their  nuclei 
a  network  of  chromatin  showing  conspicuous,  highly 
staining  granules  at  its  nodal  poinl[s,  and  those  in  which 
the  nucleus  shows  no  reticular  structure  whatever,  but 
takes  a  uniform  stain  as  though  the  chromatin  were 
evenly  distributed   throughout  it  (see  Fig.   .510).     The 


Fio.  .510.— Nucleated  Red  Coi-pus- 
cles.  Showing  the  Mature  and  the 
Immature  Forms,  the  Intermedi- 
ate Stapes,  and  the  Colorless 
F.rythrohlasts.  (Adapted  from 
Howell.) 
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latter  is  the  more  mature  type;  in  it  the  nucleus  is  smaller 
than  in  the  immature  tj-pe.  and,  according  to  Howell,  is 
being  ])repared  for  extrusion  by  being  situated  eccentri- 
cally, or  indeed  partially  extruded.  All  shades  of  transi- 
tion are  to  be  found  between  the  typically  mature  and 
immature  types. 

In  addition  to  the  nucleated  erythrocytes,  the  red  mar- 
row contains  other  varieties  of  cells  which  are  interesting 
here  because  they  have  been  assigned  Ijy  many  observ- 
ers a  function  as  jirecursors  of  the  nucleated  erythrocyte 
stage  of  development. 

Tliat  one  of  tlicse  to  which  much  importance  is  gener- 
ally attached  as  a  forerunner  of  the  erythrocyte  is  a  leuco- 
cytic  cell  which  cannot  be  said  to  differ  in  appearance  in 
any  respect  from  the  immature  nucleated  red  cell  above 
described,  save  in  that  it  contains  no  ha'moglobin.  Tliis 
t}'pe  of  cell  has  been  described  by  Osier.  Lowit,  and 
others,  and  has  been  designated,  from  this  supposed  func- 
tion, an  erythroblasl  by  Lowit.  These  cells  must  not 
be  confused  with  ordinary  leucocytes  of  the  blood,  also 
found  in  the  marrow,  and  may  be  distinguished  by  tlie 
homogeneous  appearance  of  their  cell  protoplasm,  and, 
according  to  Lijwit,  by  the  fact  that  thev  never  make 
amoeboid  movements  nor  ingest  foreign  particles. 

The  third  type  of  cell  seen  in  red  marrow  is  what  is 
termed  the  ordinary  or  proper  marrow  cell.  This  is 
somewhat  larger  than  the  other  cells  described  above, 
and  contains  a  prominent  vesicular  nucleus  of  oval  shape 
showing  one  or  two  clearly  marked  nucleoli.  In  some 
varieties  of  this  cell,  according  to  Howell,  the  nucleus 
becomes  elongated  in  shape  and  may  be  bent  horseshoe- 
shape,  or  may  even  be  coiled  upon  itself  one  or  more 
times.  Other  cells,  according  to  the  same  observer,  may 
be  detected  in  which  the  cell  protoplasm  is  loaded  with 
coarse  granules. 

In  addition  to  tliese  three  types  of  cell  of  ordinary 
size  the  marrow  contains  a  large  number  of  cells  pecul- 
iar to  this  tissue  called  giant  cells;  these  are  huge  cells 
with  only  a  single  nucleus,  which  may  be  either  notched 
or  elongated  and  coiled  upon  itself  so  as  to  simulate  the 
appearance  of  a  number  of  nuclei.  These  cells  are  said 
by  most  authors  to  be  different  from  the  myeloplaques 
found  near  the  developing  bone,  as  well  as  in  pathological 
formations  under  many  conditions.  The  latter  are  multi- 
nucleated, and  when  found  in  bone  marrow  occur  in  such 
positions  as  to  make  the  observer  surmise  that  they  are 
connected  with  bone  absorption  and  accordingly  are  not 
intrinsic  constituents  of  red  marrow. 

Manj-  views  are  still  maintained  as  to  the  origin  of  the 
nucleated  erytlirocytes  of  the  marrow.  One  of  the  most 
important  fif  tliese  is  that  enunciated  by  Bizzozero,  who, 
as  above  stated,  first  drew  attention  to  the  frequent  oc- 
currence of  indirect  division  in  these  cells.  This  ob- 
server holds  the  view  that  the  cells  in  question  are  direct 
descendants  of  the  similar  embryonic  cells  described  above 
as  occurring  in  embryonic  life,  which  are  carried  to  the 
red  marrow  as  soon  as  this  begins  to  develop,  and  take 
on  the  h;iematopoietic  functions  which  were  up  till  then 
taken  care  of  by  the  embryonic  spleen  and  liver.  In  the 
red  marrow  these  cells  increase  by  karyokinetic  division, 
and  in  this  wav  replace  that  fraction  of  their  number 
which  is  continuously  being  modified  to  pass  into  the  cir- 
culation as  blood  discs.  Bizzozero  is  of  the  opinion  that 
no  other  mode  of  origin  of  nucleated  erythrocytes  has  been 
demonstrated,  and  that  such  a  mode  of  origin  forms 
an  adequate  explanation.  Accordingly  he  regards  the 
smallest  faintly  pigmented  erythrocyte  as  the  first  stage 
toward  the  formation  of  the  blood  disc  in  the  red  marrow, 
and  considers  that  the  other  types  of  cells  present  take 
no  part  in  the  formation  of  the  red  blood  corpuscles. 
This  view,  that  the  nucleated  erythrocytes  of  the  marrow 
form  a  type  which  is  mi  ffenrris.  is  supported  by  Schafer 
and  other  observers;  but  probably  the  majority  of  writers, 
while  not  denying  that  these  cells  when  once  formed  can 
increase  by  indirect  division,  hold  with  Neumann  that 
they  originate  from  non-pigmented  cells  of  the  marrow. 
Most  of  those  holding  the  latter  view  consider  that  the 
second  type  of  marrow  cell  described  above  is  the  color- 


less predecessor  of  the  erythrocyte  of  the  marrow,  and 
have  described  these  cells  independently  under  dilferent 
names.  Lowit  terms  them  erythroblasts.  and  deprecates 
the  common  use  of  this  term  to  describe  their  colored  ' 
descendants,  which,  according  to  him,  should  be  called 
nucleated  erythrocytes.  Neumann  also  objects  to  the 
term  of  erythroblasts  for  the  nucleated  h«moglobin-con- 
taining  cells  of  the  marrow,  contending  that  such  a  term 
is  applicable  only  to  the  colorless  forms  w  hich  precede 
them. 

Malassez  states  that  the  nucleated  red  blood  corpuscles 
are  derived  from  the  proper  marrow  cells  by  these  giving 
rise  first  to  spherical  cells  of  large  size  which  do  not 
readily  stain,  contain  little  or  no  haemoglobin,  and  possess 
a  very  diffuse  nucleus.  These  cells  are  termed  proto- 
haematoblasts  by  ^Malassez,  and  give  rise  to  the  nucleated 
erythrocytes  by  passing  through  two  or  three  stages  of 
alteration  in  which  the  cell  ]irot(5plasm  becomes  granu- 
lated, and  the  nucleus  at  first  enlarges,  becomes  promi- 
nent and  unifonnly  granular,  but  later  decreases  in  size 
and  shows  a  reticular  structure.  At  the  same  time  that 
these  changes  are  progressing  the  cell  becomes  more  and 
more  deeply  tinted  with  hemoglobin  and  takes  on  the  ap- 
pearance of  the  nucleated  erythrocj-te. 

Foa  and  Salvioli  express  the  view  that  the  first  stage 
in  the  formation  of  the  erythrocyte  is  one  type  of  the 
giant  cell,  namely,  that  described  by  Bizzozero  as  the 
type  with  budding  nucleus,  in  which  the  nucleus  is  not 
multiple  but  apparently  made  up  of  a  convoluted  string 
of  nuclei  still  in  connection  with  one  another.  This  giant 
cell,  which  is  termed  an  ha>matoblast  by  tliese  authors, 
breaks  up  into  a  number  of  small  hyaline  cells  by  the 
separation  of  the  compound  nucleus  into  its  constituent 
buds,  each  of  which  has  a  fragment  of  the  original  cell 
protoplasm  attached  to  it.  The  hjaline  cells  later  change 
to  nucleated  red  corpuscles  by  the  development  of  luemo- 
globin.  Osier  derives  the  nucleated  red  blood  corpuscles 
from  colorless  hyaline  cells  of  9  to  13//  in  diameter  con- 
taining a  finely  granular  nucleus,  which  in  turn  arise  from 
small  Ij'mphoid  elements  (2.. 5  to  5  /;)  resembling  free 
nuclei  but  often  showing  a  narrow  border  of  cell  proto- 
plasm. A  very  similar  view  has  been  proposed  by  Obrast- 
zow,  who,  however,  believes  that  the  free  nuclei  give  rise 
both  to  erythrocytes  and  proper  marrow  cells.  Accord- 
ing to  this  author,  the  erythrocyte  contains  no  nucleus 
in  the  living  state,  the  apparent  nucleus  being  a  post- 
mortem effect. 

Howell  combines  most  of  these  theories  of  origin  of 
the  mature  nucleated  erytlirocyte  by  describing  them 
as  different  consecutive  stages  in  a  rather  lengthened 

course  of  development. 
W  e  m  a  y.  following 
this  author,  jirobably 
trace  the  stages  in  de- 
velopment backward 
as  follows:  The  nu- 
cleated red  blood  cor- 
puscles differ  in  struc- 
ture with  their  age. 
and  two  extreme  types 
may  be  distinguished 
— o  n  e  mature  and 
ready  to  be  converted 
into  a  non-nucleated 
corpuscle,  and  one  im- 
mature, as  shown  by 
the  character  of  the  nu- 
cleus and  the  amount 
of  haemoglobin.  The 
immature  corpuscle 
multiplies  by  karyokinesis.  and  the  daughter  cells  sooner 
or  later  appear  as  mature  nucleated  corpuscles.  The  im- 
mature or  young  nucleated  corpuscles  are  in  turn  derived 
from  spherical  colorless  erythroblasts,  having  a  definite 
histological  structure  and  found  in  the  marrow.  These 
erythroblasts  multiply  by  karyokinesis.  The  erythro- 
blasts again  are  derived  from  larger  embryonic  cells, 
usually  described  in  the  adult  as  ordinary  marrow  cells. 


Fig.  511.— Multlpliratlon  of  the  Nucle- 
ated Red  Corpuscles.  Marrow  of 
youne  kiuen  after  bleedinff.  Show- 
ing above  karyokinetic  division  of 
erythroblast,  and  below  the  formation 
of  mature  from  immature  erythro- 
cytes.    (Adapted  from  Howell.) 
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In  these  cells  the  structure  of  the  nucleus  differs  from 
that  of  the  erythroblast.  The  ervthroblasts  do  not  arise 
from  these  larger  marrow  cells  iu  the  same  generation 
by  a  diminution  in  size,  but  the  marrow  cells  multiply 
by  karyokinesis.  and  the  daughter  cells  of  the  first  or  fol- 
lowing generations  acquire  the  structure  of  ery  throblasts. 

There  is  also  much  diversity  of  opinion  as  to  the  man- 
ner in  wliieh  the  nucleated  erythrocyte  of  red  marrow 
becomes  converted  into  the  characteristic  non-nucleated 
biconcave  disc  of  mammalian  blood.  In  fact  all  possible 
opinions  have  been  presented  by  the  ingenuity  of  various 
authors  between  the  extremes  that  the  red  corpuscles  are 
still  nucleated,  and  that  they  are  the  nuclei  of  the  nucle- 
ated corpuscles  of  which  the  cell  protoplasm  has  disap- 
peared. There  is  little  doubt,  however,  that  the  non- 
nucleated  corpuscle  arises  by  the  disapjiearance  of  the 
nucleus  in  some  manner,  and  we  need  di.scuss  here  only  a 
few  of  the  chief  ways  in  which  it  has  been  claimed  that 
this  disappearance  of  the  nucleus  is  accomplished. 

The  earliest  view  and  at  the  same  time  that  which  at 
the  present  day  claims  most  adherents  was  originally  ex- 
pressed by  Kolliker  with  regard  to  the  nucleated  embry- 
onic erythrocytes,  .and  was  later  extended  by  Nemnanu 
to  include  those  cells  discovered  by  him  in  the  red  mar- 
row. According  to  tliis  view  the  nucleus  is  gradually 
absorbed  by  the  cell  protoplasm  after  a  previous  partial 
fragmentation.  "  The  cells  gradually  become  more  and 
more  flattened,  and  even  present  slight  excavations, 
whilst  their  nuclei  manifestly  dimini.sh,  and,  on  the  ap- 
plication of  acetic  acid,  exhibit  a  great  tendency  to  dis- 
integration. L'ltimately,  the  ;(»r?f«  disappear  altogether 
and  the  blood  cells  become  no/t-nudeoted,  like  those  of 
the  adult,  of  which  the}'  all  soon  assume  the  form,  being 
at  first  somewhat  irregular"  (Kolliker). 

Neumann  describes  the  nucleus  as  becoming  smaller, 
more  homogeneous,  and  later  notched  or  indented,  in  the 
process  of  disappearing.  lie  also  describes  certain  cells 
containing  only  one  or  two  granules  of  nuclear  matter 
which  he  regards  as  the  final  stage  in  the  disintegration 
and  absorption  of  the  nucleus.  Another  view  which  is 
supported  by  Rindticisch,  Howell,  and  others  is  that  the 
nucleated  cells  become  non-nucleated  by  a  process  of  ex- 
trusion of  the  nucleus.  The  various  authors  who  hohl 
this  view  differ  somewhat  as  to  the  manner  in  which  the 
nucleus  is  expelled.  Rindfleisch  describes  the  nucleus 
as  escaping  from  the  cell  surrounded  by  a  small  amount 
of  colorless  protoplasm,  and  leaving  behind  a  residue  of 
a  reddish-yellow  color,  which  is  at  first  somewhat  bell- 
shaped  from  the  escape  of  the  nucleus  and  afterward 
takes  on  the  biconcave  shape  of  the  adult  red  blood  cor- 
puscle. For  every  red  blood  disc  so  formed  there  is  in 
this  manner  set  free  in  the  circulation  a  colorless  element, 
the  further  fate  of  which  the  author  leaves  unsettled.  It 
is  ))Ossible  that  it  may  once  more  form  ha>moglobin  in  its 
cell  jirotoplasm,  which  may  increase  in  bulk  and  later 
give  birth  in  similar  fashion  to  a  second  non-nucleated 
red  blood  corpuscle. 

Howell,  on  the  other  hand,  states  that  the  nucleus  is 
extruded  from  the  cell  in  a  free  condition  and  he  has  never 
been  able  to  observe  an  envelope  of  protoplasm  surround- 
ing it  as  it  escapes.  Also  free  nuclei  which  have  pre- 
sumably been  extruded  from  corpuscles  are  frequently 
seen  in  sections  and  teased  specimens  of  red  marrow. 
Howell  admits  that  the  homogeneous  nucleus  of  ripe 
erythrocytes  of  the  marrow  may  often  be  seen  segmented 
or  notched  as  described  by  Neumann,  but  as  he  has  also 
seen  similarly  altered  nuclei  in  the  process  of  extrusion 
he  holds  that  this  segmentation  does  not  prove  that  the 
nucleus  disappears  by  absorption. 

The  extrusion  of  the  nucleus  can  best  be  seen  iu  teased 
specimens  from  the  red  marrow  of  animals  which  have 
recently  been  bled  previous  to  killing  and  in  which,  there- 
fore, the  rate  of  formation  of  blood  discs  would  naturally 
be  much  increased.  All  stages  can  be  detected  from  that 
in  which  the  nucleus  has  merely  an  eccentric  position  up 
to  the  period  when  it  lies  completely  outside  the  cell. 

It  is  well  known  that  the  nuclei  are  readily  pressed  out 
from  the  red  blood  corpuscles  of  amphibia  after  death 


by  simple  pressure  of  the  cover  glass  or  the  action  of 
chemical  reagents,  and  Howell  points  out  that  the  ex- 
trusion of  the  nucleus  in  the  erythrocytes  of  the  marrow 
cannot  be  any  similar  artefact  for  the  following  reasons: 
1.  The  numijer  of  extruding  nuclei  is  increased  in  ani- 
mals which  have  previously  been  bled  frequentlj'.  3. 
The  process  of  extrusion  can  be  observed  with  the  cor- 
IHiscles  in  a  perfectly  fresh  condition  as  soon  as  the 


Fig.  512.— shows  the  Way  in  Which  the  Niii'lfiis  Escapes  from  the 
Niioleatt'd  Hfil  riiiimsck's.  I,  2.  3,  4,  reinvsi'iii  clifTcfent  stafjes  of 
the  extrusion  notiicil  upon  tlie  liviiitr  coriMisdes;  a,  speciineti" from 
the  '■iifutarlilL'  hli  1.1(1  (if  an  adult  cat,  liird  four  tiiiifs;  Ik  spcciinens 

fniiii  ilii-  (•irculatiiii.'  Ill I  (if  a  kitii-n  Imly  ilavs  olil,  tiled  twiii-:  t', 

spLMiiiiciis  fidui  llic  blond  uf  a  iflnl  cat.  51  cm.' loliif.  inlicrs  from 
the  MialTow  (if  an  adult  cat.  two  of  llic  llLi-uics  sho\vin;r  tlic  irratuiles 
present  in  the  coipuscle  which  have  tieen  interpl'eled  eiinneously 
as  a  sitrii  ^if  the  tlisinteirialiou  of  the  nucleus.     i.\fter  Howell.) 


specimen  has  been  leased  out  iu  the  animal's  own  serum. 
3.  Extrusion  is  seen  when  the  cells  have  been  fixed  as 
rapidly  as  possible  either  by  corrosive  sublimate  or  by 
methyl  green  solution.  4.  All  the  cells  showing  extru- 
sion belong  to  Howell's  mature  variety  (vide  supra) ,  for 
none  of  the  extruding  nuclei  show  any  traces  of  a  nuclear 
network.  Still  it  is  stated  by  Fellner,  Osier,  ami  other  ob- 
servers that  the  extrusion  of  the  nucleus  is  to  be  regarded 
as  a  post-mortem  change  and  that  such  extrusion  does  not 
occur  under  normal  conditions  in  the  living  cell.  Malassez 
denies  that  tlie  nucleated  red  blood  corpuscles  lose  their 
nuclei  at  all,  maintaining  that  these  retain  their  individu- 
ality throughout  their  life,  but  give  rise  to  the  red  blood 
discs  by  a  process  of  gemmation  or  budding.  At  some 
portion  of  the  cell  the  cell  2)rotoplasm  semis  out  a  bud 
which  enlarges,  becomes  constricted  off  from  the  rest  of 
the  cell,  ancl  is  finally  detached  as  a  globule  of  htemo- 
globinated  protoplasm  which  afterward  takes  on  the 
biconcave  shape  of  the  blood  ilisc. 

With  regard  to  the  jilace  of  formation  of  the  blood 
discs,  it  is  almost  universallj'  admitted  that  the  red  mar- 
row of  bone  is  the  tissue  in  which  thej'  are  produced  most 
abundanth'.  Neumann  even  maintains  that  this  tis.sue 
is  tlie  only  one  which  yields  them,  even  under  most  ex- 
ceptional circumstances,  for  their  increased  production, 
such  as  after  excessive  or  oft-repeated  blood-letting. 
Other  observers,  such  as  Bizzozero,  hold  that  while  the 
red  marrow  is  the  onlj'  seat  of  production  under  normal 
])hysiological  conditions,  yet  other  organs  may  take  on  the 
function  of  forming  red  blood  corpuscles  under  abnormal 
conditions  of  increased  production.  Thus,  nucleated  red 
blood  corpuscles  have  been  found  in  the  spleen  of  the  dog 
and  guinea  pig  if  the  animals  have  previously  been  sub- 
jected to  excessive  bleeding  (Bizzozero  and  Salvioli). 
Clinical  observations  also  are  on  record  in  -fhich  it  is  stated 
that  nucleated  red  corpuscles  are  found  in  the  blood  in 
severe  cases  of  leuktemia  or  pernicious  anaemia  (Osier  and 
Gardner).  Howell  has  also  observed  a  recurrence  of  the 
h,-ematopoietic  function  of  the  spleen  with  regard  to  red 
blood  corpuscles  after  excessive  bleeding,  although  nor- 
mally no  nucleated  red  blood  corpuscles  are  present  iu  that 
organ. 

Lowit  and  one  or  two  other  observers  claim  that  both 
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spleeu  and  lymphatic  glands  are  to  be  looked  upon  as 
blood-fonning  organs  in  addition  to  the  red  mari-ow.  In 
all  of  tliese  organs,  according  to  Lijwit.  two  kinds  of 
colorless  cells  may  be  recognized  which  he  terms  "  leuco- 
blasts"  and  "  erythroblasts "  respectively,  because  the 
former  give  rise  to  the  white  and  the  latter  to  the  red 
blood  corpuscles.  These  two  types  of  cell  are  distin- 
guished by  differences  both  in  the  action  of  their  nuclei 
toward  staining  reagents,  and  in  the  mode  of  their  divi- 
sion in  reproducing  new  cells ;  also  no  intermediate  forms 
between  the  two  can  be  observed,  showing  them  to  be  dis- 
tinct types.  The  leucoblasls  possess  a  prominent  nucle- 
us vrhich  contains  one  or  more  nodules  of  chromatin, 
usually  of  irregular  outline,  connected  by  delicate  threads 
to  the  nuclear  membrane.  The  after-fate  of  these  is  con- 
sidered under  development  of  white  blood  corpuscles. 
Division  takes  place  b_v  a  movement  of  the  chromatin 
granules  from  the  equator  toward  the  poles  which  Lowit 
proposes  to  call  dieimo  'iiirlii-ertu  per  gnninhi,  to  distin- 
guish it  from  the  true  karyokinetic  division  which  takes 
place  in  the  erythrocyte  and  which  he  terms  divim'o  per 
f!ri.  The  erythroblasts  have  a  network  of  chromatin  in 
their  nucleus,  and  divide  by  ordinary  karyokinesis ;  they 
never  show  ama?boid  movement  nor  ingest  foreign  parti- 
cles; finally  they  develop  hoemoglobin  in  their  cell  sub- 
stance and  so  become  nucleated  erythrocytes. 

In  the  marrow  of  bone  always,  and  in  the  spleen  under 
certain  conditions  above  alluded  to,  transition  stages  may 
l)e  observed,  but  in  the  lymphatic  glands  no  intermediate 
forms  between  erythroblast  and  nucleated  erythroc3'te 
are  ever  to  be  seen,  and  hence  Lowit  supposes  either  that 
the  transition  in'this  latter  case  takes  place  in  the  lymph 
or  blood  stream  or  in  both,  or  that  the  erythroblasts 
formed  in  the  lymphatic  glands  are  carried  to  the  marrow 
and  there  undergo  the  final  change  into  nucleated  erythro- 
cytes. LiJwit  further  holds  that  a  great  number  of  the 
erythroblasts  enter  the  blood  stream  from  the  spleen  and 
l.ymphatic  glands  in  a  colorless  condition,  and  are  in  the 
blood  stream  itself  rapidly  converted  first  into  nucleated 
and  later  into  non-nucleated  erythrocytes.  The  two 
types  of  cells  above  described  have  also  been  observed 
■«ubsequently  by  Denys  and  by  Gibson,  and  the  latter 
writer  claims  to  have  observed  nucleated  red  blood  cor- 
puscles in  the  mesenteric  lymphatic  glands  after  ligature 
of  the  thoracic  duct.  Denys  states  that  in  the  marrow 
of  birds  which  has  been  double  stained  with  fnchsin  and 
methyl  green,  the  nuclei  of  the  erythroblasts  stain  green 
while  those  of  the  leucoblasts  stain  red.  As  a  result  of 
this  distinctive  staining  the  important  fact  is  brought 
out  that  the  two  t3'pes  of  cell  are  not  indiscriminately 
mixed,  but  that  the  er3'throblasts  occur  in  cords  or  strings 
forming  the  capillary  jiortion  of  the  vascular  svstem  of 
the  marrow.  A  delicate  endotlielial  wall  marks  off  the 
cord  of  erythroblasts  from  the  surrounding  mass  of  leuco- 
blasts. 

Some  observers  state  that  red  blood  corpuscles  develop 
in  bone  and  cartilage,  and  particularly  in  the  line  of 
ossification  between  the  growing  bone  and  its  hyaline  car- 
tilage, but  this  has  again  been  denied  by  Neumann  and 
others.  Winogradow  states  that  nucleated  red  corpuscles 
form  in  the  lymphatic  glands  of  the  dog  after  spleen  ex- 
tirpation, but  this  result  also  has  failed  to  obtain  confirma- 
tion at  the  hands  of  other  workers.  Quite  a  different 
theory  to  all  these  is  that  supported  by  Hayem,  in  that 
It  ascribes  the  origin  of  red  blood  corpuscles  to  the  blood 
platelets  or  "elementarj-  particles"  of  Zinunennann  in- 
stead of  the  nucleated  erythrocytes.  Tliis  view  was  orig- 
inally suggested  by  Zinunermaun,  but  has  been  worked 
out  in  detail  bv  Ha^em.  who  has  given  more  attention  to 
the  blood  platelets  than  any  other  worker  on  the  subject. 
Hayem  describes  the  blood  platelets  as  young  red  blood 
•corpuscles  and  terms  them  ha?niatoblasts.  Certain  of 
them,  according  to  his  description,  are  similar  in  shape  to 
the  biconcave  discs,  and  possess  a  greenish  tint  from  the 
presence  of  haemoglobin.  He  claims  to  have  observed 
Interraediate  forms  between  the  t.vpical  blood  platelet 
and  the  tvpical  red  blood  corpuscle,  and  states  that  these 
transitional  forms  are  greatly  increased  in  numbej  after 


severe  hemorrhage  when  a  more  rapid  regeneration  of 
corpuscles  is  presumably  taking  place.  Under  such  cir- 
cumstances the  blood  platelets  nia.v  increase  so  greatly 
in  amount  as  to  outnumber  the  reil  corpuscles. 

There  is  also  much  difl'erence  of  opinion  as  to  the  man- 
ner in  which  the  blood  platelets  are  formed.  Pouehet,  who 
supports  Hayem's  view  that  the  red  blood  corpuscles  are 
formed  from  the  platelets,  supposes  that  the  platelets  are 
either  extruded  from  the  white  blood  corpuscles  as  "  polar 
bodies  "  or  that  they  arise  as  concretions  in  the  plasma. 
Gibson  describes  two  varieties  of  platelet  under  the 
names  of  colorless  and  colored  "  microc.vtes.  "  The  for- 
mer he  supposes  to  be  derived  from  the  extruded  nuclei  of 
both  nucleated  red  corpuscles  and  white  corpuscles,  and 
the  latter  (which  he  regards  as  identical  with  Haj'em's 
hsematoblasts)  he  supposes  arise  from  fragmentation  of 
mature  blood  discs  in  some  manner  in  the  circulation. 
Howell  denies  that  the  extruded  nuclei  of  the  erythro- 
cytes give  origin  to  blood  platelets,  showing  that  during 
the  period  that  they  persist  in  the  blood  as  morphological 
elements,  the.v  stain  quite  dilTcreutly  from  the  blood 
platelets.  It  is  probable,  according  to  this  author,  that 
the  extruded  nuclei  of  the  red  blood  corpuscles  dissolve 
in  the  plasma,  and  possibly  increase  the  percentage  ot 
fibrinogen  therein.  With  regard  to  the  origin  of  the 
blood  platelets,  Howell  supports  the  view  that  thej-  are 
the  final  products  of  disintegration  of  the  multinucleated 
leucoc.vtes,  b_v  drawing  attention  to  the  close  resemblance 
between  well-preserved  blood  platelets  and  the  frag- 
mented nuclei  of  the  multinuclear  leucocj'tes  as  far  as 
size,  shape,  and  general  appearance  are  concerned.  The 
resemblance  is  increased  by  the  appearances  noticed  in 
the  blood  of  an  animal  after  frequent  bleeding.  Here 
blood  platelets  may  be  observed  containing  one  or  more 
deeply  staining  granules  which  closely  resemble  the 
chromatin  granules  of  the  nuclei,  and  are  probably  the 
result  of  too  rai)id  exi>ulsion  of  the  nucleus  on  account 
of  the  increased  activity  in  the  blood  connected  with  re- 
generation. The  blood  platelets  further  stain  similar]}' 
to  the  nuclei  when  subjected  to  the  action  of  multiple 
staining.  Howell  suggests  that  such  disintegration  of 
corpuscles  within  the  pla.sma  mav  have  an  important 
function  in  the  regeneration  of  the  proteids  of  that  fluid. 

It  is  almost  universally  agreed  that  the  lymphocj"te  is 
the  youngest  form  of  leucocyte  found  in  the  blood.  The 
lymphocyte  is  so  termed  because  it  is  believed  that  it 
originates  in  lymphoid  tissue  and  is  added  to  the  blood 
in  the  lymph  stream. 

The  fiict  that  the  number  of  lymphocytes  in  the  lymph 
is  largely  increased  after  its  passage  through  a  lymphatic 
gland,  as  well  as  the  presence  of  immense  numbers  of 
similar  cells  in  the  lymphoid  tissue,  demonstrates  that 
lymphocytes  are  formed  in  the  lymphatic  glands  and  are 
continuously  carried  away  bv  the  Ivmph  and  added  to 
the  circulating  blood.  Also  in  the  blood  white  corpuscles 
are  to  be  found  which  ditfcr  in  no  respect  from  these 
lymphoc_vtes  of  the  lymphoid  tissues,  and  between  these 
and  the  other  varieties  of  leucocyte  transitional  cells  are 
to  be  observed,  so  that  there  can  be  little  doubt  that  all 
the  other  forms  are  stages  in  the  further  development  of 
the  lymphocyte. 

Jlost  observers  also  hold  that  leucocytes  are  formed  in 
the  spleen  and  red  marrow  in  addition  to  the  lymphoid 
tissues.  Lowit  describes  the  leucocytes  as  arising  from 
certain  cells  in  these  tissues  which  he  terms  leucoblasts. 
The  genetal  characteristics  which  distinguish  these  from 
erythroblasts  have  already  been  stated;  it  may  be  added 
that  Lowit  describes  the  leucoblasts  as  entering  the 
lymph  stream  and  eventually  reaching  the  blood  as  uni- 
nuclear leucocytes  which  are  rather  small  and  are  devoid 
of  the  power  of  making  amoeboid  movements.  In  the 
blood  stream  they  increase  in  size  while  the  nuclei  take  on 
the  form  seen  in  the  polymorphonuclear  cells;  ultimately 
multinuclear  leucocytes  arise  from  these  as  a  final  stage 
Avhich  is  followed  by  the  disintegration  and  solution  of 
the  corpuscle.  Lowit  believes,  from  estimations  of  the 
relative  number  of  the  different  forms  of  leucocyte  in 
the  blood  coming  from  the  blood  forming  organs,  in  the 
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right  and  left  heart,  and  in  the  peri])heral  arteries,  that 
tlie  transition  from  the  lymphoc_vte  to  the  other  forms 
talies  place  rapidly  in  the  venous"  blood  before  reaching 
the  left  heart.  Flemmiug  and  a  great  many  other  work- 
ers hold,  in  contradistinctton  to  Lijwit,  that  multiplication 
of  the  leucocytes  takes  place  by  a  true  mitotic  division. 
It  is  certain  "also  that  the  eosinophile  cells  of  Elirlich 
exhibit  karyokinetic  figures  while  undergoing  division. 
Bannworthhas  described  cells  possessing  all  the  proper- 
ties of  Lowit's  leucoblasts,  as  undergoing  karyokinetic 
division  in  the  spleen  pulp. 

The  life  liistory  of  the  leucocyte  may  then  probably  be 
described  as  follows:  It  arises  from  leucoblastic  cells  in 
lymphoid  tissue  and  probably  also  in  the  splenic  pulp 
and  red  bone  marrow,  and  reaches  the  blood  as  a  small 
cell,  with  a  jirominent  vesicular  nucleus  surrounded  by 
a  trace  of  cell  protoplasm.  This  variety  of  leucocyte  is 
incapable  of  amwboid  movement,  but  gives  rise  in  process 
of  growth  to  a  large  cell  which  is  amoeboid,  and  is  further 
characterized  by  jtossessing  a  large  envelope  of  finely 
granular  protoplasm  around  its  nucleus.  In  some 
varieties  of  this  stage  the  granules  in  the  cell  protoplasm 
are  more  conspicuous  than  in  others.  The  next  develop- 
ment takes  place  by  an  alteration  in  the  nucleus,  which 
is  no  longer  spherical  or  oval  liut  drawn  out  into  a  strap 
or  horseshoe  shape,  or  indeed  coiled  or  folded  upon  itself 
so  as  in  some  cases  closely  to  resemble  a  multiple  nucleus. 
This  gives  rise  to  the  polymorphonuclear  cell,  which  is 
still  capable  of  ama'boid  movement,  and  which  b_v  frag 
mentation  of  the  complex  nucleus  gives  rise  to  the  multi- 
nuclear  leucocyte. 

The  earlier  view  was  that  the  polymorphonuclear  and 
multinuclear  leucocytes  were  those  in  process  of  cell  divis- 
ion, but  it  is  now  more  commonly  believed  that  the  nucleus 
in  these  cells  is  undergoing  fragmentation  previous  to  the 
disintegration  of  the  cell,  Benjamin  Mom-e. 

The  following  references  will  be  found  to  furnish  a  key  to  the  source 
of  most  of  the  statements  given  in  Ibis  article : 

Bizzozero :  Ueiier  die  Bildune  der  rolhen  Blutkorperchen,    Virchow's 

Arch.,  Bd.  ,\cv.,  is.'q,  Sn,  ^'ij-4.5, 
Briickner:   Neuere  .Arbeiten  aus  dem  Gebiete  der  Physiologie  and 

Pathologie  des  Blutes.    Schmidt's  Jahrbiicher,  Bd.  cdv.,    1897,    S. 

63-69. 
Hayem :  Du  sang  et  lie  ses  alterations  anatomiques,  Paris,  1889, 
Howell :  The  Life  History  of  the  Formed  Elements  of  the  Blood,  es- 
pecially the  Red  Blood  Corpuscles,    Joum.  of  Morphology,  vol,  iv,, 

pp,  57-116. 
Lowit:    Die  Anordnung    und    Neubildung   von   Lenkoblasten    und 

Erythroblasten    in  den  Blutzellen  bildenden  Organen.     Arch.  f. 

mlkr.  Anat.,  1891,  Hd,  .x.xxviii.,  Sn.  -Xy-iilS. 
Lowit,  Minkowsl<i,  u.  .\ndtM-c:  \'t-rlian'lbnitren  des  Congresses  f,  inn. 

Med.,  .xriitcr  r.inCTis.s,  Wi,-sl«idrn.  l-*'.'.'.  Sn.  i:U-213. 
Neumann:  t'chcr  BUilTi'gcneratioii  und  Hluiliildung.    Zeitsch,  f, klin, 

Med.,  Bd.  iii.,  ISM,  s.  411+49. 
Oppel :  Unseri*  Kfiintiiiss  vnn  der  Entstehung  der  rothen  und  weissen 

BlutkOrperclii-n  izusaMiiiieiifa.isendesReferat).    Centralblatt  f.  allg. 

Path.  u.  patli.  Anat.,  Bd.  Iii.,  1893,  Sn.  193-217  u.  311-259. 
fichiifer:  In  Quain's  Anatomy,  tenth  edition,  1893,  vol.  1.,  pt.  li.,  pp. 

216-221  and  36V367. 

BLOOD,  NORMAL.— The  blood  would  seem  to  con- 
form to  the  general  tleflnition  of  a  tissue,  in  that  it  is 
composed  of  a  cellular  and  an  intercellular  substance. 
It  differs,  however,  from  an}'  other  tissue  of  the  animal 
■body  in  the  fact  that  the  intercellular  substance  is  a 
fluid,  and  that  it  is  a  moring  substance  propelled  by  the 
"beat  of  the  heart  throughout  a  system  of  closed  tubes:  it 
also,  perliaps,  contains  a  greater  variety  of  luorphologi- 
cally  and  physiologically  dissimilar  elements  than  any 
other  tissue :  the  blood,  or  its  congener  the  lymph,  is 
found  in  all  structures,  affording  nourishment  to  them 
and  taking  in  their  waste  products  in  return.  There  is 
no  passage  of  morphological  constituents  from  the  gen- 
eral tissues  into  the  blood  as  may  somerimes  occur  from 
the  blood  to  the  tissues,  as  during  diapedesis. 

According  to  the  same  standard,  the  lymph  would  seem 
to  come  within  the  limits  of  the  definition,  although  it  is 
poorer  iu  cellular  elements.  AVhether  certain  of  the 
semi-fluid  secretions,  such  as  the  orchitic  and  mammary 
during  the  colostrum  period,  might  come  within  the 
range  of  this  definition,  we  may  perhaps  regard  as  un- 
settled, although  it  is  a  question  if  the  fundamental  pro- 


cedure is  not  analogous-when  we  consider  the  relation- 
ship of  the  leucocytes  to  the  h'mph  glands  and  that  of 
the  red  corpuscles  to  the  bone  marrow  and  certain  other 
organs. 

The  total  number  of  cells  in  the  body  has  been  esti- 
mated bv  C.  Fraucke*  to  be  26,500,000,000,000,  of  which 
4, (JOO, 000, 000, 000  are  fixed  cells,  while  the  cells  in  the 
blood  are  not  fixed,  and  according  to  the  best  calculations 
these  amount  to  22,.5OO,0O0,O00,00O.  So  that  the  cells  in 
t4ie  blood,  which  are  small,  outnumber  those  of  the  other 
tissues  (some  of  which,  for  example  the  muscle  cells,  are 
relativel.v  immense)  about  five  and  one-half  times. 

Blood  in  general  has  for  its  functions  (<()  the  convey- 
ance of  nutritious  material  to  all  parts  of  the  body,  (6) 
to  remove  waste  products  from  the  tissues,  (f)  to  carry 
oxygen  for  tissue  (or  internal)  respiration,  and  (rf)  to 
equalize  the  temperature  of  the  body. 

CoLOK  AND  Constituents. — Blood  has  the  appearance 
of  a  red,  slightlj'  viscous  fluid,  this  effect  being  due  to  the 
suspension  of  innumerable  microscopic  bodies,  the  red 
corpu.scles  or  erythrocytes,  in  a  clear  yellowish  fluid,  the 
plasma  or  liquor  sanguinis.  In  addition  to  the  red  cor- 
puscles, but  much  less  luimerous.  ai'e  the  white  corpus- 
cles or  leucocytes.  A  third  element  is  the  blood  platelet, 
a  small  discoid  colorless  particle,  demonstrable  mici'o- 
scopically  in  freshly  drawn  blood.  There  may  also  be 
blood  granules  of  different  kinds,  considered  as  trans- 
formation products  of  the  formed  elements. 

The  color  of  arterial  blood  is  a  bright  red,  that  of  the 
veins  is  darker  or  of  a  blui.sh-purple  tint.  This  differ- 
ence is  due  to  the  relative  amount  of  ox}-gen  or  carbon 
dioxide  present.  Arterial  blood  furthermore  differs  from 
venous  in  that  it  possesses  more  O,  less  CO2,  more  ex- 
tractives, more  salts,  more  sugar,  less  urea,  and  is  usually 
warmer. 

Arterial  blood  becomes  dark  when  respiration  is  im- 
perfect, for  example,  in  the  fa?tus,  during  anesthesia  by 
chloroform,  when  the  trachea  is  compressed,  and  in  in- 
diviiluals  when  submitted  to  a  high  temperature  (wliich 
reduces  the  excretion  of  C(!):).  Venous  blood  is  rendered 
brighter  in  animals  which  have  been  made  to  breathe 
pure  oxygen,  or  when  jioisoned  by  carbon  monoxide  gas, 
in  blood  leaving  glands  in  a  state  of  secretory  activity 
or  nuiscles  in  a  state  of  rest  (Bernard),  and  in  hibernating 
animals. 

In  the  pulmonic  circulation  the  arteries  normally  con- 
tain dai"k,  and  the  veins  bright  red  blood. 

Odoii. — Blood  has  an  odor  whicli  differs  in  man  and 
animals.  This  is  thought  to  be  due  to  the  presence  of 
certain  volatile  acids.  If  concentrated  sulphuric  acid  be 
added  to  blood  it  liberates  these  acids  from  their  com- 
binations with  alkalies,  and  the  characteristic  odor  is 
more  [lerceptible. 

Taste. — Blood  has  a  saline  taste,  due  to  the  various 
salts  dissolved  in  the  plasma. 

Temper.\tvre. — Blood  varies  normally  in  its  tempera- 
ture from  36..5=  to  37.8=  C.  (97.7°  to  lOO"'  F.).  It  varies 
also  in  different  parts  of  the  body.  The  warmest  blood 
in  the  body  is  in  the  hepatic  vein.  The  blood  of  the 
left  is  cooler  than  that  of  the  right  ventricle,  because  as 
it  passes  through  the  lungs  it  is  cooled  by  the  inspired 
air.  The  blood  of  the  skin  is  also  slightly  cooler  than 
that  of  the  viscera.  In  the  arteries,  however,  it  is,  as  a 
rule,  slightly  warmer  than  in  the  corresjionding  veins. 

Amount. — The  amount  of  blood  in  the  bodv  has  usu- 
ally been  determined  by  drawing  a  measured  amount, 
deflbrinating  it,  and  diluting  portions  of  it  in  differing 
degrees  for  later  comparison.  The  rest  of  the  blood  is 
then  collected  and  defibrinated,  and  the  vessels  washed 
out  with  salt  solution  until  the  solution  comes  out  color- 
less. The  washings  are  added  to  the  collected  blood,  and 
this  is  further  diluted  until  it  corresponds  in  tint  to  one 
of  the  previous  samples  of  known  dilution.  The  total 
quantity  of  blood  in  the  vessels  can  then  be  calculated. 
In  addition  to  this  the  whole  body  can  be  minced  into 
fine  pieces,  extracted  with  water  to  get  any  blood  that 

*  "  Die  menschliche  Zelle,"  1891. 


23 


Blood. 
Blood. 


REFERENCE  HANDBOOK  OF  THE  ilEDICAL  SCIEXCES. 


may  stili  remain  in  the  tissues,  and  this  also  be  added  to 
themass  of  blood.  Some  hwmoglobin,  however,  is  yielded 
by  the  muscles. 

Another  method,  used  by  Grehant  and  Quinquand,  is 
to  determine  the  amount  in  the  living  animal.  A  meas- 
ured amount  of  carbonic  oxide  (mixed  with  oxygen)  is 
inspired.  A  measured  amount  of  blood  is  then  drawn 
off  and  the  amount  of  carbonic  oxide  in  this  quautitj-  is 
determined.  The  amount  of  the  gas  in  the  total  blood 
of  the  bod.y  would  be  in  the  same  proportion  as  in  the 
sample,  from  whence  the  whole  amount  of  the  blood  can 
be  calculated. 

From  these  methods  it  is  estimated  that  the  blood  is 
equal  to  from  one-eleventh  to  one-fourteenth  of  the  body 
weight  (about  13  pounds  in  a  man  weighing  1.5-t  pounds). 

In  the  newly  born  child  the  amount  of  blood  is  esti- 
mated at  one  nineteenth  of  the  body  weight.  This  pro- 
portion will  vary,  however,  according  to  the  time  of 
ligaturing  the  umbilical  cord. 

The  amount  of  Ijlood  in  different  organs  may  be  esti- 
mated by  quickly  tying  their  blood-vessels  intra  Tttam. 
An  aqueous  extract  of  the  minced  organ  is  prepared 
and  the  quantit}'  of  blood  estimated  as  previously  de- 
scribed. A  rough  approximation  of  the  division  of  the 
blood  in  the  body  by  this  method  gives  one-fom'th  to 
the  lungs,  heart,  and  large  blood-vessels,  one-fourth  to 
the  skeletal  muscles,  one-fourth  to  the  liver,  and  the 
I'emaining  one-fourth  to  the  other  organs. 

Less  blood  will  be  obtained  from  a  fasting  animal  than 
from  one  which  has  digested  a  hearty  meal.  This  fact 
is  probably  one  of  the  causes  of  the  discrepancies  in  the 
figures  given  by  different  investigators. 

Reaction. — The  alkalinity  of  the  blood  may  be  recog- 
nized in  spite  of  its  red  color  by  applying  a  drop  of  it 
to  the  surface  of  glazed  litmus  paper.  Or  still  another 
method  is  to  soak  a  strip  of  ordinary  litmus  paper  in  salt 
solution  and  allow  it  to  dry.  Apply  a  drop  of  blood  to 
this  and  it  will  be  found  that  the  substance  upon  which 
the  alkalinity  depends  will  diffuse  itself  around  the  drop 
and  give  the  characteristic  color  to  the  litmus. 

To  the  presence  of  the  carbonate  and  phosphate  of 
soda  is  attributed  the  alkaline  reaction.  This  is  un- 
doubtedly true  for  the  plasma,  but  it  is  questionable  if 
these  salts  account  for  it  in  the  corpuscles  as  well,  where 


alteration.  It  is  also  diminished  after  withdrawal,  and 
during  the  process  of  coagulation.  The  alkalinity  is  also 
decreased  in  fever  and  in  many  diseases.  In  diabetic 
coma  and  in  the  cold  stage  of  cholera  an  acid  reaction 
has  even  been  detected.  The  decrease  in  alkalinitj-  is 
accompanied  by  a  diminished  amount  of  carbonic  acid 
in  the  blood.  The  acid  reaction  frequently  occurring  In 
menstrual  blood  may  be  due  to  the  uterine  mucus  and 
vaginal  acids. 

Specific  Gravity.— The  specific  gravity  of  noraial 
blood  varies  within  small  limits.  Foi'  men  it  ranges 
from  1.0.57  to  l,(J(i(i ;  for  women  from  l.O.j-t  to  1.061.  It  is 
slightly  less  in  children  than  in  adults,  but  is  higher  in 
the  fojtus  than  in  the  mother;  it  is  highest  in  the  child  at 
term,  in  which  it  is  1.066,  while  that  of  the  maternal 
blood  is  then  oulj'  about  1.0.50.  In  the  ox  and  dog  it  is 
about  1.066.  In  a  given  case  in  a  man  in  whom  the 
specific  gravity  of  the  blood  was  found  to  be  1.060,  the 
corpuscles  eave  a  specific  gravity  of  1.088*  and  the 
plasma,  1.031. 

The  specific  gravity  of  the  blood  is  lowered  slightly 
when  much  fluid  is  ingested,  and  increases  somewhat 
after  profuse  perspiration.  It  varies  also  according  to  the 
part  of  the  body  from  which  it  is  taken,  subject  perhaps 
to  accidental  admixture  with  lymph.  Blood  from  the 
finger  has  been  found  to  be  slightly  lower  than  that  ob- 
tained from  the  skin  over  the  shin. 

The  variations  in  age  and  sex  are  closely  related  to  the 
variations  in  the  amount  of  ha-moglobin.  The  specific 
gravity  of  blood  from  an  artery  is  nearly  the  same  as 
that  from  the  corresponding  vein. 

The  blood  of  birds  has  a  higher  specific  gravity  than 
that  of  mammals,  and  there  has  also  been  noted  in  the 
latter  slight  variations  in  different  species. 

The  method  commonly  used  for  determining  the 
specific  gravity  of  blood  is  known  as  Roy's  method;  it 
consists  in  transferring  minute  drops  of  blood  to  a  mix- 
ture of  glycerin  and  water,  or  some  similar  mixture 
which  is  mixed  in  varying  proportions  to  form  a  series 
in  which  the  specific  gravities  are  known.  The  mixture 
in  which  the  drop  of  blood  neither  rises  nor  falls  gives 
the  specific  gravity  of  the  blood. 

The  analysis  of  blood  as  given  by  Hammarsten  follows, 
1,000  parts  being  taken; 
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it  is  piobably  due  to  the  presence  of  organic  substances 
of  a  weak  basic  nature. 

Saturation  of  the  blood  with  carbonic  acid  causes  the 
corpuscles  to  become  less,  and  the  plasma  more  alkaline. 

The  alkalinity  of  the  blood  seems  to  varj-  during  the 
day,  being  lowest  in  the  morning  and  gradually  rising  in 
the  afternoon,  and  becoming  lower  again  in  the  evening. 
It  also  rises  during  digestion.  ^luscular  work  diminishes 
it.  especially  if  tliere  is  little  or  no  proteid  in  the  diet ; 
while  with  a  diet  rich  in  proteids  there  is  verv  little 


Red  Blood  Corpuscles. — Swamraerdam  in  1658  was 
the  first  to  discover  red  blood  corpuscles  in  the  frog. 
Malpighi  in  1661  was  the  first  to  describe  them  in  a  mam- 
mal (hedgehog),  and  in  1673  Leeuwenhoek  demonstrated 
their  presence  in  man. 

Red  blood  corpuscles  differ  in  shape  and  size  in  differ- 
ent groups  of  animals.  In  all  mammals  they  are  non- 
nucleated  in  the  adult,     ^yith  the  exception  of  the  camel 

•  The  specific  gravity  of  the  red  corpuscles  is  usually  given  at  1.105. 
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family,  iu  which  they  are  of  eliliptical  form,  they  present 
a  circular  outline  and  are  biconcave.  In  birds,  reptiles, 
amphibia,  and  tish  they  are  nucleated,  elliptical,  and  bi- 
convex.   An  exception  to  the  elliptical  form  i.s  noted  in  the 
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Fig.  .514.— Red  Blood 
Corpuscles  of  Man. 

a.  Surface  view  of 
normal    corpuscles ; 

b,  edge  view.  (After 
Boehm  and  von  Da- 
vidotf.) 


Fig.  513.— Red  Blood  Corpuscles  of  Different  Vertebrate  Animals.  (Welter's  models; 
from  Boehm  and  von  Davldoff.)  X  l.WIO  diameters,  a,  P'rom  Proteus  (salamander) ; 
6.  from  the  frog :  c,  from  a  lizard  ;  d.  from  a  sparrow ;  c,  from  a  camel ;  /  and.(;,  from 
the  human  being ;  )i,  from  myoxus  glis  (dormouse)  ;  i,  from  a  goat ;  k,  from  the  musk- 
deer. 


Marsipobrancliii,  as  represented  by  the  lamprey  eel,  iu 
which  they  are  circular  but  nucleated.  In  man  the  aver- 
age diameter  is  between  7  and  8  microns  and  1.9  microus 
fhick  at  the  edge ;  iu  the  frog  the  long  diameter  is  about 
22  microns;  in  the  Proteus  about  60  microns,  while  iu 
the  Ainphiiima,  where  the  corpuscles  can  be  distin- 
guished with  the  unaided  eye,  the  long  diameter  is 
about  80  microns. 

The  relatively  larger  size  of  the  corjjusclcs  in  the  so- 
called  cold-blooded  animals  than  in  mammals  is  an  in- 
teresting fact,  and  has  served  as  a  basis  for  some  investi- 
gations to  determine  the  effect  of  climate  upon  the  size 
of  the  corpuscles  of  the  inhabitants.  Evidence  on  this 
piiiiit  is  conflicting.  According  to  Hamilton  the  meas- 
urements of  the  corpuscles  of  representatives  of  the  fol- 
lowing nationalities  gave  the  subjoined  list. 

Italians 7.0-7..5  microns. 

French 7.5-7.6       *^ 

Germans 7.8       " 

Norwegians 8.5       *^ 

Differences  in  size,  as  reported  by  different  observers, 
are  probably  due  to  different  standards  of  measurement. 
Pai'ker,  taking  the  average  measurement  of  500  cor- 
puscles, obtained  the  following  results: 

ItaUan,  seventeen  years  old 7.79  microns. 

American  pirl,  seventeen  years  old 7.90       " 

Girl  from  Finland,  twenty-flve  years  old 7.89       " 

Esquimaux  girl 8.07       " 

It  is  interesting  to  note  that  the  measurement  of  the 
coi'ptiscles  of  the  girl  from  Finland  is  less  than  that  usu- 
ally given  for  Norwegians,  although  she  came  from  a 
higher  latitude. 

The  specilic  gravity  of  the  red  corpuscles,  usually  given 
at  1.105,  is  susceptible  to  variation  according  to  osmotic 
currents  between  the  corpuscle  and  the  plasma,  the  cur- 
rents being  determined  by  the  composition  of  the  plasma. 
One  cubic  millimetre  of  blood  contains  .000397  gm.  of 
moist  red  corpuscles;  1  litre,  397  gm. ;  and  an  adult  man 
having  5  litres  of  blood  iu  his  body  has  nearly  2  kilo- 
grams^(4.4  pounds)  of  red  corpuscles.  The  total  mass  of 
red  cells  iu  5  litres  of  blood,  in  round  numbers,  is  put  at 


35,000,000,000,000.  The  total  length  of  these  cells  would 
be  in  the  neighborhood  of  175,000  kilometres  (109,370 
miles),  more  than  four  times  the  circumference  of  the 
earth  (Viault  et  Jolyet)'.  The  total  surface  of  the  cor- 
puscles (including  the  two  faces  and 
edges)  would  be  equal  to  2,81(j  square 
metres  (more  than  half  an  acre).  This 
immense  amount  of  surface  is  exposed 
to  and  absorbs  oxygen  as  the  blood  cir- 
culates through  the  lungs.  This  oxy- 
gen-absorbing surface  decreases  in  dif- 
ferent animals,  other  things  being  equal, 
with  the  size  of  the  corpuscle.  It  di- 
minishes from  the  mammals  to  the  ba- 
trachians. 

The  elasticity  of  the  corpuscle  is  feeble 
but  i^erfect.  It  permits  these  cells  to 
]iass  through  capillaries  narrower  than 
their  own  diameter,  and  later  to  regain 
their  original  form.  Thej'  have,  how- 
ever, no  inherent  power  of  contractility, 
excej.it,  perhaps,  in  the  embryonic  con- 
dition. Carbon  dioxide  causes  them  to 
lose  their  elasticity  and  distorts  them. 

The  pro])erty  of  adhesion  of  the  cor- 
puscles, already  recognized  by  Hewson 
in  1770,  refers  to  the  arrangement  of  the 
corjuiscles  in  rouleaux.  It  occurs  either 
in  blood  drawn  from  the  body,  or  in  blood 
stagnant  in  the  vessels.  This  phenome- 
non appears  to  be  due  to  a  beginning 
alteration  in  the  structuie  causing  a 
greater  viscosity  of  the  surface  of  the 
corpuscle. 

In  blood  drawn  from  the  vessels  the 
corpuscles  change  their  form  quite  rap- 
idly on  account  of  the  exosmosis  of  their  salts,  becom- 
ing quite   markedly  crenated.      Cold,  heat,   electricity, 
water,  and  various  chemical  reagents  catise  this  change. 
Bile  and  the  biliary  salts  render 
a  tt        the  cor]niscles  pale  and  later  dis- 

solves them  (Kiihne).     Urea  acts 
similarly.     Urine  acts  like  saline 
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Fig.  .515.— Crenated  Blood  Corpus- 
cles (Human).  X  1,.500  diam- 
eters. (After  Boehm  and  von 
Davidofl.) 


Fig.  516.— Blood 
Corpuscles  (Hu- 
man) in  Rou- 
leaux, like 
pieces  of  coined 
money.  X  1,500 
diameters.  (Af- 
ter Boehm  and 
von  Davjdoff.  1 


Fig.  517.— Red  Blood  Corpus- 
cles (Human)  as  They  Appear 
After  They  have  been  Subiect- 
ed  to  the  Intliience  of  Water. 
X  l,.iOO  diameters.  (After 
Boehm  and  von  Davidoff.)  rt, 
swollen,  but  with  color  still 
retained ;  b,  swollen  and  de- 
colorized ('*  blood-corpuscle 
shadows"). 


solutions,  causing  the  corpuscles  to  swell  and  dissolving 
their  coloring  matter,  making  it  difficult  to  see  thern. 

In  some  cases  the  serum  from  an  animal  from  a  (iiffer- 
ent  species  causes  swelling,  distortion,  and  destruction  of 
the  red  corpuscles.  In  the  transfusion  of  blood  from  one 
animal  to  another  of  a  different  species  there  is  quite 
likely  to  occur  a  reciprocal  destruction  of  the  transfusing 
and  transfused  corpuscles. 
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Two  views  exist  as  to  the  structure  of  the  red  cor- 
puscle: that  of  Rollet.  in  wliich  it  is  believed  tliat  a 
spongy  and  elastic  framework  or  stroma  exists  holding 
the  lucmoglobin;  the  other  is  that  revived  and  main- 
tained by  Schafer,  namely,  that  the  corpuscle  consists  of 
a  delicate  but  resistant  external  envelope  enclosing  colored 
fluid  contents,  or,  in  other  words,  a  solution  of  htemo- 
globin. 

The  corpuscles  are  at  times  .subjected  to  considerable 
pressure  and  often  become  markedly  distorted.  They 
are.  however,  remarkably  elastic  bodies,  and  it  is  due  to 
this  physical  property  of  the  stroma  or  envelope  that  the 
normal  shape  is  regained. 

The  organic  matter  in  one  hundred  jiarts  of  dried 
blood  is  as  follows : 


Human. 

Dog. 

Goose. 

Proteids  and  nuclcln 

.5.10-12.a» 

94.30-Sti.79 

..35-    .72 

.34-    .2.5 

12..T3 

86.50 

.59 

.36 

36.11 
62.25 

Leoltliin -   . 

Chcilesterin 

.46 

.48 

The  higher  percentage  of  proteids  in  the  goose's  blood 
is  due  to  the  included  nuclein.  which  is  usually  the  case 
In  nucleated  red  corpuscles. 

The  mineral  constituents  vary  greatly  in  different 
species  of  animals.  In  man  potassium  constitutes  40.89 
per  cent,  of  the  total  ash  of  the  red  corpuscles  and  sodium 
only  y.Tl  per  cent.  In  the  dog  the  percentage  of  potas- 
sium is  6  07  and  of  sodium  36.17.  In  the  plasma  there 
is  a  large  excess  of  the  sodium  over  the  potassium  salts. 
Orinin  mid  Fate  of  the  Red  Corpuscle-i. — A  corpuscle, 
like  tlie  body  itself,  lias  an  allotted  time  of  activity  and 
then  disintegrates.  All  red  corpuscles,  even  of  mam- 
mals, are  nucleated  at  a  certain  period  of  development. 
In  the  human  foetus  at  about  the  fourth  week,  all  of  the 
red  corpuscles  possess  nuclei.  These  corpuscles  gradu- 
ally diminish  in  number,  however,  until  at  birth  they 
have  nearly  or  quite  disappeared.  The  nuclei  are  ex- 
truded or  absorbed  and  the  non -nucleated  condition 
characteristic  of  adult  mammals  appears.  In  the  rat. 
whicli  is  born  in  a  somewhat  immature  state,  many  of 
the  red  corjiuscles  maj-  be  found  to  be  nucleated  for 
a  short  time  after  birth.  The  first  corpuscles  formed 
in  the  embryo  (chick,  guinea-pig)  are  entirely  outside 

the  body.  Even 
before  the  heart 
has  begun  to  beat 
there  are  certain 
mesoblastic  cells 
in  a  zone,  the 
"  vascular  area, " 
around  the  em- 
bryo, which  send 
out  long,  anasto- 
mosing processes, 
soon  assuming  a 
hollow  form — the 
capillary  blood 
vessels.  At  the 
same  time  groups 
of  nuclei,  formed 
by  the  division  of 
the  original  nu- 
clei of  the  cells, 
assemble  at  the 
nodes  of  the  net- 
work. There  is  a 
bit  of  protoplasm 
around  each  nu- 
cleus, which  soon 
develops  haemo- 
globin in  its  sub- 
stance, and  the  newly  formed  corpuscles  float  away  in 
the  newly  developed  vessels. 

Later  on,  dunng  embryonic  life,  the  nucleated  cor- 
jiuscles seem  to  be  developed,  in  part  at  least,  in  the 
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Fig.  518.-DevelopingCapillar7  Blood-Vessels 
from  the  Tail  o(  a  Tadpole.  lAft.  r  Klem.) 
V,  Capillary  vein  with  clumps  of  i-iiriiient  in 
the  wall :  rt,  nucleated  protoplasmic  sprout ; 
I,  solid  ana.stomosis  between  two  neighbor- 
ing capillaries. 


liver,  spleen,  red  bone  marrow,  and  the  blood,  b}"  divi- 
sion of  the  nucleated  corpuscles  themselves. 

After  birth  the  cliief  seat  of  development  of  the  red 
corpuscles  in  mammals  seems  to  be  the  red  marrow  of 
the  bones  of  the  skull  and  trunk  and  of  the  ends  of  the 
long  bones  of  the  limbs.     The  formation  of  red  cor- 


FiG.  519.— From  the  Bone  Marrow  of  the  Dog.  X  l,200tlmes.  (From 
Boehm  and  von  DavidoU,  after  H.  F.  Miiller.  (  a,  Mastzelle ;  h, 
lymphocyte;  c,  leucocyte  with  acidophile  granules;  d,  non-nucle- 
ated blood  corpuscle;  c,  nucleated  red  corpuscle  in  the  act  of  divid- 
ing ;  /,  nucleated  red  corpuscle, 

puscles  is  also  known  under  the  name  of  haematopoiesis. 
In  this  marrow  there  are  special  nucleated,  feebl}'  amoe- 
boid cells,  originally  colorless,  which  multiply  by  karyo- 
kinesis,  and  are  transfoniied  by  various  stages  into  the 
ordinary  non-nucleated  red  corpuscles,  which  are  washed 
away  in  the  blood  stream.  Such  blood-forming  cells 
have  received  the  name  of  erythroblasts  or  ha?matoblasts. 

The  loss  of  the  nucleus  and  the  fact  that  hsemoglobin 
is  the  parent  substance  of  the  bile  and  urinary  pigments, 
and  that  these  pigments  are  constantly  being  exci'eted, 
render  it  certain  tliat  the  life  of  the  red  corpuscle  cannot 
be  a  long  one.  Just  how  long  this  life  is,  and  where  and 
how  the  corpuscles  go  to  pieces,  has  not  yet  been  fully 
determined. 

It  has  been  suggested  that  the  spleen  is  especially  con- 
cerned in  tliis  destruction  from  the  fact  that  a  certain 
amount  of  iron  is  found  there,  and  that  in  histological 
preparations  of  teased  spleen  tissue  certain  large  cells 
have  been  found  which  contain  red  corpuscles  in  various 
stages  of  disintegration.  It  has  been  supposed  that  the 
large  cells  have  ingested  the  red  corpuscles,  presumably 
selecting  tliose  which  are  in  a  weakened  condition.  Some 
hold,  however,  that  this  may  be  a  post-mortem  plie- 
nomenon,  because,  since  the  blood  flow  has  sto]iped,  the 
corpuscles  lie  at  rest,  while  the  ama'boid  movement  of 
the  leucocytes  continues — a  state  of  affairs  which  would 
be  favorable  for  ingestion.  Still  more  important  is  the 
fact  that  com]ilete  removal  of  the  spleen  does  not  seem 
materially  to  lessen  the  normal  destruction  of  the  cor- 
puscles. 

Turning  to  the  liver,  in  which  the  bile  is  formed,  it  is 
noteworthy  that  although  no  iron  is  found  in  the  bile, 
there  is  an  abundance  of  it  in  the  cells  of  the  liver.  It 
would  seem,  therefore,  that  the  iron  must  be  removed 
from  the  haemoglobin,  or  one  of  its  derivatives,  by  the 
liver  cells,  and  the  pigment  material  carried  away  b.y  the 
bile.  It  would  appear  that  although  the  corpuscles  are 
destroyed  in  the  liver  to  a  considerable  extent,  they  may 
meet  a  like  fate  in  the  spleen,  in  the  red  bone  marrow 
under  some  pathological  conditions,  and  even  in  the  blood 
itself. 
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It  is  interesting  to  note  that  some  of  the  organs  in  the 
adult,  which  are  concerned  in  the  destruction  of  tlie  cor- 
puscles, have  a  totally  opposite  action  in  the  embryo — 
heing  then  the  seat  of  their  origin, 

Xiimher  of  Med  Corpuscles. — The  average  normal  num- 
ber of  red  cor])Uscles  in  the  adult  male  is  commonlj' 
gi\en  at  5,(tUO.00()  per  cubic  millimetre;  in  the  female, 
at  4,500,  OOU,  There  are,  however,  numerous  normal  con- 
tlitiiins  which  increase  or  decrease  this  number.  It  varies 
in  individuals  witli  the  constitution,  nutrition,  and 
manner  of  life ;  age  is  also  a  factor,  the  number  being 
greater  in  the  fa'tus  and  newly  born  child;  there  is  a 
decrease  after  meals.  In  the  female,  the  number  \aries 
in  menstiuation  and  in  pregnancy,  being  somewhat  in- 
creased in  the  former  and  diminished  in  the  latter.  The 
influence  of  high  altitudes  in  increasing  the  number  of 
corpuscles  is  an  interesting  fact.  It  has  been  shown  that 
a  residence  of  two  or  three  weeks  in  high  mountains  will 
cause  an  increase  in  tlie  blood  of  from  3.000,000  to 
3.000,000  corpuscles  per  cubic  millimetre.  It  would 
seem  tn  follow  from  this  that  a  diminished  pressure  of 
oxygen  in  the  atmosphere  stimulates  the  corpuscle-form- 
ing tissue  to  a  greater  activity,  Tlie  diminution  in 
oxygen  pressure  probably  results  in  a  diminished  oxy- 
gen supply  to  the  tissues,  including  the  red  marrow, 


c$i;g)^Oo°?Qf.OfO a. 

(I}l.Q:)CD.liXgQ^fe)---------^- 

Tig.  530.— Diagram  Showing  Relation  of  the  Solirt  Portions  of  the  Cir- 
culating Blood  to  the  Walls  of  the  Blood-Vessel.  (Atter  Eheith  and 
Schimniehiusrh.')  n,  Hlnod  plaques  or  third  corpuscles :  b,  red  cor- 
puscles; c.  white  corpuscles. 

and  as  a  conse(iuence  the  ha?matoblasts  are  stimulated  to 
greater  activity.  This  change  in  the  number  of  cor- 
puscles is  naturally  related  to  a  difference  in  the  amount 
<if  hii?moglobin.  and  is  probably  an  adaptation  for  insur- 
ing a  normal  oxygen  capacity  for  the  blood. 

The  above  explanation  is.  perha])S,  equally  applicable 
when  a  considerable  amount  of  blood  has  been  lost  dur- 
ing hemorrhage.  Experience  has  shown  that  the  blood 
rapidly  regains  its  normal  condition  and  that  the  cor- 
puscles are  manufactured  quickly  to  replace  the  drain 
that  has  been  made  upon  their  numbers.  The  anaemic 
•condition  undoidjtedly  causes  a  diminution  in  the  oxygen 
supply  to  the  corpuscle-forming  tissue  and  the  ha?mato- 
Ijlastic  cells  are  stimulated  to  more  rapid  multijjlication. 

With  reference  to  the  influence  of  altitude  upon  the 
•corpuscles,  there  are  some  who  ascribe  the  ajiparent  in- 
•crease  of  the  corpuscles  to  other  reasons  than  those  men- 
tioned, namely,  that  there  is  an  increased  evaporation 
from  the  general  surface,  and  thus  a  loss  of  water  from 
the  blood;  that  there  is  an  increased  arterial  tension,  in- 
creasing the  amount  of  lymph,  which  also  assists  in  giv- 
ing a  higher  concentration  of  the  blood,  and  thereby  an 
apparently  larger  number  of  corpuscles.  Weiss  experi- 
mented upon  this  point  by  keeping  some  rabbits  at  a 
high  altittide  for  about  foirr  weeks,  and  compared  them 
with  animals  at  lower  levels.  He  found  an  increase  of 
•corpuscles  to  the  extent  of  twelve  to  twentv-four  per 
cent.,  but  no  absolute  increase  of  haemoglobin  in  the 
whole  body, 

H.EMOGI.OBIK. — Hsemoglobin  is  a  very  complex,  iron- 
containing  crystalline  coloring  matter,  which  forms  the 
most  important  constituent  of  the  red  corpu.scles,  and  in 
virtue  of  which  they  perform  their  functions  as  the 
oxygen  carriers  of  the  organism.  This  substance  pos- 
sesses the  property  of  linking  to  itself  a  molecule  of  oxy- 
,gen.  so  as  to  form  an  easily  dissociated  compound,  which 
is  termed  oxyhsemoglobin,  to  distinguish  it  specifically 


from  the  coloring  matter  whiph  has  parted  with  its  oxy- 
gen. This  is  termed  by  many  hemoglobin,  although 
numerous  others  prefer  to  call  ft  reduced  luemoglobin. 

Both  cjxyluvmoglobin  and  reduced  hemoglobm  invari- 
ably (Hufner)  exist  side  by  side  in  varying  proportion  in 
the  living  blood;  the  former  being  'most  aljundant  in 
arterial,  and  the  latter  in  venous  blixid. 

It  has  hitherto  been  held  that  the  haemoglobin  of  the 
blood  normally  combined  with  the  oxygen,  and  that  the 
carbon  dioxide  was  held  by  the  plasma  in  combination 
with  soda  as  sodium  carbonate  and  sodium  bicarbonate. 
The  combination  is  very  feeble  in  both  case.s — easily 
made  and  unmade.  It  "is  true  that  cai'bon  dioxide  is 
present  to  a  large  extent  in  the  plasma,  but  that  some  of 
it  is  also  taken  up  by  the  ha?moglobin  is  now  quite  well 
demonstrated.  In  a  mixture  of  O  and  CO,  each  gas  is 
absorbed  by  htemoglobin  solutions  independent!}-  of  the 
other,  so  that  such  a  solution  nearly  saturated  with  oxy- 
gen can  unite  with  as  much  C0.>  as  though  it  held  no 
oxygen  in  combination.  It  has  been  suggested  by  Bohr 
that  the  O  and  COa  may  imite  with  different  portions  of 
the  ha'inoglobin.  the  (.)  with  the  pigment  portion,  and 
the  C'Oo  with  the  proteid  portion.  The  exact  value  of 
hemoglobin  as  a  carrier  of  COs,  as  compared  with  the 
plasma,  has  not  yet  been  accurately  determined. 

Hemoglobin  constitutes  about  40.4  per  cent,  of  the 
weight  of  the  moist  corpuscles,  and  about  95.  .5  per  cent, 
of  all  the  organic  substances  C(jntained  in  them. 

The  question  as  to  the  form  and  manner  in  which  the 
hemoglobin  is  retaineil  in  the  corpuscle  is  an  extremely 
difflcult  one  to  solve.  It  has  lieen  held  by  some  that  it 
is  in  solution  either  by  the  lii|uid  contents  of  the  cor- 
puscle or  by  combining  with  othei-  constituents.  Others 
hold  that  it  is  in  a  solid  or  semi-solid  condition  either  in 
a  crystalline  or  in  an  amorphous  form.  The  following 
facts  bear  more  or  less  directly  upon  this  matter. 

The  blood  corpuscles  as  compared  with  the  other  soft 
parts  of  the  body  contain  a  relatively  smaller  iiroportion 
of  water.  According  to  Bunge  the  corpuscles  contain 
36.7  parts  of  solids  and  63.3  parts  of  water;  muscular 
tissue  contains  about  25  per  cent,  of  .solids  and  75  |ier 
cent,  of  water;  nerves  contain  about  23  percent,  of  solids 
and  78  per  cent,  of  water.  The  amount  of  water  in  the 
corpuscle  seems  insufficient  to  hold  the  hemoglobin  in 
solution.  Moreover,  in  some  animals  the  hemoglobin  is 
so  sparingly  soluble  that  it  is  said  that  the  whole  of  the 
water  in  the  blood  would  not  suffice  to  dissolve  the 
ha'inoglobin  stored  uj)  in  the  corpuscles. 

On  the  other  hand  it  is  shown  that  the  hemoglobin 
does  not  exist  in  the  blood  corpuscles  in  the  form  of 
minute  crystals,  by  the  use  of  crossed  Nicol  prisms,  as 
doubly  refractive  particles,  while  exiierimentaily  hemo- 
globin crystals,  reduced  to  the  finest  stiite  of  division, 
do  show  this  appearance.  The  highest  powers  of  the 
microscope  also  fail  to  show  any  crystalline  or  granular 
structures  in  the  corpuscles. 

Against  the  view  that  hemoglobin  goes  into  solution 
in  combination  with  other  constituents.  e.(f.,  alkalies, 
potassium,  etc.,  is  offered  the  argument  tliat  if  such 
were  the  case  the  plasma  of  the  blood,  which  also  con- 
tains these  substances,  would  dissolve  the  hemoglobin ; 
and  this,  as  is  well  known,  does  not  occur.  Taking  the 
view,  however,  that  the  hemoglobin  is  in  solution  within 
the  envelope  of  the  corpuscle  (Schafer's  idea),  this  solu- 
tion in  the  plasma  could  not  normally  occui'  on  account 
of  the  indiffusibility  of  ha'inoglobin  tlirough  an  unaltered 
membrane.  Another  assumjition.  advanced  b_v  Hoppe- 
Seyler  and  very  generally  accepted,  is  that  the  hemo- 
globin exists  in  some  combination  with  the  stroma  of  the 
corpuscle,  possibly  lecithin.  Ganigee  assumes  that  the 
combination  is  with  an  as  yet  unknown  constituent  of 
the  corpuscle.  This  compound,  whatever  it  may  be,  is 
characterized  by  remarkable  instability,  for  it  is  easily 
decoin]josed,  setting  free  the  hemoglobin.  This  goes 
into  solution  when  the  plasma  or  serum  in  which  the 
corpuscles  are  suspended  is  diluted,  or  when  such  sub- 
stances as  ether,  chloroform,  or  biliary  salts  act  upon 
the  corpuscles.     Heat,  alternate  freezing  and  thawing. 
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and  induced  electrical  shocks  bring  about  the  same  result. 

Although  the  coloring  matter  of  the  blood  in  different 
species  of  animals  behaves  in  the  same  manner  with 
reference  to  its  combining  with  gases  to  form  more  or 
less  easily  decomposable  compounds,  and  although  it  pos- 
sesses identical  powers  in  absorbing  the  raj'S  of  the  spec- 
trum, the  haemoglobin  in  different  animals  shows  differ- 
ences in  crystalline  form,  in  solubility,  in  the  quantity 
of  water  of  crystallization,  and  in  percentage  composition. 
The  h^moslobin  in  the  blood  of  the  rat,  guinea-pig,  and 
squirrel  ciystallizes  most  readily ;  next  in  order  is  that 
of  the  cat,"  dog,  and  horse;  while  that  of  the  rabbit, 
sheep,  ox,  and  "the  frog  crystallizes  with  considerable 
difflculty.  On  the  other  hand  the  haemoglobin  of  the  rat. 
guinea-pig.  and  squirrel  goes  into  solution  with  difficulty ; 
while  that  of  man  and  the  domestic  herbiyorous  animals 
is  easily  soluble. 

Ha?moglobin  is  a  compound  of  carbon,  hydrogen, 
nitrogen,  sulphur,  iron,  and  oxygen.  The  crystals  of 
hiemoglobin  contain  water  of  crystallization .  which  y aries 
in  different  animals.  When  ignited,  pure  ha-moglobin 
obtained  from  mammalian  blood  yields  an  ash  composed 
entirely  of  ferric  oxide ;  that  of'  birds  and  fishes,  and 
probably  from  all  animals  possessing  nucleated  cor- 
puscles, yields  an  ash  which,  in  addition  to  Fe.Oj.  con- 
tains phosphoric  anhydride  (P2O5),  derived,  probably, 
from  the  nuclein  contained  in  the  corpuscles. 

According  to  Preyer  the  average  percentage  composi- 
tion of  100  parts  of  "haemoglobin  is  as  follows: 


Fe  . 
S... 
o. . 


.M.OO 

r.2.5 

lB.2.i 
.42 
.6.3 

21.4.5 

100.00 


On  the  theory  that  the  molecule  of  hnemoglobin  con- 
tains one  atom  of  iron.  Preyer  assigned  to  it  the  empirical 
formula  CeooHasoN.sjFeSaOno,  the  molecular  weight  be- 
ing 13.333. 

In  the  analysis  of  the  hiemoglobin  of  the  dog,  Jaquet 
has  calculated  the  following  percentage  composition: 


s.  . 
Fe 
O.  . 


33.91 

6.02 

13.98 

..342 

,      .333 

22.62 


with  a  molecular    formula   of    CTssHieosNusSsFeOi,^, 
which  would  make  the  molecular  weight  16.669. 
The  question  natiirally  arises,  Why  should  there  be 

such  an  extremely 
high  molecular 
weight?  A  very 
suggestive  expla- 
nation has  been 
offered  by  Bunge 
as  follow-s: 

"The  enormous 
size  of  the  htemo- 
globin  molecule 
finds  a  teleologi- 
cal  explanation; 
if  we  consider  that 
iron  is  eight  times 
as  heavy  as  water, 
a  compound  of 
iron,  which  would 
float  easily^  along 
with  the  blood 
current  through 
the  vessels,  could 
only  be  secured 
by  the  iron  being 
taken  up  by  so 
Fir..521.— OxThsemoglobinCrvstalsMaenifled.  i.ivo-p  .in  m-o-simV 
1.  From  huinan  blood;  2.  from  thp  snilnea-  ''"s-"^  ,  ui^ani'^ 
pig :  3.  squirrel :  4,  hamster.    iHallilmrton.i    molecule. 
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Form  of  OxyJicemofflobin  Crystals. — The  blood  of  man 
and  of  the  majority  of  animals  yields  crystals  in  the  form 
of  rhombic  prisms  or  needles  belonging  to  the  rhombic 
system.  Those  from  the  blood  of  the  guinea-pig.  as  shown 
by  von  Lang,  are  in  the  form  of  tetrahedra  belonging  to 
the  rhombic'system.  The  blood  of  certain  birds  and  oc- 
casionally of  the  rat  gives  crystals  of  the  same  form.  The 
oxyhamioglobin  of  the  squirrel  crystallizes  normally  in 
the  form  of  six-sided  plates  belonging  to  the  hexagonal 
system. 

"  Amount  of  Water  of  Crystallization.— The  difficulties 
attending  an  investigation  of  this  kind  are  very  numer- 
ous and  discouraging.  The  usual  procedure  is  to  dry 
pure  oxyhemoglobin  in  raoio  at  0'  C.  and  after  it  ceases 
to  lose  Weight"  to  heat  it  to  a  temperature  of  115°  C. 
Tlie  following  table  shows  some  of  the  most  reliable  re- 
sults obtained. 


Oxyhfemoglobin. 


Dog 

Horse 

Pig 

Guinea-pig 
Squirrel — 


Water  of 

crystalUzatlon, 

per  cent. 


3.4 
3.94 


Authority. 


Hoppe-Seyler. 

Htifner. 

Otto. 

Hoppe-Seyler. 

Hoppe-Seyler. 


Solubility. — The  oxyh.Tmoglobin  of  all  bii'ds.  of  the 
ox,  pig,  and  man,  is  readily  soluble,  the  solubility  in- 
creasing in  the  above  order.  Next  in  order  of  soluljility 
is  that  of  the  horse,  dog.  squirrel,  guinea-pig.  and  rat, 
the  latter  being  the  least  soluble. 

The  difference  in  solubility  is  supposed  to  be  due  to 
differences  in  the  amount  of  the  albuminous  residue. 

Oxyhicmoglobin  is  soluble  in  dilute  solutions  of  am- 
monia and  other  caustic  alkalies,  and  their  carbonates. 
It  is  also  soluble  in  very  dilute  alcohol.  On  the  other 
hand  it  is  insoluble  in  absolute  alcohol,  chloroform,  ben- 
zol, and  carbon  disuljihide. 

DiffuMility. — Oxyhemoglobin  is  an  exceptional  ex- 
ample of  a  soluble  crystalline  body,  which  from  its  in- 
ability to  pass  through  a  septum  of  parchment  paper  is 
considered  to  be  absolutely  non-diffusible.  This  charac- 
teristic is  dependent  upon  the  immense  size  of  its  molecule. 

Absorption  Spectra. — Solutions  of  hajmoglobiu  and 
compounds  derived  from  it  give  distinctive  absorinion 
bands  when  examined  Avith  the  spectroscope.  In  order 
to  obtain  satisfactory  results  very  dilute  solutions  of 
oxyha'inoglobin  must  be  used.  When  they  are  examined 
with  the  "spectroscope  two  absorption  bands  appear, 
both  occurring  in  the  portion  of  the  spectrmn  included 
between  the  Fraunhofer  lines  D  and  E.  The  baud  nearer 
the  red  end  of  the  spectrum  is  known  as  the  "o-band." 
and  is  narrower,  darker,  and  more  clearly  defined  than 
the  other,  the  ■■,3-band."  With  a  solution  containing 
0.09  per  cent,  of  oxyhnemoglobin.  and  examined  in  layers 
1  cm.  thick,  the  a-band  extends  over  the  part  of  the 
spectrum  included  between  the  wave  lengths  /  583  (5^3 
millionths  of  a  millimetre)  and  /  571,  and  the  ,3-band  be- 
tween A  550  and  /  533  (Gamgee).  The  width  and  dis- 
tinctness of  the  bands  vary  with  the  concentration  of  the 
solution  used.  With  a  minimal  percentage  of  oxyha?mo- 
globin  (less  than  0.01  per  cent.)  the  /3-band  is  lost  and 
the  a-band  becomes  very  faint.  With  stronger  solutions 
the  bands  become  darker  and  wider  and  finally  fuse, 
while  some  of  the  extreme  red  end  and  a  great  deal  of 
the  violet  end  of  the  spectrum  are  also  absorbed.  The 
absorption  which  takes  place  as  the  concentration  of  the 
solution  increases  affects  the  red  orange  end  of  the  spec- 
trum last  of  all. 

Solutions  of  reduced  hemoglobin  show  only  one  ab- 
sorption band,  known  as  the  "/-band."  This  band. lies 
also  in  the  portion  of  the  spectrum  included  between  the 
lines  D  and  E.  The  ; -band  is  much  more  diffuse  than 
the  oxyhemoglobin  bands,  and  its  limits,  especially  in 
weak  solutions,  are  not  well  defined:  in  solutions  of 
blood  diluted  100  times  with  water,  which  would  give  a 
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hitmoglobin  solution  of  about  0.14  per  cent.,  the  absorp- 
tion band  lies  in  the  part  of  the  spectrum  included  be- 
tween the  wave  lengths  'k  .573  and  A  .543.  The  width  and 
distinctness  of  this  band  vary  also  with  the  concentration 
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Fig.  522.— Spectrum.  1.  Absorption  spectrum  of  a  solution  of  oxyha?- 
moelobiu :  2,  absorption  spectrum  of  a  solution  of  hiemoglubin,  ob- 
tained ijy  till'  ;n-ii'iTi  of  an  anuniiniara!  fen-o-tartrate  solution  on  an 
o.xvlKi'uiitL'lnbiti  sniuiJnTi ;  \\.  ab>nriii  ji ill  s|)t'i'trum  of  a  faintly  alka- 
llni' siihillnii  iif  iiii'ilKiMii"irl"bin  ;  4,  ahsori'tlon  spectrum  of  a  solu- 
tion of  hannatiu  in  ether  <'Miituiniuir  oxalic  acid  :  -*>,  absnriitinn 
spectrum  of  an  alkaline  snlutton  nf  liLrmatin ;  0,  absorption  spec- 
trum of  an  alkaline  soliitinii  uf  Ineiiiuchromogen.  obtained  lt>  the 
action  of  an  animnniaea!  ferro-tartrate  solutirin  nn  ati  alkaline  Ine- 
matin  solutiim;  1,  absoriition  spectrum  of  an  acid  sotutinnnf  uro- 
bilin; s.  absnrptieii  s|iectiinii  nf  an  alkaline  snlutinii  of  urobilin 
after  the  addition  of  a  zinc  chloride  solution ;  9,  absorption  spec- 
trum of  a  solution  of  lutein  Cethereal  extract  of  the  egg  yolk). 
(Hammarsten.) 

of  the  solution.  In  this  case,  the  last  light  to  be  absorbed 
is  partly  in  the  red  end  and  partly  in  the  blue,  thus  ex- 
plaining the  purplish  color  of  haemoglobin  solutions  and 
of  venous  blood.  Oxyhwrnoglobin  solutions  can  be  con- 
verted to  reduced  haemoglobin  solutions,  with  a  corre- 
sponding change  in  the  spectrum  bands,  by  placing  the 
former  in  a  vacuum,  or,  more  convenient!}-,  by  adding 
reducing  solutions.  Those  most  commonly  used  for  this 
purpose  are  ammonium  sulphide  and  Stoke's  reagent. 
The  latter  is  made  by  dissolving  3  gm.  of  ferrous  sul- 
phate in  100  c.c.  of  distilled  water,  aclding  3  gm.  of  tar- 
taric acid  and  making  faintly  alkaline  by  the  addition  of 
ammonia.  This  solution  should  be  used  fresh.  If  a 
solution  of  reduced  haemoglobin  is  shaken  with  air.  it 
quickly  changes  to  oxyhaemoglobin.  and  gives  two 
bands  instead  of  one  when  examined  through  the  spec- 
troscope.    This  is  an  easy  way  of   showing  the  facil- 
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it)-   with  which  hsemoglobi^.  takes  up  and  surrenders 
oxygen. 

Solutions  of  carbon  monoxide  hfemoglobin  also  give  a 
spectrum  with  two  absorption  bands  closely  resembling 
iu  position  and  appearance  those  of  oxyhemoglobin. 
They  are  distinguished,  however,  by  being  slightly  nearer 
the  blue  end  of  the  spectrum.  Furthermore,  a  solution 
of  carbon  monoxide  is  not  reduced  as  is  oxj-hiemoglobin, 
by  the  addition  of  Stoke's  fluid;  the  two  bands  still  per- 
sist. A  solution  of  carbon  monoxide  may  be  easil}-  pre- 
pared by  passing  ordinary  coal  gas  or  illuminating  gas 
through  a  dilute  oxyhemoglobin  solution  for  a  few 
minutes  and  then  filtering. 

CutnjyiiiiHh  Dcrired  from  Iliniiiyhiliin. — Methcemoglobin 
is  obtained  by  the  action  of  oxidizing  agents  on  hemo- 
globin. It  is  frequently  fouml  iu  blood  stains  or  patho- 
logical liquids  containing  blood,  which  have  been  ex- 
posed to  the  air  for  some  time.  It  is  practically  the  same 
as  oxyhemoglobin,  except  that  the  oxygen  is  in  a  firmer 
combination.  It  crystallizes  in  the  same  form  as  oxy- 
hemoglobin, but  has  a  different  and  characteristic  spec- 
trum. 

lii^matin  (Ca2Ha~N,Fe04)  is  obtained  -when  oxyhemo- 
globin is  decomposed  by  acids  or  alkalies  in  the  presence 
of  ox3-gen.  It  is  amorphous  and  has  a  spectrum  peculiar 
to  it. ' 

Htemin  (C32H32N4Fe0  JICI)  is  a  compound  of  hematin 
and  nCl,  and  is  easily  obtaiueil  in  crystalliue  form.     The 
crystals  are  very  characteristic  and  aie  readily  obtained 
from    blood   clots 
or    blood    stains, 
even  if  not  recent. 
In    medico  -  legal 
cases  involving 
the    detection    of 
blood  this  form  of 
crystal  is  the  one 
usually   sought 
for. 

Ilcematnporph  y- 
rin  (CjjHsnN.O'e) 
is  obtained  by  the 
action  of  strong 
sulphuric  acid  on 
hanuatin.  It  is 
characterized  b\- 
the  absence  of 
iron. 

ILmuichromrigen  is  obtained  by  decomposing  hemo- 
globin with  acids  or  alkalies  in  the  absence  of  oxygen, 
it  crystallizes  and  has  a  characteristiq  spectrum. 

Ilirmatoidin  (CieHisNjOs).  This  name  was  applied  by 
Virchow  to  a  crystalline  substance  found  in  old  blood 
clots,  formed,  wfthout  doubt,  fiom  the  hemoglobin  of 
the  clotted  blood.  It  has  been  shown  to  "be  identical 
with  one  of  the  bile  pigments — bilirubin.  It  .shows  no 
definite  absorption  band  in 
its  spectrum,  but  causes  a 
general  absorption  of  the 
ultra  -  violet,  violet,  and 
blue  rays. 

Bile  and  Urinary  Pig- 
menu. — Hemoglobin  is  con- 
sidered to  be  the  parent  sub- 
stance of  the  urinary  as  well 
as  of  the  bile  pigments. 

"  L.\KY  Bloou  "  is  the 
term  applied  to  the  blood 
when  the  hemoglobin  has  escaped  from  the  corpuscles 
and  becomes  dissolved  in  the  plasma.  Normal  blood 
with  the  hemoglobin  enclosed  in  the  corpuscles  is 
opaque  even  in^a  very  thin  layer,  whereas  laky  blood 
in  thin  layers  is  transparent. 

A  sufficient  disturbance  of  equilibrium  or  osmotic_  re- 
lations between  the  corpuscles  and  surrounding  medium 
will  cause  this  escape  of  the  hemoglobin.  Blood  may 
be  made  laky  by  the  addition  of  distilled  w-ater,  acids, 
alkalies,  heat,   e"ther,   chloroform,  bile  or  bile  salts,  by 
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Fig.  5^.— Hsematoidin  Crystals. 
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alternate  freezing  and  thawing,  by  the  serum  from  the 
blood  fif  another  animal-,  electricity,  and  numerous  other 
methods. 

Isotonic  Solutions,  as  applied  to  the  blood,  refer  to 
liquids  containing  soluble  substances  with  an  attraction 
for  water,  in  quantities  sufficient  to  prevent  the  imbibi- 
tion of  water  by  the  red  corpuscles.  The  liquid  must  be 
concentrated  enough  to  prevent  the  absorption 
of  water  by  the  corpuscle.  A  certain  amount 
of  water  exists  normally  in  the  corpuscle.  If 
the  concentration  of  the  surrounding  liquid  is 
diminished  tliis  equilibrium  is  disturbed  and 
water  passes  into  the  corpuscle;  enough  water 
may  pass  into  it  to  cause  swelling  and  ultimately 
the  discharge  of  the  hsemoglobin,  thus  producing 
laky  blood. 

A  solution  containing  a  lesser  percentage  of 
salt  or  other  soluble  substance  than  suffices  to 
keep  the  haemoglobin  is  known  as  "  hypisotonic  "  -, 
while  a  solution  containing  a  greater  percentage 
of  salt   than   will   preserve   the  equilibrium  is 
known    as   "h3'perisotonic."     The  essential  fact  is  an 
alteration   of  the   permeability  of  the  corpuscle  either 
by  the  solution  or  mechanically,  so  that  the  hsemoglobin, 
or  one  or  more  of  its  constituents,  diffuses  itself  into  the 
suri'oimding  fluid. 

In  isotonic  solutions  the  concentration  varies  accord- 
ing to  the  substance  used.  Thus  a  solution  of  sodium 
chloride  from  0.64  to  0.9  per  cent.,  or  of  sugar  5.5  per 
cent.,  or  of  potassium  nitrate  1.09  per  cent.,  is  i.sotonic 
to  the  corpuscles,  or,  at  least,  the  latter  do  not  imbibe 
water  sufficient  to  cause  them  to  discharge  their  hsemo- 
globin. The  isotonic  relations  of  certain  substances 
have  been  quite  well  worked  out  for  the  red  blood  cor- 
puscles; but  it  seems  reasonable  that  the  other  cells  of 
the  body  have  likewise  an  isotonic  relationship  with 
fluids  coming  in  contact  with  them ;  and  speaking  gener- 
ally, it  may  be  said  that  normal  blood  and  lymph  are 
isotonic  to  the  various  tissue  elements,  and  must  be  kept 
so  in  order  to  avoid  pathological  conditions. 

White  Blood  Corpuscles  or  Leucocytes. — These 
elements  were  discovered  by  Hewson  in  1770.  They  are 
uncolored  bodies  possessing  the  power  of  amoeboid  move- 


nucleus,  amoeboid  movement  very  doubtful.  The.y  are 
called  lymphocytes  because  they  resemble  the  leucocytes 
found  in  lymph  glands  and  are  supposed  to  be  brought 
into  the  blood  through  the  lymph.  (2)  Mononucleated 
leucocytes.  They  possess  a  greater  amount  of  cyto- 
plasm, are  of  a  finely  granular  character,  and  have  some 
power  of  amoeboid  movement.     (3)   Polynucleated  or 


Fig.  525.  -Ijeucooytfs  trom  Normal  Human  Blood.  X  1,200  diameters. 
(From  Boehm  aiid  von  Daviduff,  after  H.  f.  MQller. )  a.  Red  hlood 
disc ;  h.  small  mononuclear  leucocyte  :  c.  lar^e  mononuclear  leuco- 
cyte ;  g.  leucocyte  with  a  nucleus'  ol  very  irregular  sbape ;  d,  e,  /, 
leucocytes  representing  transitional  forms  between  c  and  g. 

ment,  are  often  of  a  spherical  form,  and  are  slightly 
larger  but  much  less  numerous  than  the  red  corpuscles. 
The  investigations  of  Ehrlich,  Schultze,  and  others  have 
shown  that  there  are  at  least  three  different  forms  of 
leucocytes  present  in  the  blood,  corresponding,  perhaps, 
to  three  stages  in  their  development :  (1)  A  small  spheri- 
cal cell,  with  scanty  protoplasm  and  a  relatively  large 
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Fig.  526.— Ehrlich's  Granules  in  Leucocytes.  X  1,200  times.  <■,  acidophile  gran- 
ules, relatively  large  and  regularly  arranged :  e,  neulrophile  granules :  fi.  am- 
phopliile  granules,  not  numerous  and  irregularly  arranged  :  -y.  niastzellen  with 
granulations  of  unequal  size ;  &,  basuphile  granulations,  a,  6,  and  e.  from  nor- 
mal blood ;  7,  from  leukaemic  blood  of  man :  3,  from  the  blood  of  the  guinea^ 
pig.     (From  Boehm  and  von  Davidoff,  after  H.  F.  Miiller.) 

polymorphous  leucocytes.  They  are  large,  irregular  in 
form,  finely  granular,  and  possess  a  lobulated  nucleus  or 
as  many  as  four  separate  nuclei.  They  have  very  pro- 
nounced amreboid  movements,  and  fonn  about  7()  to  75 
per  cent,  of  the  white  corpuscles. 

Other  classifications  have  been  made,  based  upon 
microscopic  structure  and  reaction  to  stains.  Ehilieh 
divides  the  leucocytes  into  three  groups,  according  to 
the  size  and  the  staining  of  the  granules  found  in  the 
cytoplasm.  The  <i.rypkile«  or  eosinopliilea  or  acidophiles 
are  those  leucocytes  in  which  the  granules  sttiin  only 
with  acid  aniline  dyes — i.e.,  where  the  acid  portion  of 
the  dye  acts  as  the  stain  (eosin,  picric  acid,  aurantia). 
The  basophiles  are  those  in  which  the  granules  stain 
onl_y  with  basic  dyes  (dahlia,  acetate  of  rosanilin).  The 
nditrojiltih'S  are  those  in  which  the  granules  stain  only 
with  neutral  dyes  (picrate  of  rosanilin).  A  later  paper 
by  Kanthack  and  Hardy  states  that  the  neutrophile 
granules  of  Ehrlich  are  in  reality  o.xyjihile  granules.  In 
human  blood  they  find  the  finely  granular  oxyphile  cells 
(neutrophile  and  amphophile  cells  of  Ehrlich)  make  up 
60  to  80  per  cent,  of  the  whole  number  of  leucocytes, 
the  lymphocytes  (and  liyaline  cells)  (basophile  granules) 
20  to  30  per  cent.,  and  the  coarsely  granular  oxyphile 
cells  (eosinophile  cells  of  Ehrlich)  less  than  5  per  cent., 
but  these  proportions  are  far  from  constant. 

Ehrlich's  classification  is  perhaps  more  suitable  for 
pathological  than  for  normal  conditions  of  the  blood. 

It  is  said  that  the  eo.sinophiles  and  neutrophiles  are 
relatively  few  in  normal  blood.  Eosinophile  granules 
occur  in  the  polynucleated  cells.  These  cells  are  greatly 
increased  in  leukfeinia.  The  basophile  granules  occur 
also  in  connective-tissue  corpuscles,  esjjecially  in  the 
neighborhood  of  epithelium;  they  are  always  greatlj- 
increased  where  chronic  inflammation  occurs.  The  large 
polynucleated  amoeboid  cells  found  outside  the  ves.sels  in 
inflammations  exhibit  a  neutrophile  reaction.  Neutro- 
phile granules  are  not  found  in  the  lymphocytes  nor  in 
the  mononuclear  cells.  It  is  questionable  if  such  a  , 
classification  even  for  pathological  conditions  is  wholly 
satisfactory,  since  no  definite  function  for  the  granules 
has  yet  been  established,  and  it  is  still  undetermined 
whether  the  specific  granules  are  permanent  or  tem- 
porary structures. 

It  is  indeed  a  question  if  the  different  forms  of  leuco- 
cytes are  distinct  histological  elements  having  independ- 
ent origins  and  different  functions,  or  whether  they  do 
not.  after  all,  represent  different  stages  in  the  development 
of  a  single  kind  of  cell,  the  lymphocytes  representing  an 
early  and  the  polynucleated  leucocytes  the  last  stage. 

Specific  Gniriti/. — Leucocytes  have  a  lighter  specific 
gravity  than  the  red  corpuscles,  as  is  shown  when  the 
blood  clots  slowly,  as  it  does  normally  in  some  animals, 
e.g.,  the  horse.  The  red  corpuscles,  on  account  of  their 
greater  density,  sink  to  the  bottom,  while  the  leucocytes, 
being  much  lighter,  form  the  upper  portion  of  the  clot. 

number. — The  leucocytes  average  about  1  for  everj-  500 
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of  tlie  red  corpuscles,  or  10,000  per  cubic  millimetre  in  man 
and  9,000  per  cubic  millimetre  in  woman.  The  number 
will  vary  under  different  conditions.  They  are  increased 
after  digestion,  hemorrhages,  pregnancy,  in  diseases  in 
which  s'uppuration  occurs,  and  in  leucocythtemia,  in 
which  disease  they  may  equal  even  the  red  corpuscles. 

Conditions  which  diminish  the  number  of  leucocytes 
are  fasting,  old  age,  and  the  action  of  certain  medicines. 

Ijeucocytes  are  more  numerous  in  the  cajMllarics  and 
veins  of  the  spleen,  liver,  glands,  and  intestinal  mucosa 
than  in  the  corresponding  vessels  of  the  skin,  muscles, 
and  general  cellular  tissue.  Leucocytes  are  also  more 
numerous  in  the  blood  of  the  newly  born — about  19,000 
per  cubic  millimetre  (Hayem). 

The  chemical  constituents  of  leucocytes  are  variable 
and  difficult  to  analyze  with  accuracy.  Lilienfeld,  who 
has  carried  on  investigations  along  this  line,  gives  the 
following  quantitative  composition : 

Water 88.51 

Solids 11-19 

Proteid 1-J6 

Nuclein 68. <» 

Histim  (proteid  part  of  nucleo-proteid) o.bi 

Li'iitliin '  .51 

Kut i-fe 

Cliulf  sterin *•*'' 

Gljcoffen SO 

Pus  cells  are  leucocytes  which  show  a  considerable 
amount  of  fattv  degeneration  and  are  generally  dead. 

Functions.— The  functions  of  leucocytes  are  various; 
some  theories  f<irmerly  accepted  are  now  advanced  with 
doubt,  among  which  "may  be  mentioned  the  assistance 
supposed  to  "be  rendered" in  the  absorption  of  peptones 
and  fats.  Recent  and  careful  experiments  point  tiiward 
the  intestinal  epithelial  cells  as  the  important  factor  in 
this  process.  Pejitones  appear  to  be  converted  into  co- 
agulable  albumin  during  their  passage  through  the  epi- 
thelium, as  practicallv  no  peptone  is  found  in  the  blood 
or  chyle.  It  has  likewise  been  quite  satisfactorily  demon- 
strated that  by  far  the  greater  amount  of  fat  is  likewise 

taken  up  by 
the  epithrliura 
and  but  little, 
if  any,  by  the 
'  |i^  [  leucocytes. 

Leucocytes, 
or  their  prod- 
ucts, are  an 
undoubted 
factor  in  the 
coagulation  of 
blood.  Fur- 
\  ,  ,  ther  details 

f,^]...rea  corpuscles,    willbediscuss- 
.^^,^__         j  Sm!^  cdimderCoag- 

jtS/  ulation. 

<S)S,?>i!ft    '       ^  .c  One   of    tlie 

^mil(gf—leu.coci/t€.  ii,ost    peculiar 

properties    o  f 

leucocytes    is 

-&j3f?^  '?^^it&         ^^^ —  their  power  of 

^•S/        ^^^...^ie^~'^^^  independent 

movement,  in 
virtue  of  which 
they  are  often 
called     "  wan- 

FiG.  527.— .4  Vein  (Frog),  As  It  Appears  When  the  tiering  "  cells. 
Current  Begins  to  Slow.  The  red  corpuscles  re-  A  leucocyte 
main  in  the  central  portion  of  the  hlood  stream,  i^^^y  ]i(3  con- 
while  the  leucocytes  creep  slowly  along  the  wall  „;;i„r„,i  ;„ 
ol  the  vessel,  sticking  here  and  there.  (Alter  s  i  u  c  i  e  ii  i  n 
Craig.)  some  w'ays  as 

a  typical  cell 
formed  of  tunnodifled  protoplasm,  wholly  unspecialized 
and  potentially  equivalent  to  a  unicellular  animal,  e.g., 
an  amoeba.  Movement  is  accomplished  by  the  pushing 
out  of  a  jiortion  of  the  cell  substance  to  form  a  jiseudo- 
podium ;  tliis  may  be  retracted,  and  other  pseudopodia 
formed,  and  in  this  way  the  corpuscle  may  move  or 


Fig.  538.-  Showing  a  Vessel  in  Which  the 
Current  has  Nearly  Come  to  a  Standstill. 
The  leucocytes  are  armnged  in  rows 
along  its  wall.     lAfter  Craig.) 


■'  flow  "  from  place  to  place,  and  envelop  or  ingest  such 
particles  as  come  in  its  way.  This  form  of  motion  was 
first  noticed  in  the  amccba,  and  is  therefore  called  amcE- 
boid  in  the  leucocyte.  In  a  certain  sense  hudy  corpuscles 
would  be  a  mori.-  appropriate  term  than  leucocytes ;  for 
they  or  similar  cells  are  found  in  many  locations  and 
wander  every  whei'e  in  the  spaces  of  the  connective  tissue. 
They  pass  into  the 
blood  -  vessels  with 
the  lymph,  and  pass 
out  of  them  again  in 
virtue  of  their  power 
of  ama'boid  move- 
ment. This  process 
of  migration  occurs 
no  rmal  1  y,  but  is 
g  r  0  a  1 1  y  increased 
under  certain  patlio- 
logical  conditions. 
This  phenomenon  of 
migration  is  known 
as  diapedesis  (discov- 
ered in  1846  by  Wal- 
ler), and  is  especially 
prominent  when  a 
vascular  part  is  irri- 
tated, causing  dilata- 
tion and  congestion 
of  the  vessel.  The 
leucocytes  then  be- 
gin to  adhere  to  the  wall ;  they  accumulate  and  finally 
[lass  through,  probably  bctiretn  the  endothelial  cells  of 
the  capillaries.  After  this  emigration  they  may  wander 
away,  or  become  organized  and  form  new  tissue  (Waller), 
or  they  may  accumulate,  degenerate,  and  form  pus. 
Red  corpuscles  are  also  sometimes  seen  to  pass  through 
the  walls.  Leucocytes  may,  however,  play  another 
part,  namely,  the  repair  of  injured  tissues.  A  clean 
healthy  wound  is  soon  covered  with  a  layer  of  lymph, 
which  is  largely  composed  of  white  corpuscles.  If 
repair  progresses  in  a  healthy  manner  the  leucocytes 
may  become  organized  and  assist  in  the  development  of 
connective  tissue,  forming  the  cicatrix  by  which  the 
wound  is  closed. 

C^ertain  ama?boid  cells  of  the  blood,  lymph,  and  splenic 
pulp  are  able  to  ingest  or  "eat  up  "  foreign  particles  with 
which  they  may  come  in  contact.  This  process  is  known 
as  phagocytosis,  and  the  cells  are  therefore  known  as 
phagocytes.  This  term,  however,  does  not  include  all 
leucocytes  nor  does  it  exclude  all  other  cells,  as  some 
fixed  cells — e.g.,  the  endothelial  cells  of  blood-vessels — 
show  phagocytic  properties  by  being  able  to  send  out 
protoplasmic  processes,  while,  on  the  other  hand,  the 
small  immobile  lymphocyte  is  not  a  phagocyte.  Al- 
though the  phenomenon  of  phagocytosis  has  not  as 
yet  as  exact  a  physiological  value  as  some  other  proc- 
esses, there  is  little  doubt  but  that  it  plays  an  impor- 
tant role  in  the  defence  of  the  organism  from  outside  in- 
vaders, as,  for  example,  pathogenic  bacteria,  etc.  This 
action  of  the  phagocytes  is  of  very  great  interest  iind 
importance.  Metschnikoff,  from  his  investigation  upon 
the  lower  as  well  as  the  higher  organisms,  has  added 
much  useful  information  to  science.  He  found  that  in 
some  instances  the  leucocytes  were  victorious  over  the 
invaders,  the  latter  being  ingested  and  destroyed.  In 
other  cases  the  invaders  were  successful,  by  poisoning, 
weakening,  overpowering  by  larger  numbers  and  ulti 
mately  destroving  the  leucocytes.  Metschnikoff  sup- 
posed" that  the  imnumity  to  certain  diseases,  possessed 
normally  by  some  animals  and  conferred  on  others  by 
vaccination  with  certain  protective  substances,  is  due 
largely  to  the  success  of  the  phagocytes  in  the  fight 
with  the  bacteria.  More  recent  investigations  show  that 
Jletschnikoff's  phagocytic  theory  of  immunity  requires 
some  modification,  at  least  for  man  and  the  higher  ani- 
mals, although  some  of  the  observations  upon  which  his 
theorv  was  iSuilt  still  retain  their  value.  He  concluded 
that  in  order  to  confer  immtmity,  the  leucocytes  imder- 
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went  certain  changes  and  acquired  a  kind  of  "  education  " 
which  enabled  them  to  tiglit  Ijacteria  against  which  thej' 
were  previously  helpless.     It  seems  in  the  light  of  the 


FIG.  529. 


no.  531. 


Fig.  ■>■£. 


Figs.  529  to  .532.— Fig.  .529.— Leucocytes  sending  forth  processes  which 
penetrate  the  wall  of  the  vessel,  (.tfter  Cniig.)  Fig.  5.30.— Leuco- 
cytes partly  through  vessel  wall,  showing  constriction  in  centre. 
(After  Craig.)  Fig.  53L— Leucix^ytes  after  penetrating  wall  regain 
former  shape.  (After  Craig.)  Fig.  532.— Appearance  of  vessel  and 
surrounding  tissue  after  diapedesls  has  gone  on  for  some  time. 
(After  Craig.) 

more  recent  investigations  that  the  substances  which  can 
confer  immunity  may  be  present  not  onlj'  in  the  leuco- 
cytes, but  in  other  cells  as  well,  and  even  in  the  serum 
Sucli  substances  have  the  power  to  destroy,  or  at  least 
inhibit,  the  growth  of  bacteria. 

Correlated  with  the  question  of  phagocytosis  is  the 
question  of  the  ultimate  fate  of  the  particles  ingested  by 
the  leucocytes.  This  matter  has  been  investigated  by 
Miss  E.  J.  Claypole  in  amphibia  {Xt'ctiiriis  and  Crypto- 
branc/dis)  and  bj-  Berry  in  some  of  the  mammals  (rat, 
rabbit,  and  dog),  the  latter  corroboratin.g  in  all  important 

respects  t  h  e  state- 
ments of  the  former. 
A  further  important 
function  of  the  leu- 
coc,vtes.  as  scaven- 
gers of  tlie  bodv.  is 
suggested.  Miss 
Claypole  says :  "  Con- 
sidering the  leuco- 
c.vtes  as  scavengei's 
of  the  animal  body 
in  addition  to  their 
other  functions,  if 
their  individual  fate 
is  inseparable  from 
that  of  the  waste 
material  which  the.v 
contain,  they  them- 
selves must  become 
waste  material  when 
their  active  functions 
cease,  and  must  ultimately  disappear  from  the  organism. 
In  the  first  place,  they  wander  from  the  circulation 
through  the  tissues  to  the  epidermal  and  mucous  sur- 


FlG.  .533.— Small  Vein  of  Mesentery. 
Showing  the  arrangement  of  the  gran- 
ules during  and  after  penetration  of 
wall  by  the  leucocyte.    (After  Craig.) 


faces  (ampliibia),  and  are  carried  away  with  the  other 
waste  products  of  the  body ;  in  the  second  place,  they 
are  destroyed  in  the  S|ileen  by  the  splenic  cells.  The 
large  numbers  found  in  various  stages  in  the  first  condi- 
tion and  the  relativelj'  large  number  of  ingested  spleen 
cells  prove  that  the  destruction  of  leucocytes  is  by  no 
means  insignificant." 

Maurel  takes  the  view  that  the  diilerent  forms  of  the 
leucocytes  are  merely  the  intervening  stages  in  their  de- 
velopment. He  does 
not  accept  the  view 
that  leucocytes  mul- 
tiply in  the  blood. 
He  has  seen  what  he 
terms  apparent  divi- 
sion of  the  corpuscle, 
one  portion  budding 
off  from  the  parent 
substance  but  still 
connected  by  an  al- 
most invisible  strand, 
and  later  a  complete 
reunion  of  the  two 
portions.  According 
to  his  classification 
there  are  three  main 
types:  1.  A  small, 
colorless  and  immobile  leucocyte,  evidently  correspond- 
ing to  the  lymphocyte  of  f)ther  writers.  2.  The  second 
type  consists  of  five  forms  of  leucocytes,  all  of  which 
are  characterized  by  the  power  of  displacing  a  larger  or 
smaller  amount  of  their  substance  and  possess  a  greater 
or  less  degree  of  mobility.  They  differ  in  respect  to  their 
gi'anularity.  3.  Two  forms,  one  verj-  granular,  immo- 
bile, and  deformed ;  the  other  sho-wfing  beginning  signs 
of  disintegration. 

The  above  types  represent  the  periods  of  development 
and  decay;  the  second  tjpe  representing  the  active  life 
of  the  corpuscle. 

In  determining  the  effect  of  temperature  upon  the 
leucocytes  of  the  human  blood,  Maurel  found  that  at 
about  25'  C.  (77°  F.)  movements  as  evidenced  by  dis- 
placement of  their  cellular  substance  were  generally 
manifested.  Between  2.5'  and  IG^  C.  these  displace- 
ments were  very  feeble,  and  at  16'  the.y  ceased.  If  this 
temperature,  however,  was  of  short  duration  and  .gradu- 
ally raised  the  movements  would  return.  At  14°  C. 
(57°  F.)  life  disappeared  from  the  corpuscles  complete!}'. 

He  concludes  that 
Blood  Capillary 


Fig.  53t.— Small  Vein  in  Mesentery.  Leu- 
cocytes sending  off  a  process  clear  of 
granules  (a  and  6) .    (After  Craig.) 


a  temperature  of 


—     at  least  25° 


^f-f-f-tf^ 


/  y 


is  re- 
quired to  cause 
satisfactory  move- 
ments in  the  cells 
and  that  the  above 
temperature  is  es- 
sential for  the  oc- 
currence of  diape- 
d  e  s  i  s.  Between 
25°  and  32°  C.  the 
displacement  of 
substance  is  very 
slight.  From  32° 
to  39°  C.  the 
movements  are 
very  marked. 
From  39°  C.  (102° 
F.)  to  43°  C.  (109° 
F.)  the  ma.ximum 
degree  of  activity  occurs.  Above  44°  C.  (111°  F.)  the 
life  of  the  corpuscle  is  very  quickly  menaced,  and  at  45° 
C.  (113°  F.)  the  leucocyte  takes  on  a  spherical  form  and 
dies  in  a  short  time.  The  temperature  as  usually  taken 
(a.\illa,  etc.)  is  supposed  to  be  one  to  two  degrees  lower 
than  the  internal  temperature  (liver,  etc.),  so  that  from 
the  above  figures,  the  greatest  activity  of  the  leucocj'tes 
in  the  human  body  takes  place  at  the  normal  and  during 
a  febrile  state  of  medium  intensity.     In  animals  of  dif- 


FiG.  5.35.— Diagrammatic  Representation  of 
the  Manner  in  Which  a  Leucocyte  Traverses 
the  Wall  of  a  Capillary  Blc.x)d-V(?ssel.  ( After 
Craig.)  a.  Leucocyte  before  penetrating; 
h,  leucocyte  sending  off  process  and  gran- 
nies Ijeginning  to  withdraw  to  farther  end 
of  cell :  c.  leucocyte  partly  through  wall, 
granules  at  upper  end  of  cell ;  d  granules 
passing  throiiL'h  tlie  wall ;  c.  graiuiles  ar- 
ranged in  llie  |i"rti<iu  of  the  leucocyte  far- 
thest fruni  v.'ssf-l ;  f.  leucoote.  after  pene- 
tratiitn.  it'siiuiiiiL'  its  original  condition;  Q, 
leui vtt'  s\vf|it  fniin  wall,  showing  reten- 
tion nf  the  clear  jienetrating  process. 
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ferent  species  in  which  the  temperature  is  normally 
different  from  that  of  man.  the  variations  in  the  ac- 
tivity of  the  leucocytes  are  correlated  with  the  tempera- 
ture of  that  species  of  animal. 

In  addition  to  studying  the  power  of  resistance  ex- 
hibited by  the  leucocytes  with  respect  to  extremes  of 
temperature,  Maurel  has  also  Investigated  their  power 
of  resistance  against  certain  physical  and  chemical  agents 
and  drugs.  As  with  temperature,  the  leucocytes  of  dif- 
ferent species  will  react  differently  toward  the  agents 
just  mentioned.  He  found  that  \\hile  human  leucocytes 
are  sensitive  to  cocaine  and  very  much  si)  to  atro]Mue. 
those  of  the  rabbit  were  only  one-third  as  sensitive  to 
cocaine  and  not  at  all  to  atropine.  The  leucoc3-tes  of  the 
frog  will  absorb  certain  pathogenic  bacteria  with  im- 
punitj-,  while  those  of  tlie  rabbit  and  man  will  not  absorb 
them,  but  are  I'apidly  killed. 

Horbaczewski  has  called  attention  to  the  fact  that 
uric  acid  originates  chiefiv  from  the  nuclein  of  disin- 
tegrated leucocvtes.  and  the  greater  the  number  of  leu- 
cocj'tes  in  the  blood  the  greater  is  the  destruction  of  the 
same,  and  hence  the  elimination  of  uric ,  acid  is  corre- 
spondingly increased.  Observations  on  the  elimination 
of  uric  acid  harmonize  with  this  theory.  In  leuka?mia, 
where  there  is  an  abnormally  large  ninnber  of  leucocytes, 
the  elimination  of  uric  acid  is  greatly  increased.  Those 
drugs  which  increase  the  ninnber  of  leucocytes  also  ia- 
crease,  in  general,  the  elimination  of  uric  acid. 

Origin  uf  Liiieoej/tes. — It  is  evident  that  leucocytes 
are  formed  largely  in  lymjih  glands,  from  the  fact  that 
the  lymph  leaving  such  glands  is  much  richer  in  cor- 
puscles than  the  lymph  coming  to  the  glands.  The 
fact  that  lymph  coming  to  the  glands  contains  leucocytes 
indicates  that,  although  some  of  them  may  get  into  the 
lynipli  by  diapedesis,  other  parts  are  also  concerned  in 
their  ]ir(iduction,  c.;/.,  diffu.se  adenoid  tissue,  or  sjiecial 
collections  of  it  such  as  the  tonsils,  Peyer's  patches,  and 
the  solitary  follicles  in  the  intestine,  and  the  .splenic  cor- 
puscles. To  a  small  extent  the  white  corpuscles  may 
multi]ily  in  the  blood  b_v  karyokinesis.  The  latter 
method  may  perhaps  occur  more  generally  in  the  so- 
called  cold-blooded  animals  than  in  mammals. 

The  fiite  (if  (he  leiicoci/tes  is  much  less  easy  to  ascer- 
tain than  that  of  the  red  corpuscles  from  the  fact  that 
the  former  contain  no  such  pigment  as  luvmoglobin  or 
other  sub.stance  that  would  assist  in  following  the  path 
of  their  destruction.  It  is  not  improbable  that  some  of 
the  leucocytes  undergo  disintegration  in  the  blood  itself 
and  that  their  constituents  aid  in  maintaining  a  iiroper 
proteid  equilibrium.  It  has  been  shown  by  the  work  of 
Miss  Clay  pole  and  of  Berry  that  many  of  the  leucoc_ytes 
are  midoubtedly  destroyed  in  the  spleen,  and  it  is  not  at 
all  unlikely  that  other  localities  are  also  involved  in  this 
process.  That  they  are  constantlj'  breaking  down  is 
certain,  for  they  are  constantly  being  produced. 

Blood  Pl.^telets  or  Pl.\ques. — The  Bhitpliitfdun 
(Bizzozero)  or  ha?matoblasts  (Hayem)  are  small,  circular, 
sometimes  irregular  bodies  appearing  nearly  Iiomogene- 
ous  in  structure  and  varying  in  size  (0.5  to  5.  .5  microns). 
They  average  about  3  microns  in  diameter  and  are  al- 
ways smaller  than  the  red  corpuscles.  Hayem 's  view 
that  they  are  luematoblasts  or  precursors  of  the  red  cor- 
piiscles  is  now  considered  erroneous.  Their  uumlier  in 
the  blood  has  been  variously  estimated  from  180,0(10  to 
over  600,000  per  cubic  millimetre.  Taking  400,000  as 
the  average  number,  ihey  would  be  forty  times  as 
numerous  as  the  leucocytes  and  about  one-twelfth  as 
numerous  as  the  red  corpuscles.  Although  there  has 
been  a  great  amount  of  histological  research  ujion  the 
platelets,  very  little  is  known  of  their  function  or 
chemical  composition.  It  is  generally  believed  that  they 
are  not  independent  cells.  In  drawn  blood  they  disin- 
tegrate almost  immediately;  this  fact  prevented  their 
discovery  for  a  long  time  after  the  blood  had  been  studied 
microscopically.  To  study  them,  the  blood  must  be 
drawn  at  once  into  some  tixing  solution  (osmic  acid, 
etc.).  They  can  be  seen,  however,  in  capillary  blood- 
vessels which  have  just  been  removed  from  animals,  in 
Vol.  II.— 3 


which  the  blood  is  still  fluid  and  the  constituents  there- 
fore still  alive.  They  have  not  Ween  found  in  lymph. 
According  to  Lowit  they  consist  chiefly  of  a  gl'obulin 
and  play  an  important  part  in  librin  foi-mation"(coagu- 
latiou).  Lilienfeld  from  a  chemical  standpoint  considers 
that  thev  consist  of  nucleo-proteid,  a  substance  like  that 
obtained  from  the  nuclei  of  leucocytes.  From  this 
ground,  some  take  the  view  that  the  platelets  are  de- 
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Fig.  536.— Figures  of  a  Leucocyte  Undergoing  Division  (.\mpbibia). 
(After  Claypole.) 

rived  from  the  nuclei  of  the  leucocytes,  and  that  when 
the  multinucleated  forms  go  to  pieces  the  fragments  of 
the  nuclei  pei'sist  for  a  longer  or  shorter  time  in  the 
blood  as  platelets  and  are  eventually  dissolved  in  the 
plasma.  The  special  function  of  the  platelets.  beyon(3 
that  of  assisting  in  coagulation,  still  remains  to  be  dis- 
covered. 

Fibrin. — When  blood  coagulates  there  separates  from 
it  an  albuminous  substance,  which  is  nearly  insoluble. 
This  substance  is  fibrin,  and  remains  in  the  clot.  If  co- 
agulation is  prevented  by  whipping  the  blood,  the  librin 
adheres  to  the  rods  of  the  whip  in  the  fornv  of  elastic 
threads  or  tibrin  masses.  These  may  be  washeil  free 
from  the  adhering  corpuscles  by  using  a  stream  of  water. 
AVhile  wet  the  fibrin  has  a  white,  string_v  appearance, 
later  drying  into  an  irregular  mass.  The  threads  wliich 
compose  fibrin,  as  seen  in  a  microscopic  preparation  of 
blood,  interlace  with  one  another  and  form  a  fine  net- 
work, which  entangles  the  blood  corpuscles  in  its  meshes. 
These  have  a  stron.g  tendency  to  letract,  and  explain 
why  a  clot  shrinks  and  squeezes  out  the  serum  from  its 
interior. 

Fibrin  exists  in  the  lymph  as  well  as  in  the  blood. 
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The  blood  of  niamnials  aud  of  arapbibia,  as  shown  by 
Gage,  exhibit  an  interesting  difference  in  regard  to  the 
fineness  of  the  constituent  threads.  In  the  frog  {Sectin-us 
and  C'ri/])tohi-an.c/nis)  the  tlireads  are  relatively  very  much 
finer  than  tho.se  in  mammals,  requiring  careful  observa- 


FiG.  537.— Fibrin  Network  from  the  Blood  of  the  Frog.  a.  a',  a', 
Gniniilar  mass  of  flbrln;  gf,  isolated  granules  of  fibrin;  b,  de- 
formed leucocvte.    CAfter  Renaut.j 

tion  with  a  one-twclfth-inch  oil-immersion  objective.  A 
verj^  interesting  aud  important  fact  has  been  brought 
out  in  connection  with  the  formation  of  librin  in  am- 
phibians and  birds.  Semmer  has  shown  that  after  the 
usual  amount  of  fibrin  has  formed  in  the  blood  from 


Fig.  5.38.— Fibrin  Network  from  the  Blood  of   Man.    tif.  yf.  Nodal 
points  formed  by  grains  of  flbriu.    (After  Renaiit.) 

frogs  or  domestic  fowls  (also  true  of  Xicttinis  and  Crypto- 
braiichiis),  additional  fibrin  is  formed  by  the  addition  of  a 
solution  of  sodium  or  magnesium  sulphate.  After  all  of 
the  fibrin  had  been  removed  in  the  customary  way  aud 
the  source  of  it  eliminated  as  far  as  possible  by  whip- 
ping the  blood  and  pouring  off  the  serum  and  white 
corpuscles,  when  the  salt  sulution  was  added  additional 
fibrin  appeared,  which  seemed  to  differ  in  no  way  frnni 
the  original  fibrin.  E.xperiments  carried  on  in  exactly 
the  same  way  upon  the  blood  of  mammals  failed  in 
every  instance  to  develop  any  extra  fibrin,  from 
which  it  is  concluded  that  the  additional  fibrin,  in 
the  cases  cited,  was  due  to  certain  substances  con- 
tained in  the  nucleated  red  corpuscles,  these  sub- 
stances having  been  liljerated  by  the  solvent  action 
of  the  salt.  A  probable  explanation  of  this  phenom- 
enon would  seem  to  be  that  in  all  nucleated  red 
corpuscles  nucleo-]iroteid  material  is  present;  in  non- 
nucleated  corpuscles  this  material  is  absent  or  very 
slight  in  amount.  As  the  nucleo-proteids  are  believed 
to  be  essential  in  causing  the  blood  to  clot  (see  under 
Ciiitgiilati(in).  we  can  readily  understand  that  the  addi- 
tional supply  of  nucleo-proteid  set  free  from  the  dis- 
integrated nucleated  red  corjiuscles  could  assist  in  the 
formation  of  more  fibrin.  Since  the  non-nucleated  cor- 
puscles contain  none  or  an  insufficient  amount  of  the 
nucleo-proteid  material,  no  additional  clotting  or  fibrin 
was  formed.  It  would  seem  that  this  question  of  the 
presence  or  absence  of  nucleo-proteids  in  the  red  cor- 
puscles is  an  important  one  in  explaining  some  of  the 
differences  that  exist  in  coasrulation  and  fibrin  formation 


in  the  mammals  on  the  one  side  and  the  birds  and  am- 
phibia on  the  other. 

Fibiin  is  insoluble  in  water,  alcohol,  and  ether.  It  ex- 
pands in  0. 1  per  cent,  hydrochloric  acid,  also  in  0. 1  per 
cent,  caustic  potash  or  soda,  to  a  gelatinous  mass,  which 
after  several  days  will  dissolve  at  the  ordinary  tempera- 
ture; it  will  dissolve  more  readily  but  still  slowly  at 
body  temperature.  Fibiin  is  also  slowly  soluble  in  five 
to  ten  per-cent.  solutions  of  certain  salts,  such  as  sodium 
chloride,  sodium  sulphate,  potassium  nitrate,  magne- 
sium sulpliate,  ammonium  sulphate,  also  in  iodides  and 
in  solutions  of  urea.  It  is  said  that  the  fibrin  obtained 
from  venous  blood  is  slightly  more  soluble  in  salt  solu- 
tions than  that  obtained  from  arterial  blood. 

Blood  yields  from  0.3  to  0.4  per  cent,  of  its  weight  of 
dry  fibrin  (Schilfer). 

For  the  elementary  composition  of  fibrin,  Hammarsten 
gives  the  following: 

(• 52.68 

H 6.83 

N 16.91 

S 1.10 

O ■ 22.48 

Tile  way  in  which  fibrin  is  formed  and  certain  other 
phenomena  will  be  tliscussed  under  Coagulation. 

Plasm.v  .\xd  Seuu-m. — Itisconvenient  to  describe  these 
two  components  of  the  blood  together,  for,  with  the  ex- 
ception of  certain  proteids  or  fibrin  factors  present  in  the 
plasma,  the  remaining  constituents  are  identical  with 
those  in  serum.  The  relationshiji  of  the  different  parts 
of  the  blood  to  each  other  may  lie  conveniently  shown 
as  follows: 

Living  blood  =  plasma  -\-  corpuscles. 

Dead  blood  =  clot  -\-  serum. 

clot  =  corpuscles  -|-  fibrin, 
serum  =  plasma  —  fibrin(ogen). 
plasma  =  serum  -\-  fibrin(ogen). 
Plasma  contains  about  ten  per  cent,   of  solids,  the  red 
corpuscles  about  forty  per  cent. 

Plasma  may  be  separated  from  the  corpuscles  in  vari- 
ous ways.  A  common  method  is  to  collect  the  blood  in 
a  receptacle  surrounded  by  ice.  Cold  retards  coagula- 
tion so  that  the  corpuscles  may  have  time  to  settle  at  the 
bottom  of  the  jar,  leaving  the  clear  plasma  entirely  sepa- 
rated. Another  method  is  by  the  use  of  the  haimatocrit, 
ccntrifugalizing.  etc. ;  the  corpuscles  accumulate  in  an 
almost  solid  mass  and  the  volume  can  be  read  directly. 
The  average  percentage  of  corpuscles  in  human  blood,  as 
obtained  by  various  methods,  is  48  per  cent,  for  males, 
very  nearly  one-half  of  Uie  entire  amount  of  blood;  in 
females  it  is  43.3  per  cent.,  and  in  children  from  six  to 
thirteen  years  it  is  about  \~i  per  cent. 

Sal  fid  Plamiia. — Coagulation  may  be  delayed  by  the 
addition  of  certain  substances  tn  tin-  blood,  amonar  which 


Fib.  .5.39.- Dalnnd's  Hiematoorit.  a.  Tubes  have  lens  fronts  maeni- 
fying  the  column  of  blood.  (About  half  actual  size.)  h.  Percent, 
age  tube.  i.N'earl.v  tivice  actual  size.)  c.  Top  view  of  hEematocrit. 
(One  third  actual  size.) 

are  neutral  salts.  If  the  blood  flowing  from  a  cut  artery 
is' allowed  to  mix  with  an  equal  volume  of  a  saturated 
solution  of  sodium  sulphate,  or  with  a  ten-per-cent.  solu- 
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tion  of  sodium  chloride,  or  witli  one-tliird  of  its  bulk  of 
a  saturated  solutiou  of  niaguesium  sulphate,  coagulatiou 
will  be  prevented  aud  the  corpuscles  will  subside,  leaving 
the  plasma  diluted  with  the  salt  solution  (salted  plasma) 
clear.  If,  however,  the  above  solutions  are  diluted  with 
a  sufficient  amount  of  water,  coagulation  will  usually 
occur. 

Oxalate  ])lamiiii  is  obtained  by  the  addition  of  potassium 
or  sodium  oxalate  to  the  blood  ;  these  salts  combine  with 
the  calcium  of  the  blood  forming  the  insoluble  calcium 
oxalate.  The  corpuscles  and  plasma  separate  as  pre\'i- 
ously  described  and  coagulation  is  prevented.  If,  how- 
ever, more  calciiun  be  added  to  the  mixture,  coagulation 
occurs.  The  importance  of  the  presence  of  calcium  salts 
in  the  process  of  coagulation  will  be  referred  to  later  on. 

Gasts. — The  gases  present  in  the  plasma  have  not  been 
altogether  satisfactorily  investigated.  They  are  prob- 
ably not  very  different  from  those  in  the  serum.  Ac- 
cording to  Bunge,  in  the  dog  they  consist  of  from  43 
to  57  volumes  of  carbonic  anhydride,  '2.'2'>  of  nitrogen, 
and  0.25  of  oxygen.  The  0x3' gen  and  nitrogen  are  jirol)- 
ably  simply  in  solution  in  the  plasma,  the  carbonic  an- 
hydride for  the  most  jiart  being  in  chemical  coriibiuation 
with  sodium  as  the  carbonate  and  bicarbonate.  The 
alkaline  phosphates  also  exist  in  combination.  In  the 
corpuscles,  where  they  are  present  in  considerable  quan- 
titv,  they  may  play  an  important  part  in  tixing  the  VO.,. 

Chemicnl  Anali/xis  uf  Phismn. — The  average  of  three 
analyses  of  the  plasma  from  the  horse,  made  by  Ham- 
marsten,  is  given  below,  1,000  parts  having  been  used. 
An  analysis  by  Hoppe-Seyler,  also  of  the  horse,  is  given 
for  comparison. 


Hoppe-Seyler. 

Hammai-sten. 
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83.4 
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Fibrin     

6.5 

38.4 

24.6 

Fat                  

1 

\          12.9 

Soluble  salts 

J 

Inorganic  Substances  in  Plasma. — Plasma  consists  of 
about  ninety  per  cent,  of  water,  the  inorganic  salts  occur- 
ring to  the  extent  of  about  O.S  per  cent.  The  princii)al 
salt  is  the  chloride  of  sodimn.  Carbonate  of  sodium  is 
probably  the  next  most  abundant  salt,  and  it  is  to  tliis  salt 
chiefly  that  the  ]ilasma  owes  its  alkalinity  aud  its  power 
of  absorl)ing  carbonic  acid.  In  addition  to  these,  small 
amounts  of  the  following  salts  appear  to  be  present : 
cldoride  of  potassium,  sulphate  of  potassium,  phosphate 
of  calcium,  phosphate  of  sodium,  and  phosphate  of  mag- 
nesium, and  probably  chloride  of  calcium. 

Organic  ConstitvcntH. — For  convenience  these  may  lie 
divided  into  proteids  (serum  albumin,  etc.)  and  non-pro- 
teids,  and  the  latter  again  divided  into  nitrr)genous 
(kreatin,  etc.)  and  non-nitrogenous  (dextrose,  etc.). 

Protcid-i. — Tlie  ])rf>teids  of  plasma  are:  one  or  more 
closely  allied  albmnins  (serum  albumins) ;  two  globrdins. 
namely,  serum  globulin  and  fibrinogen;  a  nucleo-proteid 
or  nucleo-proteids.  Blood  normally  contains  neither 
albumose  nor  peptones.  The  albumins  of  plasma  are 
also  found  in  the  serum  after  the  blood  has  coagulated, 
and  from  this  fact  they  have  doubtless  received  the  name 
of  serum  albiunins.  According  to  its  susceptibility  to 
heat  coagtdation.  Halliburton  has  shown  that  there  are 
in  reality  three  kinds  of  allnmiin:  n-albumin  coagulating 
at  73  to  75°  C. ;  .J-albuminat  77  to  78"  C. ;  and  ; -albumin 
at  83  to  86'  C.  In  the  plasma  of  horse,  ox,  and  sheep 
blood,  the  «-albumin  is  absent,  the  other  two  are  present; 
in  man  and  all  other  mammals  and  birds  investigated 
by  Halliburton,  all  three  were  found  present.  In  the  rep- 
tiles, amjihibia,  and  fishes  examined  only  the  a-albumin 
was  found. 

The  globulins  of  plasma  consist  of  serum  globulin  and 


fibrinogen.  Serum  globulfn  (paraglobuliu,  Kilhne;- 
liljrino-plastic  substance,  A  iSchmidt)  coagulates  at  a 
temperature  of  75'  C.  This  degree  of  coagulation  is 
almost  constant  for  the  animals  examined.  According 
to  Hammarsten  the  ])ercentage  of  the  globulins  in  ths 
plasma  of  man  is  3. 10  per  cent.;  in  the  horse  4.. 50  per 
cent. ;  in  the  ox  4.17  per  cent. 

The  fihrinogi  n  is  the  substance  which  is  responsible 
for  the  so-called  spontaneous  coagulability  of  the  plasma. 
It  is  precipitated  from  plasma  along  with  serum  globulin 
by  saturation  with  magnesium  sulphate  or  sodium  chlo- 
ride. This  precipitate  forms  the  plasmine  of  Uenis,  and 
on  being  dissolved  in  a  more  dilute  solution  of  salt  causes 
coagulation.  As  a  result  of  numerous  researches,  it 
seems  likely  that  fibrinogen  is  not  a  simple  substance, 
but  is  probably  either  a  mixture  or  a  loose  combination 
of  three  substances;  (1)  fibrinogen  proper,  coagulating 
at  56°  C;  (2)  fibrino-globulin  (Hammarsten),  coagulating 
at  65°  C. ;    (3)  a  nucleo-proteid. 

Jlathews,*inareceut  article  on  the  origin  of  fibrinogen, 
concurs  with  Hoffmeister  in  the  view  that  leueocj'tes  are 
concerned  in  proteid  digestion,  basing  the  evidence  chiefly 
on  the  fact  that  the  blood  proteids  remain  practically 
constant,  even  during  fasting.  Under  the  latter  condi- 
tion the  proteid  material  is  derived  from  the  wasting 
tissues  aud  the  leucocytes  are  considered  as  carriers  of 
the  proteid  to  the  blood,  in  a  way  analogous  to  that  seen 
in  the  phagocytes  dining  the  removal  and  assimilation 
of  the  wasting  tissues  of  the  tadpole's  tail,  etc. 

His  experiments  also  confirm  those  of  Bizzozero  and 
Dastre,  that  by  successive  bleedings,  defibrinations,  and 
reinjections  the  fibrinogen  may  be  completely  removed 
from  the  blood  of  dogs  and  cats.  The  lack  of  fibrinogen 
appeared  to  cause  no  serious  or  characteristic  symptoms. 
After  the  withdrawal  of  the  fibrinogen,  in  the  manner 
above  described,  it  redeveloped  in  the  body  with  con- 
siderable rapidity,  reaching  its  normal  amount  in  two  or 
three  days;  it  sometimes  developed  to  more  than  the 
normal  ainoimt.  The  redevelopment  of  the  fibrinogen 
took  place  normally  in  the  absence  of  the  spleen,  pan- 
creas, kidne.vs,  and'  reproductive  organs.  Experiments 
also  showed  that  the  muscles  apparently  had  no  influence- 
upon  the  production  of  fibrinogen.  On  the  other  hand, 
the  fibrinogen  is  not  redeveloped  (or  at  a  greatly  reduced 
rate)  if  the  small  aud  large  intestines  be  removed.  The 
conclusion  is  that  the  intestinal  area  more  than  any  other 
part  of  the  body  is  concerned  in  the  formation  of  fibrino- 
gen. Tlie  blood  of  the  mesenteric  vein  is  coustantl}^ 
riclier  in  fibrinogen  than  arterial  blood,  while  other 
venous  blood  is  poorer  in  fibrinogen  than  arterial.  Be- 
yond tlie  fact  that  nudai-iiroteid  is  present  in  tlie  plasma 
and  that  it  seems  to  be  an  important  factor  in  the  de- 
veloiimeut  of  fibrin,  very  little  is  known  of  it.  It  is 
su|ipc)scd  to  be  confined  to  the  leueocj'tes  and  platelets, 
aud  possibly  there  is  a  trace  of  it  in  the  red  corpuscles 
(mammals),  which  escajjes  when  the  blood  is  shed.  The 
principal  reasons  for  this  belief  are  that  there  is  known 
to  be  a  considerable  amount  of  nucleo-proteid  in  leuco- 
cytes and  similar  cells  (lymph,  thymus,  etc.).  In  plasma 
where  the  corpuscles  have  been  precipitated,  more 
nucleo-proteid  is  obtained  from  the  lower  layers  of  the 
jilasma  where  the  leueocj'tes  are  most  abundaut,  and 
least  from  the  upper  layers  where  the  leucoc_vtes  are 
scarce.  Again,  the  pericardial,  hydrocele,  and  ascitic 
fluids  frequently  contain  no  leueocj'tes.  When  this  is 
the  case  no  nucleo-jiroteid  is  present,  and  there  is  no  co- 
agulation although  the  fluids  contain  fibrinogen. 

Sitnigenrius  Substances  Xot  Pmtfids. — The  most  im- 
portant of  these  are  urea  (0.02  to  0.05  per  cent.),  krea- 
tin, kreatiuin,  and  uric  acid.  According  to  Grehant  and 
Quincjuand,  the  quantity  of  urea  in  the  blood  taken 
from  the  splenic,  jiortal,  and  hepatic  veins  is  slightly 
greater  than  that  taken  from  the  carotid  arter_v.  Lecithin 
is  also  said  to  occur  in  plasma.  Jecorin  is  said  to  be  a, 
constant  constituent  of  the  plasma.  It  is  a  substance 
which  reduces  Pehling's  solution  and  is  soluble  in  ether, 

*  American  Journal  of  Physiology,  vol.  111.,  1899. 
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but  is  not  fermentable.  It  occurs  in  greater  quantity  in 
venous  blood  than  in  arterial  blood. 

The  yok-JVitrogenotis  Suhstiuice.'i. — These  consist  of  the 
carbohydrates  aud  fats.  In  addition  there  are  present 
small  quantities  of  cholesterin  aud  a  lipochrome,  and 
perhaps  of  sarcolactic  acid. 

Carbohydrates. — These  consist  of  dextrose  or  grape 
sugar,  glycogen,  and  an  animal  gum. 

The  dextruse  is  alwa_vs  present  in  the  plasma,  even  -in 
starving  animals.  In  man  it  is  present  normally  to  the 
extent  of  1.3  parts  per  1,000  and  in  the  dog  from  1.1  to 
1.5  i)arts  per  1,000,  It  seems  to  be  present  in  nearly 
equal  amounts  in  all  jiarts  of  the  blood  except  that  of 
the  portal  vein,  where  it  is  maiUiedly  increased  during 
the  digestion  of  carbohydrate  food.  IJetwecn  the  i)eriods 
of  digestion,  Bernard  found  more  sugar  in  the  hepatic 
veins  than  in  the  portal  vein  or  in  the  general  circulation. 
Pavy  and  some  others  have  not  found  this  difference, 
■while  others  have  confirmed  Bernard's  observations. 
Bernard  and  others  have  also  found  a  larger  amount  of 
sugar  in  arterial  than  in  venous  blood.  Pavy  as  a  residt 
of  eleven  experiments  finds  that  this  difference  is  very 
slight,  the  sugar  in  the  arterial  blood  exceeding  that  of 
the  venous  by  only  0.003  part  per  1,000.  He  concludes 
that  these  differences  have  not  been  constant  and  are  so 
slight  that  they  may  come  within  the  range  of  exjieri- 
mental  error,  and  tliat  no  appreciable  difference  exists 
between  the  two. 

The  amount  of  sugar  in  the  blood  is  increased  as  the 
result  of  a  hemorrhage,  due  perhaps  to  an  increase  of 
lymph,  which  contains  a  larger  amount  of  sugar  than 
blood  docs;  or  as  an  effect  of  an  injury  acting  through 
the  nervous  system  to  stimulate  the  production  of  sugar 
from  the  liver  glycogen.  If  the  amount  of  sugar  in  the 
blood  be  increased  artificially  or  otherwise  to  more  than 
3.5  or  3  parts  per  1,000,  the  excess  passes  oft"  in  the 
urine.  The  quantity  is  increased  in  diabetes,  whether 
this  be  a  result  of  disease  or  of  puncture  of  the  floor  of 
the  fourth  ventricle. 

A  very  slight  amount  of  rjlycotien  ma)'  be  obtained  from 
fresh  blood.  It  is  said  that  traces  of  it  occur  in  the 
plasma.  These  are  undoubtedly  derived  from  disin- 
tegrated leucocytes,  which,  as  is  well  known,  contain  it. 
Kaufmann  has  pointed  out  that  the  quantity  of  glvcogen 
is  increased  in  the  blood  upon  the  removal  of  the  pan- 
creas (from  0.025  to  ().•")!•  per  litre). 

Freuud  has  obtained  from  the  blood  a  carbohydrate 
resemlUing  that  described  by  Landwehr  under  the  name 
of  aiiiinal.  r/iiiii.  It  has  a  formula  of  (CsHioOo)^  and  is 
converted  by  boiling  with  dilute  mineral  acids  into  a  sub- 
stance whicii  reduces  Fehliug's  solution,  but  is  not  fer- 
mentable nor  rotatory  for  polarized  light. 

Fats. — These  are  present  in  the  plasma  in  but  small 
and  variable  quantity  {from  0.3  to  1  per  cent.),  and  are 
most  abundant  after  a  meal  in  which  much  fat  has  been 
eaten.  The  jilasma  or  serum  may  then  have  a  milky 
appearance  on  account  of  the  admixture  with  fat-con- 
taining chyle.  A  small  amount  mav  exist  in  the  form  of 
soap.  "  The  fatty  acids  also  appear  to  be  partly  in  com- 
bination with  eliolesterin.  Hoppe-Seyler  states  that  the 
cholesterin  in  the  plasma  or  serum  amounts  to  about  0.05 
gm.  per  100  c.c.  of  blood. 

The  serum  is  a  viscid  liquid  which  is  more  alkaline 
than  the  plasma  (Hammarsten).  Its  specilic  gravity  in 
man  ranges  from  1.037  to  1.033,  averaging  about  1.028. 
Blood  serum  is  in  man  a  pale  yellow  color,  in  the  horse 
an  amber  yellow.  It  is  ordinarily  clear,  but  after  a  meal 
mav  be  opalescent  on  account  of  the  contained  fat.  The 
yellow  coloring  matter  of  serum  is  a  lipochrome  or 
fat-coloring  niatter  which  is  soluble  in  amyl  and 
ethyl  alcohol.  In  the  serum  from  the  horse  it  is  said 
that  biliary  coloring  matters  (bilirubin)  and  others  often 
occur.  Lipochrome  belongs  to  the  so-called  group  of 
lutens. 

Lactic  acid  or  sarcolactic  acid  is  said  to  be  a  constant 
constituent  of  the  normal  plasma.  Salomon  found  it 
only  in  blood  from  the  dead  body,  but  others  have 
affirmed  its  existence  in  fresh  blood  (dog),  and  that  it  also 


exists  to  some  extent  in  the  corpuscles.  It  is  increased 
in  amoimt  by  the  intravenous  injection  of  dextrose,  and 
appears  to  combine  with  sodium  h3'drate,  driving  out 
CO.. 

Ferments. — Besides  the  fibrin  ferment  (thrombin)  or  its 
precursor  (pi-othmmbin),  which  will  be  discussed  under 
Coagulation,  the  blood  is  said  to  contain  a  diastatic  fer- 
ment converting  starch  and  glycogen  into  maltose,  and 
a  cleavage  enzyme,  glucase  or  maltase.  which  converts 
maltose  into  dextrose;  a  glycolytic  ferment  producing 
the  disappearance  of  sugar,  and  a  fat -splitting  ferment 
(lipase). 

Diastatic  Action. — The  conversion  of  starch  into  dex- 
trin and  maltose  and  ultimatel.y  into  dextrose  has  been 
effected  from  the  blood  and  lymph.  Thisresuh  has  been 
obtained  by  mixing  blood  or  serum  with  a  glycogen  or 
starch  mixture  and  keeping  it  at  body  temperature. 
Cavazzani  has  obtained  the  most  marked  action  with 
blood  taken  from  the  portal  vein. 

Glycolytic  Action. — I5crnard  has  shown  that  the  quan- 
tity of  sugar  in  the  l)lood  diminishes  ou  standing.  This 
is  also  true  of  the  lymph.  Artlius  thinks  it  probable  that 
the  ferment  is  formed  from  the  leucocytes  during  cuagu- 
lation.  A  tempeniture  above  54'  C.  destroys  all  action. 
Lepine  and  Barral,  as  well  as  Arthus,  have  shown  that 
the  glycolytic  action  takes  place  in  the  complete  ab- 
sence of  micro-organisms.  Kraus  finds  that  the  glycol- 
j'sis  occurring  in  blood  on  standing  is  accompanied  by 
a  splitting  oil  of  COo.  which  is  probably  due  to  oxida- 
tion. 

Fat-Sjilitting  {Lipolytic)  Action. — Hanriot  has  observed 
that  the  serum  possesses  the  property  of  splitting  neutral 
fats.  Cohnstein  and  Jlichaelis  have  observed  another 
action,  not  to  be  confounded  with  the  above,  wliicli  con- 
sists in  transforming  chyle  fat,  in  the  presence  of  oxj'gen. 
into  au  luiknown  substance  soluble  in  water. 

The  Clohiilicidal  Action  of  firriim. — Altliough  this 
phenomenon  is  treated  of  largel.v  in  pathological  litera- 
ture, it  seems  proper  to  give  it  a  brief  notice  here.  Lan- 
dois  was  the  first  to  show  that  when  the  sermu  from  one 
animal,  in  some  cases  at  least,  was  .injected  into  another 
animal  of  different  species,  it  destroyed  the  red  cor-- 
puscles,  setting  free  their  ha?moglobin  and  thus  jiroduc- 
ing  laky  blood.  After  a  fuller  investigation  of  this  fact, 
the  ]ihenomenon  has  become  known  imder  the  term  of 
'•globulicidal  "  action  of  serum.  It  has  been  found  that 
different  kinds  of  serum  show  different  degi'ces  of  globu- 
licidal activity,  and  that  white  corpuscles  may  be  de- 
stroyed as  well  as  the  red  ones.  The  serum  fidm  man 
or  the  dog  is  strongly  globulicidal  to  the  blood  of  the 
rabbit.  The  matter  is  complicated  by  the  fact  that  the 
serum  of  some  animals  does  not  produce  any  harmful 
result,  as,  for  example,  that  of  the  horse,  which  does  not 
appear  to  have  any  glolndicidal  reaction  on  the  blood  of 
the  rabbit.  That  tliis  phenomenon  is  not  due  iirimarily 
to  differences  in  den.sity,  osmosis,  variaticms  in  salts,  etc., 
is  shown  by  the  fact  that  when  the  serum  to  lie  injected 
is  subjected  to  a  temjierature  of  55'  to  60°  C.  for  a  few 
minutes  the  globulicidal  action  is  destroyed  and  laky 
blood  does  not  result.  The  above  temperature  is  not  high 
enough  to  cause  coagulation  of  any  of  the  proteids  in 
the  serum,  anil  there  is  no  visible  change  in  the  appeai- 
ance  of  the  liquid. 

Maragliano  and  Castellino  have  noted  that  the  globu- 
licidal power  is  greater  in  unhealthy  than  in  healthy 
persons.  Charrin  and  Roger,  also  Daremberg,  have  shown 
that  the  serum  of  the  dog  will  destroy  the  corpuscles  of 
the  guinea-pig  in  two  or  three  minutes  and  of  the  pigeon 
in  twenty -five  or  thirty  minutes. 

Bactericidal  Action  of  Serum. — The  serum  of  certain 
animals  has  been  shown  to  exercise  a  destructive  action 
upon  some  kinds  of  bacteria  as  well  as  upon  the  blood 
corpuscles.  Much,  however,  remains  to  be  investigated. 
That  this  ]UYiperty  of  the  serum  assists  in  the  explana- 
tion of  the  iramimity  of  some  animals.to  certain  diseases 
seems  likely.  The  dog,  goat,  and  some  others  seem  to 
be  nonually  immune  to  tuberculosis.  Other  analogous 
examples  are  numerous,  and  the   serum   of  such  sup- 
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posedly  immune  animals  is  used,  on  account  of  its  bac- 
tericidiil  action,  to  alleviate  or  cure  other  persons  or  ani- 
mals suffering  from  a  disease,  to  which  the  animal  from 
which  the  scrum  was  obtained  is  innnune.  This  prop- 
erty is.  therefore,  of  much  importance  in  serum-therapy.. 
Faggioli  has  observed  that  serum  is  quite  generally  de- 
structive to  protozoans,  while  Chenot  and  Picij  have 
noted  the  bactericidal  action  of  bovine  serum  upon  the 
virus  of  glanders. 

Transfuxivn  <jf  Blood. — The  process  of  transferring 
living  blood  from  one  person  to  another  or  from  a  lower 
animal  to  man  was  at  one  time  regarded  as  very  valu- 
able, as  being  of  use  in  replacing  blood  that  had  been 
lost  by  hemorrhage  and  for  the  cure  of  various  diseases. 
Fatalas  well  as  successful  results  followed  the  operation, 
but  from  what  has  been  learned  later  regarding  the 
globulicidal  action  of  serum,  and  the  fact  that  the  trans- 
fused blood,  whether  introduced  directly  or  after  de- 
fibrination, is  liable  to  contain  a  cjuautity  of  fibrin  fer- 
ment sutficient  to  cause  intravascular  clotting,  the  method 
has  been  regarded  as  too  dangerous  to  practise.  The  in- 
jection of  physiological  salt  solution  (0.6.5  per  cent,  sodium 
chloride)  has  been  found  to  be  an  etlicient  substitute.  It 
is  isotonic  to  the  corpuscles  and  increases  the  bulk  of  the 
circulating  blood. 

The  suliject  of  the  coagulation  or  clotting  of  blood  is 
treated  in  a  separate  article  entitled  Coagulation. 

Gener.'vl  V.\t!iatio>;s  ix  the  Blood. — As  a  resume  of 
the  general  differences  existing  between  arterial  and  ven- 
ous blood,  the  following  table  is  appended; 


ARTERIAL  Blood. 

Color. — Brieht  red,  monochroic ; 
oxyba?uio<rlitiiin. 

Spccitii:  G) iir it II. —hess. 

Numhtr  .»/"  f Vir/K/jrc/f .s.  —  Rela- 
tively less  :  blood  more  diluted. 

Temperature— iyUghUy  warmer 
in  general. 

Cnagitlation.— More  coagulable. 

Fihrinoifen. — More. 

General   Ceimposition.  —  More 

uniform. 
G(i.s.— More  O,  less  COj. 

TTafcr.— More. 


Urea  and  E.rtractives.— 
Ghicose.— More. 
Fat.— Less. 
Fibrin.  — More. 
Senim  -•lJhi«»ii».— Less. 
Salts.  -  More. 


Venous  Blood. 

Purple,  dichrolc  :  reduced  haemo- 
globin. 

More. 

Relatively  more ;  blood  more  con- 
centrated. 

Slijrhtly  cooler,  but  exceptions: 
wannest  l)lood  in  the  body  found 
in  the  hepatic  vein. 

Less  criagulable. 

Le.ss,  except  in  mesenteric  vein. 

Numerous  local  variations. 

More  COo  :  less  O,  except  pulmo- 
nary veins. 

Less :  transudation  of  water 
through  Ibe  capillaries  causes 
yeiious  blood  to  be  more  con- 
centrated. 

More ;  except  renal  vein. 

Less. 

More. 

I,ess. 

More. 

Less. 


Local  Variationg  of  Blood. — Certain  organs  cause  the 
blood  which  passes  through  them  to  undergo  more  or 
less  of  a  modification  in  respect  to  its  general  properties 
and  composition. 

T/ie  Blood  of  the  Capillaries. — Virchow  has  noted  that 
the  blood  tVom  the  capillaries  does  not  coagulate  after 
death  even  when  exposed  to  the  air.  which  apparently 
indicates  some  modification  of  the  fibrin  or  fibrin  fer- 
ment. 

TJte  Blood  of  tlie  Mesenteric  Vein. — More  fibrinogen  is 
found  in  this  vein  than  in  arterial  blood. 

The  Blood  if  the  Portal  and  Hepatic  Veins. — Drosdoff 
has  observed  in  dogs  fed  with  meat,  bread,  and  milk 
that  tlie  portal  vein  contains  fewer  corpuscles  and  more 
plasma  than  thtit  of  the  hepatic.  There  is  also  more  fatt_y 
material  present  in  the  portal,  which  may  apparently 
be  stored  up  in  the  liver.  During  digestion  the  portal 
vein  contains  more  sugar  than  the  hepatic,  but  later  the 
reverse  is  the  case,  although  it  is  not  likely  that  the 
portal  vein  is  at  any  time  entirely  destitute  of  it. 

The  Bleiod  ef  the  Splenic  Vein. — The  evidence  is  con- 
flicting here.  Some  have  claimed  that  a  larger  number  of 
corpuscles  are  present  in  this  blood,  while  others  hold 
that  they  are  fewer  and  are  destroyed  in  the  spleen  as 
well  as  in  the  liver. 

The  Blood  ,,f  the  Reneil  Ves.'iels. — The  differences  are 
best  shown  in  the  following  table. 


•^       Renal  artery.    Renal  vein. 

Water 790  778 

SoUds 210  223 

1,000  1,000 

Albuminriids less.  more. 

Mineral  salts more.  less. 

Urea 

Uric  acid  and  kreatin 

Oxygen 

Carlion  dioxide "  " 

Very  briefly,  there  is  loss  of  water,  salts,  urea,  COj, 
and  extractive  materials. 

The  Blood  of  the  dfleinds. — The  blood  which  leaves  a 
resting  gland  is  dark  and  possesses  the  ordinary  charac- 
ters of  venous  blood;  that  leaving  an  active  gland  is 
brighter  (Bernard)  and  contains  less  COj  than  common 
venous  blood,  because  a  certain  amoimt  of  the  CO™  is 
given  off  in  the  fluid  secreted  by  the  glands,  especially 
the  salivary. 

The  Blood  of  the  Placenta. — This  appears  to  contain 
more  corpuscles  anil  less  water  thtm  the  venous  liliKid  of 
the  arms,  for  example,  ilore  urea  is  also  present,  but 
further  investigation  is  necessary. 

Menstrual  Bloexl. — Menstrual  blood  seems  to  be  deficient 
in  the  fibrin-forming  elements.  The  blood  does  not  co- 
agulate or  only  slightljf  under  normal  conditions.  As 
this  is  a  capillary  hemorrhage  and  such  blood  does  not 
coagulate  readily,  we  have  a  reasonable  explanation  for 
this  insufficient  coagulation  phenomenon.  Furthermore, 
the  blood  becomes  mixed  with  the  vaginal  mucus  and 
has  a  tendency  toward  aeidit.y. 

The  Blood  in  Hihcriialiny  Animeds. — Vierordt  has 
shown  that  the  blood  in  such  animalsmay  show  a  diminu- 
tion in  the  red  corpuscles  from  a  total  of  seven  million  to 
two  million  per  cubic  millimetre:  the  changes  in  the 
blood  with  respect  to  the  haemoglobin  being  very  feeble, 
and  but  a  slight  difference  existing  in  general  between 
the  arterial  and  venous  blood. 

LiTEiiATiUE. — The  literature  upon  the  blood  and  its 
constituents  is  so  extensive  that  no  attempt  will  be  made 
to  give  a  detailed  list  of  such  articles.  Among  those 
which  the  writer  has  frequently  consulted  should  be  men- 
tioned books,  monographs,  and  papers  by  Schilfer,  Wood- 
ridge.  Norris,  ilathews,  Stewart,  Howell,  Hammarsten, 
Gamgee,  Viault  et  Jolyet,  JIaurel,  Waller,  and  numerous 
others.  Pierre  A.  Fish. 

BLOOD.  I  PATHOLOGICAL.)— Apparatus  and  Tech- 

NIlilE    E.MPLOVEO     IN     THE    CLINICAL    EXAMINATION    OP 

THE  Blood,  and  the  Information  Obtained  There- 
from. 

Precis. 

I.  Fresh- Blrml  Specimen. 

1.  Apparatus  and   technique    employed   in   taking 

fresh  specimen  of  blood. 
3.  Information  ()bt;iined  by  the  examination  of  fresh 
specimen  of  blood. 

II.  Blood- Corpuscle  Counting. 

1.  History  of  development  of  instruments  for  enu- 
meration of  blood  corpuscles. 

2.  Apparatus  and  technique  employed  in  blood-cor- 
puscle counting. 

3.  Information  otitained  from  blood-corpuscle  count- 
ing. 

III.  Ilirmoejlohin  Estimation. 

1.  Apparatus  and  technique  employed  in  estimating 
ha?moglobin. 

2.  Information  obtained  from  estimation  of  hfemo- 
globin. 

3.  Color  index. 

IV.  Blooel- Clotting. 

1.  Apparatus  and  technique  employed  in  measuring 
■'  coagulation  time  "  of  blood. 

2.  lufoniiation  obtained  by  measuring  "coagulation 
time  "  of  blood. 

V.  Detection  ef  Blood  Steiins. 

[2\ote.—A.?,  this  article  deals  with  such  simple  apparatus 
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only  as  may  be  employed  at  the  bedside,  the  reader  is  re- 
ferred for  "full  information  upon  the  more  complicated 
tests  and  apparatus  for  detecting  blood  stains  to  the 
article  Blocd  Stuins.] 

VI.  Dried  Specimen  of  Blond. 

1.  Apparatus  and   technique   emploj'ed    in   taking 

ilried  specimen  of  blood. 
3.  Apjjaratus    and    technique  employed    in  fixing 

dried  specimen  of  blood. 

3.  The  dyes  employed  for  staining  the  blood. 

4.  The  technique  employed  in  staining  the  blood. 

5.  Formulfe  of  blood  stains. 

6.  Table  of  all  blood  cells  and  their  staining  pecu- 
liarities. 

VII.  Table  Allowing  All  the  Inform/ilitm  Obtained  by  the 
Use  of  the  Instruments  Deseribed  in  this  Article. 

VIII.  A  Chart  for  Makimj  Full  Report  upon  the  Blood. 
[Note. — The  tables  which  conclude  this  article  are  not 

intended  to  be  complete  explanations  of  the  diseases 


Fig.  540.-1.  Bausch  and  Lomb,  |  inch,  No.  1  cover  slip;  3,  Bausch  and  Lomb,  extra  thin  slide;  3, 
blood  sticker,  two  views — a.  point  in  sheath  for  carrying  instrument  in  pocket :  ?».  point  in  place 
ready  for  use ;  4,  clanip  forceps,  two  views— side  view,  showing  close  apposition  of  tip  of  limbs ; 
front  view,  showing  proper  extent  of  grasp  of  cover  slip  (1);  5,  open  forceps,  two  views— side  view, 
Iront  view.    (Note:    Instruments  made  by  F.  Arnold  A  Son,  Instrument  makers,  Baltimore,  Md.) 


therein  mentioned.  They  are,  however,  accurate  for 
reference  for  all  blood  changes  in  those  diseases.  For 
full  instruction  upon  the  following  not  included  in  this 
article  the  reader  is  referred  to  other  articles  in  this 
Handbook,  such  as  those  on  Anegmia,  Leucoeytosis,  Blood 
Stains  (Medico-Legal  Consideration),  Mistological  Tech- 
nirjue.  Malaria,  Typhoid  Ferer,  etc.] 

I.  Feesh-Blood  SPECntEN. 
In  preparing  the  blood  for  microscopic  examination, 
however  so  careful  the  technique  emplo3'ed,  the  oper- 
ator is  subjecting  one  of  the  most  delicate  tissues  of 
tlie  body  to  very  rough  and  unnatural  surroundings. 
When  one  realizes  the  exquisite  smoothness  of  the  in- 
tima  of  the  blood-vessels,  the  wonderfully  regulated 
temperature  of  the  body,  the  delicate  structure  of  the 
red  cell,  the  even  more  delicate  structure  of  tjie  plate 
which  without  most  careful  jjreservation  is  entirely  de- 
stroyed a  few  seconds  after  exposure  to  the  air — when 
one  realizes  all  these  factors  against  observation  of  the 


blood  as  it  appears  in  the  circulation,  it  is  a  surprise  that 
an}'  technique  is  delicate  enough.  This  realization  at 
the  same  time  emphasizes  the  importance  of  observing 
eveiy  pi'ecaution  which  experience  has  shown  to  be 
necessary  in  the  preparation  of  the  blood  specimen  which 
shall  be.  outside  of  the  bod_v,  as  nearly  as  possible  repre- 
sentative of  the  blood  as  it  appears  in  the  circulation. 

The  object  then  of  apparatus  and  technique  is  to  pro- 
duce surroundings  as  nearly  like  those  normal  to  the 
blood  in  circulation  as  possible.  To  accomiilish  this  we 
must  observe  the  following :  (1)  Absolute  cleanliness  and 
freedom  from  moisture;  (2)  avoid  chilling  the  blood; 
(3)  avoid  exposure  to  air;  (4)  avoid  rough  treatment  of 
the  drops  and  consequently  of  the  constituents  thereof — • 
the  corpuscles. 

The  Corer  Slip. — Absolute  Cleanliness.  The  cover  slip 
should  be  the  thinnest  made  and  square  in  shape  (Bausch 
and  Lomb,  No.  1,  t  in.  (see  Fig.  540,  1 ).  The  thicker  cover 
slips  are  often  too  thick  for  tlie  focus  of  the  one-twelfth 
immersion  lens,  and  not  infi'e- 
quently  specimens  fi'om  inter- 
esting cases  at  a  distance  from 
the  laboratory  and  received  by 
mail  cannot  be  examined  accu- 
rately owing  to  this  auuoying 
condition.  It  is  a  good  rule 
for  those  engaged  in  blood 
work  not  to  have  the  thicker 
cover  slips  under  an_v  circum- 
stance. 

The  Slide. — For  the  same  rea- 
son the  thin  slide  should  be  cm- 
ployed  (see  Fig.  .540.  2 1.  Two 
jars,  one  containing  thick  slides 
for  urine  work,  and  thin  for 
blood  work,  will  be  found  a 
convenient  a  r  r  a  n  g  e  m  e  n  t. 
These  cover  slips  and  slides 
should  be  kejjt  in  fifty  per  cent, 
alcohol.  When  to  be  used  they 
shoulil  lie  rubbed  with  a  bit  of 
clean  silk,  or  some  faljiic  free  . 
from  lint  specks.  Tliey  should 
be  rubbed  quite  free  of  any 
cloudiness  or  dust  and  then 
diied.  This  last  can  be  done 
either  by  pouring  a  little  ether 
over  the  glass  and  rubbing 
again  or  bj'  heating  gently 
over  a  fiame.  The  cleaned  slip 
and  slide  should  now  be  laid 
upon  a  sheet  of  clean  jiaper. 
The  following  instriunents,  as 
first  recommended  by  AV.  S. 
Thayer  of  the  Johns  Hopkins 
University,  will  be  found  es- 
sential : 

The  clanip  forceps  are  .so 
made  that  the  extreme  i\\>»  of  the  limbs  meet  before  any 
other  portion,  and  this  enables  one  to  take  a  small  but 
firm  grasp  of  the  cover  slip  (see  Fig.  .540,  4,  b).  The 
clamp,  moreover,  enables  the  operator  to  give  his 
whole  attention  to  following  the  technique,  as  given 
below,  without  being  diverted  by  keeping  a  grasp 
on  the  cover  slips.  By  jilacing  the  cover  slip  in  the 
clamp  forceps  it  can  be  kept  free  from  dust  and  moisture 
from  the  fingers  and  will  be  read.y  for  use. 

The  lobe  of  the  ear  is  by  far  the  best  locality  for 
puncture.  For  the  following  reasons:  (1)  Less  sensi- 
tive ;  (3)  the  act  of  puncture  and  the  blood  are  not  seen 
by  the  patient,  important  with  nervous  people  and  chil- 
dren ;  (3)  pressure,  if  necessary,  is  more  readily  exerted 
and  produces  better  results ;  (4)  the  skin  in  this  locality 
is  softer  and  cleaner;  (5)  there  is  less  likelihood  of  sub- 
sequent infection. 

The  lobe  of  the  ear  is  then  gently  wiped  (not  rubbed,  as 
this  produces  liyjieraMuia)  with  a  silk  rag  moistened  in 
alcohol  and  the  skin  is  then  dried  with  ether.     If  ether  is 
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not  to  be  had.  it  is  better  either  to  dilute  the  alcohol  three 
or  four  times  or  to  use  distilled  -water.  Alcohol  if  left 
on  the  skin  hardens  the  blood  and  so  injures  the  speci- 
men. 

77(6  StiHri: — The  sticker  is  now  employed  (see  Fig. 
540,  3).  This  is  e.xtremelj-  sharp  and  is  diamond  shaped 
on  cross  section;  the  object  being  to  produce  a  similarly 
shaped  wountl,  and  therefore  one  which  will  the  more 
readily  bleed.  A  surgical  needle  may  be  used,  but  an 
ordinary  needle  or  pin  is  very  unsatisfactory.  If.  how- 
ever, one  or  the  other  of  the  latter  is  all  that  can  be  ob 
tained,  it  should  be  boiled.  When  cleanliness  is  observed, 
it  is  only  necessary  to  dip  the  end  of  the  sticker  into  alco- 
hol before  and  after  making  the  puncture. 

The  most  dependent  portion  of  the  lobe  of  the  ear  is 
now  punctured  bv  a  stabbing  motion,  the  sticker  being 
held  as  in  illustration  (Fig.  541).  The  first  drop  is  wiped 
away,  the  second  allowed  to  flow,  if  possible,  without 
pressure  being  made  upon  the  skin.  If  pressure  be  neces 
sary  it  should  be  exerted  far  away  from  point  of  punc- 
ture, so  that  this  artifirial  means  shall  not  alter  the  char- 
acter of  the  drop  taken  for  examination. 

Avoid  Chilliiig  the  Blood.  It  must  be  remembered  that 
the  blood  is  being  submitted  to  a  lower  temperature  than 
normal  in  this  proceeding-,  and  in  order  to  «!w«?  chilli nrj 
the  blood  it  is  a  good  plan  to  warm  the  slide  and  cover 
slip  over  a  spirit  Tamp,  or  to  have  another  person  briskly 
rub  the  slide  with  a  bit  of  silk. 

The  clamp  forceps  holding  the  cover  slip  (sec  Fig.  540, 


Fig.  .541— Mi'Ihnd  of  Making  Puncliin-  for  Frfsli  ami  Iirii-il  Speci- 
meiLS  of  lU'iiKl.  Shows  [jusitioii  o(  I. amis  ami  wrist  just  as  pum-ture 
is  about  to  tie  made 

4)  are  now  brought  toward  the  ear.  and  the  tuider  sur- 
face of  the  cover  slip — and  therefore  that  free  from  dust 
— is  made  to  touch  the  (ipe.r  of  t/ie  drop  of  blood,  not 
the  skin  of  the  ear  (Fig.  542).  The  cover  slip  is  at  once 
carried  to  the  warmed  slide  and  gently  lowered. 

Amid  Rouyli  Treatment.  The  cover  slip  should  not 
be  dropped  on  the  slide.  One  side  of  the  cover  sli])  should 
be  rested  on  the  slide  and  gently  lowered  until  the  limb 
of  the  forceps  touches  the  slide.  The  forceps  are  then 
opened  and  \)j  a  quick  jerk  drawn  away  (see  Fig.  543). 

Aroid  E.vpo»iire  to  Air.  It  must  lie  remembered  also 
that  the  air  is  a  destructive  medium  to  the  blood,  and  the 
time  occupied  for  these  steps  must  be  as  brief  as  possible. 

The  cover  settles  and  the  good  blood  specimen  spreads 
equrilly  in  cdl  directions,  being  for  the  most  part  circular 
wiUi  fine  spicules  at  the  peripherj'  of  the  circle.  The 
drop  should  not  be  so  large  as  to  reach  the  margin  of  the 
cover  slip  when  on  the  slide. 


This  technique  may  be  sumiiisirized  as  follows- 

1.  Apparatus.      Thin   slide,    square   thin   cover  slip, 

sticker  tuid  clamp  forceps.     Alcohol,  ether,  spirit  lamp, 

silk  cloth. 

3.  Absolutely  clean  point  of  inmcture  and  apparatus. 


Flo.  .'14:.'  -Mrihnd  of  Takiii'.'  lirop  of  I'.ioud  Inr  Frosh  and  lined 
spt-ruiiiMis  of  liiood.  Shows  liow  to  hold  forceps  and  far.  how  to 
steady  hands,  and  the  e.xteul  of  g'-asp  ot  cover  slip  by  clamp 
forceps. 

3.  Seize  cover  slip  in  clamp  forceps  and  i>laec  near  at 
hand. 

4.  Light  pimcture  of  the  most  dependent  portion  of 
lobe  of  ear. 

5.  Warm  slide  and  cover  slip  gently  over  spirit  lamp; 
or  have  another  person  rub  slide  briskly  with  silk  cloth. 

(i.   ^\'ipe  away  drop  from  ]ioiut  of  puncture.     (If  press- 
ure is  required,  exert  it  faraway  from  point  of  jjuncture.) 
T.  Touch  apex  of  drop  with  under  sur- 
face and  centre  of  cover  slip. 

».  Place  cover  slip  promptly  but  gently 
on  slide. 


FIG.  .543.— Correct  Position  of  Hand  in  Holding  Clamp  Forceps. 
Cover  slip  resting  on  slide.  The  illustration  represents  the  position 
just  before  the  forceps  are  opened  and  jerked  away.  _ 

Charncteristicsofn  Good  Fresh-Blixtd  Specimen.— Gross  : 
1.  Blood  does  not  reach  margin  of  cover  slip.     2.  Is  of 
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a  circular  shape  with  fine  spiculated  appearance  at 
periphery.  3.  Is  thinner  in  the  centre  than  at  margin  of 
specimen.     (See  Plate  XIII..  Fig.  1.) 

iticroicoplc :  1.  Corpuscles  each  lying  separate  with 
some  little  space  between — not  in  rouleaux.  2.  Majority 
of  corpuscles  stationarj'.  3.  Each  corpuscle  circular — 
notcrenated.      (See  Plate  XIII.,  Fig.  6.) 

Poikilocytosis  is  of  course  pathologic  and  cannot  be 
avoided ;  erenation  is  not,  however,  and  is  usually  due 
to  faulty  technique.     (See  Plate  XIII.,  Figs.  8  and"  5.) 

Characteristka  of  a  Poor  Fresh-Blood  Specimen,  and 
Such  as  Condemn  It  for  Examination. — Gross:  1.  Blood 
thick  and  oozing  out  from  under  cover  slip  indicates 
that  ttJO  much  lilood  has  been  taken.  2.  Irregular  shape 
indicates  either  that  too  much  blood  has  been  taken,  or 
that  dust  has  been  on  the  slip  or  slide,  or  that  the  blood 
has  been  chilled.  3.  Thick  at  one  point  and  partiallj- 
spread  at  another  indicates  dust  or  moisture.  4.  Lump 
of  l)lood — no  spreading — indicates  general  imcleanlin'ess. 

Microscopic:  1.  Structureless  masses.  2.  Abundance 
of  rouleaux.  3.  Much  erenation.  4.  Corpuscles  closely 
placed,  giving  tiled-floor  appearance.  5.  Corpuscles 
rapidly-  floating  about  specimen.  6.  ('orpuscles  ragged 
and  mutilated.  7.  White  corpusclesbrokeu  into  granular 
collections.     (See  Plate  XIII.,  Figs.  3  and  5). 

II  nat  can  be  Learned  from  Fi-es7i  Specimens  of  Blood. — 
When  the  precautions  laid  down  in  the  foregoing  have  been 
observed,  the  following  objects  may  be  distinguished: 

1.  The  Red  Blood  Corpuscles — non-nucleated  in  the 
normal. 

Size — 7/1.  (Note :  /i  —  micron  =  s^-jtht  of  an  inch.  It  is 
well  to  become  familiar  with  the  size  of  the  red  cell,  and 
to  use  it  as  a  unit  of  measurement  when  speaking  of  oth- 
er bodies,  as  twice,  thrice,  etc.,  the  size  of  the  red  cell.) 

Shape — biconcave  discs. 

Color — pale  yellow. 

Character — elastic. 

Tend  to  form  rouleaux.         ") 

Become  crenated.  I  Conditions  due  to  faulty 

May  contain  bright  round  f     technique, 
spots  termed  "artifacts."  J 

The  adjective  artifactitious,  or  simplj'  factitious,  might 
be  applied  to  the  last  three  conditions,  as  they  are  the  re- 
sult of  manipulation 

2.  Microcytes  or  Macrocytes. 

3.  Poikilocytes. 

4.  Nucleated  Red  Cells,  \  Normoblasts. 

\  Gigantoblasts. 

5.  Lake-like  Areas  with  irregular  shape  and  mar-  | 
gin  in  the  red  cells,  due  to  deficiency  of  ha-moglobin, 
termed  by  Maragliauo  "degeneration  areas,"  called 
also  vacuoles. 

6.  Shadow  Corpuscles,  described  first  by  Xorris,  are  seen 
in  the  blood  of  ana'mia  from  toxicagents  and  burns.  These 
are  red  cells  deprived  of  liaMnoglobin.  They  can  be  arti- 
ficially produced  liv  adding  water  to  the  blood  specimen. 

The  White  Blood  Corpuscles— Nucleated  Cells. 
T.  Small  Jlononuclear  or  Small  L_ymphoc3-tes. 

8.  Large  Mononuclear  or  Large  Lymphocytes. 

9.  Transitional  Mononuclear  or  Transitional  Lympho- 
cytes. 

10.  Polynuclear  Leucocytes. 

11.  Eosinophiles. 

12.  Myelocytes  in  leuka?mia.  (The  Mastcells  cannot  be 
detected  in  the  fresh  specimen.) 

An  approximate  idea  of  an  increase  in  the  white  cells 
as  a  whole,  and  one  or  other  variety  of  these  individually, 
can  be  had  from  the  fresh  specimen.  More  than  four  or 
five  white  cells  in  a  icell-spread  field  with  a  one-twelfth  im- 
mersion lens  may  be  taken  to  indicate  a  leucocy  tosis.  In 
lymphatic  leukaemia  the  increase  in  the  small  mononuclear 
leucocytes  is  readily  ajipreciated;  so  also  the  presence  of 
the  cells  normally  fovmd  in  the  bone  marrow,  as  the  mj-elo- 
cj'tes,  can  be  detected  in  the  fresh  specimen  in  cases  of 
spleno-medullarj'  leukaemia.  In  ihflanunatory  leucocyto- 
sis  the  increase  in  the  polynuclear  leucocytes  can  be  noted. 
The  increase  in  the  eosinophiles,  so  important  a  diagnostic 
sign  in  trichinosis,  etc.,  can  also  be  detected. 


13.  The  Plate*  and  the  Plaque — non-nucleated. 
Size — One-seventh  the  size  of  the  red  cell  ^l ,"). 
Shape — irregular. 

Color — colorless. 

Not  visible  normally. 

By  placing  a  drop  of  Hayem's  or  Pacini's  solution  \ 
over  the  point  of  puncture  (the  finger  must  be  used 
for  this  purpose)  and  allowing  the  blood  to  mingle 
with  this  preservative  fluid  the  plates  may  be  seen.  The 
cover  slip  is  applied  to  the  drop  in  the  same  way  as  when 
taking  a  fresh  specimen. 

We  have  no  systematic  work  upon  the  significance  of 
the  presence  of  these  bodies. 

The  writer  has  noted  tliem  in  great  numbers  (without 
the  use  of  a  preservative  fluid)  in  the  blood  of  pneumonia 
cases,  in  a  case  of  grave  anaemia  secondary'  to  malaria, 
and  in  a  case  of  Hodgkin's  disease. 

The  work  of  Osier,  Bizzozero,  Schimmelbusch,  Welch, 
and  Eberth  has  been  more  to  prove  that  these  bodies  are 
separate  corpuscular  elements  than  to  explain  their  as- 
sociation with  disease.  An  exception  to  this  statement 
should  be  made  in  favor  of  Welch's  work,  which  goes 
to  show  that  these  bodies  are  the  active  agents  inthe 
formation  of  the  white  thrombus;  but  even  this  has  not, 
as  yet,  been  of  any  clinical  value. 

14.  Fibrin  does  not,  normally,  appear  for  some  time  in 
a  well-taken  fresh  specimen,  'its  presence  shortly  after 
taking  the  specimen  is  therefore  of  pathological  signifi- 
cance. We  have  not  been  able  as  .yet,  liowever,  to  at- 
tach any  diagno.stic  value  to  this  condition. 

1.5.  Blood  Dust  (ha?mokoniosis,  literally,  blood  full  of 
dust,  of  Miiller)  can  be  seen  as  floating  jiarticles  about 
one-twentieth  or  one-thirtieth  the  size  of  the  red  cell. 
No  satisfactory  explanation  of  the  significance  of  these 
particles  has  as  yet  been  given. 

16.  The  Tertian  and  Quartan  jMalarial  Parasite  in  all 
its  stages  of  development,  and  many  of  the  stages  of  the 
iEstivo-aulumnal  Malarial  Parasite,  may  be  seen  with 
the  one-twelfth  oil-immersion  lens. 

17.  The  Filaria  Sanguinis  Hominis  may  be  seen  with 
the  7  or  9  Leitz  lens. 

18.  SpirochaCtc  of  Relapsing  Fever  may  be  seen  with 
the  7  or  9  Leitz  lens. 

All  this  information  is  to  be  had  by  the  simple  pro- 
cedure of  taking,  in  the  way  described,  a  specimen  of 
blood.  All  these  points  will"  be  found  grouped  in  the 
table  at  the  end  of  this  article. 

Having  ascertained,  then,  from  the  fresh  specimen  that 
there  is  a  decrease  in  the  number  of  red  cells,  or  an  in- 
crease in  the  number  of  white  cells,  it  becomes  necessary 
to  determine  this  decrease  and  increase  definitely,  for 
which  purpose  additional  instruments  are  required". 

II.  Blood-Corpuscle  CotSTiNG. 

History. — It  is  only  of  late  yeai's  that  the  methods  of 
enumerating  the  blood  corpuscles  have  been  sinijilified  so 
as  to  be  clinically  applicable,  the  complicated  apparatus 
heretofore  used  having  had  place  in  works  on  physiology 
oidy.  It  is  therefore  of  value  to  trace  the  development^if 
our  present  simple  apparatus  from  its  complicated  be- 
ginnings. When  we  look  over  all  the  methods  employed 
to  accomplish  this  last,  we  find  that  investigators  have 
endeavored  to  construct  apparatus  along  three  separate 
lines,  as  follows:  1.  Actual  enumeration.  2.  Centrifug- 
alizing  and  estimating  cells  according  to  amount  of  sedi- 
ment. 3.  Color  changes  and  opacity  due  to  decrease  in 
number  of  cells. 

This  will  therefore  be,  not  a  history  of  blood  counting 
in  chronological  order,  but  rather  the  record  of  the  devel- 
opment of  apparatus  along  these  three  lines. 

*The  tenn  plate  is  here  used  to  refer  to  the  corpuscles:  plaque 


to  the  iiggregation  of  these  plates, 
plate,  is  best  discarded. 

t  Haiiem's  SohiHoti. 

Bichloride  of  mercury 

Sodimn  siili>h:ite 

Sodiniii  fiitoride. 


0.5 
•5. 
1. 
Distilled  water 200. 


Platelet,  a  term  synonymous  with 

Pacini's  Solution. 

Bichloride  of  mercury 2. 

Sodium  chloride 4. 

Glycerin 26. 

Distilled  water 228. 
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EXPLANATION    OF    PLATE    XIIL 

(Drawn  by  Dr.  E.  Dunnikg.) 

Fig.  1.— Gross  appearance  of  well-taken  fresh-blood  specimen.      1  gge  p.  39:  Charactemtics  of 

Fig.  6.— Microscopic  appearance  of  well-taken  fresh-blood  speci-  f     "  ^""'^  Fresh-Blood  Speci- 
men. J      '«*»• 


Fig.   3. — Microscopic    appearance    of  poorly  taken   fresh-l)lood 
specimen. 

Fig.  5. — Microscopic  appearance  of    poorly  taken  fresh-blood 
specimen. 


Seep.  40:  Cluiract  eristics  of 
a  Poor  Fresh-Blood  Speci- 
men. 


Fig.  3. — Microscopic  appearance  of  the  Thoma-Zeiss  count- 
ing stage  with  normal  blood  diluted  with  Toisou  solution. 
Red  cells  unstained  ;  white  cells  stained  blue.  This  is  with 
the  low-power  objective  (3  Leitz)  which  takes  in  all  si.\teen  [-  See  p.  45* 
squares  (see  Fig.  55.5.  p.  44),  but  does  not  magnify  the  cell 
as  nuich  as  the  higher  power  (see  Plate  XIII.,  Fig.  4),  and 
which  therefore  greatly  increases  the  task  of  counting. 

Fig.  4.— Same  as  Fig.  2,  Plate  XIII.,  except  that  the  blood  is") 
that  of  leuktcmia  (120,000  leucocytes  to  the  cubic  millimetre),  i 
and   the  objective  is  of  high   power  (7  or  9  Leitz).     This  ^  See  p.  45. 
takes  in  only  one-sixteenth  of  the  entire  Held,  but  it  renders 
the  corpuscles  much  more  readily  distinguishable.  J 
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1.  Actual  Enumeration  op  Blood  Corpuscles. — 
Vierordt  was  among  the  first  actually  to  enumerate  the 
red  blood  cells;    and  though  his  apparatus  was  most 


Fig.  SW  — Potain's  ML\er. 

crude  and  his  method  most  complicated,  yet  his  results 
have  been  abundantly  confirmed  by  subsequent  observers 
working  with  varied  styles  of  apparatus.  Vierordt's  fig- 
ures were,  5,174,000  red  blood  cells  per  cubic  millimetre. 
Vierordt  diluted  with  a  fixed  quantity  of  sugar  solution 
a  cubic  millimetre  of  blood  and  then  spread  this  upon  a 
slide.  By  means  of  a  micrometer  he  counted  every  cor- 
puscle. For  one  enumeration  it  took  an  entire  week. 
The  result  of  this  work  was  to  establish  the  following: 

(1)  A  known  quantity  of  blood  must  be  taken,  that 
quantity  being  tlie  amount  contained  in  a  cubic  milli- 
metre. 

(2)  A  known  dilution. 

(3)  A  cubic  millimetre  of  normal  blood  contains 
5,17-1.000  red  cells. 

At  this  time,  Kijlliker,  after  declaring  that  "owing  to 
the  difficulty  of  the  subject  "  the  most  careful  estimates 
can  "only  be  described  as  approximate,"  adds:  "One 
method  only  can  be  successful,  consisting  in  the  direct 
enumeration  of  the  globules  in  accurately  determined 
quantities  of  blood."  Welker  adds  the  next  improve- 
ments (1)  in  using  a  stage  micrometer,  and  (3)  in  counting 
the  corpuscles  in  a  fraction  of  a  large  dilution  and  multi- 
plying the  residt  of  this  count  by  the  figures  required  to 
make  the  whole  cubic  millimetre. 

Potain's  melangeur  or  mixer  afforded  the  first  means  of 
accurately  diluting  the  lilood.  This  was  nothing  else  in 
principle,  Init  of  cruder  make,  than  the  mixer  now  em- 
ployed iu  the  Thoma  and  Zeiss  blood-counting  apparatus. 
Fig.  044  shows  this  mixer. 

Potain's  mixer  was  divided  precisely  as  is  the  Thoma- 
Zeiss  mixer,  into  a  dilated  and  a  capillary  portion,  the 
capillary  jjortion  being  exactly  yts  P^i't  of  the  whole. 
The  dilated  portion  of  thePotain  mixer  contained  the  lit- 


FiG.  545.— Malassez'  Artificial  Capillary. 

tie  glass  ball,  as  in  the  Thoma-Zeiss  apparatus.  Malassez 
combined  this  suction  capillary  pipette  with  an  artificial 
capillary  in  the  following  manner:  Blood  is  drawn  up 
by  suction  into  the  Potain  mixer  to  the  1  mark,  and  a 
diluting  fluid,  called  the  "artificial  serum."  consisting  of 
^gum  arable  specific  gravity  1.030,  one  volume;  .sodium 
sulphate  and  .sodium  chloride,  equal  parts  and  each  of 
specific  gravity  1.030,  two  volumes— to  the  100  mark, 
making  dilution  of  1  in  100.  The  pointed  end  of  the 
mixer  is  then  fastened  to  a  rubber  tubing  connected  with 
the  artificial  capillary,  as  seen  in  Fig.  .')4o. 
The  artificial  capillary  is  set  in  a  plate  of  glass  which  is 


divided  into  fractions  of  a  cubicvmillimetre,  as  seen  in  the 
illustration.  The  microscope  is  adjusted  so  as  to  mag- 
nify the  corpuscles  as  they  lie  in  the  artificial  capillary 
(see  Fig.  .546),  and  their  number  ascertained 
for  a  fractional  part  of  this  capillary  as 
marked  on  the  glass  plate.  According 
to  the  fraction  of  a  cubic  millimetre  which 
that  portion  selected  to  count  represents, 
the  number  counted  is  multiplied. 

Suppose  one  counts  the  corpuscles  in 
5^5  of  a  cubic  millimetre;  then  400  times 
that  number  multiplied  by  the  amount  of 
dilution  represents  the  number  of  corpus- 
cles in  a  cubic  millimetre. 
Thismethod  offered  many  difficulties-  1.  Complicated 
artificial  serum  for  dilution.     3.  Introduction  of  blood 
without  air  into  artificial  tube  ditticult.     3.  Difticult  to 
clean  apparatus. 

Ha^em  and   Xachet   devised   an  instrument   (Hema- 
timetre)  by  which  the  blood  and  scrum  are  obtained  in 


Fig.  5i().— Artiflcial  Capillary  as  It  Appears  Under  the  Microscope. 
X  180  diameters.    (From  Ranvier.) 

two  separate  pipettes  and  then  mixed  in  a  glass  receiver. 
A  drop  of  this  mixture  is  then  placed  upon  a  glass  slide 
arranged  as  follows:  A  circular  well,  .similar  to  that 
employed  in  the  Thoma  and  Zeiss  apparatus,  is  con- 
structed with  the  accurate  measurement  of  1  cm.  in 
diameter  and  0.3 
mm.  in  depth. 
An  eyepiece  mi- 
crometer ruled 
in  a  large  square 
and  divided  into 
sixteen  1  i  1 1  le 
squares  is  then 
attached.  One 
side  of  the  large 
square  measures 
exactly  i  mm.* 
(see  Fig.  547). 

By  counting 
the  cells  in  the 
square  and  mul- 
t  i  p  1  y  i  n  g  this 
count  by  the 
fraction  of  a 
cubic  millimetre 
w  h  i  c  h      this 


Fig.  547.— Appearance  of  Corpuscles  with  Hayem 
and  Nachet's  Instrument. 


square   repre- 
sents, and  the  number  of  volumes  of  the  diluting  fluid,  the 
number  of  cells  in  a  cubic  millimetre  is  ascertained.    This 

*One-flftb  millimetre  In  depth  by  one-fifth  millimetre  on  two  sides 
of  square  makes  the  block  of  blood"  one-fifth  (0.2)  cubic  millimetre— 
5X5X5  =  IZ5. 


41 


Blood. 
Blood. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


Is  complicated,  but,  as  will  be  seen  later,  it  has  contributed 
certain  points  toward  the  simple  apparatus  used  to-day. 
lu  The  Lancet  for  December  1,  18T7,  Gowers  de- 
scribes an  instrument  which  he  calls  the  hemacytometer, 
and  which  more  nearly  approaches  perfection  than  any 
already  described;  it  therefore  marks  what  may  be  con- 
sidered the  border  line  between  the  ancient  and  modern 


Fig.  d4s.— Gowers'  Hiemacytometer.    CFroiu  Kirkes'  "  Handbook  of 
Physiology,"  twelftli  edition.) 

history  of  blood-counting  hy  the  actual  enumeration 
method.  Gowers'  instrument  (see  Fig.  548)  consists  of: 
A,  Small  pipette  (with  rubber  mouthpiece  for  suction) 
which,  when  filled  (with  diluting  fluid)  to  the  mark  on 
its  stem,  contains  exactly  995  c.mm.  B,  Another  pipette 
marked  to  hold  5  c.  mm.  (of  blood).  D,  Glass  jar  for  mix- 
ing (blood  and  diluting  fluid).  E,  Stirrer  (to  stir  blood 
and  diluting  fluid  in  glass  jar).  C,  Bi'ass  plate  with  a 
cell  -5  (0.2)  miu.  in  depth  and  with  the  floor  divided  into 
^V  (01)  m™-  squares  and  a  cover  glass  held  in  place  by 
springs. 

A  standard  saline  solution  of  sodium  sulphate  of  specific 
gravity  1.025  is  employed  ;  995  c.mm.  of  solution  is  mixed 
with5c.mm.  of  blood  with  the  pipettes.  These  are  mixed 
in  the  glass  jar.  A  drop  is  placed  in  the  cell  in  the  brass 
plate  and  the  cover  slip  held  down  by  the  spiiugs.  The 
cells  are  then  counted  in  ten  squares,  and  the  calculation 

»  for   1   c.mm.  of 

which  this  is  a 
fraction  made. 

As  we  review 
these  descrip- 
tions of  appara- 
tus we  see  that 
the  effort  of  the 
inventors  has 
been  to  over- 
come certain 
obstacles,  i.e.: 

(1)   Reduction 
of  the  corpuscles 
to    a    countable 
n  u  m  b  e  r.    Vie- 
r  o  r  d  t  a  c  c  o  m- 
plished  this  by 
dilution  and  by 
fixing   the   area 
to  be  counted  to 
the  cubic  milli- 
metre. 
(2)  Obtaining  the  blood  so  as  to  prevent  clot,  and  to 
dilute  accurately.     Welkcr  showed  the  value  of  accurate 
dilution.     Potain's  melangeur  best  accomplished  this. 


Fig.  549.— Appearance  of  Cnrpuscles  L'nder  Mi- 
croscope with  Gowers*  Instrument. 


(3)  Spreading  the  blood  over  an  area  thin  enough  to 
see  each  corpuscle.  Malassez  accomplished  this  with  a 
long  narrow  tube ;  Hayem  and  Nachet  with  a  cell  whose 
depth  was  a  fraction  of  a  cubic  millimetre. 

(4)  Mapping  out  the  area  so  that  the  eye  could  navi- 
gate upon  it.  Hayem  and  Nachet  accomplished  this 
with  an  eye-piece  micrometer.  Gowers,  without  an  eye- 
piece micrometer,  but  \\ith  a  marked-out  slide. 

All  these  methods  depend  (as  Kiilliker  lias  pointed  out) 
upon  the  following  priniciples:  (1)  A  known  quantity  of 
blood  for  estimation  (1  c.mm.):  (2)  a  known  dilution  of  a 
known  quantity  of  blood ;  (3)  a  known  fraction  of  a 
cubic  millimetre  to  be  counted. 

Upon  these  principles  and  with  the  information  obtained 
from  the  foregoing  inventors.  Thoma  and  Zeiss  have  con- 
structed fheir  apparatus.  This  combines  the  melangeur 
of  Potain  and  the  mapped-out  cell  of  Gowers. 

Principle  of  the  Thuniii-Zciss  Mi.ver. — The  mixer  con- 
sists of  a  capillary  portion  and  a  dilated  or  bulb-like  por- 
tion. The  capillary  portion  enables  one  to  proctire  a 
fixed  quantity  of  blood  that  is  free  from  clotting,  if 
promptly  taken :  and  the  bulb  portion  enables  one  to  pro- 
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Fig.  550.— The  Mixer  of  Tlioma  and  Zeiss  Corpuscle-Counting  Appara- 
tus. Shows  principle  of  dilution  by  comparison  of  pipetie  (a  neces- 
sary instrument  In  dealinc  with  a  coagulable  fluid  like  hloodl  with 
an  ordinary  receiver  tin  which  a  non-coagulabie  fluid  could  be  di- 
luted). 

cure  a  fixed  dilution.  The  principle  of  this  mixer  is  best 
understood  by  reference  to  the  diagram  shown  herewith 
(Fig.  550). 

Suppose  the  fluid  to  be  diluted  were  wine  or  some  non- 
coagulable  fluid.  Then  we  should  pour  the  wine  into 
the  receiver,  as  shown  in  the  diagram,  up  to  the  mark  1, 
and  the  diluting  fluid  up  to  the  mark  100.  This  would 
be  1  to  100.  AVere  we  to  pour  the  w-ine  up  to  the  .5 
mark  only  (or  +  of  1),  and  the  diluting  fluid  up  to  100, 
we  should  have  half  as  much  wine  as  before  to  the  same 
amount  of  diluting  fluid,  or  in  the  proportion  of  1  to 
200.  Half  the  fluid  to  be  diluted  wilh  the  same  amount  of 
dilutintr  fluid  has  the  same  result  as  doubling  the  amount 
of  the  latter. 

Now  blood  cannot  be  poured  in  this  way.  An  instru- 
ment must  therefore  be  devised  bj-  which  the  blood  can 
be  taken  free  from  clotting.  Our  receiver,  therefore,  is 
converted  into  a  capillary  tube  and  our  pouting  is  re- 
placed by  suction.  That  portion  of  the  receiver  marked 
off  as  1  is  converted  into  the  pipette,  and  that  portion 
of  the  receiver  marked  off  as  loO  is  converted  into  the 
bowl.     We  now  have  an  instrument  by  which  a  definite 
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quantity  of  blood  can  be  drawn  up  together  with  a  definite 
quantity  of  dilutin.ir  fluid.  This  instrument,  when  full, 
represents  101  of  biood  and  diluting  fluid,  or  1  of  blood 
to  100  of  diluting  fluid.  If  the  blood  be  drawn  to  the  .5 
or  i  mark  and  the  diluting  fluid  to  the  100  mark  we  have 
1  to  iOlt. 

The  Thoma  and  Zeiss  apjiaratus  is  usually  provided 
with  two  mi.xers  similar  in  all  respects  except  that  one  is 
larger  than  the  other:  one  for  counting  the  white  cells, 
the  larger  one :  and  one  for  counting  the  red  cells,  the 
smallerone.  That  for  counting  the  red  cells  is  all  that 
is  necessary,  and,  as  will  be  seen  later,  is  preferable  to  two 
separate  proceedings. 

The  diluting  fluids,  at  first  so  complicated,  have  been 
much  simplifled.  The  object  has  been  to  obtain  a  medium 
as  nearly  as  possible  like  that  in  which  the  corpuscles  nor- 
mally float. 

Diluting  Fluirls :  (1)  Normal,  better  named  pliysio- 
logical,  salt  solution.*  (3)  Acetic  acid  1  in  300  destroys 
the  red  cells  and  accentuates  the  nuclei  of  the  white,  and 
is  therefore  valuable  in  counting  the  white  cells  alone. 
(3)  B}"  using  a  basic  stain  together  with  the  preserva- 
tive salts  tlie  results  obtained  separately  by  the  other 
fluids  are  combined.  The  most  satisfactory  of  these  is 
the  Toison  solution. 


Formula,  f 

C  \  Sodium  cldoride 


l.OIK)  gm. 

)  Sodium  sulphate 8.001)  cm. 

(  (Jlveerin 30.000  c.e. 

■(  AVater '  160.000  c.e. 

Mctlivl  violet 0.025  gm. 


In  the  preparation  of  this  solution  it  is  advisable  first  to 
mi.x  the  sodium  chloride  and  sodium  sulphate  thoroughly, 
and  then  to  add  these  to  tlie  .glycerin  and  water — the 
methyl  violet  being  adiled  last.  The  brackets  in  the  above 
formula  show  these  steps  in  the  preparation. 

Pi'iiicijilc  of  tlie  C'tuittiiiff  Will. — Having  thus  an  ap 
paratus  for  taking  a  fi.xed  quantity  of  blood  with  a  fixed 


Fig,  .5.51.— a  Cube  Representative  of  the  .\mniint  of  Blood  from  Which 
Corpuscle  Enumeration  is  Made.    The  block  represents  1  cmui. 

quantity  of  diluting  fluid,  we  must  next  have  a  means  of 
counting  the  corpuscles.     For  this  a  glass  slide  is  con- 

*  Normal  in  chemistry  indicates  a  solution  containing  the  sum  of 
the  atomic  weipht  of  the  salt  employed  in  grams  to  l.tKiO  c.e.  of  dis- 
tilled wutei'.  .\s  this  is  not  the  case  with  soH^alled  normal  salt  solution, 
tile  tennis  iiii>iip|ilieii.  Physiological  salt  solution  is,  roughly,  NaC'l 
I  j.  ti'  itie  I  >  i.  distilled  water. 

tTliissniutinn  iiiu?,t  be  kept  in  the  d:trk  iintt  must  be  filtered  from 
time  tn  litne  :is  it  loses  its  cnl.  if  and  de\  t'lops  a  fiiTiLnis  growth  which 
seriously  I'Iul^s  the  pipette.  This  soliitinn  preserves  the  red  cells  and 
by  means  of  the  methyl  violet  stains  the  white  cells  a  light  purple, 
making  the  latter  readily  distinguishable  and  enabling  one  to  make 
the  count  of  both  red  and  white  cells  in  one  process. 


structed,  with  a  well  in  the  centf  e  of  the  following  known 
dimensions.  It  must  be  remembered  that  each  of  the 
various  jiarts  of  this  apparatus  described  has  been  con- 
structed to  overcome  an  ijbstacle.     The  mixer  civercarae 


Fig.  .'w2. 

the  clotting  and  diluted  the  diop.  thus  reducing  the  num- 
ber of  corptiscles  to  a  cotintable  figure.  The  well  which 
we  are  about  to  describe,  (1)  reduces  the  cubic  millimetre  to 
a  depth  through  which  it  is  possible  to  see  each  corijusde 
separately  (a  cubic  millimetre  of  blood  and  fluid  to  the 
dilution  of  two  hundred  times  would  be  so  thick  and  con- 
tain so  many  corpuscles  that  tlie  task  would  be  beyond 


O.KJO  mm. 


jJiiq-mm. 


Fig.  .553.— Full-Face  View  of  Counting  Stage.  (Drawn  by  Dr,  E. 
Dunning.)  [illliO  mm.  =  depth --^n  of  a  millimetre;  iJ^  M.uim. 
I  German  quadrat-square)  =  smallest  square  which  measures  5^0  of 
a  square  millimetre  i25  X  Iti  =  40t)i.] 

human  skill);  (2;  maps  out  that  area  so  that  the  eye  can 
find,  as  it  were,  the  longitude  and  latitude  of  any  point 
in  the  sea  of  corpuscles. 

"What  fraction  of  a  cubic  millimetre  offeis  the  depth 
and  contains  that  number  of  corpuscles  appreciable  by 
the  human  eye  V  This  fraction  is  found  to  be  one-tenth  of 
a  cubic  millimetre  in  1  to  100  or  1  to  200  dilution  of  blood. 

Tlie  illustration  (Fig.  5.")1)  represents  a  millimetre  cube. 
If  this  consisted  of  blood,  the  depth  would  be  too  great 
for  the  human  eye  to  penetrate  and  woidd  contain  so 
many  corpuscles  as  to  be  beyond  human  skill  to  enumer- 
ate. AVe  therefore  retain  two  dimensions  of  the  cube,  but 
take  only  one-tenth  of  the  depth.  This  layer  of  blood  is 
therefore  one-tenth  of  a  cubic  millimetre  in  a  1  to  100  or 
1  to  200  dilution  (see  Fig.  5o2). 

The  counting  stage,  to  fulfil  these  requirements,  must 
be  constructed  as  follows:  The  bottom  of  the  well  upon 
which  the  corpuscles  rest  must  be  laid  off  with  a  square 
whose  dimensions  are  1  mm.  each  way,  and  the  well 
must  be  one-tenth  of  a  millimetre  in  depth.  The  illustra- 
tion (Fig.  553)  shows  the  full  face  view  of  the  counting 
stage.  In  the  centre  is  seen  the  bottom  of  the  well  with 
a  S(|uare  laid  off  measuring  1  mm.  each  way. 

The  second  illustration  ?Fig.  554)  shows  the  profile  of 
this  stage  with  the  cover  slip  in  place.  The  measure- 
ment from  the  under  surface  of  the  cover  sli])  to  the  bot- 
tom of  the  well  is  exactlv  0.1  mm. 

When,  therefore,  a  drop  of  the  diluted  blood  is  placed 
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in  this  well  and  tlie  cover  slip  is  in  place,  those  corpuscles 
which  we  see  contained  within  the  square,  the  dimen- 
sions of  which  are  1  mm.  each  way  and  0.1  mm.  in  depth, 
are  the  contents  of  a  cube  of  diluted  blood  measuring 


TT 


of  a  cubic  millimetre. 


(Note. — These  microscopic  dimensions,  but  for  the 
present  simple  method  of  construction,  would  render  this 
instrument  in  the  making  a  very  costly  and  delicate 
aftair.  In  tlie  manufacture  of  tliis  counting  well  a  glass 
slide  similar  in  length  and  breadth,  but  a  little  thicker 


X 


tT 


Fig.  5.54.— ProUlH  View 


it  Countlns  Stage, 
lug.) 


(Drawn  by  Dr.  E.  Dunn- 


than  that  emploj'ed  for  general  microscopic  work,  is  used. 
Upon  a  riiuud  lilock  of  glass  the  millimetre  square  is  cut 
or  pressed.  This  block  of  glass  is  cemented  to  the  centre 
of  the  glass  slide  and  forms  the  bottom  of  the  counting 
well.  Another  piece  of  glass,  like  a  thick  co\-er  glass 
but  with  a  round  /idle  cut  in  the  centre,  is  cemented  upon 
the  slide,  so  that  the  block  of  glass  already  in  place  oc- 
cupies, but  does  not  exactly  fit,  the  hole.  The  difference 
in  measurement,  froni  above  down,  between  the  upper 
surface  of  the  round  block  of  glass  and  the  upper  surface 
of  the  glass  with  the  hole  through  it  is  just  0.1  mm. 
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Fig.  555.— Subdivisions  of  Counting  Field  of  Tboma  and  Zeiss  Ap- 
paratus.   [1  sci.min. — i'b  sq.mm. — ijj  (25  X  IG)  sq.mm.] 

Thus  the  well  with  a  millimetre  square  marked  at  the 
bottom  and  0.1  mm.  in  depth  is  formed.  The  fact  that 
the  block  of  glass  does  not  completely  till  the  hole  in  the 
outer  piece  of  glass  explains  ■v\  hy  there  is  left  about  it 
a  groove  into  which  the  blood  flows,  if  more  tlian  is  re- 
quired exactly  to  cover  the  block  of  glass  is  blown  into 
the  well.  This  seems  an  objection,  as  c\UTents  are  thus 
produced  allowing  many  corpuscles  to  flow  out  of  the 
mapped  area.  There  seems  uo  good  reason  for  the  pres- 
ence of  this  groove  except  possibly  that  it  obviates  the 
additional  expense  of  making  the  block  of  glass  exactly 
fit  the  hole.) 

Prineijile  of  the  Ruling  of  the  Counting  Well. — We  now 
turn  to  the  marking  out  of  a  millimetre  square  which  is 
to  render  it  navigable.  Here,  as  before,  an  obstacle  is  to 
be  overcome,  viz.,  the  inability  of  the  human  eye  to  keep 
its  bearings  when  viewing  several  thousands  of  corpuscles. 

The  first  subdivision  of  this  area  (as  first  done  by  Nachet 
and  Hayem  on  the  eye-piece  and  by  Gowers  on  the  stage) 


is  into  16  squares.  But  even  this  does  not  overcome 
the  dirficulty,  and  it  is  neces.sary  still  further  to  subdivide 
each  one  of  these  into  35  squares  (Fig,  5.5.1).  It  now  be- 
comes necessary  to  establish  some  boundary  mark  for 


Fig.  536.— Shows  Metbod  of  Drawing  Blood  into  Mi.xer.   Diluting  fluid 
near  at  hand. 

these  IG  large  squares,  each  consisting  of  25  small  squares. 
This  is  done  by  bounding  each  of  the  16  squares  on  two 
sides  with  double  lines.  Now  we  can  readily  count  the 
corpuscles  in  one  of  the  large  squares  which  is  bounded  on 
two  sides  by  the  double  lines,  and  realize  that  this  repre- 
sents yV  of  the  field:  or  in  one  of  the  small  squares,  and 
realize  that  this 
represents  ij'j  of 
yV.  or  (16x25  = 
400),  jh  of  the 
whole  millimetre 
square.  On  the 
glass  slide  (Fig. 
553)  will  be  no- 
ticed the  figures 
0.100  mm.,  refer- 
ring to  the  depth, 
which  is  -^  of  a 
mm.;  also  yj^ 
q.mm.,  referring 
to  the  smallest 
squares,  each  one 
of  which  measures 
tJ-u  sq.mm.  {^K  of 

tV  =  jU)-      (Fig. 
555. ) 

Once  these  ma- 
thematical facts 
are  clearly  under- 
stood, one  may 
count  in  many  dif- 
ferent ways.  One 
small  square  may 
be  counted,  and 
the  result  nuilii- 
plied  by  400;  or 
25  small  squares, 
and  the  result  Fu...»7.— Tboma  and  Zeiss  Curpuscli--if>uni- 
T,     u;.  r  ,11       ic  ing  Apparauis.   Draningdiluliiistluiil  into 

muitipnen  ny  10.  mixer.    Tbe  blood  bas  already  been  drawn 

The  best  method,         in. 
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however,  will  be  given  in  the  following  description  of 
the  use  of  the  apparatus. 

Now  that  we  umlerstand  the  principle  of  the  apparatus, 
let  us  proceed  to  its  use : 

In  order  to  obtain  the  blood  the  ear  is  punctured  as  for 
a  fresh  specimen,  and  the  tip  of  the  capillar}-  tube  inserted 
into  the  drop  and  retained  there  while  gentle  suction  is 
exerted,  and  the  blood  drawn  either  to  the  1  mark,  or  the 
.5  or  +  mark,  as  shown  in  Fig.  006.  The  latter  is  pref- 
erable, for  the  following  reasons:  (1)  Less  blood.  (2) 
Difflcidt  to  stop  sharp  at  the  1  mark  without  the  blood 
passin,g  on  into  the  bowl  and  necessitating  cleaning  the 
instrument  and  begiuuiug  again.  In  using  the  .5  mark, 
if  the  blood  pass  tlie  mark  it  may  be  soaked  off  the  tip 
of  the  pipette  with  linen  or  blotting  paper  until  the 
column  stands  opposite  the  .5  mark — cleaning,  etc.,  not 
being  necessary. 

As  promptly  as  possible,  to  avoid  clotting,  the  pipette 
is  miljiiii'i-f/ed  into  the  diluting  fluid ;  and  then,  but  not  till 
then,  suction  is  again  made  until  the  fluid  stands  opposite 
the  101  mark  (Fig.  557).  Suction  must  be  gentle  through- 
out, and  especiall}'  so  as  the  fluid  is  approaching  the  101 
mark,  as  it  readily  pops  into  the  rubber  tubing.  The  tip 
of  the  pipette  must  ediciii/s  be  immersed  in  the  fluid  being 
sucked  up,  whether  it  be  blood  or  diluting  fluid,  other- 
wise air  enters  the  pipette  and  destroys  the  specimen. 

Directly  the  diluting  fluid  has  reached  the  100  mark 
the  linger  is  [daced  on  the  tip  of  the  pipette  and  the 
whole  shaken  in  order  tliat  the  corpuscles  may,  by  the 
aid  of  the  small  glass  ball  in  the  bulb  portion  of  the  mi.xer, 
be  thoroughly  mi.\ed  with  the  diluting  fluid  (Fig.  558). 
As  the  ]iipette  contains  the  diluting  fluid  and  no  corpus- 
cles, this  must  be  emptied:  and  to  be  certain  that  this 
is  done  tlie  Indb  of  the  mixer  is  emptied  one-third  by 
blowing  the  fluid  out.  The  diluting  fluid  siiould  be 
allowed  to  act  upon  the  blood  in  the  mixer  for  five  or 
ten  minutes  before  the  drop  for  counting  is  taken  from 
the  mixer. 

The  counting  stage  is  now  employed.  This  stage  and 
the  cover  slip  must  be  free  from  dust  jjurticles.  The 
latter  (the  cover  slip),  grasped  with  the  clamp  foreejis.  is 
placed  conveniently  at  hand.  A  thick  cover  slip  with 
accurately  le\  el  siufaees,  to  prevent  l>en<ling,  is  provided 
with  the  apparatus:  but  as  this  interferes  with  tlie  use  of 
the  high-power  lens,  it  is  an  objection.  An  ordinary 
cover  slip  maybe  used,  if  care  is  taken  not  to  press  down 
upon  it  with  the  objective.  From  the  mixer  a  drop  is 
blown  on  to  the  central  raised  table  of  the  counting  well 


Fig.  558.— Position  of  Hands  in  Shaking  Mixer. 

(Fig.  .559).  The  drop  should  not  (1)  flow  into  the  well, 
(2)  or  contain  air  bubbles,  (3)  or  particles  of  dirt.  The 
cover  slip  is  lowered  until  the  jtvid  t'luchea  it.  then  the 
forcejis  are  ojiened  and  withdrawn  with  a  jerk  as  in  lay- 
ing the  cover  slips  for  fresh  specimen  (see  Fig.  543). 


There  should  be  no  air  bubbles,  which  may  be  avoided 
by  observing  the  foregoing  precautions. 

By  holding  the  slide  up  to  the  light  en  a  level  tcith  the 
eye  and  making  pressure  with  the  point  of  the  forceps 
upon  the  cover  slip,  a  series  of  varicolored  concentric 
rings  will  be  seen  about  the  point  of  the  forceps  where  it 
touches  the  glass.  These  are  the  Newton's  rings,  which 
are  seen  oulj-  when  two  pieces  of  glass  are  in  jierfect  ap- 


FiG.  ii^O;— Blowinir  Drop  from  Mi.xer  on  to  Sta^e. 

position,  i.e.,  when  there  are  no  dust  particles,  etc.,  be- 
tween them.  The  presence  of  these  rings  is  therefore  an 
evidence  that  the  glasses  are  perfectly  clean.  Two  to 
three  minutes  are  now  allowed  for  the  corpuscles  to  sink 
tlirough  the  depth  of  one-tenth  of  a  millimetre  and  rest  on 
t he  mapjied -out  bot  tom  of  the  well.  By  at  once  observing 
the  slide  under  the  microscope  this  sinking  process  may  be 
seen.  We  are  now  read}-  to  count ;  the  lowest-power  "lens 
of  the  Leitz  or  Zeiss  microscope  may  be  used.  This  takes 
in  its  tield  of  vision  the  whole  counting  area,  but  magnifies 
the  corpuscles  so  slightlv  that  the  strain  upon  the  eye  is 
great  (see  Plate  XIII. ,  "Fig.  2).  The  7  or  9  objective 
of  the  Leitz  takes  in  only  ri^.  of  the  counting  area,  Init  does 
not  strain  the  eye,  and  is  therefore  incforalile,  as  with  lit- 
tle practice  the  stage  maj'  be  gradually  move<l  until  the 
whole  area  has  been  examined  (see  Plate  XIII.,  Fig. 
4).  As  the  proportion  of  white  corpuscles  to  red  is  about 
1  to  700,  there  will  be  in  a  given  area  much  fewer  white 
corpuscles  than  red ;  and  in  the  one-tenth  of  a  cubic  milli- 
metre there  will  be  about  3  white  cells  to  about  2.100  red 
cells.  The  task,  therefore,  of  ]iicking  out  three  white  cells 
in  an  entire  tield  will  be  a  simple  one:  while  it  is  more 
jiracticable  to  count  only  a  fraction  of  the  field  containing 
2,100  red  cells,  and  then  compute  the  total  by  multiply- 
ing the  number  counted  by  the  fraction  adopted  (see 
Plate  XIII..  Figs.  3-4).  The  following  are  tlie  steps  to 
lie  taken  in  counting  the  red  and  the  white  cells; 

Cnnnting  Wliite  Cells. — (1)  Count  cells  contained  in 
entire  field,  i.e.,  16  squares  = -ic  of  a  culiic  millimetre; 
(2)  multiply  by  10  to  make  the  1  c.mni. :  (3)  multiply  by 
100  or  200,  according  as  the  dilution  has  been  made. 

Counting  Red  Cells. — (1)  Count  4  squares,  each  consist- 
ing of  25  of  the  smaller  squares:  4  sqtiares  out  of  16  = 
TB"  o'"  i  °f  t''6  whole  xV  "f  a.  cubic  millimetre:  (2)  this 
number  multiplied  by  4  gives  the  nujnber  contained  in 
the  -j'lj  of  a  cubic  millimetre;  (3)  multipl}-  by  10  and  b}- 
100  or  200  as  before. 

Now  it  must  be  remembered  that  every  time  we  count 
a  fresh  drop  from  the  mixer  we  decrease  the  range  of 
error ;  so  ( rcineniberinff  to  s/iitke  the  mi.ver  well  eurh  time,  as 
the  eorptiseles  settle retpidly  in  tlie  bulb)  suppose  in  counting 
the  irjiite  cells  we  take  from  the  mixer  5  separate  drops 
and  count  each  upon  the  counting  stage.  An  average  of 
the  result,  obtained  by  dividing  by  5,  gives  us  the  num- 
ber of  w-hite  cells  contained'  in  ^V  "f  -t  cubic  millimetre. 
This  average  multiplied  by  10  and  100  or  200.  as  before, 
will  lie  a  more  accurate  figure  than  that  arrived  at  by 
countinir  one  drop  only. 

Suppose  in  estimating  the  red  cells  we  take  from  the 
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mixer  ami  count  2  separate  drops,  counting  in  the  first 
drop  tlie  four  corner  squares  (Squares  Nos.  1,  4,  13,  and  16 
in  Fig.  555),  i.e..  j\  of  the  wliole  field;  then  in  t/ie  sec- 
ond driip  the  same  four  rorner  squares,  i.e.,  -;%  also — our 
two  counts  combined  will  represent  ^\  or  i  of  the  field; 
this  multiplied  by  3  repre.sents  the  whole  field,  i.e.,  -f^  of 
a  cubic  millimetre.     This  multiplied  by  lU  and  b}-  100  or 
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Fig.  JBU.— Routes  to  be  Taken  in  ('ountinp  Entire  Field  and  One- 
Sixteenth  of  Entire  Field. 

200,  according  to  dilution,  gives  the  number  of  red  cells 
in  a  cubic  millimetre  of  undiluted  blood.  These  calcula- 
tions may  be  expressed  as  follows: 

^+^^+^^±^XlOx(100or  200)   =x; 


White  Cells : 


a,  b.  c,  d,  and  e  being  the  counts  of  scpai'ate  drops  taken 
from  mixer;  5  the  average  uumlier;  1(1  for  the  y'j  of 
a  cubic  millimeti-e:  100  or  200,  amount  of  dilution;  :!•  the 
number  of  corpuscles  in  cubic  millimetres  of  undiluted 
blood. 

(Separate  drop.)  (Separate  drop.) 

Red  Cells:  (  (a  + b  +  c  +  d)  +  (a  +  b  + c  +  d) 


(- 


+  "^X2\ 
I  =  Hot  Held/ 


(J4  of  Held)  +  (Hot  field) 
X  10  X  (100  or  200)  =  x  ;  a,  b,  c,  d,  eacli  the  nuinber  of 
corpuscles  in  ^V  of  field — therefore  together  equal  to  ■j\ 
or  i  of  field ;  plus  second  count  obtiiined  from  another 
drop  from  mixer  equals  +  of  field ;  and  multiplied  by  2 
equals  whole  field. 

One-sixteenth  of  the  field  can  be  readil}'  counted  hy 
counting  inside  the  double  lines  up  and  down,  as  in 
ploughing  a  field,  and  then  counting  along  two  sides  in 
the  double  lines.  The  route  for  counting  in  this  waj'  is 
shown  by  the  dotted  lines  in  the  upper  rirjht-hnnd  corner 
of  Fig.  560.  For  counting  the  entire  field  the  dotted 
line  in  the  whole  field  of  Fig.  560  marks  the  route. 
This  method  will  be  found  to  save  much  time. 

In  order  to  avoid  recounting  corpuscles  on  the  line,  and 
to  decide  to  which  square  these  corpuscles  belong,  the 
following  rule  will  be  found  valuable.  Count  only  those 
corpuscles  on  the  left  line  of  the  column  down  which  j-ou 
are  counting,  and  in  the  ^^  square  count  only  those  corpus- 
cles which  lie  on  the  double-line  boundary  of  the  square. 

With  practice  a  blood  count  can  be  made  in  from  15 
to  20  miiuites,  unless  the  blood  be  from  a  case  of  marked 
leucocytosisor  grave  antemia  in  which  one  wishes  an  ex- 
tremely accurate  count. 

C lea n inr/  the  Appn rii  t us.  — The  Thoma  and  Zeiss  ap para- 
tus  has  received  much  condemnation  from  the  difficulty  ex- 
perienced in  cleaning  it.  By  .■ttrirt/i/  observing  the  follow- 
ing rules,  this  difficulty  will  lie  almost  wholly  overcome. 

(1)  If  by  accident  the  blood  is  di'awn  into  the  bowl 
before  being  mixed  with  the  diluting  fluid,  immediately 


draw  up  distilled  water  and  proceed  to  clean  as  given 
below.  Do  not  use  alcohol  until  nil  truce  of  blood  has  been 
rentored. 

(2)  Do  not  draw  the  blood  into  the  pipette  until  the 
bottle  holding  the  diluting  fluid  is  eit  hand  and  the  cork 
out  of  the  bottle  (see  Fig.  5.56). 

(3)  See  that  the  diluting  fluid  contains  no  flakes  or 
fungus  growth ;  if  these  be  present,  filter  the  fluid  be- 
fore using. 

(4)  Dry  the  mixer  by  drawing  ether  up  and  blowing  it 
out. 

(5)  See  that  the  rubber  tube  is  free  froin  saliva  aad 
food  particles.  It  is  well  to  do  this  from  time  to  time, 
while  using  the  apparatus,  by  detaching  the  tube  from 
the  luixer  and  blowing  it  out  and  then  passing  distilled 
water  through  it.  Suppose  these  ))recautions  to  have 
been  taken  and  the  diluted  specimen  to  be  in  the  bowl 
and  oiu- count  completed ;  we  then  proceed  to  clean  the 
mixer. 

(6)  Remove  the  rubber  tube,  blow  out  the  saliva,  etc.. 
which  maj'  have  collected  (see  (5),  above).  Attach  the 
tube  to  the  pipette  end  of  the  mixer  and  blow  out  the  con- 
tents of  the  bowl  (Fig.  561). 

(T)  Replace  the  rubber  tube  on  the  large  end  of  the 
mixer  and  draw  distilled  water  into  the  bowl.  Shake 
the  mixer  well  and  blow  this  water  out  by  reversing  the 
tube  as  recommended  in  (6),  each  time  blowing  the  rub- 
ber tube  free  of  saliva. 

(8)  With  the  tube  on  the  big  end  of  the  mixer  draw  up 
95  per  cent,  alcohol.  With  tube  on  pipette  end  blow  this 
out.  This  removes  the  stain.  If  the  glass  is  not  entirely 
freed  from  stain,  repeat  until  desired  result  is  obtained. 

(9)  With  the  tube  on  the  big  end  of  mixer  draw  in 
ether,  and  then  (without  reversing  tube)  blow  the  ether 
out  through  the  pipette.  This  shows  that  the  whole 
apparatus  is  clear  and  ready  for  use  next  time. 

If  epitheliiuu  or  mucus  fi-om  the  mouth,  etc.,  gets  into 
the  bowl,  it  is  best  I'enioved  by  di-awing  undiluted  hydro- 
chloric acid  up  and  then  intioducing  an  especial  make 
of  wire  which  the  wiiter  has  suggested  to  Messrs.  Eimer 
&  Amend  to  pi-ocure.  It  is  known  in  commerce  as 
"stilf  biass  wile,  B.  &  S.  (Brown  &  Sharp),  No.  31 
gauge,"  and  has  the  advantage  of  being  very  fine  but 
ver}'  stifl",  and  can 
be  run  the  irlmle 
length  of  the  Tho- 
ma iind  Zeiss  mixei'. 
With  this  wii'c,  and 
most  dtcidedlt/  with 
all  other  wii-es,  one 
must  be  careful  to 
have  no  kinks,  as 
these  may  break, 
leaving  the  wii'c  in 
the  mixer — an  awk- 
ward accident. 

In  the  Deutsche 
medicinische  W'och- 
ensehriff,  July  29, 
1897,  p.  ■497. 
R.  Friedljinder,  of 
Wiesbaden,  de- 
scribed an  instru- 
ment, devised  by 
himself,  for  count- 
ing leucocytes.  Ht 
was  led  to  the  con- 
struction of  this  in- 
strument  by  a  sense 
of  inaccuracy  while 
using  the  Thoma 
and    Zeiss  counter. 

His  objections  to  the  latter  instrument  were,  first,  too 
considerable  a  dilution  and  tlierefore  too  few  white  cells 
from  which  to  estimate:  second,  the  calculations  nec- 
essary with  the  Thoma  and  Zeiss  instrument  are  so  exten- 
sive that  a  small  variation  in  the  number  upon  which  these 
calculations  are  based  means  an  error  of  many  thousands. 


Fig.  561.— Cleaning  Mixer.   Ruhhertubeon 
pipett*  end  of  mi.xer. 
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Friedlauder  coulinned  these  objections  by  obtaining  dif- 
fereut  residts  iu  a  number  of  counts  of  blood  taken  from 
tlie  same  individual  on  a  single  occasion.  In  order  to 
overcome  these  objections  Friedlander  hud  Zeiss  construct 
the  following  apparatus: 

A  pipette  "similar  to  that  employed  in  the  Thoma  and 
Zeiss  apparatus — dilution  1  iu  10  or  1  in  20;  a  counting 
chamber  0.-222  mm.  deep  X  0.3  mm.  square,  with  the 
floor  divided  into  squares— 16  X  16  =  256  squares  iu  all. 
The  double  ruling  is  omitted ;  a  mechanical  stage  is  em- 
ploved. 

Iu  order,  by  this  method,  to  arrive  at  a  figure  expressive 
of  the  number  of  leucocytes  in  a  cubic  millimetre,  the  fol- 
lowing formula  is  employed; 

"A  X  Z 

MxQ 

A  =  amount  of  dilution. 

Z   =  niunber  of  leucocytes  found  in  these  sections. 

M  =  numl)er  of  sections  observed. 

Q  =  the  cubic  area  between  the  floor  of  the  counting 
stage  and  the  cover  slip— i'.c,  0.09  x  0.22  -  U.0198. 

E.xample;  Suppose  192  squares  to  have  been  couuted 
and  l,o22  leucocytes  found;  dilution  1  to  20. 

20  X  1  522 

-^- — -  =  8,007  leucocytes  lu  1  c.mni. 

192  X  0.0198 
(Note:  There  is  a  mistaUe  in  Friedliiuder's   formula; 
1,0198  should  read  as  above,  0.0198.) 

As  diluting  fluid  he  employs  one-per-cent.  salt  solution 
tinged  with'gentiau  violet  to  whic'i  is  added  one  third- 
per-cent.  acetic  acid.     Thus  the  red  cells  are  destroyed  by 


residts  by  simple  methods  an  apparatus  loses  its  clinical 
value. 

A  number  of  counting  chambers  have  been  devised. 
These  differ  chiefly  in  respect  of  the  size  of  their  rulings: 
the  larger  ones  being  given  the  preference  in  order  to 
'minimize  the  possibility  of  error.  The  following  are  some 
of  these;  counting  chamber  of  Zappert,  coimting  chamber 
of  GabritschewsUy,  counting  chamber  of  ^Miesseii. 

2.  Corpuscle  Envmei{.\tiox  by  JIe.\ns  of  the  Cen- 
trifuge.— We  now  approach  the  task  of  corpuscle  enu- 
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Fig.  .562.— Hedin's  Hiematocrit.     CFmm  von  Jacksh's  "  Clinical  Diag- 
nosis.") 


the  acetic  acid  and  the  nuclei  of  the  white  cells  intensified, 
and  at  the  same  time  the  cell  is  stained  by  the  gentian 
violet. 

The  •writer  has  liad  no  experience  with  this  instrument. 
If  the  steps  as  laid  down  in  describing  the  Thoma  and 
Zeiss  instrument  are  followed  the  results  should  be  as 
accurate. 

As  a  clinical  instrument  Friedliinder's  would  seem  to 
be  objectionalilc  if  for  accuracy  it  is  necessary  to  count  a 
thousand  or  mcpre  cells.     Unless  we  can  arrive  at  accurate 


The  Dalaml  Hiematocrit.    (From  Simon's  "  Clinical  Diagnosis.") 


meratiou  from  a,  different  point  of  view.  As  the  cor- 
puscles are  particles  floating  in  a  fluid,  we  should  be  able 
to  precipitate  these  and  measure  the  precipitate.  If,  as 
is  the  case  in  ana?mia,  the  corpuscles  are  few,  our  sedi- 
ment should  be  less  than  in  the  normal.  The  task,  then, 
is  to  throw  these  corpuscles  down.  This  is  done  by  the 
use  of  the  centrifuge.  This  machine  was  employed  at 
first  to  obtain  serum,  and  its  use  for  the  latter  purpose 
suggested  its  application  as  a  corpuscle  enumerator. 

Principle. — When  blood  is  placed  in  the  tube  of  a  cen- 
trifuire  and  tlie  apparatus  rotated,  the  corpuscles  collect 
as  a  red  mass  at  the  distal  end  of  the  tube  and  the  serum 
as  a  colorless,  semitransparent  liquid  at  the  pro.ximal  end. 

By  taking  a  fixed  quantity  of  blood  and  subjecting  it 
to  a'fixed  number  of  revolutions  for  a  fixed  time,  and  by 
notins  and  marking  the  height  of  the  colunm  of  cor- 
puscles in  the  tube  filled  with  blood  from  healthy  indi- 
viduals, a  normal  standard  is  determined.  Deviations 
from  this  standard  may  be  taken  to  indicate  an  increase 
or  a  decrease  in  the  number  of  red  cells. 

By  counting  the  blood  corpuscles  with  the  Thoma  and 
Zeiss  instrument  at  the  same  time  that  the  blood  is  sub- 
jected to  the  centrifuire,  markings  to  express  this  count 
may  be  made  upon  the  glass  tube  containing  the  colunm 
of  corpuscles. 

The  instrument  for  this  method  of  counting  is  known 
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as  the  haematocrit  (al/ia,  blood  :  Kpirr/c,  a  separator  or  dis- 
cerner).  blood  separator.  Hediu's  instruraent  was  among 
the  first  devised  for  this  purpose  (Fig.  562). 

In  using  this  instrument  the  blood  is  sucked  into  a 
capillary  tube  togetlier  with  a  2. .5  per  cent,  bichromate 
of  potash  solution  or  Muller's  *  fluid,  to  prevent  clotting, 


ber  of  revolutions  which  they  make,  and  each  instrument 
should  be  tested  to  ascertain  how  many  times  it  is  neces- 
sary to  turn  the  large  handle  in  order  to  tln-ow  down  the 
corpuscles  so  conii.iletely  t/iat  no  further  reroleirtg  influ- 
ences them.  It  is  therefore  impossible  to  give  any  general 
rule  for  the  number  of  revolutions  necessar}-  beyond  say- 
ing that  about  four  thousand  revolutions  of  "the  cross 
bar  to  the  minute  should  be  the  basis  u])on  which  to  cal- 
culate. B_v  noting  the  number  of  revolutions  made  by 
the  cross  bar  to  every  single  revolution  of  the  handle  this 
calculation  can  be  readily  made  for  each  machine.  The 
test,  however,  as  stated  above,  is  the  complete  precipita- 
tion of  the  corpuscles.  The  capillary  tube  is  then  re- 
moved and  the  column  of  corpuscles  noted,  the  count 
being  according  to  the  figures  2,  3.  4.  5,  6,  etc..  in  mil- 
lions op]3osite  which  the  top  of  the  column  is  found  to 
be.     (See  Fig.  564.) 

Dr.  J.  Metcalfe  Polk,  working  in  the  clinical  laboratory 
at  the  Cornell  University  Jledical  School,  has  at  my  sug- 
gestion carried  out  systematic  observations  upon  the 
lia?matocrit.  comparing  it  with  the   Thoma  and  Zeiss 


Fig.  564.— Daland's  Haematocrit.  1,  The  centrifuge  with  cross  piece  con- 
taining capillary  graduated  tubes  in  place ;  2,  capillary  graduated  tube 
(magnifled)  containing  blood.    (From  Simon's  "Clinical  Diagnosis.") 


and  the  tube  placed  in  the  limb  of  the  centrifuge.  The 
wheel  is  then  revolved  for  a  fixed  time  at  a  fi.\ed  number 
of  revolutions  (fifty  to  seventy  seconds  with  the  instru- 
ment here  represented),  when  the  red  corpuscles  will  be 
found  arranged  as  a  sediment  at  the  distal  extremity  of  the 
tube,  with  a  layer  of  white  cells  next,  and  above  the 
white  cells,  again,  the  diluting  fluid  and  serum.  This 
instrument  has  been  simplified  very  much  by  Judson 
Dalaud  working  in  von  .laksch's  clinic  (Fig.  064).  By 
comparing  the  cuts  (Figs.  562.  563)  it  will  "lie  observed 
how  much  simpler  tlie  latter  is,  the  principle  in  both, 
however,  being  the  same. 

An  instrument  (as  shown  in  Fig.  565)  is  now  upon 
the  market  for  the  attachment  of  tubes  for  testing  blood, 
urine,  or  milk.  In  using  the  Daland  instrument  no  pres- 
ervation fluid  (bichromate  of  potash  or  Muller's  fluid)  is 
employed,  a  questionable  omission. 

The  instrument  is  operated  as  follows:  A  large  punc- 
ture is  made  in  the  lobe  of  the  ear  in  the  usual  Wiiy.  A 
rubber  tube  is  attached  to  the  capillary  tube  and  "blood 
sucked  up,  more  than  is  required  to  fill  the  tube.  The  in- 
dex finger  (with  a  little  vaseline  to  prevent  blood  from 
adhering  to  it)  is  placed  on  the  far  end  of  the  capillary 
tube  to  lire  vent  tlie  blood  from  escaping,  and  the  rubber 
tube  removed.  Tlie  excess  of  blood  is  wiped  away  from 
the  end  to  wliich  the  rubber  tubing  was  attached!  The 
capillary  tube  is  now  placed  in  one  arm  of  the  machine 
and  an  empty  tube  to  balance  placed  in  the  opposite  arm ; 
then  the  handle  of  the  instrument  is  revolved  for  two 
or  three  minutes.     These  instruments  differ  in  the  num- 


*  Miiller's  fluid  :  Potassium  bichromate,  2..5 ; 
distilled  water.  100. 


sodium  sulphate,  1.0 ; 


Fig.  563.— Daland's  Hsematocrit.    With  attachment  for  urine  tubes 
as  well  as  bliKid  tubes. 

blood-counting  apparatus.  The  instrument  upon  which 
these  observations  were  made  is  that  shown  in  Fig.  565. 
The  following  are  his  findings : 


1 

2 

3 

4 

5 

Case. 

Time. 

Revolu- 
tion of 
Beam. 

Reading 

of 
Haemato- 
crit. 

Thoma- 
Zeiss 
Count. 

Remarks. 

I... 

1st  min. 
2d     " 

2,581 
2.900 

7.000.000 

3.a56,000 

m 

1  min. 
30  sec. 

5,073 
1.450 

5,200,000 

1  min. 
1      •• 

4,.500 
4.200 

5,100,000 
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1 

•2 

3 

4 

5 

Case. 

Time. 

Revolu- 
tion of 
Beam. 

Reading 

of 

Ha?mato- 

crit. 

Thoma- 
Zeiss 
Count. 

Remarks. 

II... 

1st  mln. 
3d     " 

3,480 
3,900 

3,700,000 

4,213,000 

1st  min. 
2d     " 

4,350 
3.900 

3,900,000 

Spot  of  corpuscles  in 
serum  at  75. 

III... 

1st  min. 
35  see. 

4,190 
1,500 

4,900,000 

4,748,000 

1st  min. 
2d    " 

3,580 
2,900 

4,950,000 

Two  speclis  of  cor- 
puscles In  senim : 
edge  at  reading 
point  ragged. 

IV... 

1st  min. 
2d    " 

4,300 
4.300 

4,500,000 

4,960,000 

1st  min. 
2d  " 

3,770 
3,625 

4,700,000 

Corpu.scles  not  all 
thrown  down.  Two 
spots  in  serum. 

V... 

1st  min. 
2d    " 
3d     " 

3,200 
3,480 
3,200 

5,300.000 

4,853,000 

1st  min. 
2d     " 
3d     •• 
4th    " 

3,770 
3,770 
3,770 
3,770 

5,300,000 

1st  mln. 
io  sec. 

5.075 
l,4a5 

5,500,000 

VI... 

Ut  min. 

2a    •' 

4,3.50 
3,770 

4,100,000 

4,068,000 

1st  min. 
2d     '■ 

4.060 
3,770 

4,200,000 

Spot  of  corpuscles 
from  43  to  45. 

VII... 

1st  min. 
2d     " 

4,l)tiO 
4,060 

3,650,000 

3,976,000 

Spot  of  corpuscles  44 
to  46. 

1st  mln. 
2d     " 

4,060 
3,770 

3,.500,000 

VIll... 

1st  mln. 
3d     •• 

4,060 
4,060 

3,11)0,000 

2,564,0(XI 

1st  min. 
2d     •• 

3.770 
3,900 

3,400,000 

From  31  to  34,  cor- 
puscles thin,  hut 
column  read  at  34. 

IX... 

1st  mln. 
2d     " 

4,060 
3,900 

3,000,000 

2,900,000 

1st  min. 
2d     " 

3,900 
3,770 

3,200.000 

X... 

1st  min. 
2d    '• 

4,060 
3,800 

6,000,000 

4,928,000 

Spot  of  corpuscles 
from  62  to  6:3. 

1st  min. 
2d     •■ 

4,100 
3,625 

5,200,000 

XI... 

1st  min. 
3d     " 

4,060 
4,060 

4,450,000 

4,504,000 

Corpuscles  thin  from 
43  to  uy,. 

1st  min. 
2d    " 

4,a50 
4,090 

4,200,000 

Corpuscles  thin  from 
41  to  42. 

XII... 

1st  min. 
2d    '• 

4,046 
4,046 

4,600,000 

5,088,000 

1st  min. 
2d     " 

3,800 
3,770 

4,800,000 

Corpuscles  thin  from 
46  to  48. 

XIII... 

1st  min. 
2d    '• 

3,625 
3,480 

3,600,000 

4,634,000 

Case  of  marked  Jaun- 
d  i  ce .  Several 
counts  made  by 
different  people, 
about  same  results. 

1st  min. 
2d     •' 

4,060 
4,150 

4,080 
3,960 

3.700,000 

4,350,000 

XIV... 

1st  min. 
2d     '• 

4,900,000 

4.968.000 

1st  min. 
3d     •■ 

4.060 
4,060 

4,600,000 

XV... 

1st  min. 
2d    '■ 

4,060 
3,950 

4,200,000 

4,930,000 

1st  min. 
2d     " 

4,060 
.3,900 

4,700,000 

1 

2 

3 

4 

5 

Case. 

Time. 

Revolu- 
tion of 
Beam. 

Reading 

of 

Hiemato- 

crit. 

Thoma- 
Zeiss 
Count. 

Remarks. 

XVI... 

1st  min. 
2d     " 

4,060 
4,060 

4,100,000 

4,473,000 

1st  min. 
3d     ■• 

4.060 
4,060 

3,70(1,0ai 

XVII... 

1st  min. 

4,060 
4,090 

3,800,000 

2,570,000 

Per  self. 

1st  min. 
3d     •' 

4,060 
3,770 

2,800,000 

2,&50,000 

Per  Dr.  Brown. 

XVIII... 

1st  min. 
3d     '■ 

4,070 
3,900 

1,800,000 

3,300,000 

Per  self. 

1st  min. 
3d     •• 

4,060 
3,770 

3,000,000 

2,350,000 

Per  Dr.  Brown. 

XIX... 

1st  min. 
3d     •• 

4,060 
4,060 

4,4(M,«I0 

4,900,000 

1st  min. 
2d     " 

4.060 
4.060 

4,iai,ooo 

XX... 

1st  min. 
3d     '■ 

4,060 
4,060 

5,000,000 

4,864,000 

Per  Er.  S<'0tt. 

1st  min. 
3d     ■• 

4,060 
4.060 

5.200,000 

4,656,000 

Per  self. 

From  the  above  tests  Dr.  Polk  draws  the  following 
conclusions:  In  revolving- handle  of  ha'inatocrit  the  num- 
ber of  revolutions  per  minute  was  counted  b.y  the  watch. 
There  was  no  stop  between  the  first  and  second  minutes 
as  indicated  under  the  time  column.  The  numljcr  of 
revolutions  above  a  certain  number,  sa.v.3,900,  means  very 
little,  as  it  is  impossible  to  maintain  a  uniform  numlier  per 
five  seconds  throughout  the  minute  and  a  half  or  two 
minutes,  as  the  case  may  be.  If  at  any  time  the  handle 
is  turned  with  extra  violence  for  ten  or  twenty  seconds 
in  one  specimen  and  not  .so  in  the  second,  althouuli  (he 
number  of  revolutions  will  be  the  same  per  two  minutes, 
the  reading  of  the  lii'st  specimen  will  lie  from  4'  to  8° 
lower  than  that  of  the  second.  By  looking  over  and  com- 
paring columns  3  and  4,  the  aliove  point  will  be  evident. 
Time  in  taking  a  blood  count  with  the  hematocrit,  from 
puncture  of  the  finger  to  the  reading,  was  on  an  average 
two  minutes  and  forty-flve  seconds,  or  in  round  numliers, 
under  three  minutes;  two  minutes  being  allowed  for  turn- 
ing the  instrument.  Time  of  a  Thoma-Zeiss  enumer- 
ation was  over  twenty-five  minutes. 

Time  from  taking  the  drop  of  blood  to  getting  it  into 
ha?matocrit  and  starting  the  same  was  never  over  fif- 
teen seconds.  The  patient  was  close  to  the  instrument. 
The  ha^matocrit  made  so  much  noise  that  it  could  not  be 
used  in  tlie  wards. 

Our  conclusion  as  to  the  value  of  the  lia-niatocrit  con- 
curs witli  that  of  von  Jaksch  and  Bleitreu,  namely,  that 
the  instrument  is  extremely  useful  for  routine  blood 
work,  lint  that  in  accuracy  it  does  not  equal  the  Tlioma- 
Zeiss  apiiaratns. 

Our  rule  is  to  emplo_v  the  hoematocrit  in  routine  ex- 
amination, and.  should  a  case  present  grave  ansemia,  to 
verify  the  count  with  the  Thoma-Zeiss  apparatus. 

3.  Encmer-^tion  of  Blood  Corpuscles  bt  the 
Optical  JlETiion. — The  thii-d  method  bj'  which  the  enu- 
meration of  the  corpuscles  is  made  may  be  termed  the 
optical  method. 

The  iustruments  used  for  this  purpose  depend  for  their 
principle  upon  a  change  in  color  or  opacity  of  the  blood 
according  to  its  numerical  value  in  corpuscles. 

The  globulimeter  of  JIantegazza*  is  the  earliest  of  these 
instruments.  The  instrument  consists  of  a  receiver  of 
glass  with  parallel  walls.  Into  this  receiver  the  blood  is 
placed,  afler  being  dihited  with  ninety-six  times  its  vol- 
ume of  a  solution  of  sodium  carlionate.  A  lighted  caudle 
is  placed  on  the  other  side  of  the  receiver,  and  the  flame 

,  1878 ;  New  York  Med.  Record,  Octo- 


*  Berliner  klin.  Woch.,  April : 
ber  5,  1878. 
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observed  tliroiifflj  the  diluted  blood.  Blue  glasses,  one 
after  another,  are  plaeed  between  tiie  observer  and  the 
blood  until  the  flame  can  no  longer  be  detected.    Each 


"^ 


c:: 


Fifi.  56*).— (Oliver's  H^niocyiometer.  1.  capillary  tutx';  2,  graduat+-d  llattened  receiver:  3,  dropper:  4, 
candle  and  .stand  :  5.  Bottle  for  Hayem's  solution ;  ti,  bottles  in  wbich  to  place  blood  and  solution  for 
subsequent  examination. 


blue  glass  represents  12.5.000  red  cells.  From  one  to 
thirty  glasses  may  be  added,  vlieu  by  referring  to  the 
table  the  number  of  corpuscles  will  be  ascertained. 

Knowing,  as  we  now  (lo.  that  the  amount  of  ha'inoglobin 
may  be  far  below  the  number  of  red  cells,  this  instrument 
seeius  to  be  based  njion  a  false  principle.  The  opacity 
and  color  of  the  blood  are  separate  conditions,  and  bear 
no  constant  relation  to  the  number  of  the  corpuscles. 

Dr.  George  Oliver,  of  London,  devised  an  instrument 
which  he  used  in  the  preparation  of  his  Croonian  Lec- 
tures "On  the  Study  of  the  Blood  and  Circulation,"  pub- 
lished in  Tie  Lmu;  t.  June  20,  1S96.  This  instrument  de- 
licnds  for  its  pi'inciple  upcm  the  opacity  of  the  blood,  and 
has  nothing  to  do  with  tlie  color  or  tints,  so  that  the  term 
tintometer,  which  has  been  apjilied  to  it,  is  a  wrong  one. 
The  Iiiemocytoineter  of  Oliver  (Fig.  566)  consists  of  the 
following  parts:  (1)  A  capillary  tube,  capacity  10  c.mm. 
(3)  A  glass  receiver  whose  sides  are  flattened  so  that  it 
measures  less  frcim  before  backward  than  from  side  to  side. 
The  tube  is  about  four  inches  in  length,  one  inch  in  breadth. 
and  about  one-fourth  of  an  inch  frmn  before  backward. 
(3)  A  dropper.  (4)  A  small  c:indle,  the  size  of  a  Christ  mas- 
treecandle.    (o)  Hayem's  solution  (forformula,  see  p.  40). 

The  principle  of  the  instrument  is  that  in  an  opacpie 
fluid  (like  blood),  contained  in  a  flattened  glass  receiver 
with  vertical  striations,  to  which  is  gradually  added  a 
less  opaque  fluid  (like  Hayem's  solution),  there  develops, 
when  such  a  receiver  is  placed  between  a  candle  flame 
and  the  eye,  a  point  in  the  process  of  adding  the  less 
opaque  fluid  to  the  more  opaque  fluid  at  which  the  candle 
flame  may  be  seen  as  a  continuous  bright  line  of  light, 
which,  before  this  point  in  dilution  is  reached,  is  not 
visible,  and  which  after  this  point  is  passed  no  longer 
appears  continuous,  but  as  sepai'ate  images  of  the  candle 
flame.  Moreover,  the  bright  line  of  light  consists  of 
myriads  of  reflections  of  the  candle  flame  produced  by 
the  vertical  striations  ri]ion  the  glass  receiver,  which  re- 
flections cannot  be  a|>preciated  by  the  eve  of  the  ob- 
server until  the  ojiacity  tjf  the  blood  has  been  overcome 
by  the  addition  of  the  less  opaque  solution.  The  point 
at  which  this  line  appears  is  constant  for  normal  blood, 
from  which  constancy  a  unit  may  be  established  to  meas- 
ure blood  rich  or  poor  in  corptiscles. 

The  instrument  is  used  as  follows :  The  skin  is  punc- 
tured in  the  usual  way  and  the  capillary  tube  applied  to 
the  drop  as  in  using  the  von  Fleischl  haemoglobinometer 


(see  Fig.  .578),  the  blood  entering  until  the  tube  is  entirely 
filled.  There  should,  of  course,  be  no  air  spaces  in  the 
column  of  blood.  Excess  of  blood  is  wiped  from  off 
the  sides  of  the  tube,  care 
being  taken  not  to  soak  out 
the  blood  from  the  tube. 
This  nitiy  be  avoided  either 
by  not  allowing  the  linen 
used  to  wipe  awaj'  the  ex- 
cess of  blood  to  touch  the  ori- 
fice of  the  ttibe.  or  by  hold- 
ing the  finger  over  the  upper 
end  of  the  tube  whili'  wiping 
away  the  excess.  The  drop- 
per is  now  filled  with  Hay- 
em's solution  and  the  capil- 
lary emptied  by  allowing  the 
solution  to  squirt  tlu'ough  the 
tul>e,  as  shown  in  Fig.  .567. 
This  can  be  done  by  insert- 
ing the  pointed  end  of  the 
capillary  tube  into  the  mouth 
of  the  receiver  and  holding 
the  dropper  close  to  the 
blunt  end  of  the  capillary, 
then  giving  a  (juick  pinch  to 
the  rubber  end  of  the  drop- 
per. This  sends  a  strong 
stream  through  the  capillary 
and  empties  it  almost  en- 
tirel}'.  Repeating  the  process 
will  certainly  clean  the  cap- 
illary of  blood.  It  is  not  necessary  to  attach  the  drop- 
per by  a  rubber  connection,  as  shown  in  C)liver's  illus- 
tration. This  is  ditflcult  and  takes  time,  and  allows  the 
blood  to  clot  in  the  capillary.  AVc  may  now  either 
proceed  at  once  to  the  estimation,  or  the  mixture  thus 
made  may  be  put  into  a  small  bottle  and  estimated  at  any 
time  within  twelve  hours.  Thus  several  such  mixtures 
may  be  made  in  the  course  of  the  morning's  round  and 
placed  in  bottles  properly  labelled,  tlie  estimation  being 


Fig.  567.— Oliver's  Haemocytometer.  Washing  blood  with  Hayem's 
solutioD  from  capillary  tut>e,  by  means  of  dropper,  into  flattened 
graduated  receiver. 

made  when  the  physician  returns  to  his  office.  Or  the 
specimens  may  be  sent  by  mail,  if  the  distance  be  not 
such  as  to  recjuire  more  than  twelve  hours  in  transpor- 
tation. These  are  distinct  advantages  over  the  Thoma- 
Zeiss  instrument. 
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If  a  candle  flame  ten  feetaway  be  viewed  in  a  perfectly 
dark  room  through  the  receiver  held  as  shown  in  Fig.  568, 
the  receiver  containing  blood  and  Haycm's  solution  up  to 
the  lU  mark,  for  example,  owing  to  the  opacity  of  the  mix- 
ture the  flame  will  appear  as  a  faint  diffuse  light.  If  now 
we  add  little  by  little  the  Hayem's  solution,  as  the  opacity 
becomes  less  tlie  flame  will  become  clearer,  and  will  be 
caught  by  the  vertical  striations  on  the  receiver,  which 
act  as  minute  mirrors  to  reflect  the  flame  as  a  continuous 
line  of  light.  When  the  mixture  has  reached  that  degree 
of  opacity  which  allows  nf  this  plienomenon  we  read  off 
the  upper  limit  of  the  fluid  in  the  receiver:  100  on  the  scale 
represents  .5,000,000;  80,  4,000,000; 
'.e. ,  20  on  the  scale  indicates  1,000,000 
corpuscles. 

Bv  moving  the  receiver  slightly 
from  side  to  siile  and  from  before 
backward,  the  line  may  be  detected 
at  the  sides  a  little  before  it  extends 
across  the  receiver,  a  signal  to  the 
observer  to  add  the  sohition  cau- 
tiously drop  by  drop.  Before  the 
fluid  has  reached  the  lieight  at  which 
.the  line  appears  continuous  the  line 
is  noticed  to  be  blurred.     As  we  add 


1.  Hammerschlag's  methotl 
3.  Roy's 


Based  upon  the 
supposition  that 
the  amount  of 
haemoglobin  va- 
ries with  the  spe- 
cific gravity. 


Fig.  ofi8.~  Oliver's  HiFinoeytometer.  Wiiti'liint'  fur  tliat  ilesree  of  i.p 
transverse  britrlit  line  aeros.s  flaitpned  rnoeiwr.  1.  Unlilinc-  tlattenet 
forednger  of  left  hand,  while  addinL'  Hayenrs  SMiuti.m  from  dioin 
em's  solution  ;  :3,  candle  ten  feet  away  fruui  observer  and  on  a  level 


more  fluid  than  is  necessary  to  produce  the  continuous 
line,  the  line  ceases  to  be  a  continuous  one  and  becomes 
a  series  of  minute  but  separate  images  of  the  candle 
flame.  The  point,  therefore,  at  wiiich  the  reading 
should  be  made  is  after  the  line  cetiscs  to  be  blurred  and 
before  separate  imarjcs  of  the  flame  can  he  olmrred.  The 
candle  should  be  at  least  ten  feet  away  and  should  be  not 
larger  than  the  oriliiiary  Christmas-tree  caudle.  The 
receiver  slicmld  be  held  iii  the  right  hand  and  the  thumb 
pressed  well  into  the  side  of  the  no.se  so  as  to  shut  off 
all  diffused  light,  as  shown  in  Fig.  568. 

III.    II.EMOGLOBIX   EsTIM.VTIOS. 

Apparafii.t  and  Terlinique. — The  task  of  estimating  the 
amount  of  ha'inogloljin  has  long  bei'u  an  iinsatisfactory 
one,  because  all  methods,  excepting  only  the  specific- 
gravity  method,  depend  upon  tlir  compaiisdii  i]f  colors,  a 
subject  upon  which  nearly  all  individuals  dift'er,  and  upon 
the  degree  of  opacity,  which  is  supposed  to  vary  with  the 
amountoflutmoglobin,  a  supposition  liy  no  means  proven. 
The  instruments  group  themselvesinto  three  classes, 
as  follows: 

Based  upon  the 
supposition  that 
the  amount  of 
hjemoglobin  va- 
ries with  the  de- 
gree of  opacity. 
'  Based  upon  the 
supposition  that 
the  amount  of 
haemoglobin  va- 
ries with  the  in- 
tensity of  color. 


1.  Bizzozero's  chromocytometer  ) 

2.  Henoque's  hiEmatoscope f 


Gowers'  ha?moglobinometer 
Von  Fleischl's  " 

Von  Fleischl's 

and  Meischer's      " 
Taylor's  " 

Olivers  tintometer  " 


1.  Op.\city  jMethods.  —  The  Chromocytometer  of  Biz- 
zozero^'  depends  for  its  princijile  upon  the  supposition 
that  the  opacity  of  the  blood  varies  with  the  amount  of 
hivmoglciliin.  , 

The  instrument  may  also  be  used  to  estimate  the  num- 
ber of  red  cells,  but  its  value  for  this  purpose  is  doubtful, 
for  it  is  based  in  this  application,  as  is  Mantegazza's  in- 
strument, upon  the  false  supposition  that  theopacity  of 
the  blood  varies  with  the  number  of  cells  contained. 

^Yhen  using  it  as  a  cytometer,  instead  of  adding  colored 
glasses  as  in  JIantegazza's  instrument  (see  p.  49),  Bizzo- 
zero  introduces  more  and  more  blood  until  the  opai-ity  of 
the  blocid  gives  rise  to  partial  obsruringof  a  candle  flame. 
The  thickness  of  the  layer  of  blood  producing  this  con- 
dition is  then  measured  by  comparison  with  standard 
observations,  and  the  aiuount  of  hemoglobin  estimated 
accordingly. 

The  chromocytometer  of  Bizzozero  is  an  instrument  in- 
tended primarily  for 
the  estimation  of  lia?- 
moglobin.  The  name 
is  misleading.  The 
instrument  is  so 
called  because  the 
amount  of  ha^mo- 
globin  is  ascertained 
by  two  methods:  (1) 
By  observing  the  de- 
gree of  opacity  pro- 
duced by  the  luvmo- 
globiu  vnrcmorcd 
from  the  corpuscle, 
and  therefore  the  ac- 
tual corp  uscular 
value  of  hamoglobin 
— in  which  applica- 
tion it  is  called  a  ri/tometer  (xiT-of ,  a  cell ;  fjhpov,  a  measure). 
It  does  not  number  the  corpuscles,  as  at  first  the  name 
seems  to  imply.  (2)  By  observing  the  color  produced  by 
the  hiT?moglobin  removed  (dissolved)  from  the  corpuscle 
and  comparing  this  color  with  a  standard  colored  glass — 
in  which  application  it  is  called  a  chromometer  (xP"!'a, 
a  color;  jiirpov,  a  measure).  Its  application  as  a  h»mo- 
cytometer  is  a  wrong  one,  as  already  stated. 

As  a  Ci/to meter  {term  understood  as  above  described). — 
Principle :  If  a  fixed  quantity  of  blood  be  mixed  with 


aoity  at  which  candle  flame  will  be  seen  as 
1  rccHiver  close  to  eye.  between  thumb  and 
ler  with  riL'ht  hand;  2,  bottle  holding  Hay- 
with  observer's  eye. 


Fic.  569.— Diagram  Showing  Construction  of  Bizzozero's  Chromocy- 
tometer. ;-.  Well  connecting  with  i',  chaml>er  formed  by  v\  which 
screws  into  v;  z  and  z\  glass  windows. 


a  fixed  quantity  of  preserving  fluid  (saline  solution),  and 
the  mixture  placed  in  a  receiver,  and  a  candle  flame 
viewed  through  the  mixture  in  a  dark  room,  then,  accord- 
ing to  the  amount  of  ha;moglobin  and  the  amount  of  the 
mixture  used,  the  flame  of  the  candle  will  either  be  seen 
or  will  not  be  seen.     By  observing  the  amount  of  this 


*  AMI  delta  regia  Accad.  d.  Sc.  di  Torino,  xiv.,  1879. 
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Fig.  570.— Blzzozero's  Chromo- 
cytometer.  Less  diagrammat- 
ic than  Fli^^.  .569,  sbi 'Winir  side 
view.  Tlie  outer  screw  unat- 
tached. Lettering  same  as  in 
Fig.  569.  /».  Handle.  (From 
von  Jaljsch's  "Clinical  Diag- 
nosis.") 


mixture  necessary,  in  uornial  cases,  partially  to  obscure 
the  caudle,  and  calling  this  10(1.  we  can,  as  more  or  less  of 
such  a  mixture  is  required  in  diseased  cases,  ascertain 
the  decrease  or  increase  in  the  amount  of  hemoglobin. 

The  instrument  consists  of  a  well  which  connects  with 
a  chamber  closed  at  both  ends  with  colorless  glass.     The 

chamber  con- 
sists of  two 
pieces  of  met- 
al, one  screw- 
ing into  the 
other.  These 
are  liollowed 
out  so  as  to 
f  o  r  lu  the 
chamber  with- 
in (Fig.  569). 
B  y  screwing 
or  unscrewing 
one  of  these 
pieces  the  di- 
mensions of 
the  chamber 
may  be  de- 
creased or  in- 
creased. It 
will  be  seen 
that  if  diluted 
b  1  o  o  d  b  e 
placed  in  the  well  which  connects  with  this  chamber,  the 
blood  will  flow  into  the  chamber  through  this  connection. 
But  only  just  so  much  blood  will  liow  into  the  chamber 
as  is  allowed  by  unscrewing  the  outer  screw.  When  the 
outer  portion  of  the  instrument  is  screwed  home  ( Fig.  571 ) 
no  fluid  at  all  enters  the  space  between  the  screws — in 
other  words,  the  chamber  is  then  obliterated.  Now  by 
unscrewing  or  screwing  the  piece  of  metal  which  fits 
into  the  other  piece  and  which,  together  with  its  fel- 
low, forms  the  chamber,  we  cau  increase  or  decrease  the 
amoimt  of  fluid  in  the  space  between  the  screws. 

(1)  Suppose  now  the  two  pieces  of  metal  to  be  com- 
pletely screwed  together,  so  that  no  space  exists  between 
them,  the  scale  then  stands  at 
0.  (3)  "We  fill  the  well  (Fiir.s. 
569-571,  r)  with  50  ]iarts"of 
normal  saline  solution  to  1 
part  of  blood ;  or,  to  be  more 
accurate,  by  means  of  a  pi- 
pette we  mix  10  c.mm.  of 
blood  with  0.5  c.c.  saline  so- 
lution (0.75  gm.  of  NaCl  in 
100  c.c.  water),  which  ]ire- 
serves  the  corptiscles.  (3)  A 
caudle  is  placed  in  a  dark  room 
about  four  feet  away  from  the 
observer.  (4)  The  instrument 
is  held  by  the  left  hand  and 
close  to  the  right  eye.  opposite 
the  candle.  (5)  The  two  ends 
of  the  chamber,  it  will  be  re- 
membered, have  glass  win- 
dows, so  that  the  candle  flame 
will  be  clearly  seen.  (6)  With 
the  right  hand  the  pieces  of 
the  metal  are  slowly  imscrew- 
ed,  which  allows  the  blood  to 
flow  from  the  well  into  the 
chamber.    (7)  As  we  introduce 

more  and  more  fluid  into  the  chamber,  however,  a  de- 
gree of  opacitj'  must  be  reached  at  which  the  candle  flame 
will  be  almost  or  wholly  obscured.  This  is  just  what  oc- 
curs. By  observing  the  degree  of  unscrewing,  so  to 
speak,  necessary  to  produce  this  opacit}-  for  normal 
blood,  we  obtain  a  unit  with  which  diseased  blood  may 
be  compared.  By  means  of  the  tal)lc  given  lielow  the 
amount  of  htemoglobin  may  then  be  ascertained. 

AVhen  the  space  between  the  glass  windows  is  obliter- 
ated by  screwing  the  outer  portion  home,  the  index  on 


Fig.  571.— Bizzozero's  Chro- 
mocytumeter.  Screws  com- 
pletely screwed  together,  ob- 
literating chamber.  Well 
\iewed  from  above.  In  this 
position  one  looks  into  the 
well.  The  round  ring  rep- 
resents the  connection  be- 
tween well  and  chamber. 
(From  von  Jaksch's  "  Clini- 
cal Diagnosis.") 


the  scale  stands  at  0.  One  complete  rotation  of  the 
screw  produces  a  space  in  the  instrument  measuring  0.5 
mm.  This  is  therefore  the  thickness  of  the  contained 
solution  of  l)lood.  One  complete  turn,  however,  renders 
the  candle  flame  decidedl}"  less  visible.  This  comi)lete 
rotation  is  therefore  subdivided  on  the  scale  into  0.02 
mm.,  25  such  subdivisions  (0.02  X  25  =  0.5)  constituting 
one  complete  revolution,  and  50  such  subdivisions  (0.02  x 
,50  =  1.0)  constituting  1.0  on  the  scale.  From  a  number 
of  observations  (as  stated  by  von  Jaksch)  upon  the  blood 
of  healthy  individuals,  the  outlines  of  the  candle  flame 
are  distinctly  seen  through  a  layer  of  blood  \^  mm. 
thick  =  1.0. 

This,  then,  is  the  unit :  increase  of  this  number  means 
decrease  in  amount  of  haemoglobin.  For  if  we  must  in- 
crease the  thickness  of  the  stratum  of  blood  in  order  to 
obscure  the  candle  flame,  it  indicates  that  the  fluid  is  poor 
in  coloring  matter,  and  that  an  excess  is  required  to 
produce  dimness  of  the  candle  flame. 


cale. 

Hemoglobin. 

Scale. 

Ha?moglobin 

110 

represents 

100.0 

170 

represents       64.7 

t•^> 

91.6 

180 

61.1 

VM 

84.6 

190 

57.9 

1411 

78.5 

axi 

55.0 

^-yH 

73..3 

210 

53.4 

M> 

6*.7 

220 

50.0 

Fig.  .572.— Bizzozero's  Chromocy- 
tometer.  Frame  holding  tinted 
glass.  This  is  placed  by  the  side 
of  the  screw  of  the  main  appa- 
ratus. /.  Tinted  glass ;  I,  frame ; 
a.st,  rod  which  pas.ses  through 
hole  )/  in  handle  m  of  Fig.  .570. 


If  one  has  not  this  table  at  hand  the  reading  can 
be  readil_v  interpreted  by  remembering  that  110  =;  100. 
Suppose,  for  example,  the  reading  to  be  160  on  the  scale; 
then: 

100: 110::  160:? 

100X110 -=-160  =  68.7 

As  a  Chromometer  (term  understood  as  above  de- 
scribed).— In  addition  to  the  parts  of  the  instrument  as 
already  enumerated,  there  is  a  colored  glass  (see  Fig. 
572).  This  is  introduced  on  one  side  <:)f  the  instrument 
so  that  the  colored  glass 
and  the  glass  windows 
of  the  instrument  are  side 
hy  side,  as  would  be  the 
case  with  a  pair  of  opera 
glasses  if  one  side  were  to 
consist  of  only  the  eyepiece, 
and  that  with  a  colored 
glass  in  it.  In  this  use  of 
the  instrument,  moreover, 
the  ha?moglobin  is  dissolved 
nut  with  water  in  prepar- 
ing the  blood  for  observa- 
tion. 

Principle :   If  a  glass  col- 
ored to  correspond  with  a 

definite  solution  of  hfemoglobin  be  iilaeed  before  a  bright 
light  (the  sky)  and  beside  a  solution  of  hieinoglobin  to  be 
tested,  the  color  of  the  tinted  glass  and  that  of  the  solu- 
tion of  haemoglobin  will  be  found  to  differ.  If,  however, 
more  or  less  of  the  solution  be  added,  a  jioint  will  he 
reached  at  which  these  colors  correspond.  I3y  noting  the 
amount  of  solution  required  to  make  these  colors  exactly 
correspond  a  scale  maj-  be  made  by  which  the  amount 
of  hKinoglobiu  may  be  estimated. 

Given  a  tinted  glass  which  corresponds  in  color  with  a 
known  solution  of  hiemoglobin.  Given  a  loiown  quan- 
tity of  blood  (10  c.mm.)  with  a  known  quantity  of  water 
(0.5  c.c).  If  the  blood  to  be  tested  contains  much  color- 
ing matter  (haemoglobin),  it  will  be  necessary  to  add  but 
little  of  the  solution  in  order  to  make  the  colors  cor- 
respond :  if  it  contains  little  coloring  matter,  much  will 
be  required  to  make  these  colors  correspond.  These 
quantities  are  noted  and  compared  with  a  scale,  each 
quantity  of  fluid  corresponding  with  a  percentage  of 
haMnogiobin. 

By  referring  to  Figs.  570  and  571.  the  working  of  the 
apparatus  will  be  readily  imderstood. 

The  colored  glass  is  not  of  the  same  intensity  of  color 
in  every  instrument,  so  that  the  glass  must  be  tested  for 
each  instrument. 
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The  test  is  performed  in  the  following  way :  Normal 
blood  is  tested,  and  is  foimd  to  be,  by  the  cytometer 
method.  110.  and  liy  the  ehromometer.  say  130.    One  hun- 
dred and  ten  of  the  cytometer  equals  100  haemo- 
globin.   For  this  glass,  then,  130  also  equals  ItlO. 

As  in  the  case  of  the  cytometer  method,  we 
constrtiet  a  table  from  these  relations.     Suppose 
the  reading  with  the  cliromometer  to  be  190. 
100  : 130  : : 190  :  ? 
100  X  130  ^  190  =  68.4. 

After  a  brief  experience  in  using  this  instru- 
ment the  author  is  inclined  to  commend  it. 

Ueiioctpie's Hmmatusajpe. — This  instrimient  also 
depends  for  its  piinciple  upon  the  supposition 
that  the  amcnuit  of  hcemoglobin  varies  with  the 
degree  of  opacity  of  the  blood.  In  this  instru- 
ment, in  addition  to  the  degree  of  opacity,  the 
quantity  of  oxyhtemoglobiu  is  ascertained  by 
means  of  the  spectroscope.  This  latter  method 
places  the  iustriunent  among  the  apparatus  of 
an  elaborately  equipped  laborator}-  and  dimin- 
ishes its  value  for  bedside  work.  Moreover,  as 
von  Jakscli  states,  there  is  a  "  difference  of  opin- 
ion as  to  when  precisely  the  spectrum  is  formed," 
making  the  conclusion  drawn  from  the  use  of  the  in- 
strument "always  somewhat  arbitrary." 

The  instrument  consists  of  two  plates  of  glass,  one 
placed  above  the  other  so  as  to  enclose  between  them  a 
prismatic  space.  The  dimensions  of  this  space  are  accu- 
rately stated   and   are  the   same  for  everj'  instrument. 


In  addition  to  the  apparatus  alreaily  described,  (here  is 
an  enamelled  plate,  as  seen  in  Fig.  of.j. 

Tliis   plate   is    (ilaced  behind   the    prismatic   laver  of 


Fiu. 


11,11. .>r,ii„.   Fill.-'l  null  till 
■"  Clinical  Diafrniosis.") 


111.    '  Fiuiii  vuu  Jaksch's 


^f/ts//i  jfra/^ 


"uat. <:<!/nm. 


^ffifiAi.  Ay^ar/^-a/n/n ^^fJUTl. 

yAf^^/ifJ:/.  y/n/n  .  , J ^J  /7J/n. 

Fig.  573.— Henocque's  Hiematoscope.    DiaKram  showing  dimensions 
of  prismatic  space  formed  by  plates  of  glass. 

These  plates  of  glass  are  in  contact  at  one  end,  forming 
the  apex  of  the  piisinatic  space.  The  scale  of  measure- 
ment at  this  end  is  therefoi"e  0. 

At  the  other  end  the  glass  plates  are  separated  by  a 
distance  of  0.3  mm.,  fonning  the  base  of  the  prismatic 
space.  By  referring  to  the  d'iagram  (Fig.  573)  and  illus- 
trations (Figs.  574  and  575),  this  aiTangement  will  be 
readily  understood. 

The  scale  upon  the  glass  is  marked  from  0 
to  60,  as  observed  in  Fig.  574, 

There  are  two  methods  of  using  the  instru- 
ment. 

(1)  The  first  method  is  based  upon  the  supposi- 
tion that  vai-yiug  opacity  of  the  blood  differs  ac- 
cording to  varying  quantity  of  haemoglobin,  so 
that  by  observing  the  former  the  latter  may  be 
estimated. 

To  use  the  instrument  upon  this  basis,  punc- 
ture is  made  in  the  skiu  in  the  usual  wa)'  and 
the  drop  brought  to  the  orilice  of  the  prismatic 
space,  which,  from  its  dimensions,  will  be  ob- 
erved  to  be  capillary.  The  blood  on  this  ac- 
count passes  readily  into  the  space  without  being  diluted, 
an  advantage  over  the  dilution  methods. 

About  six  drops  of  blood  are  necessary  to  fill  the 
space.     Excess  is  wiped  away. 


blood,  so  that  the  figures  0.  10,  20,  etc.,  correspond  with 
the  like  figures  on  the  glass  plate  of  the  ha?matoscope. 
At  the  apex  end  of  the  prism,  and  therefore  at  the  thinnest 
portion  of  the  layer  of  blood,  the  marking  on  this  en- 
amelled plate  will  be  visible :  but  as  the  eye  pa.sses  toward 
the  thicker  portion  of  the  prism  of  blood  a  point  will  be 
reached  at  which  the  marking  can  no  longer  be  seen.  If 
the  blood  t<=sted  be  rich  in  hicmoglobin  the  opacity  will 
be  greater,  and  thei'efoi'c  the  point  in  the  series  15,  14,  13, 
12,  etc.,  at  which  this  obscuring  occui's  will  be  higher, 
say  11  or  12,  as  seen  in  the  illustration.  If,  on  the  other 
hand,  the  blood  be  poor  in  hicmoglobin,  the  opacity  will 
be  correspondingly  less,  and  we  shall  be  able  to  see  the 
figui'es  10,  9,  8,  etc..  in  the  series. 

One  hundred  grams  of  normal  blood  contain  14  gm.  of 
oxyha'moglobin.  These  flgui"es,  therefoi'e,  indicate  the 
number  of  grams  of  oxyha'moglobin  in  100  gm.  of 
blood.  For  this  use  the  author  commends  the  instru- 
ment. 

(2)  The  second  method  is  based  upon  the  supposition 
that  the  licher  the  blood  is  in  hemoglobin  the  thicker 
will  lie  the  layer  necessary  to  detect  thi-ough  the  spectro- 
scope the  characteristic  bands  of  oxyhannoglobin.  By 
noting  the  thickness  in  normal  blood  at  which  the  oxy- 
ha'moglobin spectrum  occurs,  a  scale  may  be  made  with 
which  deviations  fi'om  the  normal  may  be  m<'asui-ed. 
The  ajipanitus,  with  the  exception  of  the  enamel  plate, 
is  used  as  before. 

The  piism  is  fitted  in  front  of  a  spectroscope  and  is 
tui'ned  until  the  oxyhjemoglobin  bands  appear,  when  this 
]ioint  is  noted  on  the  scale.  AVith  normal  blood  the 
oxyha^moglobin  spectrum  is  seen  opposite  14  of  the 
millimetre  scale.  Now  for  every  millimetre  on  the  scale 
the  thickness  of  the  prismatic  space  increases  0.005  mm. 
This  can  be  demonstrated  by  multiplying  0.005  by  60,  the 


C      10     20     30     40     50     &0 


15.    14.    13.   12.  11.  10.  9.  8.7  6  5.4. 


Fig.  .575.- 


-Enamelled  Plate  Used  with  Henocqiie's  Hjematoscope.     (From  von 
Jaksch's  "Clinical  Diagnosis.") 

length  of  the  scale;  the  result  is  0.3  mm.,  the  thickness 
of  the  prism  at  its  base.  i.e..  at  the  60  mm.  end.  As, 
therefore,  for  normal  blood  the  spectrum  appears  at  14 
on  the  millimetre  scale,  we  determine  the  thickness  of 
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bloofl  required  to  pi-nducc  this  spectrum  by  multipl3'ing 
14  mm.  X  0.005  mm.  =  IJ.OT  nmi. 

This,  then,  is  a  unit ;  it  is  tlie  tliicliness  of  normal  blood 
required  to  produce  the  oxyha?mogIobin  spectrum. 

Suppose  a  specimen  of  blood  produces  the  oxyhemo- 
globin bands  at  40  on  the  millimetre  scale.     The  thick- 
ness of  this  specimen  would  be  40  mm.  X  0.005  mm.  = 
0.3  mm.     Then: 
^.  ^  .  (I0o<J4_  J,  _  ^  g  gm.  of  hiemoglobin  in  100  gm. 

of  blood. 

An  equation  for  any  reading  is  the  following : 
(y  X  0.005)  :  0.07  ::  14  :  x 
in  which 

y  =  reading  on  the  scale. 

0.005  —  thickness  of  prism  for  each  millimetre  division 
on  the  scale. 

0.07  =  thickness  of  layer  of  normal  blood  by  which 
oxyhiemoglobin  spectrum  is  produced — i.e.,  at  14  on  the 
scale  (14  x  0.005  =  0.07). 

14  =  quantity  of  oxyha?moglobin  in  100  gm.  of  normal 
blood. 

From  these  calculations  one  can  make  for  himself  a 
table  which  will  at  once  give  him  the  amount  of  the 
hfemoglobin  for  any  rea'iing  on  the  scale.  Thus  be- 
ginning with  5  on  the  millimetre  scale,  and  substituting 
it  for  y  in  the  equation,  we  iret  the  following: 
(5  X  0.005)  X  0.07  -^  14  =  13.. 5'. 
Therefore  5  mm.  of  the  scale  =  13.5  gm.  hsemoglobin 
in  100  gm.  of  blood. 

If  we  substitute  iu  the  same  way  10,  15.  30,  etc.,  the 
table  becomes  complete. 

The  instrument  has  not  been  much  used  in  this  country, 
and,  as  already  stated,  except  for  tlie  opacity  method, 
it  requires  more  apparatus  than  would  be  practicable  at 
the  bedside. 

The  author  has  not  had  sufficient  experience  with  this 
method  to  express  an  opinion  upon  its  value. 

3.  Color  Methods. — Before  entering  upon  the  de- 
scription of  those  luemoglobinometer  instruments  which 
depend  for  their  principle  upon  the  comparison  of  colors, 
it  would  be  well  to  quote  from  Lovibond's  very  interest- 
ing and  valuable  work  on  "Measurements  of  Light  and 
Color.'' 

"  It  is  almost  impossible."  says  Lovibond."  witliout  spe- 
cial arrangements  to  arrive  at  a  reliable  judgment  between 
two  colors  which  are  verj-  nearly,  but  not  quite,  alike, 
when  these  are  placed  openly  side  by  side.  The  ditliculty 
arises  from  the  imequal  incidence  of  light — sometimes  of 
the  direct  light,  frequently  of  the  side  lights,  or  from 
botli  combined.  The  disturbing  effect  is  so  great  that  a 
slight  change  of  position  in  either  of  the  samples,  or  of 
the  observer,  generally  reverses  the  first  judgment. 

"The  same  causes  account  for  the  frequent  differences 
of  opinion  betireen  tiro  persons  judging  the  same  color; 
in  fact,  the  color  sensations  of  our  surroundings  are  .  .  . 
governed  by  the  ever-varying  conditions  of  light,  sur- 
face, substance,  texture,  and  chemical  composition.  .  .   ." 

The  following  are  the  experiments  carried  out  b}'  Prof. 
Lovibond : 

"  Ti-'<t  Tubes  containing  colored  liquids. — The  first  at- 
tempts were  made  with  colored  liquids  in  test  tubes  of 
equal  diameters,  and  by  these  means  some  useful  infor- 
mation was  obtained.  The  liquids,  however,  soon  changed 
color,  requiring  frequent  renewals;  and  there  was  always 
a  little  uncertainty  concerning  their  exact  reproduction. 
Also  a  cvu'ious  inequality  of  color  relation  was  found  to 
exist  between  the  regular  increase  of  strata  thickness  anil 
their  resulting  color.  This  prevented  liquids  from  being 
suitable  as  standards,  because  some  liquids  increase  in 
color  depth  iu  direct  proportion  to  increase  of  strata  thick- 
ness. Some  increase  in  color  in  a  less  but  regular  pro- 
portion to  increase  of  strata  thickness,  whilst  others 
increase  in  a  less  and  irregular  proportion. 

Another  difficulty  arose  from  the  convex  surfaces  of 
the  test  tubes  acting  as  a  lens,  and  increasing  the  disturb- 
ance arising  from  unequal  light  incidence.  The  convex- 
ity was  reduced  by  using  larger  tubes,  and  enclosing 


them  in  a  blackened  case  with  narrow  longitudinal  aper- 
tiu'es  for  looking  through  the  middle  of  the  tubes.  The 
results,  although  useful,  were  too  unsatisfactor}-  for  sys- 
tematic work. 

"  Colored  glass  was  next  tried,  and  long  rectangular 
wedges  in  glass  of  different  colors,  with  gradually  graded 
tapers,  were  ground  and  polished  for  standards,  whilst 
correspondingly  tapered  vessels  were  made  for  the 
liquids  to  be  measured.  These  were  arranged  to  work, 
at  the  end  of  the  instrument,  up  and  down  at  right 
angles  before  two  apertures,  side  by  side,  with  a  fixed 
centre  line  to  read  off  the  thickness  of  each  before  the 
aperture  when  a  color  match  was  made;  but  here  also 
the  difference  of  ratio  between  the  thickness  and  color 
depth  of  the  different  colored  glass  and  liquids  proved 
fatal  to  the  method. 

"An  incidental  observation  was  made  during  these  ex- 
]ierimeuts  concerning  the  ditticulty  of  arriving  at  a  final 
judgment  with  tapeiing  colors,  owing  to  one  shade 
gradually  blending  into  the  next  without  a  break  of  any 
kind  to  arrest  the  vision.  The  mental  effort  to  arrive  at 
a  decision,  tinder  these  conditions  of  gradual  color-blend- 
ing, was  troublesome  and  vexatious  in  the  extreme.  Any 
per.son  may  realize  this  difficulty  by  attempting  to  fix  a 
definite  point  by  the  vision  in  a  graduated  color  line.  I 
was  enabled  entireh'  to  remove  the  difficulty  by  using 
separate  glass  slips  for  standards;  the  line  of  color  de- 
cision made  by  each  additional  standard-glass  slip  used 
being  a  precise  definition  between  the  most  minute  shades. 

"The  effect  of  these  partial  failures  enabled  me  more 
clearly  to  define  the  conditions  from  which  successful 
work  might  be  expected.  Avhich  are  as  follows; 

"  (iiiurjed  Cells. — The  cells  for  the  li(|uids  must  have 
]>arallel  transparent  ends  and  be  gauged  to  definite  strata 
thickness. 

"  Dptical  Instrument. — The  standard  and  sample  must 
be  viewed  under  equal  conditions  of  illumination. 

^^  Suitahle  Liyht  for  Color  Work. — Consideralile  differ- 
ences of  view  exist  concerning  the  most  suitable  light  for 
color  work.  Some  authoiities  consider  that  daylight  is 
too  unreliable  in  composition,  and  that  an  artificial  light, 
such  as  the  electric  arc,  is  best,  as  being  always  uniform. 

"Captain  Abney's  work  and  apparattis  at  first  sight 
go  a  long  way  toward  establishing  this  view.  Some 
valid  reasons,  however,  in  my  opinion,  exist  in  favor  of 
daylight;  as  it  is  the  light  to  which  normal  vision  is  most 
accustoiTied,  and  it  is  available,  Avithout  cost  at  a  moment's 
notice,  duiing  daylight  hours,  whereas  artificial  lights 
require  to  be  worked  in  camera  with  somewhat  expen.sive 
apparatus.  Again,  b}'  far  the  largest  proportion  of 
artistic  and  commercial  color  work  is  carried  on  by  day- 
light, so  that  measurements  made  by  means  of  any  other 
light  luust  be  transposed  into  terms  of  dajdight  values 
before  reliable  comparisons  ran  be  made.  Without  doubt 
the  vision  can  work  longer  and  with  less  fatigue  by  day- 
light than  by  intense  artificial  light." 

From  the  foregoing  it  will  be  seen  that  liijuids  and 
colored  glasses  have  a  distinctive  color  value,  and  that 
any  method  which  employs  blending  colors,  as  the  colored 
prism  of  the  von  Fleischl  apparatus  or  the  gradually 
diluted  l>lood  in  the  Gowers  instrument,  presents  a  wider 
field  for  error  than  that  method  which  employs  fixed  and 
uniform  colors  for  comparison.  Also  daylight  is  the 
most  reliable. 

Goirers'  Hcemoglobinometer. — This  instrument  is  one  of 
color  comparison. 

Principle  :  If  a  colored  fluid  reju'esenting  a  very  low 
percentage  of  h;emoglohiu  be  placed  by  the  side  of  a  so- 
lution of  a  fixed  (juantity  of  Idood,  to  which  water  is 
added  little  by  little,  a  point  in  the  process  of  dilution 
will  be  reached  at  which  the  two  colors  con-espond. 

By  observing  the  amount  of  diluting  fluid  required  to 
bring  normal  Ijlood  to  a  corresponding  color  with  the 
fixed  color,  ascale  may  be  made  by  which  deviations  from 
the  normal  may  be  detected. 

The  jiarts  of  the  instrument  (Fig.  576)  are  (numbers 
correspond  with  those  in  cut):  1.  A  solution  of  picrocar- 
mine   glycerin  of  the  color  of  a  one-percent,  solution 
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of  normal  blood,  contained  in  a  sealed  tube.  2.  An 
open  tube  graded  from  10  to  1'20.  3.  A  pipette  measur- 
ing 10  and  20  cm.      4.  A  dropper. 

To  use  the  instrument:  A  little  Tvater  is  put  into  the 
graduated  tube.  Puncture  of  the  skin  is  made  in  the 
usual  way,  and  blood  drawn  up  to  the  20  c.mm.  mark. 
The  blood  is  at  once  blown  into  the  graduated  tube  con- 
taining the  water.  The  blooil  and  waterare  then  thorough- 
ly mixed,  and  more  water,  little  by  little,  added  by  means 
of  the  drop]ier  tmtilthe  color  of  tlie  diluted  blood  and  that 
of  the  standard  solution  correspond.     It  will  be  seeu  that 


The  standard  solution,  picro^rmine,  changes  color  iu 
time,  a  jioint  noted  by  Lovibond  and  by  Oliver  working 
in  Lovibond 's  laboratory. 

Von  F/eiscJil's  Ilamumeter — or,  more  correctly,  hsemo- 
globinometer — depends  for  its  principle  upon  the  sup- 


FIG.  578.— Vuu  Hfix-lii's  H:tunnrl(ihinumeter. 
ill  capillary  tube. 


TnkiDi^  drop  of  blood 


Fig.  576.— Gowers'  Hivmoglobinoiiieter.  3.  Capillary  tube  for  taking  a 
definite  quantity  of  blood  :  4.  dropper  for  adding  water;  2.  gradu- 
ated receiver  for  blood  and  water :  1,  tube  containing  picrocarmine, 
color  equal  to  that  of  blood  Willi  one  per  cent.  ti£emoglobin. 

if  the  blood  is  rich  in  haemoglobin  it  will  be  necessary  to 
add  a  large  quantity  of  water  in  order  to  make  it  of  tlie 
color  of  the  standard  solution,  which  represents  only  one 
per  cent. 

As  we  add  more  and  more  water,  however,  the 
column  of  fltiid  rises  on  the  scale,  and  therefore  in- 
dicates a  high  percentage  of  haemoglobin.  In  cases 
of  antemia  tlie  correspondence  will  be  sooner  reached, 
and  the  column  of  fluid  will  stand  at  a  lower  level 
in  the  tube,  and  will  therefore  indicate  a  low  per- 
centage of  haemoglobin. 

This  instrument  has  the  advantage  of  being  cheap 
as  well  as  accurate. 


Fig.  577.— Von  Fleischl's  Hsmoglobinometer. 


position  that  a  solution  of  h;emoglobin  varies  in  color 
according  to  the  amount  of  luenioglobin  which  it  contains, 
and  that  the  latter  may  be  measured  by  comparison  with 
the  varying  colors  iu  a  prism  of  glass,  each  degj'ee  of  color 
corresponding  to  a  percentage  of  luiemoglobin. 

We  must  keep  in  mind  that  when  water  is  added  to 
blood  the  h;vm(-\globin  is  dissolved  out  of  the  corpuscles, 
and  it  is  the  colored  solution  which  we  are  compaiing, 
not  the  h;i>moglobin  as  contained  iu  the  corpuscles. 

The  parts  of  the  instrument  are  (numbers  correspond 
with  those  in  illustration.  Fig.  5T7):  A  stand  (1)  with  a 
horseshoe  base.  A  stage  (2)  with  a  round  hole  iu  the 
centre  for  the  reception  of  (3)  awell  1.5  cm.  in  depth  and 
divided  into  two  equal  parts:  the  bottom  of  this  well  is 
closed  by  a  piece  of  clear  glass.  Below  the  stage 
is  a  round  reflector  of  plaster  of  Paris  (4).  In  a 
metal  frame  is  a  piism  of  colored  glass  (.i).  On 
the  frame  opposite  the  ape.x  of  the  prism  there 
begins  a  series  of  figures,  the  lirst  being  0  and  the 
last,  which  is  opposite  the  base  of  the  prism, 
being  120.  At  0  the  tint  of  the  color  is  the 
faintest,  this  tint  increasing  in  intensity  tmtil 
it  reaches  the  maximum.  120.  The  frame  is  in- 
troduced into  two  tracks  (6)  which  run  below 
the  stage.  It  is  placed  so  that  tlie  colored  glass 
prism  shall  pass  beneath  one  division  of  the 
well,  and  the  series  of  figures  shall  appear 
through  an  oval  opening  (7)  in  the  stage  just 
behind  the  well.  By  means  of  a  rack  («)  and 
pinion  different  parts  of  the  varicolored  glass 
prism  maybe  made  to  pass  along  the 
.,  bottom  of  one  division  of  the  well, 

and  at  tlie  same  time  the  figures  in- 
dicating the  color  intensity  of  the 
glass  at  that  point  will  appear  in 
the  oval  opening  behind  the  well. 
There  are  also  a  capillary  tube  (9)  by 
which  a  fixed  quantity  of  blood  may 
be  obtained :  a  medicine  dropper  dO), 
a  candle  (11),  a  black  tube  (12)  to 
shut  off  the  surrounding  light  from 
the  eye. 
We   have,  therefore;  1.  A  colored 
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glass  varying  in  tint  with  known  quantities  of  hiEnio- 
globin.  2.  A  well  divided  into  two  equal  parts  of 
known  depth.     3.  A  capillary  tube  of  known  capacity. 

The  instrument  is  used  as  follows: 

Puncture  is  made  in  the  usual  way  and  the  tip  of  the 
capillary  tube  touched  to  the  drop,  as  seen  in  illustration 


Fig.  .579.— Von  Flelsohl's  Hoemoglnbinometer.    Washing  drop  of  blood 
from  capillary  tube  with  water  into  one  side  of  double  well. 

(Fig.  578).  No  air  space  must  occur  in  the  tube.  If  the 
drop  at  first  taken  is  not  enough  to  fill  tlie  tube,  in  add- 
ing more,  care  should  be  exercised  that  the  blooci  is  flush 
with  the  end  of  the  tube  before  again  touching  it  to  the 
blood  drop.  By  gently  tapping  the  tube  this  can  be  ac- 
comiilished. 

When  the  tube  is  quite  full  we  at  once  in.sert  the  end 
into  one  of  the  subdivisions  of  the  well,  and  with  the 
medicine  drojijier  send  a  stream  of  clear  water  forcibly 
through  the  tube  (Fig.  579).  Thismust  be  done  promptly 
or  the  blood  will  clot  in  the  capillary.  The  dropper  need 
not  be  fitted  on  to  the  capillary  tulie,  a  pro<'cdure  which 
often  causes  the  latter  to  break.  If  the  sti-eam  of  water 
has  been  sent  through  with  sufficient  force  tlie  capillary 
will  be  entirely  freed  from  blood.  We  then  till  the  well  by 
di-opping  water  with  the  dropper  through  the  capillar}'. 
This  fills  the  well  and  at  the  same  time  makes  sure 
that  all  the  blood  has  been  washed  through. 

When  the  water  has  reached  the  top  of  the  well  a 
meniscus,  which  cann(it  be  avoided,  will  be  observed. 
When,  however,  we  fill  the  opposite  well  with  clear 
water,  which  we  shall  proceed  lo  do  directly,  we  must 
see  that  the  meniscus  in  each  well  is  of  the  srnie  depth. 

If  the  well  should  be  full  before  all  the  blood  has  been 
washed  from  the  capillary  tube,  then  the  dropper  emptied 
of  the  water  may  be  filled  with  the  diluted  blood  already 
in  the  well  and  this  passed  through  the  capillary  tube 
again  until  the  latter  is  free  of  all  trace  of  blood.  Then 
the  capillary  tube  is  immersed  into  the  well  and  the  con- 
tents of  the  well  stirred. 

The  other  subdivision  of  the  well  is  now  filled  with 
clear  water,  care  being  taken  not  to  allow  the  contents 
of  the  two  wells  to  uii.x  over  the  division  wall;  also  that 
the  meniscus  in  each  is  of  the  same  depth,  as  already 
mentioned. 

Attention  is  called  to  the  fact  that  the  upper  portion 
of  the  well  unscrews  for  the  purpose  of  cleaning  the 
glass  window  at  the  bottom.  These  two  portions  should 
be  tightly  screwed  together  before  using,  so  that  the 
fluids  will  not  mingle  at  the  bottom  of  the  well.     More- 


over, though  the  wells  are  the  same  in  all  instruments, 
the  prisms  of  glass  vary  one  from  the  other  in  inten- 
sity of  color.  It  is  necessary,  therefore,  for  the  maker 
to  test  each  prism  and  ascertain  irhai  is  the  amount  of 
normal  blood  which  will  correspond  to  the  color  oppo- 
site the  100  mark.  This  amount  is  fixed  by  the  ca- 
pacity of  the  capillary  tubes.  Hence  it  follows  that  the 
capillary  tubes  tested  for  a  certain  instrument  should  be 
used  only  with  that  instrument.  To  insure  this,  the 
number  upon  the  handle  of  the  ca)jillary  tube  should  be 
observed,  to  see  that  it  corresponds  ^ith  the  number  on 
the  screw  of  the  stand,  just  behind  the  round  opening 
for  the  well.  Then,  again,  the  prism  of  glass  must  cor- 
respond with  the  stand,  and  this  is  insured  bv  seeing  that 
the  number  on  the  stand  and  that  on  the  metal  frame  of 
the  glass  prism  are  the  same. 

The  above  is  a  most  clumsy  method  of  numbering, 
arising  probably  from  the  fact  that  different  workmen 
make  different  parts  of  the  .same  instrument.  The  point 
to  be  borne  in  mind  is  that  the  glass  priim  ami  tin-  ccip- 
illary  tube  must  correspond,  and  this  can  be  made  certain 
only  by  observing  the  above  unnecessarilv  complicated 
system  of  numbering.  The  wells  are  of  the  same  depth 
in  all  instrujnents.  The  figures  on  tlie  handle  of  the 
capillary  tube  refer  to  the  capacity  of  the  tube. 

We  have  now  filled  the  two  divisions  of  the  well,  the 
one  with  clear  water,  the  other  with  a  fixed  quantity  of 
blood  and  water. 

The  frame  with  the  glass  prism  is  now  put  in  place, 
and  the  well  over  the  prism,  so  that  the  prism  shall  be 
opposite  that  division  which  contains  the  clear  water. 

We  now  transfer  our  operations  to  a  dark  room  lighted 
only  by  a  small  candle.  The  instrument  is  placed  about 
eighteen  inches  away  from  the  candle,  and  a  dark  tube  is 
placed  over  the  welfiu  oi-der  to  shut  off  the  surrounding 
light  from  the  eye.  The  plasterof-Paris  reflector  is  ad- 
justed so  as  to  tlirowthe  light  into  the  well,  and  then  the 
screw  of  the  glass  prism  frame  is  turned  until  the  color  of 
the  diluted  blood  and  that  of  the  the  colored  glass  corre- 
spond (see  Fig.  580).  The  figure  which  appears  in  the 
oval  opening  is  now  read,  and  this  is  taken  as  the  per- 
centage of  hferaoglobiu  in  the  blood  uniler  observation.  . 
Some  observers  claim  that  there  is  a  difference  of  several 
degrees  between  observations  made  with  the  operator  in 
the  position  as  shown  in  Fig.  580,  and  when  he  is  to  one 


Fig.    580.— Making  Observation  of  Percentage  of  Haemoglobin  with 
von  Fleischl's  Instrument.     (Dark  room.) 

side  of  the  instrument.  This  claim,  based  upon  differ- 
ence in  color  appreciation  of  the  eye  in  the  two  posi- 
tions, seems  a  trivial  one,  and  has  not  been  borne  out 
by  the  experiments  of  the  writer. 

As  observers  differ  so  greatly  with  one  another  in  the 
comparison  of  colors,  it  is  better  to  report  a  percentage  of 
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haemoglobin  over  a  range  of  5;  for  example,  65  to  TO  jier 
cent. ,  ^0  to  85  per  cent. ,  etc. 

The  quantity  of  hiemoglobin  in  grams  may  be  estimated 
from  this  by  the  following  simple  equation; 

100     U  y.y  -.x 

100  gm.  of  blood  contains  14  gm.  of  hemoglobin. 

//  =^the  reading  on  the  von  Fleischl  scale. 

'.(■  =  amount  in  grams  of  hemoglobin  in  100  of  the 
blood  under  observation. 

Suppose  the  reading  to  be  50,  then  100  X  14  h-  50  =  7 
gm.  of  hiemoglobin. 

This  instrument  is  very  convenient  for  bedside  work. 
Its  chief  objection  is  its  expensiveness. 

Professor  Miescher,  of  Basel,  has  devised  a  means  by 
which  the  blood  to  be  used  in  Fk-ischl's  instrument  may 
be  more  accurately  diluted.  The  parts  of  the  von  Fleiscld- 
Miescher  instrument  are  shown  in  the  illustration  (Fig. 
581).  The  principal  changes  are,  that  instead  of  the  cap- 
illary tulje  a  graduateil  pipette  is  used,  by  means  of 
which  very  accurate  quantities  of  blood  with  accurate  di- 
lution may  be  obtained,  and  that  wells  of  different  depths 
are  employed.  There  are  a  few  minor  changes  also.  We 
have  been  unable  to  discover  any  superiority  in  this  in- 
strument over  the  ordinary  von  Fleischl  apparatus. 

If  the  precautions  already  laid  down  by  us  in  speaking 
of  the  von  Fleischl  apparatus  are  observed  (i.e.,  to  see 
that  all  the  parts  correspond),  the  instrument  will  be 
found  quite  reliable.  Certainly  we  deprecate  anything 
which  increases  the  cost  of  the  already  too  expensive  von 
Fleischl  instrument. 

Tayhr's  Hamoghhitwrneter. — The  following  description 
and  cut  (Fig.  583)  are  from  the  advertisement  of  this  in- 


gradvially  increasing  depth  of  c(51or  (the  same  as  is  used 
with  the  von  Fleischl  hemometer),  and  a  rectangular  glass 
plate  with  a  square  raised  platform  in  the  centre.     This 


Fig.  581.— Von  Fleischl-Miescher  Ha^mo^Iobinometer. 

strumeut.  I  have  had  no  experience  with  T.aylor's  hiemo- 
globinometer,  though  evidently  it  offers  no  imijrovement 
over  the  von  Fleischl  instrument.     The  i>rice  is  830. 

"This  apparatus  was  suggested  .  .  .  by  Dr.  A.  E.  Taylor, 
of  the  William  Pepper  Clinical  Laboratory  of  the  Univer- 
sity of  Pennsylvania  Hospital.  It  consists  of  a  fine  capil- 
lary tube  and  mixing  bulb  with  bead,  similar  to  that 
supplied  with  the  Zeiss  haimacytometer,  a  glass  wedge  of 


Fii..  "js2.— Taylor's  Hiemoglobinometer. 

raised  platform,  which  is  cemented  to  the  i>late  nearer 
to  one  side,  has  in  its  centre  a  circular  cavity  or  cell  of 
exactly  1  nun.  in  depth.  The  rectangular  plate  is  ac- 
curately tilted  in  a  metal  frame  sliding  in  grooves,  so 
that  tlie  cavity  with  its  contents  can  be  brought  suc- 
cessively to  any  part  of  the  wedge  for  color  comparison. 
"ToiJse  the  apjiaratus  a  drop  of  blood  is  carefully 
drawn  into  the  mixing  tube  up  to  the  engraved  mark, 
and  distilled  water  is  then  drawn  up  till  the  bulb  is  en- 
tirely fllled  to  the  second  engraved  mark  on  the  upper 
constricted  end;  the  diluted  blood  is  then  mixed  (by 
means  of  the  contained  bead)  by  shaking  tlie  bulb.  The 
portion  remaining  in  the  capillary  tube  is  then  blown  out 
and  discarded.  Apart  of  the  diluted  blood  is  then  blown 
out  into  the  cavity  in  the  platform  of  rectangular  plate 
until  it  is  filled.  A  ground  and  |iolished  square  cover 
glass  (supplied!  is  placed  on  top  and  the  contents  of  cell 
are  comjiiireil  with  successive  parts  of  the  wedge  by  re- 
flected light  from  the  white  background  mitil  the  color, 
as  seen  through  both  narrow  rectangular  diaphragms, 
agrees  in  depth,  when  the  percentage  of  hwmoglobin  is 
indicated  on  the  scale.   .   .  . 

"The  blood  examined  is  of  a  known  </c(;i(;Y(^<;  dilution 
made  with  a  pipette,  which  is  very  much  greater  in 
length  than  that  employed  in  the  von  Fleischl  instrument, 
so  there  is  less  risk  of  inaccuracy.  The  quantity  of  the 
diluted  blood  to  be  compared  with  the  Reichert  wedge 
is  constnnlly  and  accnnitely  fi.ral  by  the  use  of  a  cell  of 
1  mm.  depth,  somewhat  similar  to  the  cell  employed  in 
the  Tlinma  ha-macytometer.  .  .  .  The 
instrument  can  be  closed  and  easily 
carried  in  the  pocket,  being  about 
the  same  size  as  the  case  of  the  small- 
er Tlioma  h.emacytometer. 

"The  capillary  pipette  supplied  al- 
lows of  a  dilution  of  1  to  10  or  1  to  20." 
Olieer's  IIiT>iioglohinomi'ter.  —  Dr. 
George  Oliver,  of  London,  at  the  .same 
time  that  he  devised  his  luemoey- 
tometer  constructed  a  hemoglobi- 
nometer  upon  the  principle  of  the 
tintometer  of  commerce. 

As  stated  in  describing  the  hsemo- 
cytometer,    the    term    tintometer   is 
wrongly    applied   to    the  corpuscle- 
counting  instrument.     The  htemoglo- 
binometer  of   Oliver,  however,  does 
depend    for   its   princiijle   upon  the 
comparison  of  tints,  and  it  may  there- 
fore be  called  a  tintometer. 
The    principle   on   which    the    instrument   is  based, 
namely,  that  every  colored  liquid,  upon  dilution  or  con- 
centration, has  a  "distinctive  color  curve  (the  same  being 
true  of  colored  glass)  as  characteristic  as  the  specific  heat 
of  a  substance  (see  quotation  from  Lovibond,  p.  54),  places 
this  instrument  in  point  of  accuracy  above  that  of  Gowers, 
in  which  picrocarmine  is  used,   and  above  that  of  von 
Fleischl,  in  which  a  gradation  of  colors  is  employed. 
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Fig.  583.— Oliver's  Hfemoglobinometer. 
reception  and  dilution  of  blood  : 


1,  Series  of  tinted  glasses ;  2.  classes  with  more  delicate  variation  in  tint  to  be  used  as  riders ;  3,  well  for 
■1.  capillary  tube  fur  taking  blood :  5,  dropper;  H.  candle  an*!  stand;  7.  collapsible  dark  tube. 


-p_-^ 


In  Gowers'  instrument,  while  the  standard  is  fixed,  yet 
the  blood  is  coutinuall}-  changing  in  degree  of  dilution, 
and  consequently  the  true  color  curve  is  destroyed. 
Moreover,  as  already  stated,  the  standard  picroeannine 
changes  color  with  age.  In  von  Fleischl's  instrument 
the  dilution  is  ti.xed.  but  there  is  no  uni-  j. 

formity  <if  color  in  the  area  under  obser- 
vation. In  Oliver's  instrument  there  is  a 
fixed  dilution  of  a  fixed  quantity  of  blood 
compared  with  a  fixed  tint.  The  diluted 
blood  and  the  glass  that  is  compared 
with  it  must  therefore  have  the  same 
color  curve. 

The   instrument  consists  of:    twelve 
tinted   glasses,  in  two  sets  of  si.x  each, 
mounted   on   white   backgrounds 
|l  of   calcium  sulphate*  and  rang- 
ing from  10  to  120;   a  capillary 
tube  (5  cm.  capacity  i  similar  to  but 
larger  than  that  emjiloyed  iu  the 
von  Fleischl  instrument ;  a  drop- 
per; a  well  with  a  white 
background  of  calcium 
sulphate ;  a  thick  cover 
slip  (Fig.  583). 


into  the  capillary  tube,  care  being  taken  that  no  air  spaces 

are  formed;  excess  of  blood  is  wiped  away.     The  blood 

in  the  tube  is  then  washed  into  the  well  by 

n      means  of  a  stream  of  water  applied  with  the 

//        dropper.     As  slated  in  describing  the  hoemo- 
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by  looking  through  6  when  the  door  '  is  closed  and  the  candle  is  lighted. 


Ui  (M.siiiou.  iM-ib  of  wbirb 


■>■->:    -'.  .apillarv  tub.'  for 
ran  l)e  seen  and  compared 


To  use  the  instrument ;  Puncture  is  made  in  the  usual 
way  and  the  blood  (quite  a  large  drop)  allowed  to  pass 

*Thls.  of  many  substances  tested,  was  found  by  Oliver  to  produce 
the  least  confusing  influence  upon  the  appreciation  by  the  eye  of  dif- 
ferent tints. 


cytometer  of  von  Fleischl,  it  is  unnecessary  and  awkward 
to  attach  the  rubber  tube  to  the  capillary.  The  well  is 
filled  to  the  top,  the  blood  and  water  thoroughly  stirred, 
and  the  blue  cover  glass  adjusted.  A  good  light — pref- 
erably daylight  (see  Lovibond  quotation,  p.  54) — is  ob- 
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taincd,  and  tlie  eye  sereened  as  with  the  von  Fleischl  in- 
strument;  l)nt  till"  dark  tube  is  to  be  held  about  elpht  inches 
aicay  from  the  well,  instead  of  upon  it,  as  is  done  in 


of  blood  varies  with  the  amount  of1ia>moglobiu  contained, 
these  methods  of  estimating  hiemoirlolnn  have  been 
placed  among  the  important  clinical  tests. 


FIG.  585.— Roy's  SpeciOc-Gravity  Method.     (Drawn  by  Dr.  E.  Dunning.) 


using  the  last-named  instrument.  An  expensive  and, 
it  would  seem,  unnecessary  tube,  called  a  camera  tube,  is 
su'pplieil  with  the  instrument. 

In  order  to  detect  ditlerences  between  10  and  20,  20  and 
30,  etc.,  it  is  necessary  to  use  riders  each  of  which  is 
ecjual  to  1  degree. 

By  superimposing  these  riders  until  the  exact  shade  of 
color  is  reached,  and  by  then  adding  the  number  of  rid- 
ers employed  to  the  next  lowest  figure  on  the  scale,  the 
percentage  of  ha'moglobin  is  ascertained.  For  example, 
40  -|-  3  rtdcrs  =  43  per  cent,  of  hemoglobin. 

A  candle  Hame  may  also  be  used  for  these  observations ; 
the  illustration  (Fig.  584)  shows  a  box  for  making  uh- 
servatious  by  candle  flame.  If  such  a  box  is  not  made 
use  of,  the  candle  should  be  placed  about  three  inches 
from  the  point  cif  observation. 

The  instrument  has  the  disadvantage  of  being  very 
expensive.  It  may  be  had  of  I.  H.  Smith  and  Co., 
Zurich,  and  of  Tintometer  Co.,  6  Farrington  Avenue, 
London,  E.  C. ;  price,  about  S30. 

Dr.  T.  W.  Tallqvist,  of  the  Medical  Clinic  of  the  Uni- 
versity of  Helsingfors,  Finland,  reports  in  Nothuagel's 
"Speeielle  Pathologic  und  Therapie,"  Bd.  viii.,  Th.  i  , 
Heft  i.,  p.  10,  under  "Die  Ana;mie,"  by  Ehrlich  and 
Lazarus,  a  method  for  cjuick  estimation  of  the  amount  of 
haemoglobin  by  color  comparison.  By  means  of  a  care 
fully  prepared  table  of  colors  representing  known  per- 
centages of  luemoglobin.  he  comjiares  the  blood  under 
examination  received  upon  a  piece  of  tilter  paper. 


^ 


i 


Fig.  586.— Reagents  and  Pipette  Used  In  Hammerschlag's  Method. 
(Drawn  by  Dr.  E.  Dunning.) 

By  aid  of  the  von  Fleischl-Mieschcr  hi^moglobinometer 
Tallqvist  has  tested  this  method  and  finds  ten  per  cent, 
the  degree  of  error. 

Dr.  Arthur  Dare  has  lately  devised  an  instrument  for 
estimating  ha-moglobin  without  dilution  of  the  blood. 
The  instrument  is  somewhat  on  the  plan  of  the  He- 
nocque  hirmatoscope,  but  is  much  simpler  and  cheaper. 

3.  Specific  -  Gr.wity  Methods.  —  It  having  been 
shown  (by  Siegel  and  Schmaltz)  that  the  specific  gravity 


A  number  of  methods  have  been  devised,  the  most  im- 
portant of  which  are  those  of  Koy  and  Hammerschlag. 
These  two  methods  have  for  their  jirinciple  the  com- 
parison of  blood  with  heavier  and  lighter  fluids  of  known 
specific  gravity  and  such  as  are  non  niiscible  with  blood. 

Roy,  in  his  method,  employs  glycerin  and  water, 
fluids  of  widely  different  specific  gravity.  A  series  of 
test  tubes,  as  shown  in 
Fig.  SS.j.  4  cm.  in  diame- 
ter and  having  a  capacity 
of  from  80  to  100  c.c,  are 
filled  with  the  two  fluids, 
and  the  specific  gravity 
of  each  is  tletermined  and 
marked.  Blood  is  obtained 
in  a  pipi'tte  or  capillary 
by  the  usual  way.  A  drop 
is  blown  into  each  test 
tube,  (ifler  the  pipitle  has 
been,  siibmeiycd  in  tin 
lirjuid,  and  when  that 
tube  is  reached  in  which 
the  blood  neither  floats  on 
the  surface  nor  sinks  to  the 
bottom,  the  specific  grav 
ity  of  the  liquid  contaimd 
in  that  tube  is  read  off. 

Hammerschlag's  metli 
od,  which  is  clinically  the 
more  applicable,  makes 
use  of  only  one  tube.  In 
this  method  benzol  and 
chloroform  (Fig.  580)  are 
the  li(juids  employe<l, 
which,  as  before,  differ 
widely  in  specific  gravity 
and  are  freely  miscible. 
The  blood  is  introduced  as 
in  Roy's  method,  and  the 
chloroform  or  the  benzol 
is  added  until  the   blood 

floats  in  the  mixture.  The  specific  gravity  of  the  mixture 
is  then  ascertained,  which  will  also  be  that  of  the  drop 
of  blood. 

Dr.  Scott,  the  writer's  assistant,  working  in  our  labora- 
tory, offers  the  following  comparative  observations  on 
the"  different  methods  of  haemoglobin  estimation  : 

Compnrisoii  beticefii  the  Gt'irers  ami  von  Fleischl  In- 
strumenU  and  the  Specific  Grariti/  Methods  for  Ilamoeikibiii 
Estimation. — In  the  accompanying  tallies  von  Fleischl's 
and  Gowers'  instruments  aud  Hammerschlag's  specific- 
gravity  method  were  used.  In  these  experiments  the 
utmost  care  was  taken  to  fulfil  every  requirement  in  the 
technique  of  each  method.  As  a  description  of  von 
Fleischl's  aud  Gowers'  instruments,  and  of  their  methods 
of  use,  have  been  given  in  another  part  of  this  article,  we 


Fl(i..'iST.-S|»'.illc-(.ravilv  Mnthod 
for  EstlHiatitig  PfiTiMitav'-t'  of 
Hemoglobin.  lilowiiig  ilinjiof 
blood  from  capillary  tube  into 
receiver  containing  benzol  and 
chloroform. 
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will  here  describe  only  the  specitic- 
gravity  iiiethod  as  employed  in  mak- 
ing these  comparative  observations. 
AVe  have  adopted  Hammerschlag's 
method,  which  is  a  moditication  of 
Roy's,  as  being  best  suited  for  the 
general  practitioner. 

In  this  method  two  fluids  are  se- 
lected which  are  easily  and  readily 
miscible.  and  with  neither  of  which 
will  a  drop  of  blood  mix  ;  further,  the 
specific  gravity  of  the  one  fliud  is  low, 
while  that  of  the  other  is  high. 

The  fluids  selected  are  benzol  (sp. 
gr..  0.889)  and  chloroform  (sp.  gr., 
1.526).  which  exactly  fulfil  these  con- 
ditions. They  have  the  further  ad- 
vantage of  being  cheap,  and  the 
whole  apparatus  required  is  likely  to 
be  found  in  every  physician's  office. 
AVe  place  some  of  the  mixture  (sp.  gr., 
1.05U-60)  in  a  dry  clean  cylinder,  and 
carefully  take  a  drop  or  two  of  blood 
in  a  Thoma-Zeiss  mixer  (any  capillary 
pipette,  however,  will  doi;  we  then 
insert  the  end  of  the  tube  ju.'it  hihiw 
the  sHffiiee  of  the  mixture,  and  l)low 
out  a  drop  of  the  blood  (Fig.  587). 
The  blood  is  seen  as  a  bright  red 
globule  which  does  not  mis.  with  the 
fluid,  but  either  sinks  to  the  bottom, 
floats  on  the  top.  or  remains  sus- 
l)en(led  in  the  fluid  (Fig.  588).  It  it 
sinks  to  the  boMcuu  this  is  because  it 
'*=»  T~  ■  is  heavier  than  the  fluid,  and  more 
Fig.  588.— Specido-  chloroform  must  be  added.  If  it 
Gravity  MetlioJ  for  floats  on  the  top,  more  benzol  is  re- 
"  quired  (Fig.  58'J).     If  it  remains  sus- 

pended, it  is  of  the  same  specific 
gravity  as  the  fluid  (Fig.  590).  It  is 
well  to  add  the  necessary  benzol  or 
chloroform  only  one  drop  at  a  time 
from  a  medicine  dropper  (see  Fig.  5.89),  and  to  stir 
the  fluid  with  a  glass  rod  to  cjinse  complete  mi,\- 
ture.  It  has  been  foimd  that  matters  are  ver\-  con- 
siderably simplitied.  and  much  time  and  patience  are 


Esuiimttng  Hiemo- 
gjobin.  Diup  of 
blood  suspended  in 
the  Buld  (chloro- 
form and  benzol ) . 


Fig.  .V'^9.— Speoifl<;-Gravity  MetbiKi  for  Estimation  of  Percenlaee  of 
Htemoglobin.  Adding  fluids  (benzol  or  chloroform)  until  drop  of 
blood  is  suspended. 

saved,  by  having  the  mixture  of  such  density  that  the 
drop  of  blood  will  sink  to  the  bottom.  It  is  much  easier 
to  make  the  globule  rise  by  the  addition  of  chloroform 


drop  b}'  drop  than  it  is  to  cause  it  to 
sink  by  the  gradual  addition  of  ben- 
zol. Let  the  drop  of  blood  remain 
suspended  for  a  few  minutes  to  see 
that  it  will  neither  float  nor  sink,  and, 
then,  when  satisfied  that  it  is  station- 
ary, ascertain  the  sijeeiflc  gravity  by 
means  of  an  ordinary  hydrometer  (see 
Fig.  590).  By  filtering  the  mixture  of 
benzol  and  chloroform  they  can  be 
used  again  and  again. 

The  drop  of  blood  will  remain  in 
the  mixture  for  a  considerable  time 
without  its  specific  gravity  chang- 
ing. In  the  illnstraUon  (Fig.  590) 
the  drop  remained  suspended  for 
forty-eight  hours  before  the  photo- 
graph was  taken. 

In  Table  1. ,  below,  a  variation  is  to 
be  noted  between  von  Flei-schl's  and 
Gowers'  estimates,  but  the  variation  is 
not  constant  in  either  direction.  There 
is  more  steady  agreement  between 
those  of  von  Fleischl  and  of  Hamraer- 
schlag  respectively ;  and  this  is  more 
particularly  seen  in  Table  II.,  which 
gives  comparative  estimates  of  hemo- 
globin of  the  blood  f lom  each  ear  of 
the  patient.  Here,  too.  it  will  be  seen 
that  the  specific-gravitj'  readings  are 
cjuite  constant ;  while  the  von  Fleischl 
readings  vary  soiuewhat.  and  those  of 
Gowei's  vary  consideraljly. 

Dr.  Scott's  tables  show  very  satis- 
factorily how  little  is  the  variation 
between  the  specific-gravity  method, 
which  is  so  simple  in  cost,  and  the 
expensive  instruments.  Even  with 
the  vou  Fleischl  instrument  one  pre- 
fers to  report  his  observations  over 
a  range  of  five  points — 75  to  80  per 
cent.,  for  example;  while  with  the 
specific-gravity  method  the  observations  can  be  more  pre- 
cise— as  in  Dr.  Scott's  tables,  where  in  most  instances  the 
observations  are  within  a  range  of  two  or  thiee  points. 
Such  reading  would  also  include  the  reading  with  Gow- 
ers' or  von  Fleischl's  instrument.  It  was  for  the  ptu'pose 
of  determining  the  accuracy  of  the  specific-gravity  meth- 
od that  Dr.  Scott  made  these  observations,  and  our  con- 
clusicm  is  that  this  method  is,  clinically,  perfectly  reliable 
and  satisfactory. 

Table  I. 


I G .  .5SKI.  -  Speoiflc- 
Gravity  Method  for 
Estimating  Percent- 
age of  Haemoglobin. 
Taking  specific 
gravity  of  fluid. 
Drop  of  blood  seen 
suspended  in  fluid. 


No. 

Percentage 

of 

haemoglobin 

according  to 

yon  Fleischl's 

hsemoglo- 

blnometer. 

Percentage 

of 

haemoglobin 

according  to 

Gowers' 

h^emoglo- 

binometer. 

Specific-gravity. 

Methoit  of  ■ 

Hammerschlag. 

Percentage 

of 
hiemoglo- 
bin  c<-irre- 
sponding 
with  this 
speciflc 
gravity. 

1 

68 
71 
68 
63 
75 
73 
78 
76 
78 
93 
81 
68 
T3 
65 
92 
64 
91 
53 
82 
61 
52 
65 
78 
81 

69 
69 
67 
59 
69 
69 
71 
77 
77 
89 
81 
67 
69 
68 
87 
62 
92 
57 
88 
55 
49 
66 
76 
73 

1U5U 
1052 
10.50 
1049 
1055 
1054 
1056 
1(B4 
1056 
1059 
1056 
1052 
1051 
1051 
1059 
1050 
1059 
1048 
1057 
1049 
1047 
1050 
1056 
1056 

65 

68-9 

3 

65 

4 

60 

5 

75 

6 

72 

80 

8 

72 

9 

80 

1(1       .   .   .. 

91-2 

11 

80 

Yi 

68-9 

13 

72 

14 

15 

67-8 
91-2 

IB 

IT 

18   .     .. 

65 

91-2 

55 

19 

85 

30     

60 

21 

51  2 

•>» 

65 

33       

80 

24 

80 

60 
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-Continucii. 


No. 

Percentage 

of 

H;i'nii)s.'lohin 

Accnnlinir  tn 

v<Ml  KIcisclil's 

Htvllloglo- 

binometer. 

Percentage 

of 
Hiemofflobin 

Arn.rclillL'to 

H:vii\>iLrlii- 
binoiueter. 

Specific-gravity 

Method  of 
Hammerschlag. 

Percentage 

of 
Hemoglo- 
bin CoiTe- 
sponding 
with  This 
Specific 
Gravity. 

2.5  

78 

96 
62 

83 
58 
71 
68 
88 
82 
81 
78 
80 
80 
87 
90 
75 
68 
81 
81 
78 
88 
8« 
78 
8.5 
83 

77 
73 
91 
69 
66 
57 
69 
68 
79 
83 
83 
73 
74 
78 
83 
90 
72 
67 
83 
84 
76 
88 
83 
72 
87 
80 

ia57 
10,56 
1060 
1049 
1057 
ia50 
1053 
1052 
1058 
1057 
1057 
10.56 
1057 
1056 
ia58 
1059 
1055 
1053 
10.56 
1056 
1055 
lft58 
1057 
1056 

ia57 

1056 

85 

26     

80 

27 

ft5 

28  

60 

29 

85 

30 

65 

31   

70 

33 

68-9 

33 

88-9 

34 

85 

35 

85 

36 

80 

37 

85 

38 

80 

39 

88-9 

40  

91-3 

41 

75 

42 

68-9 

43  

80 

44      

80 

45 

75 

46  

88-9 

47 

85 

4N 

80 

49       

85 

50 

SO 

LEFT  Ear. 

Right  Ear. 

No. 

Von 
Fleisclil. 

Gowers 

Specific 
Cravity. 

Von 
Fleischl. 

Gowers. 

Specific 
Gravity. 

1 

2 

3 

4 

5 

6 

s'.'.'.'.'.'.'. 

9 

10 

11 

12 

87 
90 
75 
68 
81 
81 
78 
88 
86 
78 
85 
82 

83 
90 
72 
67 
83 
84 
76 
88 
83 
72 
87 
80 

li>58 
1059 
10.55 
1052 
10.56 
10.56 
1055 
1058 
1057 
ia56 
10.57 
1056 

88 
90 
75 
68 
81 
81 
78 
88 
86 
78 
85 
82 

84 
90 
73 
67 
83 
83 
76 
86 
83 
74 
86 
80 

1058 
10.59 
10.55 
10.53 
1056 
10.56 
10.55 
1058 
10.57 
1055 
1057 
1056 

Color  Index. — This  refers  to  the  relation  between  the 
number  of  reel  cells  and  the  percentage  of  hiemoglobin. 

Suppose  the  red  blood  corpuscle  count  to  be  5,000.000; 
this  being  the  normal,  we  may  designate  it  as  100 ;  then : 

5,000,000  red  blood  corptiscles  =  100 

4,50((.000    '•        "  "  =    90 

4,000,000    "        •'  "  =    80 

3,  .501),  000    "         "  "  =    70 

3,000,000   "        "  "  =    60,  etc. 

Suppose  the  hfemoglobin  to  be  100  per  cent.  This  is 
the  normal.  Then  \%%  =  1.  represents  the  normal  state 
of  the  blood ;  1  is  the  noriniil  color  index. 

A  general  formula  by  which  the  color  index  may  be 
arrived  at  would  be  the  following : 

—  =  color  index,  in  which  A  =  percentage  of  hiemoglo- 

bin  and  B  the  number  of  red  blood  corpuscles  reduced  to 
terms  of  100. 

E.xamples:  Chlorosis,  ^^"jj  =  0.5  color  index.  Perni- 
cious anoemia,  ^g  =  0.8  color  index.  Secondary  antemia. 
IJ  =  0.75  color  index. 

Chlorosis,  it  will  be  seen,  has  the  lowest  index,  perni- 
cious anaemia  the  highest ;  that  is.  in  pernicious  auiemia 
each  corpuscle  is  carrying  more  ha?moglobin  than  is  the 
case  in  chlorosis.  This  is  the  value  globulaire  of  French 
writers. 


The  Anamias — detected  by  the  *!se  of  the  blood-counting 
and  hamoglobin-estimating  apparatus.  (For  complete 
table,  see  page  69.) 

(  Chlorosis, 
"/  Pernicious. 


( Purpura. 
Hemorrhage  -  Menses. 

[  Hemorrhoids,  etc. 


Ansemia . 


Primarv  . 


Secondary  - 


Poisons  . 


Arsenic. 
Lead. 
Mercury, 
Silver,  etc. 


Diseases . 


'  Wasting  diseases, 
>Ialaria, 
Inanition, 
Tuberculosis, 
Chronic  suppura- 
tion. 
Chronic  Bright's, 
Pyrexia,  etc. 

Terms:  Oligiemia — d'Myo(,  too  little,  aiua,  blood — too 
little  blood.  Oligocythseraia — 6/.i)  oc,  too  few,  kvtoc,  circle, 
alfia,  blood — too  few  blood  cells.  Oligochromannia — 
d^iyo(,  too  little,  xpi^l"!.  coloring  matter,  a'lfia.  blood — too 
little  coloring  matter.  Leuka'inia, — /.ft'Kof,  white,  diiia, 
blood — white  blood.  Leucocytosis — '/.evKoQ  white,  Ktrof, 
circle,  ogk;,  full  of — full  of  white  corpuscles. 

IV.  Bi.ood-Clotting. 

The  fact  that  normal  blood  requires  a  fixed  time  for  clot- 
ting, and  that  in  certain  diseases  this  time  varies,  makes 
the  phenomenon  of  blood-clotting  of  clinical  value. 
However,  in  the  description  of  apparatus  and  technique 
employed  in  the  clinical  examination  of  blood,  the  dis- 
cussion of  the  various  causes,  etc.,  producing  this  phe- 
nomenon can  have  no  place.  Text-books  on  physiology 
and  the  article  on  Coagulation  should  be  consulteil  for  in- 
formation on  this  subject.  Therefore,  beyond  describ- 
ing the  apparatus  employed  and  mentioning  the  diseases 
inVhieh  variations  in  the  time  required  for  clotting  oc- 
cur, the  subject  will  receive  no  further  considei'ation. 

Two  methods  for  determining  the  rate  of  coagulation 
may  be  employed: 

1.  The  rough  test,  in  which  two  drops  of  blood,  as 
nearly  equal  in  size  as  jiossibk- — one  from  the  case  undei 
observation  and  one  from  a  normal  individual — are  com- 
pared as  to  clotting  time. 

2.  The  more  accurate  test,  in  which  ^Vright's  coag- 
ulometer  tubes  are  emploj-ed. 

1.  The  Rough  Tent. — A  drop  of  blood  from  the  case 
under  observation  is  received  on  a  glass  slide,  and  simul- 
taneously a  drop  as  nearly  as  possible  of  the  same  size  as 
that  from  the  suspected  case  is  taken  from  a  normal  ease 
and  placed  upon  another  glass  slide.  The  time  at  which 
the  operation  is  begun  is  noted.  The  two  slides  are  placed 
side  l)y  side,  and  by  means  of  a  pin  touching  the  edge  of 
the  drop,  the  stage  of  the  process  of  clotting  is  ascer- 
tained from  time  to  time.  The  moment  of  com]ilete  clot- 
ting is  determined  when  the  pin,  being  drawn  from  within 
outward,  no  longer  leaves  a  small  projection  at  tlie  perijih- 
eiy  of  tlie  drop.  The  time  is  noted  and  compared  with 
that  of  the  normal  blood.  This  is  a  test  by  comparison. 
The  actual  time  should  not  be  taken. 

'2.  The  More  Accurate  Test. — In  this  test,  equal  quanti- 
ties of  blood  are  taken  by  means  of  accurately  graduated 
tubes.  These  tubes  are  blown  through,  one  after  anoth- 
er, until  that  tiibe  is  reached  which  cannot  be  blown  out, 
and  in  which,  therefore,  the  contained  blood  has  clotted. 
The  time  from  the  taking  of  the  blood  to  the  moment 
when  the  blood  has  clotted  is  noted,  and  this  is  termed 
the  "coagulation  time." 

Wright's  coagulometer  tubes  are  of  two  kinds  (Fig. 
591):  1.  Those  for  testing  the  coagulation  time  of  the 
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blood.     2.  Those  for  testing  the  coagulation  power  of 
certain  substances. 

1.   Thoxe  for  Testing  tlie  Coagulation  Time  of  Blood. — 
These  tubes  have  a  centimetre  scale,  6  cm.  in  all,  and  are 


Fig.  591. -'Wright's  Coagulometer  Tubes.    1,  Ordinary  tube ;  2,  tube  with  mixing  cbamber. 

shaped  as  seen  In  Fig.  591.  There  are  eight  such  tubes 
in  a  set.  There  is  also  a  round  tin  receiver,  surrounded 
by  a  jacket,  in  which  there  are  nine  pockets — eight  for  the 
reception  of  the  tubes,  the  ninth  beins  for  the  reception 
of  a  tlu-rniometer  (Fig.  .592).  This  part  of  the  apparatus 
is  for  the  purpose  of  heating  the  tubes  to  blood  heat  before 
use  by  placing  heated  water  in  the  centre  tin.  This  is  not 
essential,  as  the  normal  blood  is  found  to  be  coagulated 
in  the  .same  time  without  previous  heating  of  the  tubes  as 

when  such  heating  is 

carried  out.  If  heat- 
ing is  resorted  to,  the 

thermometer    should 

register  18. .5  cm.  (half 

blood     heat),    or,    if 

clotting  is  very  slow, 

37.0  cm.  (blood heat). 
The  test  is  made  as 

follows:    The  tubes, 

as  seen  in  illustration 

(Fig.    T,\}\).    are   laid 

out   (if    the   heating 

tin  is  not  used)  on  a 

sheet  of  white  paper 

on  a  table  at  the  bed- 
side.   An  open  watch 

is  also  laid  upon  the 

table.    A  fairly  large 

puncture  is  made   in 

the  skin  in  the  usual 

way.     A  rublier  tube 

with    mouthpiece 

(similar  to  that   used 

with  the  Thoma-Zeiss 

mixer)  is  attached  to 

the     first    tube    and 

blood  is  drawn  up  to 

the  fifth  division,  the 

time    by    the   watch 

being  noted.    Taking 

the  point  of  the  tube 
^SffiHiL  HtL^^HIV  away  from  the  blood 

^"-'  ™XII"!Sl9l"_!i!<  drop,  the  column  of 

blood  is  drawn  up  to 

the    si-\th    marking, 

thus     removing    the 

end    of    the  column 

from    the  immediate 

influence  of  the  air. 
This  tube  is  laid  upon  the  white  paper,  and  the  moment 
at  which  the  observation  is  begun  noted  down.  In  about 
half  a  minute  the  second  tube  is  treated  in  the  same  way, 
in  another  half-minute  the  third,  and  so  on  for  the  whole 
set.  After  the  lap.se  of  about  one  minute  the  first  tube 
is  gently  blown  through;  if  the  blood  is  still  liquid  the 
second  tube  is  blown  through:  and  so  on  until  a  tube  is 
reached  from  which  the  blood  cannot  be  blown.  The 
time  at  which  this  condition  is  observed  is  at  once  noted 


and  compared  with  the  time,  as  marked  on  the  paper,  at 
which  the  observation  of  the  blood  in  that  tube  was 
begun.  The  difference  between  the  two  numbers  consti- 
tutes the  time  required  for  this  specimen  of  blood  to  clot, 

and    is    therefore    the 
"coagulation     time." 
The  time  in  token  fmm 
the  moment  the  Mood  is 
dratcn  into  the  tube  to 
that  fit  irhieh  it  cannot 
be  blown  from  the  tube. 
2.  In   using  the   in- 
strument to  determine 
the  coagulation  power 
of  certain   substances, 
the  tubes  with  the  mix- 
ing space  are  employed 
(see    illustration.   Fig. 
.591,  2).    The  substance 
to  be  tested  is  drawn 
up  to  one  of  the  divisions  on  the  tube,  say  the  .second. 
Blood  is  then  also  drawn  up.  and  the  blood  and  substance 
to  be  tested  are  thoroughly  mixed  in  the  mixing  space. 
Unmixed  blood  is  now  tlrawn  into  another  tuberand  the 
different  coagulation  times  for  the  two  tubes  are  noted. 
Prof.  Wright  exhiljited  at  the  Paris  Congress,  August, 
1900,  an   improvement  upon  this  instrument.     The  au- 
thor has  obtained  the  first  of  these  improved  instruments 
])laced  upon  the  market,   but  has  not  as  yet  tested  it 
sufficiently  to  warrant  him  in  expressing  an  opinion. 

Cleansing  the  Tiibei<. — This  is  one  of  the  annoyances  of 
the  Wright  tubes,  for  unless  cleaned  ot  once  the  tubes  be- 
come hopelessly  clogged.  It  is  well,  therefore,  to  have  an 
attendant  draw  clear  water  into  each  tube  the  moment  the 
observation  has  been  made  upon  that  tube.  It  is  evident 
that  as  the  observer  is  occujiied  with  his  observations, 
those  tubes  already  tested,  and  containing  traces  of  blood, 
will  become  dried  out  and  clogged.  A  wire  should  lie 
passed  down  the  tubes  to  break  up  the  clotted  blood. 

When  oil  trace  of  blood  has  been  removed,  and  not  till 
then,  95  per  cent,  alcohol  should  first  tie  drawn  through 
the  tubes,  and  afterward  ether.  The  tubes  will  then  l>e 
ready  for  use  again.  The  importance  of  promjit  action 
in  the  matter  of  cleaning  the  tubes  cannot  be  too  em- 
Iihatically  stated :  disregard  of  this  promptness  will  ren- 
der the  tubes  useless.* 

compakative  time  op  coagulation  tx  certain 
Diseases. 

(A'ormn!,  two  to  three  mintitcs.) 


Fig.  .5it:;.— Case  and  Wami  Chamber  for 
TVrigbt's  Coaguli  'meter  Tubes.  Cham- 
ber for  warm  wau*r  in  centre  sur- 
rounded by  leather  jacliet  containing 
tul>es  and  thermometer. 


Coagulation  Rapid. 
Malignant  disease: 

inflammation  or  slough- 
ing in  progress. 
Pneumonia. 
Ha^moglobinfcmia : 

in  severe  grade  of  ma- 
laria : 
in  severe  grade  of  sept- 
icaemia ; 
in  yellow  fever; 
in  typhus  fever; 
in  burns. 
Poisons ; 

snake  poisoning; 
chlorate  of  potassium ; 
anti])vrin    and    antife- 

hrin  ; 
hydrocyanic  acid ; 
phenacetin ; 
phospliorus ; 
carbonic  acid ; 
illuminating  gas. 


Coagulation  Delayed. 
JIalignant  disease : 
uncomplicated. 

Jaundice  (important  in  op- 
eration   for    gall   stones, 
as  one  of  the  most  com- 
mon  complications  caus- 
ing fatal  results  is  post- 
operative hemorrhage  due 
to  reduced   coagulability 
of  the  l)lood. 
Obscure   conditions  associ- 
ated   with    frequent    at- 
tacks of  epistaxis: 
haemophilia ; 
scurvy ; 

erythema  multiforme ; 
pernicious  anaemia; 
ana?mia,  delayed  in  ac- 
cordance with  sever- 
ity ; 
purpura  hismorrhagica. 


*  The  Wright  apparatus  may  lie  had  of  Alfred  E.  Dean.  73  Hatton 
Garden.  London.  E,  C.  for  i2  .5.*;   the  improved  instrument  of  T. 


Hawksley.  357  Oxford  Street,  London,  for  £1  15s. 
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The  coagulation  time  may  be  increased  by  ■ 

1.  Inhalation  of  carbonic  acid  gas. 

2.  Ingestion  of  calcium  chloride. 

3.  Tlie  gelatiu  treatment  for  aneurism.  (a)  Lan- 
cereaux's  method :  4-5  gni.  white  gelatin  dissolved  in  200 
c.c.  of  0.7  percent,  sodium  chloride  solution  and  sterilized 
at  120°  C.  (h)  Futehcr's  method:  250  c.c.  of  one-per- 
cent, gelatin  solution  in  normal  salt  solution  (Jom-Hul 
of  Amenciin  Medical  Association,  January  27,  1900). 

Detection  op  Blood  when  in  Sm-\ll  Qi' .entities.. — 
For  full  information  upon  the  more  complicated  ajipa- 
ratus  and  technique  (spectroscopic  and  chcumcal)  em- 
ployed in  the  detection  of  blood  for  medico-legal  pin- 
poses,  the  reader  is  referred  to  the  article  on  Blood  Stains. 

A  simple  clinical  test  is  the  following:  Allow  a  few 
drops  of  the  fluid  supposed  to  contain  blood  (urine,  gas 
trio  contents,  etc.)  to  dry  upon  a  glass  slide.  A<ld  to 
the  margin  of  the  dried  fluid  a  few  grains  of  common 
salt.  Now  from  a  jiipette allow  a  drop  or  two  of  glacial 
acetic  acid  to  attack  the  salt  and  dried  fluid.  Gently 
heat  the  slide  until  the  acid  has  dried  entirely;  examine 
with  low  power.  If  blood  is  present  crystals  of  lia'miu 
will  have  formed.  Haemin  is  a  derivative  of  h;ematin 
(or  h3'drochlorate  of  hsematin)  which  is  thus  produced. 
If  no  blood  be  present  no  crystals  will  be  formed. 

W.  St.\inixg  of  Dried  Specimens  of  Bi.ood. 

Through  the  laliors  of  Ehrlich  we  have  learned  that 
the  blood  corpuscles  react  variously  to  tlie  aniline  dyes: 
that  some  of  the  white  corpuscles  contain  specific  granules 
which  in  health  react  to  these  dyes  in  one  way.  while  in 
disease  these  same  granules  react  in  a  different  way.  So 
constant  is  this  peculiarity  that  an  entire  system  of  diag- 
nosis has  become  possible  simplj'  through  the  jirocess  of 
staining  the  blood. 

As  this  branch  of  the  studj'  of  the  blood  depends  en- 
tirely upon  the  peculiar  reaction,  not  of  the  corpuscles 
as  a  whole,  but  of  certain  parts  of  the  corpuscles,  our 
technique  must  be  even  more  delicate  than  in  any  sys- 
tem of  diagnosis  already  described. 

There  are  two  methods  of  preparing  the  blood  for 
staining:  (1)  The  slide  method.  (2i  The  cover-slip 
method. 

(1)  The   Slide   .Vithod. — Punelure -is  made  in  the  skin 
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Fig.  593.— Metbod  of  Taking  Dried  Specimen  of  Blood.    First  step. 

in  the  usual  way.  A  drop  of  blood  is  received  at  one 
end  of  an  absolutely  clean  glass  slide.  The  edge  of  an 
other  glass  slide  is  dipped  into  the  drop  of  blood  and 
drawn  gently  along  the  surface  of  the  tiist  slide.  This 
produces  a  large  and  fairly  thin  smear  of  blood.  The 
objections  to  this  method  are.  {a)  Too  large  a  smear;  (It) 
smear  not  thin  enough;  (c)  unequal   spread,  thicker  in 


one  place  than  in  another;    (d)  apt  to  mutilate  the  cor 
puscles. 

(2)  llie  Cover-Slip  3Iethocl. — Several  No.  1,  |  inch, 
square  Bausch  and  Lomb  cover  slips  are  thoronfjhljf 
cleaned  with  alcohol  and  ether.  Every  trace  of  dust  and 
cloudiness  must  lie  removed.  These  cover  slips  arc  |ilaced 
on  a  sheet  of  white  paper  on  a  table  near  the  jiatient. 
It  is  hardly  necessary   to  state  that  they  should  be  held 


FKi.  594.  — Method  of  TiikinLT  lined  Specimen  of  Blood.    Second  and 
third  steps. 

1)1/  the  edges  and  not  by  the  flat  surface — that  portion 
which  comes  in  contact  with  the  blood,  and  which, 
therefore,  we  should  take  eveiy  precaution  to  keep  clean. 
A  liglited  spirit  lamp  should  also  be  at  hand.  The  point 
of  puncture  is  cleaned  with  alcohol  and  ether;  this  is 
more  important  in  taking  the  dried  specimen  than  in 
taking  the  fresh  specimen.  One  of  the  cleaned  cover 
slips  is  placed  in  the  clamp  forceps,  as  shown  in  Fig. 
540,  No.  4  1),  p.  3.^,  and  tlie  forceps  thus  armed  laid  upon 
a  table  near  at  hand.  Puncture  is  made  in  the  usual 
way.  After  removing  the  first  drop,  the  clamp  f(d'- 
ceps  holding  the  cover  slip  is  held  in  the  left  hand, 
and  the  second  drop  is  received  upon  a  cover  slip  held 
by  the  open  forceps  (see  Fig.  540,  No.  5,  p.  38)  in  the 
right  hand.  This  is  the  first  step,  and  is  shown  in  Fig. 
593. 

The  cover  slip  with  the  di'O])  of  blood  is  itnmediately 
transferred  to  the  cover  slip  held  in  the  clamp  forceps,  as 
follows:  The  edge  of  the  cover  slip  upon  which  is  the 
drop  of  blood  and  wliieh  is  held  in  the  open  forceps  is 
placed  against  the  end  of  the  limb  of  the  clamp  forceps 
holding  the  other  cover  slip.  Thus  held,  the  cover 
slip  is  slowly  lowered  until  the  drop  of  blood  aliuost 
touches  the  undermost  cover  slip.  The  right  hand  for- 
ceps is  then  opened  and  withdrawn,  which  allows  the 
cover  slips  to  come  together  with  the  blood  between 
and  spreading  equally  in  all  directions.  This  is  the  sec- 
ond step,  and  is  shown  in  Fig.  594.  If  these  steps  have 
been  carefully  carried  out,  the  blood  specimen  should 
appear  as  in  the  illustration  (see  Plate  XIII.,  Fig   1). 

Directly  the  blood  is  no  longer  seen  to  spread  the  two 
slips  are  drawn  apart,  in  such  a  manner,  however,  that 
they  shall  at  all  times  be  parallel  with  each  othiv.  This 
drawing  apart  must  be  quickly  done,  for  if  performed  too 
slowly  it  Avill  be  found  very  difficult  to  keep  the  slips 
parallel  with  each  other — an  essential  point, — the  upper 
slip  rising  at  the  last  and  making  a  great  clump  of  blood 
on  the  lower  slip 

In  order  to  act  thus  quickly,  and  to  be  sure  of  the  slips 
coming  away  at  one  pull,  it  is  well  to  take  an  additional 
hold  upon  tiie  clamp  foiceps  far  ilown  the  limbs,  near  to 
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the  cover  slip.  This  is  the  third  step,  and  is  shown  in 
Fig.  594.  The  cover  slips  thus  separated  are  now  held 
from  eighteen  inches  to  two  feet  above  the  spirit  lamp 
until  the  blood  is  quite  dry.  This  is  the  fourth  and  last 
step,  and  is  shown  in  Fig.  595. 

It  is  recommended  by  some  hiematologists  to  use  the 
thuml)  and  forefinger  in  drawing  the  upper  slip  away, 
rather  than  to  use  the  open  forceps.     "\Vhi-n  this  plan  is 


Fig.  595.— Method  of  Taking  Dried  Specimen  of  Blood.    Fourth  step. 


followed  the  corners  of  the  cover  slips  should  not  exactly 
corrcsi)ond,  but  one  cover  slip  should  be  allowed  to  pro- 
ject beyond  the  other,  so  as  to  offer  something  to  hold 
on  to.  As  it  is  better  not  to  touch  the  cover  slip  except 
witli  the  forceps,  and  as  the  moistui'e  of  the  skin  readily 
adheres  to  the  glass  and  ruins  the  blood  specimen,  the 
forceps  method  should  certainly  be  preferred. 

Thayer  mentions  that  Hies  attack  the  dried  specimens, 
eating  holes  in  them.  AVhile  this  is  undoubtedly  true 
in  some  cases,  3'et  the  holes  which  one  sees  in  dried  speci- 
mens are  more  commonly  caused  l)y  allowing  the  blood 
to  dry  in  the  air  instead  of  using  a  spirit  lamp.  The  writer 
has  seen  these  holes  in  specimens  taken  in  winter. 

The  prepared  specimens  may  now  be  ]ilaced  in  a  la- 
belled pill  bdx  and  kept  indefinitely.  The  method  of 
preparation  here  given  permits  of  the  preserving  of 
specimens  for  a  number  of  years,  to  be  used  for  class 
purposes;  or  of  sending  them,  packed  in  a  little  cotton, 
by  mail  to  an  expert.  By  learning  this  simiile  technique, 
therefore,  a  ph_vsician  engaged  in  practice  in  a  section  of 
the  country  removed  from  laboratory  ojiportunities.  or 
one  occupied  in  military  duties,  may  take  specimens  and 
send  them  to  a  laboratory  for  examination. 

The  painfid  mistakes  made  in  estalilisliiug  the  differen- 
tial diagnosis  between  typhoid  and  malaria  among  the 
American  soldiers  in  the  late  Spanish  war  might  have  been 
avoided,  and  many  lives  saved,  had  the  microscope  been 
given  more  place  and  some  of  the  simple  metliods  above 
described  been  carried  out.  The  indiscriminate  adminis- 
tration of  quinine,  while  perhaps  benefiting  manv  ma- 
larial cases,  must  have  produced  injurious  effects  upon 
the  idcerated  intestine. 

Before  proceeding  to  the  work  of  staining  it  is  neces- 
sary to  "fix  "  the  contents  of  the  corpuscles  so  that  they 
shall  not  become  dissolved:  and  this  is  called  fixation. 
A  number  of  methods  have  been  employed,  which  may 


be  divided  into  fixation  (1)  by  heat;  (S)  by  fluids;   (3) 
by  vapors. 

(1)  Fixation  by  Sent. — (a)  Ehrlich's  copper-bar  method. 
(1878).  A  spear  point  made  of  copper  and  about  eighteen 
inches  in  length  is  placed  upon  a  support,  as  shown  in  cut 
(Fig.  596).  A  Bunsen  burner  is  so  located  that  the  flame 
will  strike  the  extreme  point  of  the  bar.  The  flame  of  an 
ordinary  Bunsen  burner,  if  applied  to  the  extreme  tip  of  a 
bar  of  this  size,  will  be  able  to  heat 
only  a  certain  amount  of  the  bar 
to  a  certain  degree  of  heat ;  beyond 
which  the  temperature  will  not 
rise,  no  matter  how  long  the  bar 
is  subjected  to  the  flame.  In 
other  words,  the  flame  has  a  lim- 
ited heating  power.  This  would 
at  once  be  appreciated  if  we  should 
attemiit  to  heat  with  the  ordi- 
nary Bunsen  burner  a  copper  bar 
five  or  ten  feet  long.  We  should 
not  be  surprised  to  find  the  far 
end  of  the  bar  cold,  no  matter  how 
long  the  copper  ma.y  have  been 
submitted  to  the  flame.  We  should 
realize  that  the  little  flame,  with 
its  limited  heating  power,  could 
not  heat  so  large  a  bar.  The  heat- 
ing power  of  an  ordinary  Bunsen 
burner  does  not  extend,  on  a 
metal  bar,  beyond  the  distance  of 
eighteen  inches.  What  we  wish 
to  obtain  by  this  heating  proce- 
dure is  the  fixed  boiling  line  on 
the  bar.  This  we  accomiilish  by 
placing  drops  of  water  upon  the 
surface  of  the  bar,  about  twenty 
minutes  after  it  has  been  subjected 
to  the  flame :  and  directly  the  point 
farthest  from  the  apex  of  the  bar 
at  which  a  drop  of  water  boils 
away  is  found,  we  draw  a  chalk 
line  across  the  bar  at  that  point. 
This  marks  the  temporary  boiling  line.  After  the  lapse 
of  a  few  minutes  we  put  another  drop  of  water  just  be- 
j'ond  the  line;  if  the  boiling  point  has  extended  the  drop 
will  boil  away,  and  we  then  draw  a  second  line  at  tlie  new 
point  and  still  farther  from  the  apex.  This  procedure  is 
repeated  until  a  point  is  reached  at  which  the  water  does 


Fig.  596.— F.hrlich's  Copper-Bar  Method  of  Fixation  of  Blood  Speci- 
mens by  Heat.  1.  Bar  plai-ed  in  upn^'ht  position  to  show  shape;  3, 
bar  in  place  with  Bunsen  burner  at  tip. 

not  boil  away,  when  we  know  that  the  limit  of  the  heat- 
ing power  of  the  flame  has  been  located.  Once  the  per- 
manent boiling  line  is  thus  located,  no  matter  how  long 
the  flame  is  allowed  to  attack  the  apex  of  the  bar,  the 
line  will  never  extend  any  farther  from  the  apex.  The 
confirmation  of  the  fact  that  this  line  has  been  reached  is 
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afforded  -when  a  drop  of  water  boils  away  almost  at  once 
on  the  apex  side  of  the  line,  but  remains  until  sluwl}-  dried 
off  on  that  sideof  the  liueaway  from  theapex.  This.  then, 
is  the  line  we  seek,  and  it  is  called  the  fixed  boiling  point 
or  line.  The  blood  specimens,  as  above  prepared,  are 
now  laid  hload  side  up  either  upon  this  line  or  directly  to 
the  boiling  side  of  it.  If  the  boiling  line  has  been  accu- 
rately located,  it  is.  in  the  writer's  experience,  rather 
severe  treatment  to  place  the  specimens  blood  side  down 
on  this  line,  as  recommended  by  Cabot  ("'Clinical  Ex- 
aminaticin  of  the  Blood,"  third  edition,  p.  44).  Sjiecimens 
so  placed  are  allowed  to  remain  from  forty  minutes  to 
an  hour,  except  in  cases  of  pernicious  anaemia  or  of 
grave  secondary  anaemia,  when  a  much  shorter  time — • 
perhaps  only  twenty  minutes — is  sufficient.  This  is  not 
satisfactoiy  for  malaria  specimens.  One  .should  be  care- 
ful not  to  allow  draughts  to  influence  the  direction  of  the 
flame,  as  in  this  way  the  bar  is  chilled  and  the  boiling 
point  thereby  altered  for  a  period  of  several  minutes. 
Ehrlich's  copper-bar  method  is  a  good  one,  in  the 
thoroughly  equipped  laboratory,  for  specimens  prepared 
for  class  purposes ;  but  it  is  tedious  and  calls  for  much 
watching,  and  has  been  replaced  by  quicker  and  simpler 
methods  which  seem,  so  far  as  one  can  at  present  judge, 
equally  good. 

(J)  A  quick  heat  method,  and  one  applicable  to  office 
work,  is  that  by  means  of  the  spirit  lamp.  The  s])eci- 
mcns.  taken  as  above  described,  are  simplj-  held  about 
two  feet  above  the  flame  until  the  blood  in  thoroughly 
dried;  or  the  cover  slips  ma)' be  heated  to  60'  or  70" 
C.  (a  temperature  which  can  be  borne  by  the  skin)  before 
taking  specimens.  This  serves  for  immediate  staining 
and  examination  ;  but  for  specimens  which  are  to  be  kept 
for  a  long  time,  or  in  which  accurate  differential  exami- 
nation is  desired,  it  will  be  found  unsatisfactory. 

(<•)  Aniither  fairly  quick  heat  method  is  that  by  means 
of  the  thermostat,  brought  gradually  to  a  femiJerature  of 
150°  C.  and  kept  at  this  degree  of  heat  for  from  forty 
minutes  to  an  hour.  This  is  as  satisfactory  as  the  coij- 
per-bar  method,  but  not  as  readily  carried  out. 

((/)  Another  simple  means  is  to  make  use  of  the  top  of 
a  steam  register,  upon  which  the  specimens  are  allowed 
to  remain  for  from  forty  minutes  to  an  hour.  This  is  a 
verj'  good  and  convenient  method.  Care  must  be  taken 
that  no  moisture  shall  be  on  the  metal. 

(2)  Firutioii  by  Fluids. — ((/)  Of  these,  Nikiforov's 
method  is  the  best.  It  calls  for  equal  parts  of  ab.solute 
alcohol  and  ether.  The  specimens  are  immersed  in  this 
liquid  for  from  two  to  four  hours.  This,  next  to  the  for- 
malin method  given  below,  is  the  best  for  malarial  speci- 
mens. For  quick  work  fairly  good  results  may  be  ob- 
tained from  an  immersion  lasting  twent}'  minutes. 

(h)  Dr.  G.  A.  Tuttle  has  lately  devised'  a  method  which 
is  described  by  Dr.  Fred  P.  Solley,  in  the  reports  of  the 
Pathological  Department  of  the  Presbyterian  Hospital, 
New  York  City.  It  was  kindly  brought  to  my  atten- 
tion by  Dr.  W.  G.  Thompson.  The  following  is  taken 
from  those  reports; 

"Experiments  were  made  by  Dr.  G.  A.  Tuttle  with 
chromic  acid,  and  after  trials  of  different  strengths  for 
varying  periods  of  time  he  found  that  a  two-per  cent, 
solution  poured  on  the  film  and  allowed  to  remain  for 
exactly  thirty  seconds  gave  uniformly  good  results,  both 
red  and  white  cells  taking  up  their  special  stains  clearly 
and  surely.  The  nuclei  and  granules  of  the  leucocytes 
stain  quite  as  sharply  as  in  the  best  specimens  fixed  by 
heat — while  the  protoplasm  of  the  mononuclear  lympho- 
cytes is  usually  better  stained  than  by  the  latter  inethod. 

"By  this  method,  then,  the  whole  process  of  preparing 
the  specimens  for  examination  is  reduced  to  five  or  six 
minutes,  and  when  the  films  are  evenly  and  thinly  spread 
the  preparations  are  certain  to  be  available  for  accurate 
differential  computation.  The  red  cells  occasionally 
show  defects  as  a  result  of  the  action  of  the  acid ;  but 
this  usually  means  that  the  solution  has  been  left  on  too 
long,  or  that  the  films  were  unevenly  spread.  Indeed, 
the  siH-eadiug  of  the  films  is  of  the  utmost  importance 
in  securing  satisfactory  results  by  any  method.  .  .  .  The 
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two-per-cent.  chromic  acid  solution  is  spread  from  a 
dropper  over  the  film,  the  cover  glass  being  held  in  a 
staining  forceps.  After  thirty  seconds  the  acid  is  thor- 
oughly washed  off  and  the  excess  of  water  removed  by 
tapping  a  corner  of  the  square  on  filter  paper.  The  stain 
is  then  poured  over  the  film  in  the  same  manner,  and 
washed  off  quickly  after  three  minutes.  The  specimen 
may  then  be  dried  between  layers  of  filter  paper  and  is 
ready  to  be  mounted  in  balsam. 

"  Jjy  employing  this  method  a  complete  blood  examina- 
tion may  be  carried  out  in  a  little  over  an  hour  at  the 
bedside  of  the  patient,  often  affording  valuable  informa- 
tion in  cases  in  which  the  desirability  of  surgical  interven- 
tion is  in  question." 

This  method  has  proved  most  satisfactory  in  my  hands. 

(<■)  Bichloride  of  mercury  and  Mliller's  fluid  (formula, 
see  p.  48,  footnote)  may  be  used,  but  the  results  are  un- 
certain. 

(d)  Formalin  method.  Five  drops  of  ten-per-cent.  for- 
malin solution  are  mixed  with  10  c.c.  of  9."i  jier  cent,  alco- 
hol. The  ccjver  slips  are  immersed  in  this  for  thirty 
seconds. 

Futcher  and  Lazear  report  this  as  a  most  satisfactory 
method  for  malarial  blood.  The  writer  has  found  that 
when  using  the  Ehrlich  eosin  ha-matoxylon  stain  this  is 
a  thoroughly  reliable  fixing  method.  Futcher  and  La- 
zear's  statement  as  to  its  value  for  malarial  specimens 
is,  in  the  writer's  opinion,  to  be  indorsed. 

(8)  Fixation  by  Vajx'fK. — In  this  method  cotton  soaked 
in  two-per-cent.  formalin  is  kept  at  the  bottom  of  a  wide- 
mouthed  bottle.  The  specimens  are  subjected  to  the 
vapor  from  this,  with  the  cork  in  the  bottle,  for  from 
fifteen  to  thirty  seconds.  This  is  a  good  office-table  and 
classroom  method.  During  one  win1;er  n'ly  classes  at  the 
Cornell  University  INIedical  College  ]ireiiared  all  their 
blood  specimens  by  this  method.  "Wliile  quickly  ob- 
tained, the  stains  were  not  permanent,  so  that  in  a  few 
months  they  had  almost  wholly  faded  out. 

Blood  Stads's. 

The  following  is  not  an  exhaustive  article  upon  blood 
staining;  it  treats  of  this  subject  only  in  so  far  as  it  is 
part  of  the  apparatus  used  in  the  clinical  examination 
of  the  blood.  So  much  has  lately  been  accomplished  in 
tlie  differential  staining  of  the  malarial  parasite  that  this 
part  of  the  subject  of  blood  staining  will  be  ti-eated  of 
under  other  heads  {Histiihigical  Technique,  Malaria,  etc.). 

In  the  process  of  distillation  of  coal  gas  from  bitu- 
minous coal,  for  ordinary  lighting  purposes,  there  con- 
denses upon  the  pipes  a  "thick,  black,  opaque,  viscid 
liquid  "  which  is  known  as  coal  tar.  From  this  coal  tar 
have  been  sei.iarated  great  numbers  of  usefiil  products, 
such  as  paraffin,  naphtha,  benzol,  creosote,  carbolic  acid, 
pitch,  etc.  When  benzol  is  acted  on  by  nitric  acid,  nitro- 
benzol  is  formed,  and  this,  when  treated  with  nascent 
hydrogen,  produces  aniline,  which  is  an  oily  liquid,  ani- 
line oil  occurring  as  a  by-product  of  the  process.  This 
aniline  is  a  chemical  base  and  unites  with  acids  to  form 
salts.  These  salts  are  of  a  great  variety  of  most  beauti- 
ful colons — violet,  green,  purple,  etc. — and  are  the  origin 
of  our  valuable  stains  in  microscopic  work.  Benzol  be- 
ing the  source  commonly  emploj-ed  in  the  preparation  of 
the  aniline  d3'es  for  commerce,  this  would  make  the.se 
dyes  apparently  by-products  of  coal  tar.  Aniline,  how- 
ever, is  a  direct  product,  but  in  too  small  quantities  to 
make  it  profitable  to  separate  it.  The  word  anil  comes 
from  the  name  of  a  plant  from  which  indigo  is  made ; 
the  word  signifies  purple,  and  is  applied  to  this  product 
of  coal  tar  as  purple  is  one  of  the  most  striking  colors 
produced  by  the  combination  of  aniline  with  an  acid. 

The  stains  used  in  microscopic  work  are  manufactured 
by  Grllbler  in  Germany  and  sold  in  powder  form. 
From  these,  various  strengths  of  stain  may  be  made.  The 
system  by  which  these  powders  are  classified  is  at  times 
confusing.  It  is  to  be  regretted  that  the  names  are 
selected  so  as  purposely  toconve_y  no  information  beyond 
that  of  enabling  the  compounder  to  refer  to  his  records  and 
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there  learn  the  secret  process  which  produced  the  stain. 
So  no  further  explanation  can  be  given  of  this  classilica- 
tion.  Many  of  these  names,  as  tropaeolin  00  and  orange 
"G,  "  were  given  by  the  commercial  compounders  and 
have  been  adopted  by  Griibler,  who  confines  himself  to 
the  preparation  of  stains  for  scientific  purposes.  Eosin  is 
from  the  Greek  word  meaning  the  dawn.  Methyl  blue 
and  methylene  blue  differ  the  one  from  the  other  in  that 
the  former,  mi.xed  with  sodium  hydrate,  changes  color  to 
a  reddish  brown,  the  latter  to  violet.  Methj'l  blue  is  the 
stain  usually  employed  in  blood  work. 

The  stains  are  grouped  into  two  general  classes — acid 
and  basic.     These  terms  do  not  indicate  a  litmus  reaction, 
and  are  therefore  not  to  be  taken  in  the  strict  chemical 
sense.     The  stains  are  for  the  most  part  neu- 
tral salts,  that   is,  made   up  of  a  base  and 
an  acid,  but  neither  acid  nor  basic  in  reac- 
tion.    Now  if  the  acid  part  of  a  salt  is  the 
staining  element  in  the  salt,  the  stain  is  called 
an  acid  stain.     Example:  ammonium  picrate, 
which  is  a  salt  made  up  of  ammonia,  the  base, 
and  picric  acid,  the  acid.     Picric  acid  is  the 
element  in  the  salt  which  stains;   hence  the  name  arid 
stain.     Anotlier  stain  is  rosauilin  acetate — rosanilin  is  the 
base  and  acetic  acid  is  the  acid.     The  base  in  this  salt  is 
the  staining  clement,  and  hence  the  name  ha.sic  Main. 
The  term  neutral  stain  refers  rather  to  a  peculiarity  of 
the  tissue  than  to  the  stain. 

According  to  this  grouping  of  the  stains  the  tissues  are 
also  classified.  Those  tissues  which  .stain  with  an  acid 
stain  only  are  called  eosinophilic ;  those  which  stain  with 
a  basic  stain  only  are  called  basophilic,  and  those  requir- 
ing both  an  acid  and  a  basic  stain  are  called  neutrophilic. 
Tissues  which  consistently  stain  with  an  acid  stain  were 
termed  by  Ehrlich  eosinophilic,  because  eosin  was  the 
most  striking  stain  of  the  acid  group.  Now  that  we  have 
all  our  stains  clearly  classified,  however,  it  is  better  to 
adopt  a  term  referring  to  the  entire  group  rather  than  to 
a  single  stain  in  the  group.  Ox\'philic  (oji'f,  acid;  ^i/Uu, 
I  take  to)  is  therefore  a  better  word. 


then  the  specimens  should  be  examined,  and  those  parts 
which  take  the  stain  should  be  noted. 

For  example,  subject  a  specimen  of  blood  to  an  acid 
stain — eosin.  Result:  Red  cells  stained;  eo.sinophile 
granules  stained;  granules  of  polynuclear  leucocytes 
veryfaiiatly  tinged;  all  else  unstained. 

Subject  a  specimen  of  blood  to  a  basic  stain — methyl 


The  St.\ins. 


(This  list  contains 
Acid. 


inilti  a  few  of  the  more  common  stains.) 
Basic. 

Eosin,  Rosanilin  acetate, 

Fuchsin  (acid),  Fuclisin  (basic), 

Orange  "G,"  SatTi-anin, 

Piciic  acid,  Methyl  blue, 

Aurantia,  Methyl  violet, 

Indulin,  Methyl  green,  etc. 

Nigrosin, 
Tropaeolin  oO,  etc. 

The  Tissues,  according  to  the  explanation  just  given, 
are  grouped  by  Ehrlich  as  follows; 

1.  Oxyphilic (o^(f,  acid;  (jn/iu.  I  take  to),  synonymous 
with  eosinophilic  (acidophilic  is  a  hybrid,  and  should 
therefore  be  discarded),  refers  to  tissues  taking  only  acid 
stains.  The  Greek  letter  "  a  "  is  used  to  designate  ox}-- 
philic  granules.    Example :  eosinophiles  of  human  blood. 

2.  Amjihiphilic  ((ii'<;«,  both) — refers  to  those  tissues 
staining  equally  well  with  either  an  acid  or  a  basic  stain. 
Example:  the  bone  mari-ow  of  rabliits.  There  are  no 
amphiphilic  granules  iu  human  blood.  The  Greek 
letter  "/i  "  is  used  to  designate  amphiphilic  granules. 

3.  Basophilic  refers  to  tissues  taking  only  basic  stains. 
Example :  Mastzellen.  The  Greek  letter  "  )■ "  is  used  to 
designate  basophilic  granules. 

4.  Neutrophilic  refers  to  tissues  requiring  both  an  acid 
and  a  ba.sic  stain.  Example:  polynuclear  leucocj'tes. 
The  Greek  letter  "f"  is  used  to  designate  neutrophilic 
gi-anules.  (The  word  neutrophilic  is  a  hybrid — neutron, 
neither,  and  (pO-iu,  to  take  to.  Oudeterophilic  (ovi^i-ei)OQ, 
neither),  would  be  tnore  correct  but  not  as  simple,  per- 
haps, as  the  present  word.) 

In  order  to  demonstrate  these  staining  reactions  of  the 
various  blood  corpuscles  and  their  granules,  the  stains 
should  be  each  in  turn  applied  to  specimens  of  blood ; 


Fig.  597.— Mechanical  st^yre.  i.  slidt*  in  place :  3,  space  and  screw  for 
reception  of  and  fastening?  to  upright  of  microscope ;  3,  screw  for 
lateral  motion  of  slide ;  4,  screw  for  forward  and  bacli  motion  of  slide. 

blue.  Result :  Nuclei  of  all  leucocytes  stained ;  gran- 
ules of  polynuclear  leucocj-tes  very  faintly  tinged;  all 
else  unstaineid. 

Subject  a  specimen  of  blood  to  a  neutral  stain — eosin 
and  methyl  blue.  Result:  Red  cells  stained  red;  eosin- 
ophile  granules  stained  red;  nuclei  of  leucocytes  stained 
blue;  granules  of  leucocytes  stained  reddish  blue. 

The  blood  thus  prepared  is  now  examined  and  the  per- 
centage of  normal  cells,  peculiarities  of  staining,  and  cells 
not  normall}'  iu  periplieral  circulation  arc  noted.  In  order 
to  examine  these  fields  accurately  and  not  to  recount  the 
cells  we  employ  the  mechanical  stage  (Fig.  597).  This  is 
so  constructed  as  to  enable  one  to  move  the  specimen  a 
luicroscopic  distance  at  a  time  from  side  to  side,  up  and 
down,  and  across  diagonally.  It  is  moreover  supplied 
with  a  register  by  means  of  which  the  observer  may 
take  note  of  his  whereabouts  in  the  field,  so  that  having 
moved  away  from  the  field,  he  ma}' ret  urn  to  it  again  by 
causing  the  figures  upon  the  register  to  stand  according 
to  the  position  previouslj'  noted.  In  this  way  corpuscles- 
may  be  restudied  and  at  the  same  time  the  whole  speci- 
men thoroughly  examined. 

AVhen  the  blood  has  been  fixed  as  already  described  it 
is  then  subjected  to  the  stains  for  varying  lengths  of  time. 
The  following  are  a  few  of  the  stains  and  formula  em- 
ployed in  blood  work: 

1.  Eosin:  0.5-per-cent.  alcohol  solution;  one-half  to  one 
minute.  Methyl  blue — saturated  aqueous  solution ;  one- 
half  to  one  minute. 

2.  Ehrlich's  triple  stain: 

..    (  Acid  fuchsin 3.5) 

\  Aqua; 2.0  f 

o  (  Orange  "G" 6.0  {  , 

~  "(  Methvl  green 6.5  (  ' 

Aquae 10.0 

Absolute  alcohol 5.0  J 

The  brackets  show  the  order  in  which  ingredients 
should  be  mixed  in  preparing  the  stain. 

Note.— The  sero-dia^nosis  test  for  typhoid  fever  is  not  included  in 
this  article,  being  considered  under  the  head  of  Typhoid  Fever. 
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Blood. 
Blood. 


Table  Snowrao  the  Source,  Appearance,  Staining  Reaction,  Greek  Letter  Expressing  Stain,  and  the 
Numerical  Value  op  Every  Cell  Found  in  the  Peripheral  Circulation  under  Normal  or  Path- 
ological Circumstances. 


Name  according  to 
source. 


Name  according  to  appear, 
ance. 


Name  accordinR  to  stain. 


Name  according 

to  Greek  letter 

expressing 

stain. 


Numerical  value  of  each  cell. 


S3 


Red  cell 


S  S  j  Normoblast )    Nude- 
s'oGifrantoblast      \     ated 
^      i  or  megaloblast  I  red  cells 
Plates 


Protoplasm. 
Oxyphilic 


Basophilic 


Nucleus. 


Basophilic  . 


(a). 
W. 

(v). 


5,000,000  to  cubic  millimetre, 
i  Found  normally  in  bone  marrow 
J     only.  In  peripherial  circulation 
1     in   pernicious  and  grave  seo- 
l,    ondary  ana?mia. 
300,000  to  cubic  millimetre. 


Granules. 


Nucleus. 


6.  Lymphocyte 


Small  mononuclear  . 


10.  Myelocyte  , 


Large  " 

Transitional " 

Polynuclear 

Coarse  granular . 
(Eosinophile) 


11 Mastcell. 


12.   ...  Eosinophilic  myelocyte  . 


Neutrophilic Basophilic 

(Sometimes  basophilic 
granules  at  periphery.) 

Neutrophilic " 

j  Basophilic     I 
"      '( in  leuksemia  T     " 

Oxyphilic 

( Eosinophilic) 
Neutrophilic " 


Basophilic 

(Requires   dahlia  to 
stain.) 
Oxyphilic 


(O. 
TO 

(O. 
(O. 

<■£). 

(a). 

(O. 

(y). 
C«). 


20-30  percent. 


Found  in  bone  marrow  only.  In 
periplicral  cirruiutinn  in  spleno- 
medllllary  Ifukieinia. 

J4  of  1  per  rent.  (  Viivhow). 

Increased  in  leukiemia. 

Found  in  bone  marrow  only.  In 
peripheral  circulation  in  spleno- 
medullary  leukjpmia. 


-The  mastcell  of  Comhill  was  described  by  him  prior  Vt  Ehrlich's  observations  upon  the  staining  peculiarities  of  these  cells,  and  may 
have  been  a  myelocyte  or  a  large  mononuclear,  and  had  best,  therefore,  be  dismissed  from  the  list  of  blood  cells. 


3.  Carbol  thionin:  Saturated  solution  of  thioiiin  iu 
50-per-cent.  alcoliol.  20:  2-per-cent.  carbolic  acid,  100. 
(Should  stand  several  weeks  before  being  used.)  Stain 
for  from  ten  to  lifteen  seconds.  Especially  gootl  fur 
malarial  paiasite. 

4.  Eosin  liKiiiatoxylon  ofEhrlich:  Eosin  (cryst.),  0.5; 
hspmatoxylon,  3;  absolute  alcohol,  100;  distilled  water, 
100;  glycerin.  100;  acetic  acid,  100;  glacial  acetic  acid,  10; 
alum  (in  excess),  50.  (Should  be  made  several  weeks  be- 
fore using.)     Alum  aids  in  dissolving  h»matf)xylon. 

5.  Miiller's  fluid,  see  p.  4S,  footnote.  6.  Formalin  solu- 
tion for  fixing  blood,  sec  p.  65.  7.  Hayem's  solution,  see 
p.  40.  8.  Pacini's  solution,  see  p.  40.  9.  Polychrome 
methylene  blue  (methylene  blue,  1 ;  pota.ssium  carbonate, 
1;  water,  100.  Keep  for  several  months  before  using.) 
10.  Toison  solution,  p.  43. 

Chart  Arranged  by  the  Writer  for  Clinical  Re- 
port ON  Blood  ;  used  in  tub  Cornell  Division  of 
Bellevue  Hospital,  New  York  City. 


Name. 


Address. 


Record  No. 


Red  Blood  Cor 
Size -| 

Shape  . . . .  - 


Color 


Number 
per  cubic 
millimetre. 

Nucleated    \ 
red  cells. 

Staining  . 


■pusden  : 

Normally  {\  n  =  -js-ffni  of  ^^  inch),  7/i. 

Micrncytes,  3-5  yu. 

Macrocytes,  8-10  ii. 

Normally,  biconcave  discs. 

Poikilocytes,  irregular  outline. 

Crenated,  spicidated. 

Normally,  pale  yellow. 

Colorless,  shadow  corpuscles 

Vacuolated,  degeneration  areas — deficien- 
cy in  haemoglobin. 

Normal,  5,000,000. 

By  Cowers'  instrument 

By  Tlioma  and  Zeiss  instrument 

By  Daland's  ha-motocrit 

By  Oliver's  ha>mocytometer 

Normally,  not  present. 

Normolilasts. 

Slegaloblasts  or  gigantoblasts. 

Normally  uniform. 

Polychfomatophia  —  different  Intensity  of 
stain  in  cells. 


Malarial 
parasite. 


Hyaline . 


Pig- 
mented. 


(  Amoeboid 

^  Non-amoeboid 

(  Pigmented 

f  One-fourth  grown... 

I  One-half  grown . 

1  Full  grown. .  . 

I; 


Intra- 
cellular. 


Extra- 
cellular. 


Pigment  motile . . 
r  Non -flagellating  . 


I 
Segmenting. . . 

Crescents  . . . . 
Round  bodies. 


Vacuolated  . 

-j  Flagellating 

I  Non-vacuolated. . . 
[  Pigment  motile 


(  Pigment  motile  . 

'\  Flagellating 

j  Pigment  motile. 
(  Flagellating 


Ilmnoglobin  : 

Normal.  85  to  95  per  cent. 

By  Gowers'  hwmoglobinometer 

By  von  Fleischl's  ha-moglobinometer 

By  Oliver's  tintometer 

By  Roy's  specific-gravity  method 

Color  index  (normal,  1) 

White  Blood  Corpuscles : 

(  Normal  6,000  to  10,000. 

By  Gowers'  lia?mocytometer 

By  Thoma-Zeiss  haMiiocytometer 

By  Daland's  hsematocrit 

By  Friedlander's  instrument 

Normal. 
Small  mononuclear  Ij'mphocytes  20-30^ 
Large  mononuclear  Ij'mphocytes  3 

Transitional  lymphocytes 3. 

Polynuclear  leucocytes 60-70 

Eosinophiles 2.4 

Mastcells 0.25 

Myelocytes not  present. 

[  Eosinophilic  myelitis " 

(  Present  (normal,  250,000  per  cubic  milli- 
-.  metre). 
(  Absent, 
j  Present. 
/  Absent. 
Present. 
Absent. 


Number 
per  cubic 
millimetre. 


Number 

per  each 

100 

leucoc3'tes. 


Plates  . 

Plaques 
Fibrin. . 
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Blood        (  Present. 
Dust.        "(  Absent. 
Coagulation  time  (normal,  two  to  three  minutes). 
Gross  test. 
Wright's  coagulometer  tubes. 

(  Flame. 
Heat  J.  Copper  bar. 

(  Sterilizer. 
Alcohol  and  ether  aa,  equal  parts. 
Formalin   (10   per   cent,    in   95- 
per-ccnt.  alcohol). 


Staining . .  - 


Fixation 


Stain. 


Remarks. 


Eh  rlich  's  Eyepiece,  (Fig.  598)  supplies  an  important  need. 
This  instrument  is  so  devised  that  accurate  tields  may  be 


3.  A  burette  measuring  5  c.cm.,  and  marked  1,  2.  3,  4. 
5  in  equal  divisions. 

4.  Litmus  paper. 

To  Midc  the  Test. — Blood  from  the  ear  (taken  in  the 
usual  way)  is  drawn  up  to  the  0.05  mark  and  distilled 
water  to  the  5.0  mark.  These  are  mixed  by  carefully 
shaking  the  pipette,  and  then  the  mixer  is  blown  out  into 
the  glass  receiver.  In  the  burette  is  placed  a  -J-^  normal 
tartaric  acid  solution. 

As  stated  elsewhere  in  this  article,  a  normal  solution  in 
chemistry  is  the  sum  of  the  atomic  weights  of  the  chem- 
ical employed  (in.grams)  in  1,000  c.c.  of  distilled  water. 
The  formula  for  tartaric  acid  is  CjHeOe,  and  the  sum  of 


its  atomic  weights  would  be 


C^HeOe 


-I.e. 


48  +  6  -f  96 


U      '*^. 


Fig.  598.— Ehrlk'h's  Eyepiwe  for  DetprminlDg  the  Relative  Values  of  White  and  Red  Cells  In  a  Dried 
Specimen  of  Blood.  1,  trcrew  for  fastening  eyepit^ce  to  microscope:  ?,  handle  by  means  of  which  the 
square  aperture  t3)  may  be  altered  in  size;  3,  aperture  reducible  to  defluite  relative  sizes  by  obsen'- 
Ing  notches  seen  on  upper  margin  of  square. 

measured  off  on  the  dried  specimen  of  blood  and  the  rela 
tive  numerical  values  of  white  and  red  corpuscles  thereby 
ascertained.  The  instrument  is  constructed  like  an  eye 
piece,  and  may  be  fastened  to  the  microscope  in 
place  of  the  eyepiece.  A  handle  projects  from  one 
side  of  the  instrument,  and  when  this  is  moved  the 
square  aperture  noted  on  looking  through  the  eye- 
piece  is  seen  to  increase  and  decrease  equally  on 
all  sides  according  to  the  direction  in  which  the 
handle  is  turned.  On  the  uppermost  side  of  the 
square  (see  Fig.  598)  three  notches  will  be  noted. 
When  the  handle  is  placed  so  that  the  square  is  at 
its  greatest  size  the  dimensions  of  this  square  will 
be  just  sixteen  times  that  of  the  square  formed 
when  the  first  notch  is  covered.  The  second  notch 
indicates  a  sqtiare  four  times  as  large  as  when  the 
first  notch  is  covered;  the  third  notch  indicates  a 
square  nine  times  as  large;  and  the  lai-gest  square, 
as  stated,  is  sixteen  times  as  laige  as  the  smallest. 

Thus  by  counting  all  the  red  cells  in  the  first  or 
smallest  square  of  a  number  of  fields,  and  all  the 
white  cells  in  the  fourth  or  largest  square  (which 
is  sixteen  times  as  lai-ge  as  the  smallest)  of  a  num- 
ber of  fields,  and  multiplying  the  number  of  red 
cells  by  sixteen,  we  get  the  ratio  of  red  to  white 
cells  in  a  dried  specimen, 

Alk-Vlinity  op  the  Bi.ood. — Engel's  (Berliner 
kUn.  ^yoch.,  1897)  modification  of  the  Lowy-Zuntz 
method  for  estimating  the  degree  of  alkalinity  of 
the  Ijlood  places  the  ajiparatus  among  those  ap- 
plicable for  this  purpose  in  bedside  examinations. 
It  consists  of  the  following  (Fig.  599): 

1.  A  capillaiy  pipette  similar  in  construction  to 
that  used  in  the  Thoma-Zeiss  corpuscle-counting 
apparatus,  but  of  somewhat  larger  size.  The 
capillary  portion  is  marked  off  into  ten  equal  di- 
visions." The  fifth  mark  indicates  0.025  c.cm.  and 
the  tenth  indicates  0.05  c.cm.  Above  the  bulb  por- 
tion is  a  mark  that  indicates  5  c.cm. 

3.  A  receiver  and  a  stirrer  made  of  glass. 


2  '  2 

Therefore  75  gm.  of  tartaric  acid  in  1,000  c.c.  of 
water  would  represent  a 
normal  tartaric  acid  solu- 
tion. A  -V  normal  solution, 
however,  is  all  that  is  re- 
quiied,  which  would  be: 
1  gm.  tartaric  acid  to  1  litre 
of  distilled  water. 

This  solution  is  then  al- 
lowed to  drop  from  the 
burette  into  the  receiver 
containing  the  diluted 
blood,  which  is  stirred  fiom 
time  to  time  with  the  glass 
stirrer.  Blue  litmus  is  im- 
mersed from  time  to  time, 
and  directly  this  tunis  red. 
showing  an  acid  reaction, 
the  titration  is  at  an  end, 
and  the  amount  of  acid 
solution  required  to  accom- 
plish this  acid  reaction  (that 
is.  the  amount  requiied 
to  overcome   the  alkalies  of    the  blood)  is  ascertained 


Fig.  59y. — Eugel's  Apparatus  for  Determining  at  the  Bedside  the  Degree  of  Al- 
kalinity of  the  BItHjd.  1.  Capillary  pipette  for  taking  and  mixing  definite 
quantities  of  blood;  2,  burette  tor  acid  solution;  3.  litmus  paper:  4.  re- 
ceiver and  stirrer  for  diluted  blood  while  titrating. 
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Blood. 
Blood. 
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by  noting  the  level  at  which  the  liquid  stands  in  the 
burette. 

There  is  no  one  alkali  in  the  blood  which  we  can  hold 
responsible  for  its  alkaline  reaction.  It  is  therefore 
necessary  to  measure  this  alkalinity  by  taking  a  known 
alkali,  say  NaHO,  as  the  unit.  By  ascertaining  the 
amount  of  a  »'j  normal  tartaric  acid  solution  required  to 
neutralize  a  known  quantit}'  of  blood,  and  then  ascertain- 
ing the  amount  of  sodium  hydrate  neutralized  by  this 
amount  of  a  yV  tartaric  acid  solution,  we  learn  in  terms 
of  NaHO  the  amount  of  tartaric  acid  required  to  neu- 
tralize a  known  quantity  of  blood.  Things  which  are 
equal  to  the  same  are  equal  to  one  another. 

Tluis  by  experiment  we  find  that  0.5  c.cni.  of  ,'5  nor- 
mal tartaric  acid  solution  neutralizes  0.05  c.cm.  of  blood : 
then  1.000  c.cm.  of  Jg^  normal  tartaric  acid  solution  neu- 
tralizes 100  c.cm.  of  blood. 

Again,  bv  experiment,  we  find  that  75  gm.  of  tartaric 
acid'neutra'lizes  40  gm.  NaHO  (23  -|-  1  -f  16  =  401  1  gm. 
of  tartaric  acid  neutralizes  ( Jj-  of  40)  533  mgm.  of  NaHO. 

Since  1.000  c.cm.  of  J-t;  tartaric  acid  solution  neutralizes 
100  c.cm.  of  blood.  100  c.cm.  of  blood  has  an  alkalinity 
of  533  mgm.  of  NaHO. 

0.5  c.cm.  of  y'j  normal  tartaric  acid  solution  neu- 
tralizes 0.05  c.cm.  of  blood.  1.000  c.cm.  of  ^V  normal 
tartaric  acid  solution  neutralizes  100  c.cm.  of  blood.  75 
gm.  of  tartaric  acid  solution  neutralizes  40  gm.  of  NaHO. 
48  +  6-1-96 


CjHeOe  ^  ■ 


75  neutralizes  NaHO  =  23  -}- 


1  4- 16  =  40. 

Tfun  1  sum.  of  tartaric  acid  solution  neutralizes  (J,  of 
40)0.533  NallO. 

This  is  the  quantity  of  tartaric  acid  in  the  -f-^  normal 
solution  (1  gm.  in  1.000  c.c.  of  water).  This,  therefore, 
is  the  value  in  alkalinity — so  to  speak,  in  terms  of  NaHO 
— of  the  tartaric  acid  solution  employed. 

Now  on  titration  it  is  found  that  from  9  to  10  drops  of 
such  a  solution  are  required  to  neutralize  0.05  c.cm.  of 
blood. 

10  drops  equal  0.5  c.cm..  which  equal  0.5  sm. 

0.5  gm.  equals  0.366  NaHO. 

Therefore  10  drops  equal  an  alkalinity  of  0.266  NaHO. 

1  drop  =  0.0266  NaHO. 

It  is  perhaps  better  to  bear  in  mind  that  9  or  10  drops 
represent  the  normal,  and  to  report  examinations  accord- 
ingly. For  example,  "6  drops  required  to  neutralize," 
"12  drops  required  to  neutralize,"  etc.  It  would  also 
simplify  the  proceeding  to  use  a  solution  of  litmus  in  the 
blood  solution  instead  of  the  papers. 

The  Eyepiece  Micrometer  (Fig.  600)  is  of  so  simple  con- 
struction and  mechanism  that  its  employment  is  to  be 
recommended  for  more  accurate  clinical  reports  on  the 
size  of  the  blood  corpu,scles. 

The  following  explanation  is  taken  from  the  Leitz  ad- 
vertisement of  the  instrument: 

Micrometric  MeriDtirements. — The  scale  of  the  eyepiece 
micrometer  is  divided  into  ^^  mm.  Each  of  these  divi- 
sions represents,  according  to  the  objective  used,  a  cer- 
tain absolute  linear  measure  of  the  object,  as  shown  in 
the  following  table: 


Number 

of 
■obJectlTe. 

.Vlisolute  length  of 
object  represented 
by  one  division  of 

the  eyepiece- 
micrometer  scale. 

Millimetres. 

Number 

of 
objective. 

Absolute  leng-th  of 
object  represented 
by  one  division  of 

the  eyepiece- 
micrometer  scale. 
Millimetres. 

1 
2 
3 
4 
5 
6 

a.riH 

.028 
,(115 

.012 

.0(148 

.0034 

8 

9 

Immersion  A 

0.0026 
.0020 
.0017 
.002s 
.0018 
.0014 

When  making  miwometer  measurements  it  is  abso- 
lutely necessary  accurately  to  maintain  the  tube  length 
at  170  mm.  If  this  is  neglected  the  measurements  be- 
come unreliable  or  even  worthless. 


The  above  micrometer  values  are  measured  with  eye- 
piece II. ;  in  the  other  ej'epieces  they  diflEer  in  an  inap- 
preciable degree. 

Example:  Let  a  scale  of  Hippiirchia  Janira,  a»  seen 
with  objective  6.  cover  54  divisions  of  the  scale  longitu- 
dinally and  20  divisions  transversely.  Its  actual  length 
will  then  be  54  X  0,0034  =  0.184  mm.,  and  its  breadth  20 
X  0.0034  =  0.068  mm. 

Suppose  a  valve  of  Pleurnsigma  angulatum,  meas- 
ured with  objectives  4,  6.  and  7,  to  cover  21,  74,  and  98 
divisions  respectively ;  then  the  measurements  of  its 
lensth  represent  the  followina;  absolute  dimensions: 

Objective  4;  21  X  0.012    =  0.253  mm. 
6:  74  X  0.3004  =  0.253    " 
7:  98  X  0.0026  =  0.255     '• 

TaUetof  Magnificntidiis. — The  image  seen  in  the  micro- 
scope produces  upon  the  eye  the  same  effect  as  an  object 
seen  at  the  normal  distance  of  distinct  vision,  i.e.,  10 
inches. 

If,  therefore,  a  rule  be  placed  at  the  foot  of  the  micro- 


FiG.  600.— The  Eyepiece  Micrometer. 

scope  at  a  distance  of  10  inches  from  the  eye,  it  can  be 
compared  with  the  microscopical  image  of  a  scale  di- 
vided into  Yrnj  ni"i-  The  quotient  is  the  magnification 
of  the  objective  and  the  eyepiece  combined. 

^If,  e.g.,  92  mm.  of  the  rule  are  found  to  cover  .j^  of 
the  image  of  the  micrometer  scale,  it  follows  that  the 
magnification  is  ^4  =  130.  The  tables  of  magnification 
have  been  compiled  in  this  manner  and  are  sufficiently 
accurate  for  practical  purposes. 

Thus,  supposing  the  same  specimen  of  Pleurosigina 
angulatum  to  be  measured — 

(1)  with  objective  7  and  eyepiece  0. 

(2)  with  objective  4  and  ej'epiece  II., 

and  suppcsing  the  length  of  its  image  to  be  67  mm.  in 
the  first  and  23  mm.  in  the  second  case.  then,  since  the 
actual  size  of  the  object  is  found  by  dividing  the  length 
of  the  image,  as  seen  at  a  distance  of  10  inches  from 
the  eye,  by  the  magnification  of  the  objective  and  eye- 
piece combined,  the  length  of  our  specimen  of  Pleuroiig- 
ma  angulatum  is: 

(1)  .^V^  =  0.248  mm. 

(2)  e  =  0.244  mm. 

In  all  these  measuiements  a  tube  length  of  170  mm. 
must  be  strictly  adhered  to. 

(Note. — As  this  article  goes  to  press  I  learn  that  Jolles's 
feiTometer  has  undergone  such  simplification  as  to  place 
it  among  those  instruments  useful  for  clinical  work. 

The  eyepiece  spectroscope  is  also  a  valuable  addition 
to  our  clinical  apparatus. 

Both  of  these  instruments  are  as  yet  untested,  but 
their  simple  construction  and  application  commend  them 
to  the  clinician.) 

Bibliography. 

As  space  does  not  permit  of  a  long  list  being  intro- 
duced, the  reader  is  referred  to  the  verj'  full  bibliograph- 
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ical  note  in  von  Jaksch's  "  Clinical  Diagnosis"  and  totliu 
writings  of  the  observers  who  are  quoted  llirounhnut 
the  artiele.  Charles  N.  B.   Ciiiitiic. 

BLOOD-LETTING.— This  title  includes  all  methods 
of  absti-acting  blood  for  therapeutic  purposes,  whether 
they  are  for  a  general  or  for  a  local  effect.  The  tei-nis 
■venesettion  and  iihhbotomy  are  restricted  to  bleeding  from 
the  larger  veins,  for  the  purpose  of  influencing  the  system 
generally;  whilst  leeclting,  iret-ei'ppiiig,  and  i"'<irifimti(m 
are  means  of  abstracting  blood  from  the  capillaries,  the 
effect  of  which  is  almost  entirely  local. 

General  blood-letting,  or  venesection,  is  of  very  an- 
cient origin.  References  to  it  have  been  found  in  history 
prior  to  the  time  of  Hippocrates,  and  in  the  writings  of 
this  early  authority  it  occupies  an  acknowledged  posi- 
tion as  a  valuable  therapeutic  agent.  During  the  many 
years  that  it  has  been  employed  it  has  been  viewed  with 
a  varying  degree  of  favor,  and  at  times  its  advocates 
have  employed  it  in  all  forms  of  disease  and  in  a  most 
extravagant  manner.  The  seventeenth  century  and  the 
early  part  of  the  present  century  mark  the  periods  of 
its  greatest  use,  during  which  excessive  and  repeated 
bleedings  were  constantly  employed.  The  amounts  of 
blood  removed  seem  astounding  at  the  present  day.  For 
a  pleurisy  5, .520  gm.  were  abstracted  cluring  a  ]ieriod  of 
several  days:  in  a  case  of  pericarditis  it  was  fnuiid 
necessary  to  abstract,  on  different  occasions,  721,  720,  900, 
1,200,  and  then  1,440  gm.  before  the  patient  was  relieved  ; 
and,  in  a  case  of  inllamniatory  rheumatism,  twenty 
pounds  of  blood  were  taken  during  the  progress  of  the 
attack.  In  the  early  part  of  the  century,  medical  opin- 
ion went  to  the  other  extreme;  the  practice  fell  into  dis- 
repute and  was  almost  entirely  abandoned.  During  the 
last  twenty-five  years  its  use  has  been  revived.  Many 
of  the  older  practitioners  who  had  never  forsaken  its  use 
have  been  more  outspoken  in  advocating  its  therapeutic 
powers.  At  medical  gatherings,  many  papers  have  been 
read  and  nuinerous  discussions  have  followed,  in  which 
venesection  has  been  very  generally  supported.  Its  em- 
ployment has  now  assumed  a  more  rational  character. 
The  advance  in  our  knowledge  of  physiology  and  a 
closer  clinical  observation  have  made  clearer  what  its 
effects  aie  iijion  the  system,  and  we  now  employ  it  with 
a  definite  object  in  view  and  restrict  its  use  to  a  much 
more  narrow  sphere. 

Venesection  exerci.ses  what  may  be  termed  a  mechan- 
ical effect  upon  the  circulation,  as  well  as  a  general  effect 
upon  the  system.  AVhen  a  certain  proportion  of  the 
blood  is  removed  the  tension  of  the  blood-vessels  is  at 
once  lessened,  the  degree  depending  upon  the  anioiuit 
withdrawn.  The  etTect  is  but  temporary,  as  that  which 
is  lost  is  rapidly  renewed;  liut,  if  any  disturbance  of  the 
circulation  exists,  it  is  sufficient  to  allow  the  equilibrium 
to  be  regained,  the  heart  beating  more  easily  and  the 
blood  flowing  more  freely  through  the  vessels. 

The  general  effect  upon  the  system  is  of  the  utmost 
importance.  Accompanying  the  lowering  of  blood 
pressure  and  loss  of  blood  cells,  there  is  a  diminished 
activity  of  the  various  functions.  The  heart's  action  is 
quieter,  j'espiration  goes  on  more  slowly,  tissue  changes 
are  less  active,  and  there  is  a  lowering  of  body  heat. 
This  depression  is  but  temporary.  In  a  few  hours  there 
begins  a  renewal  of  the  blood,  tissue  changes  are  ac 
celerated,  the  nervous  system  is  improved  by  a  stimrda 
lion  of  the  nerve  centres,  and  general  bodily  improve- 
ment is  the  result.  At  the  International  Medical  Con- 
gress for  1900,  in  the  discussion  upon  this  subject,  M.  A. 
Robin  stated,  as  the  result  of  luany  years'  observation,  he 
was  satisfied  that  after  moderate  bleeding  of  1.50  to  2.50 
gm.,  polyuria  is  regularly  observed,  and  the  excretion 
of  solids  is  increased.  A  greater  amount  of  air  is  taken 
into  the  lungs,  as  much  as  sixty-one  per  cent.,  and  the 
proportion  of  oxygen  consumed  by  the  tissues  is  corre- 
spondingly increased.  When  the  bleedings  are  renewed 
the  reaction  is  slower,  and  when  they  are  frequently 
rejjeated,  a  state  of  an.iemia  ensues,  with  a  tendencj'  to 
degenerative  changes. 


Indic.vtioxs. — The  indications  for  bleeding  may  be 
summed  uj)  luider  three  heads:  {ii)  when  there  is  exces- 
sive vascular  tension  :  (^/)  when  it  is  desired  to  obtain  the 
benefit  of  its  physiological  action  upon  the  various  tissues 
and  organs;  (c)  when  it  is  believed  that  good  may  result 
from  removing  a  definite  amount  of  blood,  and  with  it 
a  certain  proportion  of  toxic  material,  from  the  system. 

There  is  no  difference  of  opinion  as  to  the  value  of 
venesection  in  all  conditions  in  which  tliere  is  venous 
engorgement.  It  may  be  thought  desirable  to  try  the 
nitrites  and  allied  drugs  for  the  puipose  of  "bleeding 
into  the  arteries."  or  to  employ  hydragogue  cathartics 
or  diuretics  to  unload  the  congested  vessels;  but  if 
these  measures  fail,  all  are  in  favor  of  bleeding.  The 
cau.se  of  the  obstructed  circidation  may  lie  in  the  heart 
or  in  the  pulmonary  tissue.  The  effect  of  either  of  these 
causes  is  an  overfilled  and  possibly  a  dilated  riglit 
heart,  distended  veins,  and  more  or  less  congestion  of  Uie 
various  organs.  In  this  condition  the  reiuoval  of  blood 
from  the  venous  system  affords  pronqit  relief.  The 
laboring  heart  beats  more  freely,  the  arteries  become 
filled,  and  the  congested  veins  and  organs  return  to  the 
normal.  Thedyspna^a  disappears,  the  dusky  hue  (jf  the 
skin  fades,  and  the  general  condition  of  the  patient  is  at 
once  improved.  Mitral  disease,  when  compensation  is 
failing,  and  a  feeble  heart  that  is  suddenly  overtaxed, 
are  the  two  conditions  that  most  fret|Uently  give  rise  to 
these  distressing  .symptoms.  In  .stich  cases,  when  the 
dilatation  is  extreme  and  the  force  of  the  heart  very  low. 
venesection  must  be  jirompt  to  be  of  service.  Among 
these  cases  may  be  included  many  instances  of  cardiac 
failure  that  occur-during  the  administration  of  a  general 
anaesthetic,  when  the  dilated  heart  becomes  suddenly 
overfilled  and  unable  to  empty  its  cavities.  A  sudden 
blow  over  the  heart  may  suffice  to  cause  a  powerfid  con- 
traction, or  the  withdrawal  of  blood  will  relieve  the 
pressure  and  allow  regular  contractions  to  be  re-estab- 
lished. Of  the  pulmonary  causes  of  venous  congestion, 
emphysema  is  the  most  common,  and  in  this  condition 
marked  benefit  will  follow  the  withdrawal  of  blood. 
Cases  of  bronchitis  and  those  in  which  there  is  a  tendency 
to  jjulmonary  oedema  afford  favorable  conditions  for  this 
treatment. 

Venesection  is  also  of  service  when  the  arteries  show  a 
condition  of  increased  tension,  when  the  pulse  is  fvd!  and 
bounding,  and  when  a  condition  of  general  i)lethora  pre- 
vails. In  these  cases  the  relief  afl'orded  by  the  with- 
drawal of  blood  is  also  very  marked,  the  reduced  blood 
pressure  relieving  the  congested  organs  and  often  pre- 
venting cerebral  hemorrhage.  In  the  convulsions  of 
uraemia,  and  especially  in  jjuerperal  eclamjisia,  when 
there  is  the  same  arterial  tension,  the  value  of  venesec- 
tion is  tmquestionable.  The  relief  is  immediate,  and  the 
severity  of  subsequent  attacks  is  likely  to  be  lessened. 
In  puerperal  states  there  should  be  no  hesitation  in  re- 
sorting to  it,  if  the  arterial  tension  is  abnormally  high; 
and  the  fact  that  a  free  loss  of  blood  has  occurred  dur- 
ing labor  does  not  warrant  the  belief  that  venesection 
will  be  any  less  effective  in  relieving  the  tension.  In 
these  cases  much  of  the  benefit  is  due  to  the  reduction 
of  blood  pressure,  and  much  also  may  be  explained  by 
the  favorable  influence  exerted  on  the  tissue  changes 
and  by  the  increased  oxidization.  In  addition,  it  is  also 
suggested  that  the  increased  nutritive  changes  neutral- 
ize the  poisons  circulating  in  the  blood  and  convert 
them  into  harmless  products. 

It  is  ditficvdt  to  determine  to  what  extent  the  benefit 
should  be  ascribed  to  the  actual  removal  of  toxic  mate- 
rial from  the  body  (with  the  blood  that  is  drawn  off), 
yet  we  find  that  there  are  many  eminent  authorities  who 
lay  great  stress  upon  this  explanation.  To  increase  the 
ti-sefulness  of  the  procedure  in  these  to.xic  ca.ses,  it  is 
recommended  that  the  bleedings  should  be  very  free  and 
that  the  blood  lost  should  be  replaced  by  norma!  saline 
solution,  either  administered  subcutaneously  or  injected 
directly  into  the  veins. 

The  effect  of  venesection  in  lowering  temperature  and 
allaying  the  symptoms  of  inflammation  would  suggest 
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the  wisdom  of  employing  it  iu  the  treatment  of  fevers 
and  inflammatory  diseases — a  practice  which  was  so 
much  in  vogue  at  the  time  when  venesection  was  used 
empirically.  This  proposition,  however,  does  not  meet 
with  favor.  It  is  maintained  that  tlie  relief  afforded  is 
but  temporary,  and  that  the  tendency  to  fatty  changes, 
present  in  pyrexia,  is  heightened  by  the  repeated  with- 
drawals of  Ijlood.  The  s_vmptoms  undoubtedly  show 
marked  improvement  immediately  after  the  operation, 
but  the  greater  debility  which  results  and  the  prolonged 
convalescence  prevent  its  general  acceptance.  The  only 
acute  disease  in  which  venesection  receives  much  atten- 
tion is  pneumonia.  In  addition  to  the  benefits  derived 
from  the  lessening  of  the  pletliora  and  the  easing  of  the 
overworked  heart,  the  lessening  of  the  inflammatory 
process  and  the  probable  limiting  of  the  extent  of  the 
consolidation  must  also  be  considered  as  results  of 
some  value.  At  all  events  numerous  cases  have  been 
reported  in  which  venesection  has  proved  serviceable, 
and  the  suljject  is  therefore  worthy  of  every  considera- 
tion. It  is  evident,  however,  that  if  any  benefit  is  to  be 
derived  from  tliis  method  of  treatment  it  must  be  begun 
early  before  the  pathological  processes  have  made  much 
advance.  "When  it  is  resorted  to  at  the  outset,  in  a 
plethoric  patient  with  sthenic  symptoms,  a  full  pulse, 
difficult  respiration,  pain,  and  fever,  the  o|)eration  acts 
most  favorably,  and  there  is  every  reason  to  lielieve  that 
it  renders  the  attack  less  severe.  Frequently  the  vene- 
section is  resorted  to  too  late  in  the  disease  as  a  last  re- 
sort, and  although  the  distressing  symptoms  may  be 
allayed  for  the  moment,  the 
ultimate  result  is  rarely  fa- 
vorable. 

Method  of  Procedcre. 
— Formerly,  blood  was 
withdrawn  from  the  veins 
of  the  arm,  the  external 
jugular,  the  veins  beneath 
the  tongue,  the  scrotal 
veins,  and  the  veins  of  the 
leg ;  but  at  the  present  time 
a  vein  on  the  anterior  sur- 
face of  the  forearm  is  tlie 
one  chosen,  imless  some 
particular  reason  exists  why 
another  should  be  selected. 
The  veins  in  this  region 
that  become  most  promi- 
nent, when  the  circulation 
in  them  is  arrested,  are  the 
median  ceplialic  and  the 
median  basilic.  The  former 
is  tlie  proper  one  to  select, 
as  the  median  basilic  is  in 
close  relation  to  the  artery. 
The  median  cephalic  is 
external  to  the  tendon  of 
the  biceps  and  away  from 
any  region  of  danger.  It 
will  be  found,  however, 
that  the  size  and  promi- 
nence of  the  veins  in  front 
of  the  elbow  vary  great- 
ly, and  generally  the  most 
marked  one  is  selected  re- 
gardless of  its  name  or  po- 
sition. 

In  performing  the  opera- 
tion strict  antiseptic  pre- 
cautions should  be  observed 
in  the  preparation  of  the  site 
and  in  the  selection  of  the 
knife  and  dressings.  The 
arm  is  allowed  to  hang  suspended  and  a  firm  bandage  is 
applied  above  the  elbow,  sufficient  force  being  employed 
to  compress  the  superficial  veins,  and  j'et  not  enough  to  in- 
tercept the  arterial  fiow.  The  vein  is  opened  either  longi- 
tudinally or  in  a  direction  slightly  oblique  to  the  axis  of  the 
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Fig.  601.— The  Superficial  Veins  of 
the  Forearm ;  Sliin  Removed,  a. 
Median  cephalic- :  ?>,  cephalic:  c. 
brachial:  c,  ba.silic;  f.  median 
basilic ;  y.  anterior  ulna ;  d,  me- 
dian nerve. 


Fig.  602.— Forearm  with  Liga- 
ture .\pplied.  FiDper  at  junc- 
tion of  median  basilic  and 
median  cephalic  veins. 


vessel,  the  point  of  the  blade  being  inserted  directly  into 
the  vessel  and  withdrawn  with  a  downward  cutting  mo- 
tion. Before  one  makes  the  incision  he  should  place  the 
thumb  of  the  left  hand  below  the  point  of  opening,  in  order 
to  secure  the  vessel  firmly.  Care  must  also  be  observed 
that  the  skin  is  tense  and  in  its  proper  relation  to  the 
vessel,  otherwise  the  incision  through  the  skin  may  not 
coincide  witli  the  opening 
into  the  vein,  and  instead  of 
a  free  flow  of  blood  there  will 
be  only  an  exudation  of  blood 
into  the  cellular  tissue.  As 
soon  as  the  blood  flows  freely, 
the  pulse  of  the  other  arm  and 
the  patient's  face  should  be 
kept  under  observation  to  de- 
termine the  effect  on  the  cir- 
culation and  to  detect  any 
s y  m  p  t  o  m  s  of  syncope. 
Twenty,  thirty,  or  even  forty 
ounces  should  be  removed, 
according  to  the  condition 
and  temperament  of  the  pa- 
tient. The  quantity  taken 
should  always  be  sutficient  to 
make  a  decided  impression 
upon  the  circulation.  Fre- 
quently the  amount  with- 
drawn does  not  exceed  a  few 
ounces.  This  is  too  .small  a 
quantity  to  afford  any  bene- 
fit to  the  patient,  and  as  a 
further  result  venesection  is 
discredited.  When  sufficient 
blood  has  been  removed  the 
flow  is  readily  checked  by 
applying  a  compress  over  the 
incision,  removing  the  con- 
stricting band,  and  bandag- 
ing the  arm,  which  bandage  may  be  removed  in  twenty- 
four  hours. 

It  is  often  desirable  to  abstract  blood  from  some  promi- 
nent part  for  the  purpose  of  relieving  a  local  hypera-mia 
or  congestion,  as  in  many  bruises  and  ecchj'moses,  in  dis- 
ease about  the  eye,  nose,  ear,  gums,  etc.,  and  in  some 
forms  of  cellulitis.  .  Such  local  blood-letting  is  also  oc- 
casionally employed  to  lessen  the  congestion  of  deep 
organs  by  withdrawing  blood  from  the  surface  of  the 
body  near  to  the  affected  part.  In  all  cases  the  blood 
flows  from  the  capillaries  or  superficial  vessels,  and  the 
quantity  is  very  slight  in  comparison 
with  that  which  is  abstracted  in  general 
blood-letting.  To  accomplish  this  end, 
leeches,  scarification,  and  wet-cupping 
are  the  means  employed. 

Leeching. — This  means  of  locally  ab- 
stracting blood  is  still  frequently  employ- 
(il.  but  not  to  such  an  extent  as  formerly. 
"When  any  large  amount  of  blood  is  re- 
ijuhed,  a  number  of  leeches  must  be  used. 
A  single  leech  will  absorb  from  two  to 
three  drachms  of  blood,  and  this  may  be 
increased  as  much  more  by  warm  fomen- 
tations applied  after  the  leech  has  dropped 
off.  The  leeches  ma.y  be  placed  in  a  wine 
glass  which  should  then  be  inverted  over 
the  desired  spot.  If  the  area  is  very  lim- 
ited, or  if  the  blood  is  to  be  withdrawn 
from  the  nasal  cavity,  gums,  or  any  cav- 
ity, a  leech  glass  should  always  be  util- 
ized. The  leech  will  bite  more  freely  if 
removed  from  the  water  an  hour  or  more 
before  needed,  and  for  the  same  reason 
the  part  should  be  thoroughly  cleansed. 
When  a  leech  shows  no  inclination  to  bite, 
rubbing  the  skin  with  sweetened  water 
will  sometimes  induce  it  to  fasten  upon 
the  spot.     The  peculiar  bite  of  the  leech 
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Fig.  60.3.-Glass 
Leech  Tube. 
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always  leaves  a  perniaueut  scar,  and  care  must  be  ob- 
served iu  selecting  a  site  which  is  not  conspicuous. 

ScARiFic^Tioji  AND  CcppiNG, — By  these  means  blood 
is  abstracted  through  small  superficial  incisions  into  the 
skin,  the  flow  being  augmented  by  the  cupping  glass 
when  that  instrument  is  employed. 
The  incisions  may  be  made  with  an  or- 
dinary knife  or  lancet,  or  by  means  of 
a  scarificator.  In  the  latter  instrument 
the  blades  may  be  adjusted  to  any  de- 
sired length  so  that  the  cutis  vera  of 
the  part  may  be  incised  without  pene- 
trating to  tlie  deeper  tissues.  The  cup- 
ping glass  may  be  one  of  those  specially 
constructed  for  this  purpose,  or  an  or- 
dinary wine  glass  may  be  made  to  serve 
the  same  end.  The  cavity  of  the  glass 
is  heated  over  a  spirit  lamp,  or  by 
burning  a  small  quantity  of  spirit  in  fig.i,ii4.  tih- Sinr- 
it,  and  then  the  glass  is  quickly  invert-  Iflcatur. 

ed  over  the  desired  part  and  jilaccd  in 
such  a  way  that  the  air  will  not  enter.  As  the  heated 
air  cools  its"  density  is  increased  and  suction  force  is  ex- 
ercised upon  the  incised  surface.  The  glass  should  be 
removed  as  soon  as  it  ceases  to  act  and  a  fresh  one  ap- 
plied. A  cupping  glass  with  a  rubber  bulb  attached,  on 
the  principle  of  the  ordinary  breast  pump,  is  also  util- 
ized. 

Dry  Cupping.— Very  frequently  cupping  glasses  are 
applied  without  an  incision  being  made  for  the  removal 
of  blood.  This  is  known  as  "  dry  cupping. "  The  appli- 
cation of  the  glasses  produces  a  rapid  flow  of  blood  to 
the  part,  and  when  repeated  rapidly  over  a  small  area, 
the  withdrawal  of  blood  from  organs  lying  below  the 
surface  is  sutlicient  to  relieve  them  if  inflamed  and  con- 
gested. A  single  glass  may  be  applied  and  quickly  re- 
applied, but  it  is  more  satisfactory  to  employ  a  number 
of  glasses  and  apply  them  at  the  same  time.  They  are 
applied  after  the  same  manner  as  described  for  wet  cup- 
ping. Dry  cupping  has  the  advantage  of  not  making 
any  incision  and  not  causing  any  scar.  The  therapeutic 
action  is  somewhat  different  from  that 
of  wet  cupping,  as  the  couuter-irritji- 
tion  is  much  greater  and  more  pro 
longed.  Junod's  boot  is  an  instrument 
Iire]5ared  on  the  same  principle  as  that 
of  the  euiijiing-glass,  its  purpose  being 
to  withdraw  blood  from  the  body  into 
one  of  the  limbs,  in  order  that  relief 
may  lie  afl^ordcd  to  congested  organs 
without  the  permanent  loss  of  any 
blood.  It  consists  of  a  metallic  vessel 
into  which  a  limb  may  be  placed  and 
whicli  closes  so  tightly  that  air  cannot 
Fig.  6ft5.— Cupping  enter  or  escape,  except  by  means  of  an 
?'^R"hh'"'r^'''*"  exhausting  syringe.  As  the  air  is  with- 
Bulb!'  ^^  ^^  "^  drawn  from  "the  cavity,  the  blood  flows 
into  the  vessels  of  the  limb  which  be- 
comes greatly  swollen  and  congested.  This  appliance 
has  never  met  with  much  favor,  as  the  constitutional 
effect  is  not  very  satisfactory  and  the  local  action  is  often 
severe.  Beaumont  Small. 

BLOODROOT.— Saxgiixaria.  Bed  Puccoon.  "The 
rhizome  of  .S(;(^«2«((;vV{  ('(i/iaden.nK'L.  (fam.  Pnpiireraceiv), 
collected  in  the  autumn  "  (U.  S.  P. ).  It  is  doubtful  if  this 
definition  can  be  complied  with,  as  the  aerial  portions  tlie 
in  early  summer,  and  before  fall  all  traces  which  would 
indicate  the  presence  of  the  rhizome  have  disappeared. 
The  plant  is  a  low  perennial,  with  a  thick,  fleshy,  hori- 
zontal root-stock,  from  which  one  or  two  leaves  and  a 
single  handsome  white  flower  appear  early  in  the  spring, 
enclosed  at  the  base  by  several  sheathing  scales.  Tlie 
leaves  are  kidney- shaped,  variously  lobed,  and  grow 
much  larger  and  broader  as  the  season  goes  on.  The 
flower  is  about  3  cm.  across  (one  and  one-fourth  inches), 
regular,  perfect,  spreading;  sepals  two,  falling  early: 
petals  from  six  to  twelve,  rather  narrow ;    stamens  nu- 


merous, ovary  and  capsule  one-cefled,  with  two  placentae ; 
ovules  (and  seeds)  numerous,  with  prominent  caruncles. 
An  opaque,  orange-colored  juice  is  found  iu  all  parts  of 
the  plant,  especially  in  the  rhizome,  where  it  is  very 
abundant  and  dark.  Bloodroot  is  a  native  of  North 
America,  and  is  occasionally  cultivated  as  an  ornamental 
plant  both  here  and  in  Europe.  The  dried  rhizome  is 
about  5  cm.  (two  inchesi  long,  and  1  cm.  iu  diameter, 
slightly  flattened,  indistinctly  annvdated,  and  evidently 
shrunken  and  wrinkled.  It  is  reddish  brown  externally, 
variously  bent  and  twisted,  and  now  and  then  branched. 
It  breaks  with  a  short  fracture,  and  displays  a  pink  sur- 
face, finely  dotted  with 
dull  red  points;  this 
surface  becomes  dark 
by  exposure,  and  final- 
ly is  xmiformly  br(.)wn- 
ish  red.  Odor  slight, 
disagreeable.  Taste 
bitter,  acrid,  nauseous, 
and  persistent.  Pow- 
der sternutatory. 

The  principal  con- 
stituent is  the  alkaloid 
fiiinf/tiinariite  (CioHis 
NOi),  discovered  and 
named  bv  Dana  in 
1839.  When  pure  it 
is  in  white  crystalline 
needles  or  tufts,  insol- 
uble in  water,  but  eas- 
ily dissolved  by  alco- 
hol, ether,  oils,  etc. ;  it 
forms  with  the  princi- 
p  a  1  acids  beautiful 
salts  of  brilliant  orange 
or  red  color.  Tlie  jiow- 
der  excites  violent 
sneezing.  Its  taste, 
when  dissolved,  is  that 
of  the  rhizome  inten- 
sified. Chelerythrine 
(Cj.HnNO,)  exists  in 
smaller  amounts  and 
yields  yellow  salts. 
Small    amounts  of  at 

least  two  other  alkaloids  exist,  with  irritant  resin,  starch, 
citric  and  malic  acids. 

Action. — The  several  alkaloids  of  bloodroot  have  very 
dissimilar  actions  when  used  separately,  but  that  of 
sanguinarine  is  overpowering  and  determines  that  of  the 
drug.  It  is  a  most  powerful  irritant,  locally  and  system- 
ically.  It  was  formerly  used  as  a  caustic  for  morbid 
growths,  and  has  had  many  uses  as  a  counter-irritant, 
it  is  powerfully  irritant  to  "the  mucous  membranes,  and 
sialagogue.  It"  is  a  powerful  and  even  fatal  emetic  and 
cathartic.  Systemically,  it  irritates  both  the  spinal  and 
cerebral  cent"i-es,  producing  tetanic  convulsions  and  in- 
toxication or  violent  delirium.  It  depresses  muscular 
fibre,  and  this  at  length  greatly  depresses  both  the  circu- 
lation and  the  respiration. 

These  properties  can  be  utilized,  by  small  doses,  in  im- 
proving both  appetite  and  digestion,  and  in  producing 
expectorant  effects,  the  latter  either  by  internal  adminis- 
tration, or  by  inhalation  of  verj'  weak  preparations,  or  by 
application  to  the  throat.  It  was  formerly  a  much-used 
emetic  in  doses  of  gr.  xv.  to  Ix.,  but  this  use  is  now- 
considered  barbarous.  It  is  very  little  used  at  the  pres- 
ent time,  and  then  chiefly  as  an  expectorant,  in  doses  of 
0.3  to  0.5  gni.  (gr.  iij.  to  viij).  Its  excretion  is  accom- 
panied by  stimulation  of  intestinal  and  renal  secretion 
and  of  peristalsis.  It  is  also  a  stimulating  emmenagogue. 
A  fluid  extract  and  a  fifteen  per  cent,  tincture,  each  con- 
taining a  little  acetic  acid,  are  official.      H.  H.  Busby. 

BLOOD  STAINS.— In  criminal  trials  tjie  medical  wit- 
ness is  often  called  to  determine  whether  stains  found  on 
weapons — as  knives,   clubs,   or  daggers — or  upon   the 
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clothing  of  a  suspected  person,  or  upon  the  floor,  walls, 
or  ground  where  a  homicide  is  supposed  to  have  been 
coininitted,  were  caused  by  blood  or  by  some  other 
coloring  matter.  So  also  it  is  often  equally  important  to 
determine  whether  stains  acknowledged  to  be  blood  are 
the  blood  of  a  human  being  or  that  of  one  of  the  lower 
animals.  The  object  of  this  article  is  to  show  how,  and 
to  what  extent,  these  important  questions  may  be  an- 
swered. Such  investigations  have  often  served  to  con- 
vict the  guilty,  and  in  other  cases  triumphantly  to  acquit 
tlie  innocent. 

The  examination  of  blood  stains  calls  for  the  considera- 
tion of;  (1)  physical  characteristics;  (2)  chemical  reac- 
tions; (3)  crystalline  properties;  (4)  optical  properties; 
and  (5)  microscopical  appearances  of  blood  corpuscles 
and  other  constituents  of  blood. 

1.  Physic.\l  Appearance  of  Blood  Stains. — The 
color  of  blood  stains  varies  with  the  amount  of  serum 
and  the  absorbent  properties  of  the  object  upon  which 
the  stain  dries.  Generally  the  more  permeable  the  tissue 
or  object  Stained,  the  brighter  is  the  color  after  blood  has 
dried  upon  it. 

Upon  polished  steel  or  other  metal,  blood  dries  in  dark 
brown,  shiny  scales,  however  thin  the  blood  may  be. 
Upon  silk  or  glass  it  assumes  about  the  same  color  as 
upon  polished  metal.  Upon  varnished  or  very  hard 
wood,  blood  stains  have  also  a  dark  shining  surface.  Put 
upon  soft  porous  wood,  or  any  soft  tissue,  as  cotton  cloth, 
the  blood  displays  a  dull  brown  color  or  a  rose  tint,  yet 
even  on  cloth  a  thick  clot,  when  dry,  presents  a  brown 
but  glistening  surface. 

It  sometimes  happens  that  upon  tissues  or  objects  of 
a  brown,  maroon,  or  dark  blue  color,  blood  stains  are 
quite  invisil)le  by  full  daylight,  but  they  become  con- 
spicuous by  artilicial  light,  especially  if  examined  by 
light  obliquely  reflected.  This  is  especially  the  case 
with  dark-colored  furniture,  wallpaper,  orany  dark  paint, 
on  which  blood  stains  easily  seen  by  the  light  of  a  caudle 
are  quite  invisible  by  daylight. 

Stains  upon  steel  or  other  metallic  instruments,  if 
quickly  dried  by  exposure  to  the  air,  are  cracked  and  of 
a  tine  red  color;  but  stains  on  similar  instruments,  kept 
in  a  (lamp  situation,  are  <if  a  dirty  brown,  tending  toward 
a  yellow  rusty  color,  surroundeil  with  an  ochrey  areola, 
yielding  no  color  or  albumen  in  water;  even  a  solution 
of  potash  extracts  only  a  small  quantity  of  albumen. 

Ujion  glass,  marble,  plaster,  flint,  sandstone,  and  earth, 
blood  stains  preserve  their  ordinary  characteristics;  but 
upon  wood  containing  tannin  they  form  with  the  tannin 
an  insoluble  compound,  and  water  in  which  such  stains 
are  macerated  fails  to  yield  characteristics  of  blood.  In 
such  cases  the  surface  can  sometimes  be  scraped  off  and 
tested  free  from  the  tannin. 

On  felt  and  some  kinds  of  cloth,  blood  forms  shiny 
spots  appearing  like  mucilage.  In  examining  garments, 
searchirkg  for  blood  stains,  a  small  magnifying  glass  is  of 
great  service  in  distinguishing  small  specks  or  drops  of 
blood. 

2.  Chemical  Reactions. — (a)  Ouaiacum  Test  for  Blood. 
— If  any  red  substance  is  suspected  to  be  blood,  place  a 
drop  on  white  paper;  or  if  dry,  moisten  with  water  and 
then  place  it  on  the  paper.  Let  fall  upon  the  stain  thus 
formed  a  drop  of  tincture  of  guaiacum.  If  the  stain 
turns  blue  with  no  other  treatment  it  is  not  blood ;  or  if  it 
contains  blood  it  also  contains  starch,  a  salt  of  iron,  or 
some  other  foreign  substance.  If  it  does  not  turn  blue 
by  the  action  of  the  guaiacum,  drop  upon  it  a  watery 
solution  of  hydrogen  dioxide. when,  if  it  is  blood,  it  will 
quickly  assume  a  beautiful  .sapphire  blue  color.  A  par- 
ticle of  blood  scarcel}'  visible  to  the  naked  eye  may  be 
detected  by  this  test.  If  the  blue  color  does  not  quickly 
appear  by  this  test  it  is  not  blood.  If  the  stain  gives  the 
blue  color  by  this  test  it  may  be  blood ;  and  other  tests 
may  be  apjilied  to  determine  with  certainty  that  it  is. 
The  white  paper  should  be  tested  with  guaiacum  and 
dioxide  before  the  stain  is  applied. 

(J)  Action  of  Solrents  and  Other  Reagents. — Stains  upon 
cloth  may  be  cut  out  and  suspended  in  a  test  tube  con- 


taining distilled  water.  The  bottom  of  the  cloth  should 
dip  into  the  water,  but  the  stain  should  not  touch  the 
sides  of  the  tube.  Under  these  circumstances  the  color- 
ing matter  of  blood  will  usually  detach  itself  from  the 
tissue  and  fall  in  reddish  stria;  to  the  bottom  of  the  tube. 

When  a  solution  of  blood  is  heated  the  color  disappears, 
but  vegetable  colors  in  general  are  unchanged  by  heat. 
A  solution  of  blood  is  made  a  little  darker  by  the  addition 
of  a  small  qviantity  of  ammonia,  but  the  color  is  not  de- 
stroyed. Tlie  red,  pink,  or  scarlet  infusion  of  fruit  or 
flowers  or  roots  and  the  juices  of  fruits  are  changed  to 
green  or  violet  by  anunouia,  and  cochineal  is  changed  to 
crimson.  Hvpochlorous  acid  quickly  destroys  all  organic 
coloring  matter  except  blood,  which  withstands  the  acid 
much  longer.  Two  minutes  are  sufficient  to  destroy 
most  colors  except  that  of  blood.  Stains  of  colcothar  and 
grease  and  those  of  rust  resist  for  a  long  time  the  action 
of  hvpochlorous  acid,  but  disappear  instantly  on  contact 
with  chloride  of  tin,  which  does  not  act  upon  the  color- 
ing matter  of  blood.  Carbon  mixed  with  the  colored 
fluid  cannot  be  readily  discolored  by  any  reagent. 

If  the  stains  are  upon  weapons,  from  which  it  is  im- 
possible to  detach  a  superficial  layer,  they  may  be  moist- 
ened with  drops  of  water.  If  they  are  upon  wood, 
jilastered  wall,  or  stone,  we  may  scrape  the  surface  and 
test  the  material  removed.  If  iqion  the  point  of  a  dagger 
or  other  narrow  blade,  this  material  may  be  placed  in  a 
tall,  narrow  vessel.  In  general,  if  the  material  of  the 
stain  can  be  scraped  off,  the  fine  powder  thus  obtained 
may  be  treated  with  a  minute  portion  of  fluid  in  a  test 
tube,  watch  glass,  or  on  a  concave  slide  or  cover  glass, 
such  as  is  used  with  the  microscope.  The  method  of 
dealing  with  minute  sjiecks,  when  these  are  all  that  can 
be  obtained  from  a  stain,  will  lie  described  further  on. 
If  the  powder  obtained  is  abinulant  and  contains  foreign 
matter,  it  may  be  placed  in  a  small  gauze  bag  and  sus- 
pended in  a  test  tuhe  as  described  above.  If  the  stains 
are  spread  in  streaks  on  the  surface  of  the  instrument,  a 
plate  of  glass  may  be  adjusted  on  a  perfect  level,  and  a 
few  drops  of  distilled  water  placed  on  the  glass ;  then  the 
instrument  should  be  so  arranged  that  the  stain  touches 
the  water  while  the  instrument  does  not  touch  the  glass. 
After  one  or  two  hours  the  water  will  be  colored  by  the 
stain  ;  but  whatever  jirocess  we  employ,  it  is  important  to 
avoid  contact  of  the  water  with  the  steel  or  iron  so  as  to 
form  rust.  In  all  eases  only  a  small  quantity  of  water 
should  be  used,  and  if  the  liquid  contains  much  foreign 
matter  it  should  be  filtered  before  using  reagents. 

3.  Crystalline  Pkopekties. — Crystals  characteristic 
of  blood  were  discovered  by  Teichmann.  and  gieat  im- 
portance is  attached  to  this  test.  To  obtain  ha'min  crys- 
tals, digest  the  stained  tissues,  or  the  powder  obtained 
from  the  stain,  in  a  oue-fourth-per-cent.  solution  of  com- 
mon salt  for  twcntvfour  hour.s,  next  allow  the  fluid  to 
dr_v  on  a  glass  slide  at  a  temperature  of  80  or  100  F.,  and 
then  apply  a  drop  of  glacial  acetic  acid,  heating  it  over  the 
flame  of  a  lamp.  As  the  fluid  evaporates  a  great  number 
of  crystals  appear,  in  the  form  of  rhomboidal  plates  with 
angles  of  55'  and  125',  of  yellow,  red,  or  brown  color,  de- 
pending on  the  thickness  of  the  crystalline  plates.  In  the 
dog  and  in  man  they  are  long  parallelograms.  In  the 
squirrel  they  are  hexagonal  plates;  and  in  the  guinea-pig 
the}' are  in  the  form  of  tetraliedral  crystals.  The  length 
of  the  crystals  from  human  blood  is  from  one  and  one- 
half  to  three  times  the  breadth.  They  are  generally  very 
small,  and  if  obtained  from  minute  stains  their  obtuse 
angles  are  somewhat  rounded,  as  are  the  crystals  of  uric 
acid  found  in  the  brick-dust  sediments  of  urine. 

The  microchemical  examination  of  stains  to  produce 
hemic  crystals,  or  crystals  of  hsematin,  or  Teichmann 
crystals,  when  only  minute  stains  are  to  be  examined,  is 
so"  important  that  we  deem  it  desirable  to  give  the  fol- 
lowing directions,  which  we  have  translated  from  "  Precis 
de  medeeine  legale."  by  Ch.  Vibbert: 

"  The  Teichmann  crystals  are  so  characteristic  that 
when  once  seen  they  are  ever  afterward  easily  recognized. 
The  operations  for  obtaining  them  are  exceedingly  simple, 
but  require  great  care  and  patience.     To  avoid  failure. 
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pcrsous  but.  litllo  accustomed  to  these  minute  investiga- 
tions shouki  follow  carefully  tiie  methods  here  described, 
especially  if.  as  often  happens,  only  minute  portions  of 
the  suspected  material  are  available  for  these  rescai'ches. 
"(rt)  Stdii/ion  vf  the  Stain. — If  the  stain  is  small  and 
no  speck  or  clot  that  may  be  removed  can  be  seen,  cut  out 
the  staiu.  followinj;  the  edges  of  it.  with  a  pair  of  scissors ; 
place  the  stained  [liece  of  cloth  on  a  glass  slide,  and  put 


Fig.  0(17.— Hii?mln  f'ryslnls. 

on  it  a  few  drops  of  water — just  enough  to  moisten  it,  for 
it  is  better  to  get  a  solution  somewhat  concentrated. 
After  macerating  till  the  licjuid  is  considerably  colored, 
press  out  the  licpiid  with  a  .scalpel  or  needle,  and  remove 
the  cloth,  leaving  the  colored  tiuid  on  the  slide.  Avoid 
spreading  the  liiiuiil,  but  dry  it  slowly,  so  that  it  shall 
make  a  small,  deejily  colored  spot  on  the  glass:  not  en- 
tirely opaque  but  somewhat  transparent,  so  that  the 
preparation  can  be  examined  with  the  microscope. 

"If  the  stains  are  very  small,  several  may  be  taken  ai\d 
macerated  together  to  obtain  sufficient  coloring  matter 
for  the  subsequent  manipvdations.  If  the  staiu  is  on 
wood,  a  thin  layer  of  the  wood  ma}'  be  removed  by  a  sharp 
knife  or  lancet,  and  treated  as  dii-ected  f(U'  a  fragment  of 
cloth;  only  the  maceration  should  be  continued  much 
longer. 

"If  it  is  not  possible  to  lift  the  stain  from  the  object, 
a  ring  of  wax  may  be  formed  around  it,  making  an  in- 
closure  that  will  hold  a  little  water,  which  is  then  ap- 
plied to  absorb  the  stain.  When  the  water  has  ab.sorbed 
the  coloring  matter,  it  may  be  transferred  to  the  slide  by 
means  of  a  pipette. 

"  (b)  Eraporatifin.  of  the  Liquid. — We  may  allow  the 
liquid  to  evaporate  spontaneously,  but  the  evaporation 
can  'be  hastened  by  the  employment  of  heat,  it  being 
necessary,  liowevcr,  to  heat  tlie  liquid  very  moderately, 
not  exceeding  a  temperature  of  GO'  C.  (140°  F.);  for 
if  the  heat  is  sufficient  to  coagulate  albumen,  it  prevents 
the  extraction  of  the  coloring  matter,  and  of  course 
no  crystals  will  be  obtained.  W'e  generally  w-arm  the 
slide  over  the  flame  of  an  alcohol  lamp,  being  careful 
that  the  temiicrature  does  not  exceed  that  which  is  not 
uncomfortable  when  the  slide  is  laid  upon  the  back  of 
the  hand.  It  is  important  to  heat  the  liquid  around  the 
borders  and  not  in  the  centre,  so  as  to  prevent  its  spread- 
ing over  the  slide,  which  would  much  interfere  with  sub- 
sequent operations. 

"((■)  Action  of  Reayents. — To  the  evaporated  residue  a 
little  common  salt  should  be  added.  Too  much  is  in- 
jurious. It  is  better  to  make  a  solution  of  1  part  of 
chloride  of  sodium  to  .500  or  1,000  parts  of  distilled  water, 
and  add  one  or  two  drops  of  this  solution.  It  is  more 
convenient  to  nxe  t/ii.i  solution  in  the  first  place  for  dissolv- 
ing the  stain,  instead  of  using  simple  distilled  water.  It 
saves  time  and  nothing  is  changed.     Sometimes  crystals 


can  be  obtained  by  treatment  with  acetic  acid  without 
the  addition  of  salt,  there  being  sufficient  chloride  of 
sodium  in  the  blood;  but  it  is  better  to  add  the  salt  than 
risk  a  failure  in  an  important  case. 

"At  whatever  stage  the  process  the  chloride  of  sodium 
has  been  added,  the  preparation  must  be  thoroughl}'  dried 
afterward  before  the  acetic  acid  is  applied.  This  acetic 
acid  monohydrate  is  called  glacial  or  crystallizable.  It 
solidifies  at  the  freezing  point,  or  zero  Centigrade,  and 
does  not  again  liquefy  until  the  temperature  is  raised  to 
17'  C.  The  addition  of  a  small  quantity  of  water  trans- 
forms it  into  acid  hydrate,  which  interferes  with  this  re- 
action. 

"  Place  a  drop  of  acetic  acid  monohydrate  on  the 
preparation  and  evaporate  with  heat,  which  may  lie  in- 
creased and  continued,  though  the  evaporation  \\  ill  be 
more  successful  if  the  heat  does  not  quite  reach  the  boil- 
ing point.  When  there  is  only  a  small  quantity  of  the 
suspected  material,  it  is  especially  important  to  use  all 
these  precautions.  The  acid  sliould  be  taken  up  with  a 
tube  drawn  out  to  a  fine  jioiut,  so  that  only  a  very  small 
drop  may  be  added  at  a  time;  place  the  droplet  in  the 
centre  of  the  red  deposit  on  the  slide,  and  allow  it  to 
spread  a  little,  but  not  to  spread  beyond  the  limit  of  the 
stain ;  for  this  purpose  the  heat  of  the  lamp  should  be  ap- 
plied around  the  borders  at  various  points,  tijiping  the 
slide  as  may  be  necessary  to  retain  the  fluid  on  liie  red  de- 
posit only;  a  red  line  is  thus  formed  about  the  borders 
when  the  coloring  matter  becomes  thickened,  and  the  acid 
remains  on  the  stiiin  till  evaporation  is  completed.  It  is 
on  this  border  that  the  crystals  are  commonly  formed,  and 
they  are  to  be  looked  for  by  aid  of  the  microscope. 

"It  is  not  conuuon  to  find  crystals  after  adding  only  a 
single  drop  of  acid,  but  it  is  generally  necessary  to  add 
drop  after  drop,  evaporating  each  with  the  greatest  care, 
examining  the  specimen  from  time  to  time  where  the 
red  lines  are  formed  one  after  the  other  as  it  is  repeatedly 
treated  with  acid  and  dried.  When  this  experiment  is 
jierformed  under  favorable  conditions,  a  multitude  of 
distinct  crystals  are  found.  Often,  however,  we  find 
onlv  irregidar  masses  of  brown  or  dark  coloring  matter, 
and  the  remainder  of  the  jireparatiou  filled  with  coagu- 
lated albumen  and  foreign  bodies  which  have  become 
mixed  with  the  stain.  If  we  have  added  solid  particles 
of  chloride  of  .sodium  to  the  coloring  matter,  we  are  apt 
to  find  crystals  of  this  salt  formed  in  cubes,  in  stars,  or  in 
small,  colorless  globules,  and  even  lance-shaped  crystals 
of  acetate  of  sodium  may  be  formed.  All  of  these  crys- 
tals, arranged  together  in  beautiful  forms,  may  often  be 
found. 

"  In  stich  cases,  we  select  a  point  where  the  coloring 
matter  is  collected  in  considerable  ciuantity,  and  there 
apply  another  small  drop  of  acid  and  let  it  cvaijorate  as 
before.  By  repeating  this  operation  we  sometimes  obtain 
a  large  collection  of  very  small  crystals  mingled  with 
other  matter;  but  when  we  find  crystals  in  the  form  of  a 
cross  or  a  star,  it  is  very  certain  that  they  are  cliloro- 
liydrate  of  luematin.  and  we  nia_y  perfect  the  preparation 
b}'  the  addition  of  small  drops  of  acetic  acid. 

"If  doubt  still  remains  in  regard  to  the  nature  of  the 
crystals,  the  specimen  should  be  examined  hy  the  aid  of 
polarized  light.  The  albuminous  or  saline  substances 
allow  the  field  to  remain  dark,  but  the  crystals  of  luematin 
appear  bright  on  a  dark  field. 

"By  carefully  following  the  precautions  stated  above, 
one  can  almost  always  obtain  crystals  of  hsmatin,  even 
with  a  very  minute  quantity  of  blood.  The  reaction  is 
successful  with  \ery  old  stains.  Many  experts  have  ob- 
tained crystals  of  hamatin  from  stains  of  blood  ten. 
fifteen,  and  even  forty  years  old.  It  sometimes  happens, 
however,  that  it  is  impoissible  to  obtain  crystals  when 
the  stains  are  only  a  few  months  old.  This  is  especially 
the  case  when  the  blood  has  been  allowed  to  putrefy  be- 
fore drying.  Contact  with  perspiration,  grease,  or  tannin 
also  seems  to  interfere  with  the  formation  of  crystals. 

"Two  sources  of  error  are  to  be  noticed  in  connection 
with  this  test  for  blood.  Crvstals  of  murexide  (purpurate 
of  ammonia)  have  a  form  very  similar  to  that  of  crystals 
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of  hsmatin,  but  they  are  of  a  bright  red,  and  they  ac- 
quire a  violet  color  by  contact  with  a  solution  of  potash ; 
again,  it  is  very  difficult  to  imagine  how  it  can  be  possible 
to  obtain  crystals  of  murexide  by  treating  a  stain  with 
common  salt  and  acetic  acid.  A  mistake  may  easily 
occur  with  crystals  formed  with  indigo.  Cloth  colored 
with  this  material  will  sometimes  furnish  a  deposit  of 
crystals  which  will  not  dissolve  in  acetic  acid  and  which 
have  a  form  very  similar  to  that  of  crystals  of  ha'matin. 
Their  color  is  blue,  it  is  true,  but  when  the  color  is  very 
deep  it  can  scarcely  be  distinguished  from  brown.  Des- 
const,  by  simply  washing  with  water  a  piece  of  flannel 
of  blue  violet  color,  obtained  crystals  having  almost  ex- 
actly the  form  and  reddish-yellow  color  of  crystals  of 
hsernatin.  This  is  a  more  serious  source  of  error  than 
is  generally  admitted  in  books  on  legal  medicine. 

"  When  a  stain  to  be  examined  is  found  on  clothing 
colored  with  indigo,  it  is  important  before  examining  the 
stain  itself  to  examine  pieces  of  the  garment  which  are 
not  stained,  to  see  whether  they  will  deposit  crystals  of 
indigo.  The  comparison  between  these  crystals  and 
those  obtained  from  the  stain  may  remove  all  uncertainty . 
if,  for  example,  the  crystals  obtained  from  the  stain  are 
very  numerous,  while  those  obtained  from  the  unstained 
cloth  are  very  few  and  of  a  blue  color.  If  the  similarity 
of  the  two  species  of  crystals  is  very  close  we  may  try 
the  guaiacum  test.  The  crystals  of  hiematin  will  color 
the  guaiacum  blue,  while  those  of  the  indigo  will  have  no 
effect  upon  it. 

"  When  the  crystals  of  hsematin  have  been  obtained 
they  may  be  indefinitely  preserved  hy  adding  a  little 
glycerin  and  covering  the  preparation  with  thin  glass. 
The  expert  should  carefully  preserve  the  preparation,  to 
serve  as  a  proof  of  the  correctness  of  his  conclusion." 

4.  Spectkoi  Ax-\ltsis  of  Blood  Staixs. — One  of  the 
most  important  methods  of  distinguishing  solutions  of 
blood  stains  from  those  of  other  colored  fluids  is  by  the 
use  of  the  spectroscope.  The  peculiar  spectra  produced 
by  the  passage  of  light  through  solutions  of  blood  were 
noticed  by  Hoppe  in  1863.  and  were  suggested  by  him  as 
a  means  of  medico-legal  research.  Stokes,  in  1864,  and 
Sorby,  Lethby,  Jlacilunn,  and  others  have  added  largely 
to  our  knowledge  of  this  subject. 

The  coloring  matter  of  fresh  blood  is  known  as  haemo- 
globin, and,  according  to  Preyer,  it  contains  nearly  all 
the  iron  of  the  blood.  By  the  action  of  reagents,  such 
as  acetic,  tartaric,  and  citric  acids,  the  bright  red  of  fresh 
blood  becomes  changed  to  broicnish  red,  known  as  hsema- 
tin. This  is  a  permanent  chemical  change.  The  same 
change  of  hjcmoglobin  into  hsematin  takes  place  when 
blood  has  been  kept  for  a  long  time.  The  fresh  blood 
stain  is  bright  red  (haemoglobin ) ;  the  old  stain  is  brown 
(ha>matin).  Haemoglobin  and  ha?matin  are  each  capable 
of  existing  in  two  states  of  oxidation,  each  state  produc- 
ing in  the  spectrum  its  own  characteristic  absorption 
bands.  If  a  blood  stain  is  kept  in  a  damp  place  the 
hfemoglobin  is  rapidiv  changed  into  h;iematin,  or  both 
ha?moglobiu  and  hoematin  may  be  decomposed.  But  if 
the  stain  is  kept  dry,  it  becomes  in  time  of  a  brown  color. 
This  change  is  hastened  if  the  stain  is  exposed  to  a  strong 
light  This  brown  coloring  matter  is  methtemoglobin, 
which  Sorby  regards  as  peroxidized  htemoglobin.  This 
alteration  is  much  more  rapid  in  an  atmosphere  contain- 
ing coal  gas,  or  a  trace  of  sulphurous  or  any  other  weak 
acid.  The  change  is  also  very  rapid  when  a  stained 
garment  is  worn  next  the  skin,  as  the  acid  perspiration 
hastens  the  change.  If  the  color  of  a  blood  stain  be  a 
bright  red  it  is  evident  that  it  is  recent,  but  if  it  be  brown 
it  is  not  necessarily  an  old  stain.  When  fresh  blood,  or 
a  solution  from  a  recent  stain,  is  placed  before  the  slit  of 
a  spectroscope,  two  dark  absorption  bands  are  seen  be- 
tween the  Fraunhofer  lines  D  and  E,  the  line  near  D  be- 
ing darker,  narrower,  and  more  sharply  defined  than  the 
other  (Sp.  1-1,  Fig.  609).  If  the  strength  of  the  solution 
is  increased  tlie  l5ands  grow  wider  and  the  orange  and 
blue  are  gradually  obliterated.  If  the  strength  of  the 
solution  is  diminished  the  line  near  E  first  fades  away 
and  then  the  line  near  D  also  soon  disappears.     If  the  §tain 


has  been  changed  to  brown  by  the  action  of  the  air  the 
coloring  matter  becomes  peroxidized,  and  the  solution 
then  gives  a  single  band  between  the  positions  of  the  two 
above  described  (Sp.  '2-2,  Fig.  609).  The  coloring  mat- 
ter giving  the  single  band  is  known  as  metha'moglobin. 

Alkaline  Uamatiit. — Make  a  saturated  solution  of  car- 
bonate of  potash  in  alcohol  and  pour  a  few  drops  of 
blood  or  .solution  from  a  recent  stain  into  the  solution. 
The  color  immediately  changes,  and  when  examined  in 
the  spectroscope  a  broad,  lightl_v  shaded  band  is  seen 
covering  Fraunhofer's  line  D.  Caustic  potash  and  caus- 
tic soda  in  alcohol  when  added  to  blood  give  the  same 
spectrum,  but  different  from  that  produced  b_v  aqua 
ammonix  or  by  carbonate  of  potash.  It  consists  of 
three  bands,  one  in  the  red,  the  other  two  like  the  bands 
produceil  by  fresh  blood.  In  the  additicin  of  a  reducing 
agent  the  spectrum  of  rcduied  ha-matiu  appears,  con- 


Fio.  608.— .<  .«.  Solar  spt-ciruni;  h  h.  bumaii  lilouil  speoirum;  d  i/, 
(iidymluin  spectrum;  c  c,  carmine  spectrum ;  p  p,  potassium 
permani^anale. 

sisting  of  two  bands  similar  to  the  bands  of  fresh  blood, 
but  removed  farther  from  D  toward  the  blue  part  of  the 
spectrum. 

In  Fig.  608  are  shown  at  s-s  the  Fraunliofer  lines  of 
the  solar  spectrum.  Below  are  shown  the  spectra  of  dif- 
ferent colored  fluids:  b-b,  human  blood;  d-d,  nitrate  of 
didymium.  of  a  faint  pink  color,  in  solution  with  lines 
similar  to  those  of  blood  but  easily  distinguished  from 
them:  c-f,  carmine  solution,  and  ]>-p,  the  spectrum  of  a 
solution  of  permanganate  of  potash  with  three  dense  lines 
and  one  verj'  faint  in  the  red.  All  the  spectra  were  pho- 
tographed on  the  same  scale.  All  the  fluids  were  illumi- 
nated by  the  electric  light,  and  the  right  half  of  the 
spectra  shows  carbon  and  other  lines  produced  by  the 
flame  of  the  carbon  electrodes.  Manj'  more  might  be 
presented,  but  these  specimens  are  given  to  illustrate  the 
marked  distinction,  as  shown  by  the  spectroscope,  be- 
weeu  blood  and  other  colored  fluids. 

Instriimoitsfor  Spectrum  Analysis  of  Blood  Stains. — As 
the  absorption  bands  produced  by  colored  fluids  are 
broad  and  not  ver}'  sharply  defined,  an  instrument  of 
much  less  dispersive  power  than  that  used  for  colored 
flames  is  required.  The  microspectroscope  made  by  R. 
and  J.  Beck,  to  be  attached  to  the  microscope  instead  of 
the  objective,  is  very  useful  when  the  quantity  of  colored 
matter  is  considerable,  as  it  allows  the  use  of  the  mi- 
crometers in  the  eyepiece  of  the  microscope  to  mark  the 


REFERENCE   HAXDBUUK  OF  THE   MEDICAL  SCIENCES. 


Blood  Stains. 
Blood  Stains. 


h^r^r-OsooosONOvO^o •o^o  ^  ^  ys   ^   ?o  ^■'^     ''n     va      vt>       'O        '>^'-       ^ 


"W 


Fig.  609.— Spectometry  of  Bkxjd. 
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jvisitiou  of  absorption  bands.  AThen  the  quantity  of 
coloriuiT  matter  is  small,  or  a  mere  speck  of  clot  moistened 
on  the  slide  is  to  be  examined  and  tested,  the  objective, 
as  low  a  power  as  practicable,  is  to  be  retained  in  the 
microscope  and  a  microspectroscope  inserted  instead  of 
the  eyepiece.  The  Sorby-Browning  microspectroscope 
in  place  of  the  eyepiece  has  been  used  for  this  purpose, 
but  with  this  instrument  it  is  very  difficult  to  get  the  light 
from  the  clot  centred  in  the  slit  of  the  spectroscope. 

The  microsjjectroscope  made  by  Zeiss,  of  Jena,  is  in- 
serted in  the  microscope  in  place  of  the  ordinary  eyepiece, 
and  the  <lirect  vision  prism  can  be  turned  to  one  side  and 
by  <ipeuing  tlie  slit  the  object  on  the  stage  of  the  micro- 
scope  can  be  found  and  focussed ;  then  when  the  prism  is 
replaced  the  absorption  bands  are  seen.  It  lias  also  a 
side  stage  where  a  comparison  specimen  of  blood  or  other 
fluid  can  be  placed  and  its  absorption  bands  compared 
with  those  of  the  object  on  the  stage.  It  ahso  has  a 
micrometer  scale  illuminated  by  a  side  light  by  which 
the  positions  of  the  bauds  can  lie  measured  and  records 
made,  as  illustrated  in  Fig.  609,  M.  S.  With  such  a  micro- 
spectroscope, under  favorable  circumstances,  tlie  absorp- 
tion bands  can  be  seen  in  a  single  corpuscle  of  perfectlj' 
fresh  blood,  but  not  in  a  single  corpuscle  from  a  dried 
stain.  But  the  bands  can  often  be  clearly  seen  in  a  speck 
of  clot  j^-jj  or  even  Yjhm  of  "n  inch  in  diameter  when 
moistened  with  normal  .salt  solution  or  witli  glycerin 
water.  In  the  spectrum  analysis  of  blood  stains,  careful 
comparison  with  known  solutions  of  blood  treated  in  the 
same  manner  may  be  made  by  placing  the  known  solu- 
tion iK'fore  the  comiiarison  prism,  as  in  the  Zeiss  instru- 
ment, when  any  variation  between  the  spectra  placed 
side  by  side  can  be  readily  detemiined. 

Far  recording  ohserraliniis  iiixl  results  ctitnined  it  is  im- 
portant to  determine  the  wave  length  of  the  centre  of 
every  absorption  band,  noting  the  conditions  and  treat- 
ment of  the  stain  by  which  it  was  obtained.  To  obtain 
wave  lengths,  each  microspectroscojie  must  have  a 
micrometer  of  its  own,  with  a  scale  of  wave  lengths 
carefully  adjusted  to  the  jirisnis  and  lenses  used.  Such 
tables  and  scales  are  shown  in  Fig.  609.  Spectrum  S-S 
shows  the  positions  of  the  principal  Fraunliofer  lines  of 
the  solar  spectrum.  All  the  spectra  in  this  figure  or 
plate  are  drawn  to  the  same  scale,  and  the  line  D-D, 
from  the  top  to  the  bottom  of  the  page,  is  used  as  a  start- 
ing |ioint  from  which  measurements  are  made  and  by 
wiiieh  the  ]iosition  of  the  micrometer  is  adjusted.  The 
didyiuium  line,  h.  in  Sp.  10-10,  is  used  in  the  same 
manner  for  fi.xing  the  position  of  the  scale  when  artificial 
light  is  employed. 

The  micrometer  measurements  may  be  reduced  to 
wave  lengths  bv  means  of  an  interpolation  curve,  shown 
at  B,  C,  D,  E,  'b.  F,  G,  constructed  as  follows:  At  the 
right  hand  is  a  scale  of  equal  parts,  numbered  from  460 
to"  TOO.  These  numbers  represent  in  millionths  of  a 
millimetre  the  length  of  all  tlie  waves  of  light  which 
require  to  be  considered  in  the  analysis  of  blood  stains. 
Across  vertical  lines,  drawn  through  the  Fraunhofer 
lines  in  the  spectra  S  8,  S  S.  horizontal  lines  are  drawn 
from  the  scale  at  the  right  side  of  the  plate  at  positions 
corresiiondiug  with  the  known  wave  lengths  of  the 
Fraunliofer  lines. 

(7  =  718.5        C  =  656.2        E  =  526.9        F  =  486.0 

B  =  686.7        D  =  589.2        ft  =.517.2        G  =  430.7 

Thn.mgh  these  points  of  intersection  of  the  vertical 
and  horizontal  lines  the  curve  B  F  is  drawn.  Then  from 
points  in  this  curve  opposite  to  the  numbers  460,  470  to 
700,  vertical  lines  are  drawn,  and  these  enable  us  to  draw 
the  scale  W  L,  which  serves  to  determine  the  wave  length 
of  any  band  measured  by  the  micrometer  M  S. 

The  position  of  absorption  bands  thus  determined  may 
be  recorded,  and  at  any  future  time  compared  with  the 
records  of  other  observers. 

In  Fig.  609.  Sp.  1-1.  at  a  and  b.  are  shown  the  ab- 
sorption bands  of  normal  blood  drawn  in  their  relations 
to  the  Fraunhofer  lines  as  seen  in  the  Sp.  S-S,  and  their 
true  positions  on  the  scale  of  wave  lengths,  W  L.  The 
band  b  is  seen  to  be  broader  and  paler  than  the  band  a. 


In  Sp.  8-8  are  shown  the  absorption  bands  of  an  am- 
moniacal  solution  of  carmine,  where  n  is  shown  to  be 
paler  than  b.  and  also  that  *  has  a  wave  length  517  at  its 
centre,  while  the  band  //  in  the  spectrum  of  blood  1-1,  b, 
has  the  wave  length  .538.* 

The  Sp.  9-9  shows  the  positions  of  the  five  bands  in  a 
solution  of  permanganate  of  potassa.  In  Sp.  .5-5  the 
bands  a  b  e  are  produced  by  a  solution  of  alkanet.  where 
the  band  a  is  almost  exactly  like  <i  in  tne  blood  spectrum 
1-1,  but  b  and  c  are  different.  If  a  lit'le  alum  is  added 
to  the  solution  of  alkanet,  the  band  il  appears,  while  a  b 
and  c  remain  unchanged  ;  if  alum  is  added  to  a  solution 
of  blood,  both  the  bands  disiippear.  At  ii.  in  Sp.  2-3, 
Fig.  609,  is  shown  the  band  of  reduced  hsemoglobin  pro- 
duced when  hydrosuljihate  of  ammonia  is  added  to  a 
solution  of  nonnal  blood. 

Other  reducing  agents  produce  the  same  effect.  One 
of  the  best  is  made  by  dissolving  equal  parts  of  tartaric 
acid  and  double  sulphate  of  iron  and  ammonia,  and  then 
adding  a  little  aqua  ammonia?. 

An  ammoniacal  solution  of  tartrate  of  protoxide  of  tin 
may  be  used  as  a  reducing  agent.  It  is  prepared  by  add- 
ing tartaric  acid  to  an  aqueous  solution  of  the  protochlo- 
ride  of  tin,  and  neutralizing  the  solution  with  ammonia. 
The  acid  should  be  added  in  such  quantity  that  after 
over-saturation  by  ammonia  no  precipitate  is  formed, 
but  a  clear  solution  remains. 

Sulphide  of  sodium  is  highly  recommended  by  Preyer 
as  a  reducing  agent.  Dr.  Beale  recommends,  as  a  de- 
oxidizing solution,  protosulphate  of  iron,  with  sufficient 
tartaric  acid  added  to  |irevent  precipitation  by  alkalies, 
A  small  quantity  of  this  solution,  made  slightly  alkaline 
by  ammonia  or  carbonate  of  soda,  is  to  be  added  to  a 
weak  solution  of  blood  in  water. 

At  n.  in  Sp.  3-3,  is  shown  the  band  peculiar  to  acid 
hsematin,  wave  length  640. 

At  II.  in  Sp.  4—4,  is  the  band  of  alkaline  hjematin, 
wave  length  605. 

At  a,  Sp.  6-6,  is  shown  the  absorption  band  of  a  solu- 
tion of  fuchsin,  wave  length  548. 

At  <i.  Sp.  7-7,  is  the  band  produced  by  a  solution  of 
eosin,  wave  length  517.  All  absorption  bands  vary  in 
intensity  and  in  breadth  as  the  .strength  of  the  solution 
varies,  but  the  centre  of  the  band  remains  stationary. 

At  n  b  c,  in  Sp.  10,  are  .shown  a  series  of  beautiful 
bands  produced  by  a  solution  of  suliihate  of  didymium. 

This  remarkable  substance,  of  a  faint  pink  hue.  in 
solutiou  almost  as  colorless  as  water,  gives  a  broad  ab- 
sorption handir,  central  at  a  wave  length  of  575  millionths 
of  a  mil'imetre,  extending  from  571.5  to  .578.  The  line 
b  is  very  sharply  defined  at  wave  length  523  of  the  same 
scale.  This  substance  serves  as  an  index  to  fix  the  posi- 
tion of  the  micrometer  scale  when  using  artilicial  light. 

Besides  the  substances  mentioned  above,  some  other 
red  solutions  give  absorption  bands  somewhat  similar  to. 
that  of  blood,  but  witli  careful  manipulation  and  ap- 
propriate tests  they  may  be  certainly  distinguished  from 
blood.  The  coloring  matter  of  the  petals  of  the  red 
variety  of  Cinernrin,  a  variety  of  chlorophyll,  gives  two 
bands  somewhat  like  that  of  blood,  but  the  micrometer 
readily  shows  that  they  occujiy  different  po.sitions  on  the 
scale  of  wave  lengths.  Add  ammonia,  and  the  blood 
bands  remain  unchanged,  while  those  of  the  Cinerariii 
solution  are  altered  or  completely  destroyed. 

A  solution  of  cocliined!  in  ohmi  gives  the  bands  a  b, 
Sp,  8-8,  Fig,  609,  differing  little  from  those  of  fresh 
blood.  Ad<f  ammonia,  and  in  both  solutions  the  bands 
become  more  intense.  Now  add  excess  of  boric  acid ; 
in  the  solution  of  cochineal  the  bands  shift  toward  the 
blue  end  of  the  spectrum,  while  in  that  of  blood  they 
remain  unchanged. 

The  other  reds  likely  to  be  confounded  by  the  un- 
practised eye  with  blood  are  lac-dye.  alkanet,  madder  red, 
and  iiuinjeet.  dissolved  in  each  case  in  alum. 

But  if  the  spectra  be  carefully  examined  side  by  side 
with  blood,  or  their  wave  lengths  determined  on  the  scale 

•The  scale  of  wave  lengths  are  in  millionths  of  a  millimetre. 


Y8 


REFERENCE  HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Blood  Stains. 
Blood  Stains. 


by  their  positions  seen  on  the  micrometer,  it  will  be  ap- 
parent that  the  bands  pnnUiced  by  these  bodies  arc  uot 
thesame.  eitlierin  position  or  in  character.  Further,  none 
of  them  will  stand  the  action  of  ammonia,  while  they 
are  all  bleached  with  sulphite  of  potash,  which  has  no 
action  on  blood.  In  the  examination  of  a  )iii.rtiire  of 
mageutii  a:id  blood,  the  magenta  bauds  may  entirely  mask 
those  produced  by  blood.  The  various  blood  spectra 
may,  however,  be  easih'  obtained  unmixed  by  adding 
to  the  solution'  a  trace  of  .sulphite  of  soda,  which  com- 
pletely removes  the  magenta  coloring  matter,  liut  leaves 
the  blood  vuitouched. 

All  thesvipposed  fallacies  disappear  if  we  successively 
obtain  the  various  blood  spectra  with  the  reagents  al- 
ready described. 

Ehiminntion  of  a  Recent,  or  Cumparatirely  Recent, 
Bliioil  Stai/i  on  (I.  White  Fabric. — (1)  If  you  can  detach  a 
portion  of  the  blood,  do  so:  but  if  this  is  impo.ssible.  cut 
ovit  u  small  piece  of  the  stained  fabric,  and  soak  it  for 
about  ten  minutes  in  a  few  drops  of  cold  distilled  water 
in  a  watch  glass.  Then  squeeze  the  colored  fluid  out 
and  set  it  aside  for  a  short  time,  so  that  an_v  insoluble 
matters  may  be  deposited.  Provide  a  glass  cell  about 
one-eighth  of  an  inch  in  diameter  and  half  an  inch  hi.ffh, 
whicli  may  be  made  of  a  section  of  barometer  tubing 
cemented  to  a  slide  with  .gutta-percha,  with  a  diaphragm 
of  tin  foil  between  the  slide  and  the  end  of  the  tube. 
With  a  tine  drawn  jiipette  introduce  the  red  fluid  into 
this  cell,  and  place  it  on  the  sta.ge  of  the  microscope  with 
an  objective  of  low  power,  and  illuminate  with  sunlight 
or  other  strong  li.ght,  when,  with  the  micro.spectrosco]ie 
in  place  of  the  e\-epiece,  if  the  solution  is  blood  the 
characteristic  absorjition  Viands  will  readily  be  seen.  If 
there  is  a  sutficient  (|uantify  of  the  solution,  several  tubes 
may  be  tilled.  If  thetulie  contains  any  .sediment,  it  may 
be  laid  to  one  side  until  the  solution  is  clear.  The  oil- 
jective  should  be  focussed  near  the  top  of  the  tube,  a 
little  below  the  surface  of  the  fluid.  If  the  blood  is 
tolerably  recent,  the  spectrum  of  oxidized  ha-moglobin 
with  its  two  well  defined  absorption  bands  in  the  green 
will  be  apparent,  as  shown  in  Fig.  609,  Sp,  1-1.  If  such 
a  spectrum  is  obtained,  it  is  evident  that  it  has  been 
very  little  changed  liy  exposure,  and  that  it  is  probably 
of  recent  origin.  If  the  spectrum  contains  two  faint 
bands  in  the  green,  and  an  extra  band  in  the  red,  it  in- 
dicates that  the  stain  has  undergone  a  change.  Now 
add  a  trace  of  ammonia  to  the  solution  in  the  tube,  stir- 
ring it  with  a  platiniun  wire,  when  you  will  obtain  two 
bands  in  the  green  and  none  in  the  red, 

(2)  To  a  second  tube  of  the  suspected  solution  add, 
first,  a  very  little  ammonia,  and  then  a  small  cjuantitj'  of 
Rochelle  salt.  With  this  no  change  will  be  produced  in 
the  spectrum,  the  ordinary  bauds  l5eing  visible  as  before 
Now  add  to  the  liquid  in  the  cell  a  piece  (about  one- 
fortieth  of  an  incli  in  diameter)  of  the  double  stilpltiiteof 
protoxide  of  iron  and  ammonia  ;  stir  the  solution  with 
the  platinum  wire,  with  as  little  exposure  to  the  air  as 
possible.  Cover  the  cell  with  a  piece  of  thin  glass.  The 
two  bands  .seen  previously  will  have  disappeared,  and 
will  be  replaced  by  a  single  intermediate  band,  fainter 
but  broader  than  either  of  the  other  two,  Sp.  2-2.  Fig. 
609.  This  is  the  spectriun  of  reduced  haemoglobin  The 
same  effect  will  be  produced  by  a  trace  of  solution  of 
sulphide  of  ammonium 

The  specimen  of  ha-moglobin  thus  reduced  may  be 
again  and  again  oxidized  by  exposure  to  the  air  and 
vigorous  stirring  with  the  platinum  wire  It  can  be 
again  deoxidized  by  further  addition  of  the  iron  salt,  or 
b}'  suljihide  of  ammonium,  if  that  was  previously  em- 
ployed for  (leoxidatiim 

This  deoxidation  and  reoxidation  of  the  haemoglobin 
is  a  very  characteristic  reaction,  and  serves  to  distin- 
guish blood  from  most  other  substances  If  the  solution 
of  blood  is  merely  covered  with  thin  glass  and  kept  for 
some  time  in  the  cell,  the  reduction  of  the  htemoglobin 
will  be  effected  spontaneously,  and  without  the  addition 
of  any  reagents 

A  question  may  arise  here,  whether  this  spectrum  can 


possibly  be  due  to  iron.  The  question  is  at  once  an- 
swered by  the  fact  that  hydrosulphide  of  auunonium 
produces  the  same  result,  as  also  does  the  tin  solution 
described  on  page  78,  only  that  it  acts  more  slowly 
than  the  iron  salt. 

(3)  Add  to  another  portion  of  the  suspected  solution, 
in  a  cell,  a  luinute  fragment  of  citric  acid,  stirring  it 
thoroughly  with  a  platinum  wire.  The  acid  will  change 
the  ha-moglobin  into  ha'matin.  If  previous  to  the  addi- 
tion of  citric  acid  the  two  bands  of  oxidized  h;emoglobin 
were  visible  in  the  green,  they  will  disajqiear,  and  if  the 
solution  is  tolerably  strong  a  faint  band  will  be  visible 
in  the  red  (Sp.  8-3,  Fig.  009).  Add  now  an  excess  of 
ammonia,  by  dijiping  the  is'antinum  wire  into  the  am- 
monia solution  and  stirring  the  moistened  wire  imme- 
diately into  the  liquid  in  the  cell.  The  band  in  the  red, 
if  present,  will  now  disappear,  the  original  bands  cither 
not  being  restored  at  all  or  restored  only  to  a  slight  ex- 
tent. This  is  a  most  important  change  to  note,  since  it 
shows  that  the  acid  has  effected  a  permanent  change  in 
the  original  coloring  matter  of  the  blood.  Add  now  to 
the  solution  in  the  cell  a  very  small  particle  of  the 
doulile  sulphate  of  iron  and  ammonia,  and  cover  the 
liquid  over  immediately  with  tliin  glass.  Remove  the 
excess  of  liquid  with  blotting  paper,  and  in  order  to  ex- 
clude air  it  is  advisable  to  tix  the  glass  cover  on  the  cell 
with  gold  size.  Turn  the  cell  over  and  over  again,  for 
a  few  minutes.  In  cold  weather  the  process  of  oxida- 
tion is  slow,  and  even  a  quarter  of  an  hour  may  elapse 
before  it  is  complete.  By  this  means  the  ha?matin  will 
be  reduced,  and  two  well-marked  bands  will  be  seen, 
the  one  nearest  the  red  being  the  first  to  appear,  and 
both  being  a  little  more  distant  from  the  red  than  the 
bands  of  fresh  blood.  If  the  solution  be  very  turbid, 
the  prccijiitate  may  lie  allowed  to  collect  on  the  side  by 
keeping  the  tube  for  a  short  time  in  a  horizontal  position. 
Prescr\e  and  mark  the  specimen  for  further  examination 
if  necessary. 

By  exposing  this  solution  of  deoxidized  ha;matin  to 
the  air,  assisted  by  vigorous  stirring,  we  may  often 
succeed  in  bringing  back  again  not  only  the  oxidized 
ha-matin  band,  but  also  the  bands  of  oxidized  hiemo- 
globin. 

(4)  Lastly,  add  to  some  of  the  liquid  under  examination 
a  small  quantity  of  boric  acid.  If  the  solution  be  blood, 
no  inunediate  change  will  be  observed  in  the  position  of 
the  bands.  The  above-mentioned  method  of  examining 
blood  stains  of  recent  origin  reciuires  some  raoditications 
in  special  cases. 

(Jid  Blood  Stains  or  Blood  Stains  on  Colored  Fabrics. — 
If  blood  stains  are  old.  the  coloring  matter  will  probably 
be  found  to  be  scarcely  at  all  acted  on  by  cold  water. 
Either  citric  acid  or  ammonia  must  then  be  used  for  dis- 
solving it.  If  the  fabric  be  white,  ammonia  should  be 
employed  in  preference  to  citric  acid ,  but  if  it  be  colored, 
test,  first  of  all.  which  of  these  two  reagents  has  the  less, 
action  on  the  dye-coloring  matter,  and  then  use  that  one, 
for  the  purpose  of  dissolving  the  blood,  which  acts  less 
on  the  color  of  the  cloth.  To  determine  this,  place  a  little 
of  the  fabric  in  two  watch  glasses  and  apply  a  solution 
of  ammonia  to  one  and  a  solution  of  citric  acid  to  the 
other  In  general,  ammonia  should  be  used  in  prefer- 
ence to  citric  acid  but  in  the  case  of  red  fabrics  anunonia 
will  generally  dissolve  so  much  of  the  dye  stuff  that 
subsequent  investigations  with  the  colored  solution  are 
rendered  much  more  troublesome  and  complicated. 
Hence,  if  the  .stain  be  foimd  on  scarlet  cloth  or  other  red 
material-  citric  acid  should  be  used  as  the  solvent  If 
the  stain  be  found  insoluble  both  in  ammonia  and  in 
citric  acid,  then  it  should  first  of  all  be  acted  on  with 
ammonia  solution  and  a  moderate  heatafterward  applied. 

Proceed  then  with  the  .solutions  in  the  manner  already 
described,  examining  them  with  the  spectroscope  both 
before  and  after  deoxidation  with  the  iron  salt.  The 
age  of  a  stain  does  not  in  general  interfere  with  the 
spectroscope  test,  as  Mr  Sorby  has  been  able  to  discover 
ha?matin  with  the  spectroscope  after  forty  four  years 
and  others  have  done  the  same  after  thirty  years. 
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The  presence  of  mordants  on  various  materials  may 
necessitate  occasional  alterations  in  our  proceedings. 
More  particularly  "nill  this  be  the  case  if  the  stained 
fabric  has  been  afterward  wetted  and  the  blood  by  this 
means  to  a  great  extent  removed. 

What  blood  remains  on  the  cloth  is  then  verj-  likelj"  to 
be  incorporated  with  the  mordant.  In  such  cases  a  proc- 
ess such  as  the  following  should  be  adopted :  Digest  a 
portion  of  the  stained  cloth  in  dilute  ammonia,  and 
afterward  sciueeze  out  the  liquid.  Deoxidize  the  thii-k. 
turbid,  tnifiltered  solution  in  the  ordinary  manner  and 
examine  it  for  the  deoxidized  ha?matin  bands,  using  con- 
centrated sunlight,  or  the  lime-light  if  necessary. 

It  is  to  be  remembered  that  in  the  case  we  are  suppos- 
ing the  hwmatin  is  probably  chemically  comliined  with 
the  mordant;  hence  filtration,  or  allowing  the  deposit 
to  subside,  is  equivalent  to  removing  most  of  the  blood 
coloring  matter.  The  turbidity  of  the  liquid  must  be 
overcome  in  such  cases,  not  by  removing  the  deposit, 
but  by  increasing  the  intensitv  of  the  transmitted  light. 

E-vami nation  of  Stained  Fu'hricK  that  liareheen  Washed 
after  Staining,  and  the  Treatment  to  be  Adopted  in  the 
Examination  of  the  Water  that  iras  used  for  Washing 
Them. — Hismatin  is  a  very  insoluble  body.  Probably, 
therefore,  after  an  article  stained  with  blood  has  been 
washed  in  water,  provided  a  sulficient  time  has  elapsed 
for  the  change  of  the  blood-coloring  matter  into  ha?matin 
to  be  effected,  enough  will  be  left  on  the  stained  cloth  to 
produce  the  spectra  necessary  for  its  identification.  But 
it  must  be  remembered  thatif  the  stain  be  perfectly  re- 
cent, that  is,  before  anv  of  the  ha?moglobin  is  converted 
into  ha^matin,  the  whole  of  the  blood  ma.v  then  be  washed 
out  by  rinsing  in  cold  water,  and  no  trace  be  afterward 
found  on  the  stained  material.  Hot  water  will  not  effect 
this  removal  of  the  blood  like  cold  water,  owing  to  its 
further  action.  Hence,  if  in  a  criminal  case  there  is 
proof  that  an  article  has  been  washed  in  o/ld  voter,  evi- 
dence as  to  the  absence  of  blood  stains  is  of  little  value ; 
while  if,  after  staining,  the  article  was  washed  in  hot 
water,  the  probability  is  there  will  be  no  difficulty  in 
satisfactorily  proving  the  real  character  of  the  stain. 
In  many  cases,  after  a  stained  fabric  has  been  washed, 
the  blood  stain  will  be  found  spread  over  a  considerable 
surface.  Under  such  circmnstances  a  large  iiiece  must 
be  cut  out.  and  digested  with  a  proportionately  large 
quantity  of  ammonia,  or  of  citric  acid  solution,  the  liquid 
being  concentrated  afterward  by  evaporation  at  a  gentle 
heat. 

The  water  used  for  washing  such  materials  may  have 
to  be  examined.  This  can  be  done  by  concentrating  the 
liquid,  if  necessary,  and  examining  it  in  the  usual  man- 
ner If.  however,  it  is  found  that  there  is  any  deposit 
in  the  water,  it  shoidd  be  carefully  collected,  acted  on 
with  ammonia,  and  heat  applied  if  the  blood  be  insoluble 
in  the  cold  solution. 

If  the  recently  stained  fabric,  however,  be  washed 
with  soap  and  irater  ha;moglobin  will  be  rapidly  eon- 
verted  by  the  action  of  the  alkali  into  ha?matin.  Soap 
and  water,  therefore,  really  sets  the  stain,  and  the  proba- 
bility is  that,  after  washing,  there  will  be  little  difliculty 
in  detecting  it  on  the  fabric  itself  by  the  ordinary  means. 
It  maj'  be  necessary  sometimes  to  examine  the  soap  and 
water  to  see  if  it  contains  blood.  This  may  be  done  as 
follows  Agitate  the  soap  and  water  with  etlierand  allow 
the  mixture  to  stand  until  the  ether  has  completely  sepa- 
rated. Remove  the  ether  with  a  pipette,  and  again  and 
again  shake  the  liquid  up  with  ether  until  the  aqueous 
solution  is  perfectly  clear  and  free  from  soap  This 
liquid  must  then  be  concentrated,  and  examined  as  usual 
for  blood 

Examination  of  Stains  on.  Leather. — Blood  stains  on 
leather,  or  upon  any  body  containing  tannic  acid,  require 
special  management  on  account  of  the  precii)itation  of 
the  coloring  matter  which  is  more  or  less  certain  tore 
suit.     Proceed  as  follows. 

(a)  Cut  off  a  fine  shaving  from  the  stained  portion  of 
the  leather,  so  that  there  may  be  as  much  blood  and  as 
little  leather  as  possible  on  the  shaving.     Bend   this 


shaving  so  that  the  side  that  is  stained  may  be  brought 
into  contact  with  a  little  water  placed  in  one  of  the  ex- 
perimental cells,  while  the  leather  side  of  the  shaving  is 
not  wetted.  In  this  mauuer  solution  of  the  blood  will 
probably  be  effected,  antl  enough  coloring  matter  ob- 
tained for  experiment. 

Mr.  Sorby  points  out,  however,  that  when  a  drop  of 
blood  falls  on  leather,  the  serum  soaks  into  the  leather, 
and  leaves  the  blood  corpuscles  on  the  surface.  If  the 
leather  be  then  washed,  it  would  probably  lie  impossible 
to  obtain  the  blood  spectra  by  the  method  just  described. 
The  following  process,  recommended  by  Mr.  Sorby,  has 
been  found  to  work  satisfactorily : 

(b)  Digest,  for  a  considerable  time,  a  portion  of  the 
stained  leather  in  a  mixture  of  one  part  (by  measure)  of 
hydrochloric  acid  and  fifty  of  water.  This"  will  effect  a 
solution  of  the  mixed  compound  of  tlie  blood-coloring 
matter  and  tannic  acid.  Pour  off  the  acid  liquid,  but  do 
not  filter  it.  The  solution  may  appear  almost  colorless, 
or  of  a  slightly  yellow  tint.  Add  tn  this  an  excess  of 
ammonia,  when  the  color  will  bec<ime  either  a  pale  pur- 
ple or  a  neutral  tint,  the  tint  shade  being  considerably 
intensified  on  the  addition  of  the  ferrous  salt  and  double 
tartrate,  which  are  now  to  be  added.  The  solution  is 
then  to  be  examined  in  an  experimental  cell,  using  a 
sufficiently  intense  light,  such  as  the  lime-light,  or  direct 
sunlight,  to  penetrate  the  turbid  solution.  Under  these 
circumstances  the  spectrum  of  deoxidized  hiematin  will 
be  seen.  If  the  liquid  be  too  turbid  to  alhjw  even  a 
direct  ray  from  the  sun  to  be  passed  through  it.  allow 
the  cell  to  remain  for  a  few  minutes  in  a  horizontal  posi- 
tion so  that  a  little  of  the  deposit  may  subside,  although 
if  this  can  possibly  be  avoided  it  is  desirable  to  do  so. 
because  it  will  be  found  that  the  removal  of  the  deposit 
at  the  same  time  destroys  the  intensity  of  the  sjiectrum, 
proving  that  the  greater  part  of  the  Iwrnatin  imder  these 
circumstances  exists  as  a  compound  insoluble  in  dilute 
acid. 

Before  commencing  the  experiment  with  the  stained 
portion  of  the  leather,  it  is  advisable  to  make  out  clearly 
how  large  a  piece  of  the  unstained  leather  may  be  treated 
with  a  given  quantity  of  the  acid  without  producing  too 
dark  a  solution,  and  to  take  care  afterward  not  to  em- 
plov  a  larger  piece  of  the  stained  portion  of  the  leather 
than  is  justified  by  these  trial  experiments. 

Btood  Stains  on  Earth  and  on  Clothes  soiled  trith  Earthy 
Matters. — The  stained  earth  is  to  be  carefully  collected 
and  digested  in  a  considerable  quantity  of  ammonia. 
This  is  to  be  poured  off.  concentrated  by  evaporation, 
and  the  spectroscopic  experiments  conducted  as  usual 
on  the  turbid  solution,  an  intense  light,  such  as  the  lime- 
light or  direct  sunlight,  being  used  for  the  purpose,  in 
the  manner  already  described.  A  similar  process  should 
be  adopted  in  examining  stained  fabrics  soiled  with 
earthy  matters.  This  is  important  to  note,  inasmuch  as 
the  coloring  matter  in  a  solution  of  blood  will  be  found 
to  be  completely  canied  down  by  earthy  matter  when 
shaken  up  with  it. 

General  Precautions  to  be  Observed  in  Conducting;  Micro- 
spectroseopic  Observations. — We  now  add  a  few  words  of 
general  advice  and  a  few  precautions  necessary  to  be 
observed  in  examining  blood  stains  b^-  the  spectroscope. 

(1)  If  the  fabric  on  which  the  blood  stain  occurs  be 
colored,  always  examine  the  spectrum  produced  by  the 
coloring  matter  alone,  taken  from  imstained  portions  of 
the  fabric.  Further,  it  is  well  to  put  a  little  blood  on 
an  unstained  portion,  and  to  examine  its  spectra  when 
dry,  and  thus  fully  determine,  before  commencing  ex- 
periments on  the  stained  portion,  any  possible  interfer- 
ence in  the  blood  spectra  resulting  from  the  presence  of 
such  coloring  matter. 

(3)  On  no  account  decide  that  an  observed  spectrum 
from  a  suspected  stain  is  due  to  blood  unless  it  e-raetly 
coincides  with  bands  produced  by  a  known  solution  of 
blood  of  equal  strength  treated  in  a  similar  manner  and 
examined  side  by  side.  It  i?  advisable  to  liave  several 
tubes  of  the  deoxidized. luiematin  of  different  strengths 
for   purposes   of  comparison      These  solution  are  best 
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kept  in  hermetically  sealed  tubes,  so  as  to  have  them  at 
haud  whenever  they  are  needed. 

(3)  In  all  cases  examine  the  spectra  both  by  daylight 
and  by  artificial  light.  We  prefer  artificial  light  for 
general  work,  but  in  every  case  it  is  advisable  to  try 
both  means  of  illumination.  Direct  concentrated  sun- 
light, or  the  lime-light,  should  be  tried  whenever  the 
solution  is  thick  and  turbid. 

(4)  Never  be  content  with  observing  a  single  spectrum 
of  blood.  Remember,  further,  it  is  often  impossible  to 
obtain  the  unaltered  blood  spectrum.  Hence  never 
satisfy  yourself  that  a  stain  is  not  blood  until  you  have 
failed  to  obtain  all  the  spectra  produced  bj-  the  appro- 
priate reagents. 

(~>)  If  the  liquid  under  examination  be  too  strong,  too 
much  light  Avill  be  cut  off  by  the  solution,  and  the 
absorption  bands  will  be  in  this  way  obscured.  If  the 
solution  be  tno  weak,  the  bands  will  be  too  faint,  and  so 
likely  to  be  overlooked.  Practise  in  this  matter  to  obtain 
the  happy  medium.  Never  (if  possible)  be  satislied  with 
a  single  examination. 

(6)  Use  extremely  minute  quantities  of  the  several  re- 
agents. Ha?matin  produced  by  an  acid  is  not  very  solu- 
ble in  a  strong  solutidu  of  citrate  of  ammonia.  If  you 
add  too  much  protosulphate  of  iron  the  precipitate  pro- 
duced so  obscures  the  field  as  to  mask  the  absorption 
bands. 

(")  Adjust  the  width  of  the  slit  during  the  spectroscopic 
examination.  All  absori)tion  bands  are  best  defined  when 
the  slit  is  very  narrow,  while,  if  the  bands  are  very  faint, 
they  will  often  be  best  seen  at  the  very  moment  when 
the  slit  is  being  completely  closed. 

(8)  Remember  that,  witli  our  present  knowledge,  the 
spectrum  microscope  affords  no  infomiation  whatsoever 
as  to  whether  the  blood  is  from  man  or  beast,  nor  from 
what  class  of  animals  it  is  derived ;  nor,  if  it  be  human 
blood,  does  it  enable  us  even  to  hazard  a  conjecture  as 
to  the  locality  of  its  origin.  9.  Lastly,  unless  the 
stain  is  bright  red — an  appearance  which  can  be  noted 
only  on  white  or  nearly  colorless  fabrics — never  venture 
an  opinion  as  to  the  [U'obable  age  of  the  stain. 

Of  the  certainty  of  this  method  of  research,  Mr.  Sorby 
says  (Medical  Press  and  Circular,  May  31,  1871):  "I  un- 
hesitatingly say  we  can  distinguish  blood  (by  the  micro- 
spectroscope)  from  all  other  animal  and  vegetable  color- 
ing matters." 

5.  Microscopical  Examin.\tion  of  Blood  St.\ins. — 
Besides  the  fluid  portion  of  blood,  certain  organized  bodies 
are  fovmd,  called  corpuscles,  consisting  of  two  varieties, 
the  white  and  the  red.  In  the  higher  animals  the  red 
corpuscles  are  the  smaller  but  the  more  numerous,  while 
the  white  corpuscles  are  rather  larger  and  somewhat 
granular  in  structure  and  of  a  spherical  form.  The  red 
corpuscles  are  circular,  biconcave  discs,  of  soft  viscid 
matter,  mostly  soluble  in  water,  but  only  very  slowly 
dissolved  by  serum  and  the  fluid  part  of  the  blood.  The 
outer  part  of  the  red  corpuscles  is  of  firmer  consistence 
than  the  interior,  especially  in  the  older  corpuscles,  but 
there  is  no  special  envelope  or  cell  wall.  By  the  action 
of  water  the  coloring  matter  may  be  dissolved  out,  leav- 
ing the  form  of  the  corpuscle  but  little  changed,  except 
that  it  becomes  nearly  spherical. 

When  blood  is  spread  upon  glass,  or  any  hard  non- 
porous  substance,  the  corpuscles  adhere  and  retain  their 
diameters  unchanged,  but  when  blood  dries  in  a  clotted 
mass,  the  red  corpuscles  shrink  and  often  assume  a 
crenated  or  stellate  form. 

If  the  stain  to  be  examined  is  a  mere  film  on  a  steel 
instrument  or  other  smooth,  hard  substance,  as  glass  or 
varnished  wood,  it  ma_v  be  laid  on  the  stage  of  the 
microscope,  and  with  a  quarter  or  one-eighth  inch  objec- 
tive, with  Beck's  patent  illuminator  above,  the  light  of 
a  lamp  may  be  reflected  down  through  the  objective. 
In  this  manner  the  stain  may  be  examined  as  an  opaque 
object. 

By  this  method  the  writer  has  succeeded  in  recogniz- 
ing and  measuring  blood  discs,  magnified  fourteen  hun- 
dred diameters,  on  the  blade  of  a  knife  which  had  lain  in 
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the  forest,  covered  with  leaves,  through  two  winters. 
Generally  blood  stains  form  a  mass  too  thick  to  be  ex- 
amined by  this  method,  yet  even  then  the  corpuscles 
contracted  to  dimensions"  much  below  normal  may  be 
recognized  as  blood  by  this  method  of  examination. 

If  the  stain  is  in  the  form  of  shining  scales,  or  if  it  is 
on  cloth,  leather,  or  any  porous  substance,  it  ma.v  be 
picked  off  with  a  needle  or  pointed  instrument,  and  the 
dust  or  particles  of  clot  received  upon  a  glass  slide  and 
moistened  with  a  suitable  fluid  to  separate  the  corpuscles 
and  restore  them  to  their  normal  dimensions. 

Fluids  used  in  the  microscopic  examination  of  blood 
corpuscles  should  be  such  as  will  not  destroy  them,  and 
such  as  will  not  increase  or  decrease  their'  dimensions 
beyond  their  normal  size.  For  this  purpo.se  a  fluid 
shovdd  generally  be  used  having  the  same  specific  gravity 
as  blood  serum!  1.028  or  1.029." 

Robin's  fluid  consists  of  distilled  water,  to  which  is 
added  chloride  of  sodium,  one  per  cent.,  and  Inchloride 
of  mercury,  one-half  of  one  per  cent. 

Soussin's  Fluid. — Glycerin,  three  parts;  sulphuric 
acid,  one  part ;  with  water  sufficient  to  reduce  the  specific 
gravity  to  1.028. 

Iliii/int's  fluid  consists  of  distilled  water,  with  the  ad- 
dition of  sulphate  of  sodium,  two  and  one-lialf  jiercent. : 
pure  chloride  of  sodium,  one-half  per  cent.,  and  bichlo- 
ride of  mercury,  one-fourth  per  cent. 

Professor  J.  G.  Richardson  employed  water  with  the 
addition  of  common  salt,  three-fourths  of  one  per  cent. 

Dr.  Thad.  S.  I'l)  de  Graff,  who  was  verj'  successful 
in  distinguishing  the  blood  of  man  from  that  of  the  lower 
animals,  employed  water  with  bichloride  of  mercur}^ 
one-half  of  one  per  cent. 

JIauy  other  microscopists  use  glycerin  and  water, 
mixed  in  such  proportions  as  to  give  a  specific  gravity 
of  1.028. 

Each  of  the  fluids  described  has  some  advantage  over 
the  others.  The  fluids  containing  bichloride  of  mercury 
are  not  likely  to  be  infested  with  fungi  when  specimens 
are  kept  for  a  length  of  time.  Glycerin  water  interferes 
less  with  other  tests  which  may  be  applied  after  the 
microscopic  examination  is  completed ;  but  in  this  respect 
it  has  no  advantage  over  Richardson's  salt  solution. 

Filtered  serum  from  the  blood  of  a  frog  mav  be  em- 
ployed in  examining  stains  supposed  to  be  from  mam- 
malian blood.     Albumen  of  egg  is  also  sometimes  used. 

lu  moistening  blood  stains  with  any  fluid  whatever  it 
is  to  be  remembered  that  the  substance  of  the  stain  ab- 
sorbing the  fluid  renders  it  more  dense  than  it  was  when 
prepared;  therefore,  if  the  fluid  employed  lias  no  greater 
density  than  blood  serum  there  is  no  opportimity  for  the 
blood  corpuscles  of  the  stain  to  enlarge  beyond  _fheir 
ordinary  dimensions  in  normal  blood.  As  ^-et  no" fluid 
has  been  described  which  will  cause  dried  blooil  cor- 
puscles to  swell  up  to  a  greater  diameter  than  the  original 
fresh  blood.  When  In'  the  action  of  water  the  red  cor- 
puscle becomes  spherical,  its  diameter  is  diminished. 

When  a  blood  stain  is  situated  upon  paper  more  of  it 
remains  on  the  surface  than  when  the  stain  isu|)on  cloth, 
and,  after  the  paper  is  moistened,  the  film  of  blood  can 
sometimes  be  detached  from  the  surface  in  small  scales 
or  lumps.  Mingled  somewhat  with  filaments  of  the 
paper,  and  with  molecular  material,  we  find  blood  glo- 
bules more  abundant  than  in  stains  upon  cloth.  The 
form  of  the  globules  is  also  better  preserved,  and  they  are 
often  seen  in  nummular  masses,  as  in  fresh  blood,  and 
we  recognize  the  central  depression  ami  dentate  bor- 
ders characteristic  of  corpuscles  of  mammalian  blood. 
These  masses  also  preserve  the  color  which  distinguishes 
blood  from  all  colored  objects  of  vegetable  or  mineral 
origin. 

Stains  upon  wood  have  characteristics  similar  to  those 
of  stains  upon  paper. 

Stains  upon  woollen  goods  are  somewhat  more  diflS- 
cidt  to  determine  than  those  on  cotton,  linen,  paper,  or 
wood. 

If  we  use  the  sulphate  of  soda  solution  for  the  ex- 
amination of  fresh  stains  (not  more  than  six  da3's  old) 
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upon  iron  or  steel,  the  fibrin  separates  and  leaves  the 
corpuscles  floating  free  in  the  liquid,  and  the  clot  shows 
the  characteristic  fibrillar  arrangement.  We  find  also 
the  white  corpuscles  either  isolated  or  entangled  in  the 
clot.  The  white  corpuscles  are  no  less  characteristic 
than  the  red  by  their  size,  form,  finely  granular  appear- 
ance, and  nuclei,  which  appear  near  the  centre,  brought 
into  view  by  the  sulphate  of  soda  solution.  This  solu- 
tion acts  upon  the  wliite  corpuscles  almost  as  quickly  as 
pure  water,  but  causes  them  to  swell  less.  The  char- 
acteristics which  distinguish  white  blood  globules  from 
pus  should  be  noted  whenever  there  is  a  possibility  of 
finding  the  two  together,  which  is  not  common  in  legal 
cases. 

If  blood  stains  have  been  deposited  on  rusty  iron  or 
steel,  or  have  remained  long  on  such  instruments  even 
if  not  rusty,  the  glycerin  solution  is  much  to  be  pre- 
ferred in  their  e.xamination,  as  it  does  not  act  upon  the 
metal ;  while  sulphate  of  soda  or  any  of  the  acid  solu- 
tions cause  the  deposit  in  the  preparation  of  dark  gran- 
ules formed  of  a  salt  of  iron. 

The  fine  dust  obtained  by  scratching  a  stain  with  a 
needle  point  or  by  crushing  a  large  particle  picked  off 
from  a  shining  clot,  should  be  covered  with  a  circle  of 
thin  glass,  and  a  drop  of  one  of  the  solutions  described 
above  should  be  allowed  to  run  under  the  cover.  If  the 
stain  is  recent,  it  will  be  in  a  condition  for  examination 
in  a  few  days,  or  in  some  cases  in  a  few  hours.  If  the 
stain  is  old,  over  six  months,  a  much  longer  time  is  re- 
quired to  soften  it.  If  the  object  is  only  to  recognize 
blood  corpuscles  when  the  dust-like  particles  have  been 
softened,  the  fluid  ma)'  be  drawn  awav  by  toiiching  one 
side  of  the  cover  glass  with  blotting  paper,  at  the  same 
time  placing  a  drop  of  a  staining  fluid^as  a  watery  solu- 
tion of  eosin  or  iodine — on  the  opposite  edge  of  (he 
cover.  Aftertwoor  three  minutes  the  colored  fluid  may 
be  withdrawn  in  the  same  manner,  and  salt  solution  or 
glycerin  water  allowed  to  take  its  place,  when  the  blood 
corpuscles,  if  any  e.xist,  will  be  easily  distinguished,  and 
may  be  measured  by  the  use  of  the  micrometer.  Where 
a  stain  on  paper,  leather,  or  blades  of  grass  is  so  thin 
that  no  particles  of  clot  can  l>e  removed.  Prof.  F.  B. 
Wyman,  M.D.,  hardens  the  stain  in  formalin  or  in  equal 
parts  of  alcohol  and  ether  for  five  or  ten  minutes,  then 
stains  in  a  watery  solution  of  eosin,  dehydrates  with  al- 
cohol, clears  in  oil  of  bergamot,  and  mounts  tlie  paper, 
leather,  or  grass  in  Canada  balsam  as  ordinary  sections  of 
tissue  are  mounted.  The  blood  corpuscles  of  the  stain 
are  then  clearly  seen  and  can  be  measured. 

If  the  stains  are  not  very  recent,  provision  must  be 
made  to  jirevent  evaporation  of  the  fluid  used  to  soften 
them.  Take  a  glass  slide  with  a  circular  excavation  in  the 
middfe,  called  a  "concave  centre,"  and  moisten  it  around 
the  edges  of  the  cavity  with  glycerin.  Thoroughly 
clean  a  glass  cover  an  eighth  of  an  inch  or  more  larger 
than  the  excavation,  lay  it  on  wliite  paper,  moisten  the 
centre  with  the  glycerin  solution  {sp.  gr.,  1.02S),  drop- 
ping into  the  solution  so  placed  the  dust  obtained  from 
the  stain,  then  invert  the  slide  upon  the  thin  glass  cover 
in  such  a  manner  that  the  glycerined  edges  of  the  cavity 
on  the  slide  may  adhere  to  the  margins  of  the  cover; 
turn  the  slide  face  upward,  and  examine  with  the  micro- 
scope. In  the  fine  dust  thus  moistened,  isolated  red  and 
white  blood  corjiuscles  will  often  be  seen  inmiediately. 
If  not,  lay  the  slide  face  downward  on  a  suitable  sup- 
port, and  examine  from  day  to  day  until  the  corpuscles 
become  visible  and  cease  to  enlarge.  They  cannot  ex- 
ceed their  normal  size  when  treated  by  this  method. 

Prof.  Joseph  G.  Richardson,  51.  D.,  made  a  minute  dot 
of  glycerin,  about  the  size  of  this  period  (■),  on  a  thin 
glass  cover,  and  pushed  into  it  a  particle  of  suspected 
blood  clot,  the  smallest  that  can  be  seen  by  the  naked 
eye,  one-thousandth  or  one-five-hundredth  of  an  inch 
in  diameter,  receiving  the  cover  on  the  concave  slide  as 
described  above.  By  this  method  lie  obtained  a  strong 
solution  of  the  coloring  matter  of  blood,  in  which  the 
absorption  bands  peculiar  to  blood  could  be  seen,  if  blood 
was  present  in  the  stain ;  and  by  a  little  practice  the 


bands  may  be  modified  by  the  addition  of  sulphuret  of 
sodium,  as  advised  by  Preyer  and  Sorb}'. 

By  a  similar  method,  using  a  little  more  material  on  a 
cover  glass  moistened  witli  a  very  small  drop  of  three- 
fourths-per-cent.  salt  solution,  he  was  able  to  see,  first, 
the  absorption  bands  of  lilood  with  the  microspcctro- 
scope,  then,  turning  the  slide  so  as  to  drain  off  superflu- 
ous fluid,  and  using  the  microscope  with  a  magnifying 
]iower  of  about  two  thousand  diameters,  he  was  able  to 
see  and  measure  both  white  and  red  blood  corpuscles, 
so  as  to  distinguish  human  blood  from  the  blood  of  the 
ox,  pig,  horse,  or  sheep. 

In  examining  a  slide  prepared  by  either  method  above 
mentioned,  if  the  material  is  bloocf,  we  first  observe  that 
the  edges  of  the  solid  particles  gradually  become  trans- 
lucent and  the  fluid  around  assumes  a  reddish-yellow 
color,  showing  that  the  coloring  matter  is  soluble.  In 
this  condition  of  the  preparation  by  use  of  the  micro- 
spectroscope  the  characteristic  absorption  bands  of  blood 
will  be  seen. 

After  a  little  time,  if  the  amount  of  fluid  applied  be 
sufficient,  the  solid  particles  arc  softened,  and,  as  they 
swell  up,  yellowish-white  corpuscles  with  a  slightly 
granular  structure  are  seen;  these  are  the  well-known 
white  blood  corpuscles,  which,  with  a  magnifying  pow- 
er of  one  thousand  diameters  or  upward,  may  be  dis- 
tinguished from  other  organized  structures  of  either 
animal  or  vegetable  origin.  After  longer  maceration 
the  characteristic  red  corpuscles  of  blood,  with  smooth 
and  sharply  defined  edges,  begin  to  appear,  and  after  a 
time  arc  found  floating  free  in  the  fluid  under  the  cover 
glass.  If  the  stain  is  mammalian  blood,  some  of  the  cor- 
puscles will  be  clearly  seen  as  biconcave  discs  with  a 
light  centre  and  a  dark  edge  or  border.  If  anj-  doubt 
remains  in  regard  to  the  nature  of  these  corpuscles,  it 
may  generally  be  resolved  by  the  use  of  a  liigher  magni- 
fying power.  Grains  of  pollen  may  be  generally  distin- 
guished by  a  roughened  edge,  or  by  small  points  on  the 
surface.  Sjiores  of  fungi  are  often  found  mixed  with 
blood  stains,  but  in  general  the  texture  is  different  from 
that  of  blood.  Occasionally  the  biconcave  structure  of 
red  blood  corpuscles  can  he  distinguished,  as  a  slight 
motion  causes  some  of  them  to  roll  over  as  they  move 
across  the  field.  Unicellular  algae,  often  seen  in  wet 
preparations,  may  be  distinguished  by  the  granules 
wliich  they  contain,  having  a  greenish-brown  or  reddish 
color.  These  are  grains  of  chlorophyll.  Spores  of  fungi 
growing  in  fluids  have  generally,  if  undisturbed,  some 
systematic  arrangement  not  found  in  the  positions  as- 
sumed by  blood  corpuscles. 

Erdmaun  records  a  case  (Zeitschrift  fiir  analyt. 
Chemie,  ii.,  1862,  and  Oazetie  Uehdomadaire,  quoted 
in  Edinburgh  Medical  Journal.  October,  1863,  p.  370) 
which  shows  the  importance  of  employing  more  than 
one  kind  of  test  in  examining  stains  supposed  to  be 
blood.  "The  only  trace  of  an  assassination  at  Leipsic 
was  a  brownish  stain  found  at  the  spot  where  the  crime 
had  been  committed.  Under  the  influence  of  rain,  the 
stain  had  assumed  the  appearance  of  coagulated  blood. 
An  aqueous  solution  of  this  stain  furnished  a  reddish 
fluid,  which  gave  with  tannin,  with  ferrocyanide  of 
potassium,  and  with  Millon's  solution.*  the  same  chem- 
ical reaction  as  the  aqueous  extract  of  dried  blood.  Ex- 
amined under  the  microscope,  the  brown  matter  was 
found  to  contain  some  corpuscles  very  similar  to  those 
of  blood.  But  Erdmann  having  failed  to  discover 
crystals  of  h*min,  conceived  doubts  as  to  the  value  of 
the  other  characters,  and  repeated  with  great  care  the 
microscopical  examination.  He  then  discovered  that  the 
bodies  supposed  to  be  blood  globules  were  the  spores 
of  algiE  called  jxirphyridium  cruentitm,  on  account  of 
the  resemblance  of  its  spores  to  blood  corpuscles." 

This  blood-colored  gelatinous  alga,  porphipidium 
cnientum,  growing  upon  moist  ground,  is  of  doubtful 

*  Millon's  solution  is  a  strongly  acid  fnltric  and  nitrous)  solution  of 
proto-  and  pernitrate  of  mercury,  made  by  dissolving  metallic  mercury 
in  its  weight  of  strong  nitric  acid  with  the  aid  of  heat. — Micrographio 
Dictionary. 
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occurrence  in  the  United  States  (Am.  Quar.  Mic.  Journ., 
April,  1879).  Tliudiehum,  in  "Tenth  Report  of  Med. 
Officer  to  Privy  Council."  1867,  p.  216,  mentions  a  red, 
gelatinous  mass,  growing  upon  a  human  thigh-bone, 
which  was  macerating  at  St.  Thomas'  Hospital.  The 
glass  vessel  in  which  it  was  macerating  was  similarly 
covered.  The  microscope  showed  the  red  material  to 
consist  of  minute  cells  in  a  gelatinous  mass,  with  which 
larger  green  cells  were  interspersed.  The  water  filtrated 
from  them  contained  a  number  of  minute  bodies  in  sus- 
pension. It  was  red,  and  gave  a  spectrum  very  similar 
to  that  of  blood.  The  plant  in  question  is  called  by 
Thudichum  red  saprophytes. 

To  avoid  mistakiugalgffi  or  other  organized  bodies  for 
blood  cor|iuscles,  the  guaiacum  test,  the  hoemin-crystal 
test,  and  the  spectroscope  should  be  used. 

The  mammalian  corpuscle,  in  its  normal  condition,  is 
a  delicate  endosmometer,  taking  in  or  giving  out  fluid 
according  to  tlie  relative  density  of  the  liquor  sanguinis 
and  contents  of  the  corpuscle,  allowing  rapid  variations 
within  certain  limits.  Accordingly,  the  corpuscles  may 
be  either  swollen,  puckered,  or  shrunk  into  a  variety  of 
figures,  flat,  tumid,  like  a  .shallow  circular  or  oval  cup, 
stellate,  notched,  granulated,  midberry  shaped,  crescen- 
tic,  angular,  lanceolate,  fusiform,  or  comma-shaped,  or 
they  may  possess  other  figures  defying  description.  In 
certain  of  the  cciTtdip  the  angular,  crescentic,  and  lan- 
ceolate corpuscles  are  abundant.  In  connection  with 
disease,  deformed  corpuscles  are  also  found. 

The  recognition  of  blood  stains,  and  the  probable  de- 
termination of  the  animal  from  ■which  they  came,  de- 
pend on  the  use  of  solvents  of  the  same  endosmotic 
power  as  the  serum  of  normal  blood,  and  on  the  micro- 
scopic examination  and  measurement  of  the  corpu.scles 
having  the  normal  form.  In  the  blood  of  biids,  fish,  and 
reptiles  having  red  blood  discs  of  an  oval  or  ellipsoidal 
form,  it  is  sometimes  possible,  when  they  are  .standing 
on  end  or  are  distorted  by  drying,  to  see  them  as  circuliir 
bodies.  Time  must  tlu'rcfore  be  allowed  for  the  stains 
to  be  fully  softened  and  the  corpuscles  to  be  isolated  by 
the  solvent  before  their  origin  can  be  decided.  There 
are  also  some  round  corpuscles  mingled  with  the  ellipticid, 
but  they  are  too  few  in  number  to  mislead  a  careful 
observer. 

IStains  formed  by  mcnstninl  hJond  contain  uterine  and 
vaginal  mucus  mingled  with  cells  of  epithelium. 

At  the  commencement  of  menstruation  the  linen  is 
stained  of  a  brown  color,  changing  gradually  to  red. 
About  the  third  daj'  blood  corpuscles  are  abundant, 
mingled  with  leucocytes  and  epithelium.  The  cessation 
of  the  courses  is  marked  by  the  diminution  of  the  red 
blood  globidcs  and  the  increase  of  leucocytes,  rendering 
the  flow  more  nearly  purulent.  Menstrual  blood  does 
not  differ  from  any  other  blood,  except  that  it  is  mingled 
with  mucus  and  epithelium  and  an  abnormal  projiortion 
of  leucocytes,  and  that  fibrin  is  almost  entirely  absent. 
The  absence  of  fibrin  is  the  most  characteristic  distinc- 
tion of  menstrual  blood. 

Blood  Stains  wmpared  imth  Stains  formed  by  Locliial 
Discharges. — Medical  experts  are  often  called,  especially 
in  cases  of  infanticide,  to  distinguish  between  stains  of 
blood  and  those  formed  by  the  lochiiE.  These  stains  are 
to  be  examined  by  the  same  methods  as  are  available  for 
stains  of  normal  blood.  In  the  lochial  discharge,  about 
si.x  hours  after  delivery,  we  find  about  five  leucocytes  to 
one  himdred  red  blood  corpuscles.  At  the  end  of  the 
first  daj'  only  about  one-third  of  the  organized  structures 
are  red  blood  corpuscles.  The  leucocytes  are  nearly 
e(iual  in  number  to  the  red  corpuscles;  pavement  epi- 
thelium from  file  vagina  is  also  abundant. 

Among  the  cells  are  some  spheroidal  or  somewhat 
polyhedral  by  reciprocal  pressure,  imited  in  groups 
similar  to  the  deeper  layers  of  epithelium  of  the  vagina 
or  neck  of  the  uterus.  The  liquid,  more  or  less  viscous 
or  odorous,  which  holds  these  elements  in  suspension,  is 
studded  with  grayish  granules.  On  the  second  day  the 
leucocytes  increase  in  number  and  the  red  globules 
diminish,  and  little  by  little  the  lochise  assume  a  russet 


tint,  which  on  the  third  or  foQrth  day  passes  into  a 
grayish  white  or  yellow. 

From  the  fifth  to  the  seventh  day,  varying  in  different 
subjects,  the  red  corpuscles  almost  entirely  disiippear, 
and  the  leucocytes  become  decidedly  granular.  Pavement 
epithelium  is  still  found,  but  less  abundantly  than  during 
the  preceding  da^-s.  The  epithelial  scales  are  generally 
imbricated,  coming  off  in  patches.  The  gray  molecules 
become  more  adhesive  and  abundant,  and  the  fat  granules 
diminish  in  number.  Fibro-plastic,  fusiform  bodies  with- 
out a  nucleus,  pale  and  transparent,  are  also  found. 
This  composition  of  the  lochi*  continues  without  much 
change  until  the  close  of  the  flow.  By  these  character- 
istics stains  of  lochial  di.scharges  can  generally  be  dis- 
tinginshed  from  normal  blood. 

The  blood  of  all  animals  contains  certain  organized 
structures  called  corpuscles.  In  all  mammals  except  a 
few  of  the  camel  tribe  the  red  corpu.scles,  which  are  the 
most  numerous  form,  are  circidar  Ijiconcave  discs  of 
which  there  are  in  man  from  four  to  five  million  in  each 
cubic  millimetre  of  blood.  Another  form  nearly  spher- 
ical, called  white  corpuscles,  of  which  there  are  about  ten 
thousand  to  the  cubic  millimetre,  have  a  nucleus  and  var}- 
greatly  in  numbers  in  different  stages  of  the  digestive 
process  and  in  dilfcrent  conditions  of  health. 

It  is  with  the  red  corpuscles  that  we  are  principally 
concerned  in  the  study  of  blood  stains. 

In  birds,  fishes,  and  reptiles  generally  the  red  corpuscles 
are  ellipsoidal  and  have  a  nucleus.     B.y  these  differences 


Fig.  010.— Blood  of  Lamprey  Eel.         FiG.  611.— Blood  of  a  Snake. 

of  form  it  is  easy,  when  using  the  microscope,  to  distin- 
guish between  the  blood  of  a  mammal  and  that  of  all 
other  animals  with  two  or  three  rare  exceptions. 

In  the  blood  of  some  of  the  cameliche  we  find  ellip- 
soidal corpuscles,  but  those  can  rarely  if  ever  come  into 
consideration  in  medico-legal  cases.  In  the  lamprey  eel 
we  find  circular  corpuscles  with  a  nucleus;  and  these, 
again,  are  not  likely  to  be  mistaken  for  the  blood  of  man 
or  other  mammal.  On  page  8.5  we  give  exact  reproduc- 
tions of  photographs  of  the  blood  corpuscles  of  man  and 
of  the  principal  domestic  animals,  magnified  2,560  di- 
ameters, with  a  scale  in  which  each  division  represents 
half  a  micron  or  about  one-fifty-thousandth  (jitJ-jr,)  o^ 
an  inch. 

AVe  thus  see  that  when  view^ed  by  the  high  powers  of 
the  modern  microscope  wide  differences  are  foimd  be- 
tween the  blood  of  man  and  that  of  such  animals  as  the 
pig,  horse,  ox,  sheep,  and  goat. 

In  the  blood  of  any  single  animal  there  are  small  and 
large  corpuscles  giving  a  considerable  range  between  the 
smallest  and  largest  in  the  same  blood,  while  the  general 
average  of  the  corpuscles  in  man  is  greater  than  it  is  in 
any  of  the  other  animals  whose  blood  is  shown  in  the 
engravings      The  accompanying  table  .shows  the  re.nge 
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and  general  average,  measured  in  microns,  for  man,  dog, 
pig,  liorse,  sheep,  and  goat : 

Table    Showing    Vaeiocs    Sizes  of  Ked  Blood  Corpuscles 
CMeasured  in  Microns)  is  Man  and  Domestic  Animals. 


Microns. 

Man. 

Dog. 

Pig. 

Ox. 

Sheep. 

Goat. 

9  50    

1 
5 
3 
15 
32 
28 
61 
48 
10 

'5 

14 

21 

45 

56 

26 

11 

16 

5 

1 

1 

3 

1 

5 

4 

6 

10 

15 

13 

19 

44 

19 

13 

17 

10 

6 

4 

4 

3 

5 

1 
1 
0 
29 
16 
20 
71 

at 

19 

8 

■• 

1 

0 

0 

0 

0 

3 

9 

30 

38 

71 

28 

12 

3 

7 

9.25 

9  00  

8.75 

8  50 

8  35      

8.00 

7  75  

7  50            

7  25 

7.00 

6.75 

6  50 

6.25 

6.00 

5  75  

5.50 

5  25 

5.00 

4.75 

4  50 

4.25 

o 

4  00 

11 

3.75 

94 

3  50 

63 

3  25    

U 

3.00 

6 

Number  of  corpuscles  ♦.. 

300 
9.31 
6.39 
8.01 

200 
7..S5 
5.48 
6.87 

200 
8.39 
3.ai 
6.07 

200 
6.77 
4.46 
.5.44 

2011 
6.77 
3.85 
4.75 

200 
4.31 

3.16 

3.69 

*  These  numhers  (two  hundred  in  each  column)  include  all  between 
the  number  in  the  left  hand  column  opposite  to  which  they  are  placed, 
and  the  number  next  above. 

In  any  specimen  of  blood  we  find  corpuscles  of  vary- 
ing size,  but  a  remarkable  uniformity  in  the  average 
measurements  of  blood  from  animals  of  the  same  kind. 

Some  discrepancies  appear  in  the  tables  of  measure- 
ments of  blood  as  given  by  different  authors.  The  tables 
found  in  most  works  on  physiology  or  on  medical  juris- 
prudence were  made  when  the  instruments  employed 
and  micrometers  used  were  l)_v  no  means  as  perfect  as  the 
microscopes  and  micrometers  now  available.  The  fol- 
lowing table  has  been  prepared  with  great  care.  The 
measurements,  with  two  or  three  exceptions,  were  made 
by  J.  B.  Treadwell,  M.D.,  with  a  ^-inch  objective, 
magnifying  about  twenty-five  hundred  diameters  linear, 
and  a  glass  micrometer  placed  in  the  eyepiece.  The 
blood  was  spread  upon  glass  and  quickly  dried.  The 
reduction  and  arrangement  of  the  results  as  given  in 
the  table  were  performed  by  the  writer  of  this  article. 
The  standard  of  measurement  was  a  micrometer  ruled 
by  Prof.  'W.  A  Rogers,  of  Cambridge.  Mass.,  and  care- 
fully compared  with  the  standards  procured  at  great  ex- 
pense \)y  the  United  States  Government. 

Measurements  op  Mammalian  Blood. 


Measurements  of  Mam.malian  Blood.— Continued. 


Source  of 
blood. 


5  men.  ages  23  to  (. 

49  yeais t 

5  woiuen,  18  \o  55  I. 

yeai-s \ 

3  infants,  at  birth.  / 

1    male,   3    fe- - 

males i 

Boy,  8 years  old..  \ 

Man.  70  years  old.  .- 

15  persons,  as  f, 
above \ 

Blood  stains  (hu- 1 
man) restored..  \ 


1,000 
1,000 

600 

200 

200 

3.000 

1,000 


7.941  -] 
7.927  -j 

7.950 -j 

7.983] 
7.916 -i 


7.910- 


■3S 

as 
a-5 


5.773 
9.394 
6.350 
9.2K 

4.233 
10.160 

6.939 
9.160 
7.005 
9.336 
4.233 
10.160 
5.570 
9.68: 


>  a 

=33 


8.152 
7.825 
8.153 

7.66' 
8.298 

7.747 
8.383 
7.658 
8.131 
7.a58 
8.298 
7.700 


as 

is 


7.7S2  :.>4.">  r.ssi  ; 
8.1111  S.I  ml  S.I  mi : 
7.7S7  T.S73;T.'AI1  ; 
8.026  7.993  7.9637 

7.716  7.833'7.918  : 

8.100  8.03117.983; 

7.838  7.89117.965; 
8.191  8.0798.001) 
7.Kta!7.76s  r.s.53 ; 
8.1ir>'S.ll2s  r.DsO 
7.li<S,7.76.s  T.s.")3; 
8.191  8.079;8.l>46l; 
7.733 

8.0101  I         I 


.'.I.S3 
.913 
.950 

-.938 
-.970 
•.983 

-.916 

.913 


Source  of 

Il 

1 

3_^ 

"3 

SI 

=  3 

no 

|1 

£•1 

11 

blood. 

¥  = 

■a 

,s  s 

&? 

«S 

2" 

e;  = 

■=  T- 

E- 

=  tc 

>-. 

-= 

>-. 

^% 

Z 

a 

« 

25  dogs [■ 

2,500 

6.918  ■■ 

4.618 
8.931 

6.138 
7.352 

6.445 
7.305 

6.523  6.673 
7.2587.198 

Guinea-pig.  male,  ( 

300 

7.476  ] 

5.S49 

7.3:jl 

7.:W9 

7.249 17..393 

3  months ) 

8.390 

8.698 

7.659 

7.6.'M7..559 

Woodchuck,    f  e  - 1 

300 

7.380 -j 

5.387 

7.043 

7.113 

7.2157.279 

male S 

8.467 

7.528 

7.374 

7.351  7.282 

Muskrat,  male  . . .  .- 

2ai 

7.383 -J 

6.1.58 
9.391 

6.930 
7..535 

7.i;m 

7.5.55 

7.195  7.245 
7.43S;7.;t.'0 

3  rabbits,  1  white,  1 
1  mixed ( 

400 

6.365 -j 

4.61S 

6.196 

6.227 

6.2(W6..349 

8.:i5* 

8.083 

6..596 

6.485 

6.4096.;!83 

8.377 

2  hares.  1  male,  1 1, 

400 

5.7&4  ■[ 

4.618 

5.367 

5.377 

5.61145.733 

5.7.56 

female ( 

7.130 

8.080 

6.049 

5.863  5.779 

5.7r.i 

Gray    squirrel,    1 1 
female,  1  male,  5  .- 

400 

6.876  ■] 

5.938 
7.851 

6.368 
7.436 

6.637 

7.079 

6.774 
7.080 

6.833 
7.004 

6.827 
6.926 

Red  squirrel,  fe-  1 

200 

6.607 -J 

4.926 

6.227 

6.381 

6.496 

6..592 

male.  5  months.  1 

8.313 

6.851 

6.897 

rt.70SI 

6.632 

Striped     squirrel,  1 

200 

6.753 -[ 

5.-387 

6.573 

6.647 

6.701 

6.747 

female 1 

7.697 

6.981 

6.901 

li.Sl.') 

6.7.58 

Red  fox.  male,  5  ' 

200 

6.482 -| 

5..541 

6.350 

6.408 

6.474 

6.470 

months 1 

7.313 

6.674 

6.563 

6.544 

6.4!H 

Pig.  3  of  3  months, ' 

600 

6.101  1 

3.849 

5.418 

5.757 

5,SS|  1 

l-i.lC's 

6.069 

1  of  3  weeks ( 

8.391 

6.530 

6.466 

6.346 

6.109 

8.144 

Ox.  3  male,  3  fe-  ) 
male  (one  1  day,  - 
one  3  months...  \ 

1,000 

5.436  j 

3.916 
6.774 

5.1.50 
5.703 

5.296 
5.623 

5.345 
5.543 

5.:M7 
5.4.83 

5.406 
5.461 

Horse,  10  years. . .  f 

200 

5.503] 

4.618 
6.774 

5.203 
.5.818 

5.257 
5.633 

5.473 
.5..5;53 

5.493 
.5..513 

Ass,  1  male,  1  fe- 1 

4IK) 

6.293 -[ 

5.003 

6.018 

6.138 

6.301 

6.3ia 

6.3.59 

7.697 

6..5«6 

6.539 

6.377 

6.376 

8.;t3B 

Mule,  6  years }■ 

300 

5.421  -J 

3.464 
6.313 

5.380 
5.1)80 

5.337 
5.545 

5.S77 
5.472 

.5.419 
5.434 

Cat.  1  adult,  1  kit-  t 
ten,  3  weeks ( 

400 

5.463 -j 

3.617 

4.311 

4.:361 

5.368 

.5.41!) 

.5.4;« 

6.774 

5.780 

5.676 

5.573 

5..522 

5.495 

Sheep,    male,    15 ) 
days,  female,  1  ^ 
year \ 

Goat,  1  male.  1  fe- 1 

400 

4.745] 

3.079 
6.774 

4..503 
4.972 

4.588  4.665 
4.869^1.785 

4.725 
4.764 

4.744 
4.746 

400 

3.567] 

2.617 

3.394 

3.401,3.467 

3..535 

3..546 

male \ 

4.080 

4.764 

3.710  3.69:3 

3.(i:is 

3..587 

Mouse,     h  0  u  s  e ,  1. 
common 

200 

6.038] 

3.;«l'.l 
7.(X« 

5.772 

ll.-.NI 

5.891  5.990 
I'.'JOO  I).II04 

6.1«7 
8.1139 

Mouse,    house, 

200 

6.099] 

4.61S 

1  -.1, 

:,,'.h;s  h.im;;!  fi.iisi) 

long-tailed 

6.6911 

r..-.'Ms,r,.u:ii;.iim 

Mouse,  field j- 

200 

5.095  ] 

4.080 
6.938 

5.;;>i 

6.041 

5.Nti 
6.995 

5.K14 
5.967 

5.891 
5.919 

Rat,  male j- 

300 

6.500] 

3.079 
8.0(K 

6.389 
6.830 

6..346 
6.695 

6.441 
6.694 

6.490 
6..510 

Mole,  male \ 

200 

6.216 1 

4.618 
7.697 

6.095 
6.435 

6.080 
6.339 

6.131 
6.393 

6.175 
8.258 

"Elephant - 

100 

9.259  ] 

7.164 
11.504 

9.259 

Woman.  19  years,  1 

100 

7.346] 

3.4(« 

6.674 

7.013 

7  177 

7.;M6 

anaemia \ 

9.337 

7.605 

7.638 

7.515 

Child,  6  weeks  old.  / 

100 

7.573] 

4.465 

7.328 

7.49a 

7.,572 

7.57(1 

stan-ed  to  death  ( 

8.8:J6 

7.712 

i.mi 

7.574 

*Human  embryo,] 
143  grains,  non-  i 
nucleated     cor-  j 

20 

11.346] 

9.736 
13.486 

11.032 
U.661 

11.346 

puscles ; 

♦Human  embno. 

10 

8.089] 

5.;«M 

8.()Ki 

nuclei  of  nucle-  \ 

11.611 

ated  discs 

A  male  cat,  stupe- 
fied 5  hours  by  - 
alcohol 

100 

5.489] 

4.773 
7.2a5 

5.327 
5.680 

5.426 
5.846 

5.479 
5.498 

5.489 

*  Measured  by  M.  C.  White. 

I  was  informed  by  Dr.  Richardson  that  he  measured 
from  the  outside  of  the  dark  border  of  the  corpuscle  on 
one  side  to  the  inner  side  of  the  dark  border  on  the  op- 
posite side  of  the  corpuscle.  If  we  add  one-fiftieth  of 
the  diameter  for  the  remainder  of  the  dark  border  we 
should  obtain  8.036  microns,  which  is  a  trifle  larger  than 
the  average  given  in  the  table.  This  difference  may 
possibly  be  attributed  to  minute  differences  in  the  microm- 
eters used,  or  it  may  be  owing  to  what  is  known  as  the 
personal  equation  of  the  observer. 

Professor  Wormley.  of  the  University  of  Pennsylvania, 
v\  hose  extensive  and  valuable  measurements  of  blood 
corpuscles  are  published  in  the  second  edition  of  his  work 
on  " Microchemistry  of  Poisons."  measured  the  whole  of 
the  dark  border  of  the  corpuscle.  Professor  Wormley 
used  a  one-tenth  inch  objective  made  by  Beck,  and  a  one- 
thirt 3' -second  inch  objective  made  by  Gundlach.  mag- 
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Fig.  til2.— Human  Blood  ^ReJ  forpust-les).     X  2,bm. 


FIG.  616.— Red  Discs  of  Dog.    X  2,560. 


Fig.  013.— Blood  of  I'lg.    X  2,.560.    Division  of  scale,  ^hin  inch. 


Fig.  G17.— Blood  of  the  Ox.    X  2,.TtjO. 


Fig.  B14.-Bloodol  Sheep.  X  2,560.  FlG.615.-Bloodof  Goat.    X  2,560. 


Fig.  618.— Blood  of  Horse.     X  2,560. 
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uityiug  from  1.150  to  3.300  diamrters.  lu  the  following 
table  tbe  measurements  of  Treadwell  and  Wormley  are 
compared  with  the  measurements  made  l)y  Gulliver 
twenty-live  years  ago,  and  published  by  iiim  in  the 
"  Proceedings  of  the  Zoological  Society  of  London " 
in  1875. 

Average   Size  of  Red  Blood   Corpcscles,  in  Fractions  of 

AN  LNCH. 


Mammals. 

Man 

Monkey 

Opossum 

(iuinea-pig 

Kangaroo 

Muskrat 

Doe 

llabbit 

Rat 

Mouse 

Pig 

Ox 

Horse 

Cat 

Elk 

Buffalo 

Wolf  (prairie) 

Bear  (black) 

Hyena 

Squirrel  ire(i) 

Squirrel  (gray) 

<iroun(J  squirrel  (striped) 

chipmunk 

Raccoon 

Llephant 

Leopard  

Jlippopntamuji 

Rhinoceros 

Tapir 

I.ion 

< )celot 

Mule 

Ass 

liat 

^heep 

Ibex 

<ioat 

Sloth 

Platypus  (duck-biUed)  . . . 

Whale 

Capybara 

Seal  

"Woodchuck 

Musk-deer 

Beaver 

Porcupine 

llama    ,>  Long  diam 

Liama     ,  s^„rt  dlam 

■fiamel     .' Longdiam 

camel     ,  ^^^g^^  ^^^ 

Red  fox 


By  Gulliver. 


1-3200 
1-3413 
1-3557 
1-3538 
1-3440 
1-3550 
1-3532 
1-3607 
1-3754 
1-3814 
1-4230 
1-4267 
1^600 
1-1404 
l-;i938 
l-t586 
1-3600 
1-3693 
1-3735 
1-4000 


1-3950 
1-2745 
1^319 
1-3429 
1-3765 
1-tOOO 
1^322 
1-4220 

i^iooo 

1-4175 
1-5300 

i^«366 

1-2805 

1-3000 

1-3099 

1-3190 

1-3281 

1-.3484 

1-12325 

1-3.32.5 

1-3369 

1-3361 

1-6229 

1-3123 

1-5876 


By  Wormley.  By  Treadwell. 


1-3250 
1-3382 
1-3145 
1-3223 
1-3410 
1-3283 
1-3561 
1-36.53 
1-3652 
1-3743 
1-4368 
1^219- 
1^243 
1-4373 
1-4384 
1-4351 
1-3422 
1-36.56 
1-3644 
1-4140 


1-4200 
1-4084 
1-2738 
1^390 
1-3560 
1-3649 
1-4175 
1-4143 
1-3885 
1-3760 
1-3620 
1-3966 
W912 
1-6445 
1-6189 


1-3164 


1-3201 
1-6408 
1-3331 
1-.5280 


1-3200 


1-3397 

1-3487 
1-3672 
1-39*4 
1-.3908 
1^223 
1-4163 
1-4673 
1-4614 
1-4648 


1-3847 
1-3322 


1-3762 


1^432 
1-4036 


1-5353 
1-7983 


1-3489 


1-3918 


Birds- 
Chicken  

Turkey 

Duck 

Pigeon 

<ioose 

<JuaiI 

Dove 

Sparrow 

Owl 

Reptiles- 
Tortoise  (land) 

Turtle  (green) 

Boa  constrictor 

Viper 

Lizard 

Batrachians— 

Frog 

Toad 

Triton 

Proteus 

Amphiuma  tridactylum. 
Fishes- 

Trout 

Perch 

Pike 

Eel 

Lamprey 

Nucleus 


Length.    Breadth. 


1-2102 
1-2045 
1-1937 
1-1973 
H83IJ 
1-2347 
1-2005 
1-2140 
1-1763 

1-1252 
1-1231 
1-1440 
1-1274 
1-1555 

l-llOS 

1-1043 

1-848 

1-400 

1-363 

1-1524 
1-2099 
1-2000 
1-1745 
Circular. 


1-3466 
1-3598 
1-3424 
1-3643 
1-38.39 
1-:M70 
l-aS69 
1-.3.500 
1^176 

1-2216 
1-1882 
1-2400 
1-1800 
1-2743 

1-1821 

1-3000 

1-1280 

1-727 

1-615 

1-2460 
1-2824 
1-35.55 
1-2843 
1-2134 
1-6400 


Length.    Breadth. 


1-3080 
1-1894 
1-1955 
1-1892 


1-1250 
1-1345 


1-358 


1-3483 
1-3444 
1-3504 
1-3804 


1-2300 
1-3538 


1-1801 


1-623 


From  these  tables  it  is  clearly  shown  'hat  a  careful 
microscopist  would  not  be  likely  to  misfctke  the  blood  of 
a  goat,  sheep,  horse,  ox.  or  pig  for  the  blood  of  a  human 
being;   or  that  of  my  animal  having  blood  corpuscles 


with  an  average  diameter  less  than 


of  an  inch  or 


0.0063  mm.  (6.3  microns). 

Concerning  the  possibility  of  distinguishing  the  blood 
of  a  dog  from  that  of  man,  medical  experts  are  in  nowise 
agreed,  a  few  contending  that  they  can  distinguish  a  re- 
cent stain  of  the  blood  of  a  dog  from  the  blood  of  man, 
and  they  have  successfully  accomplished  the  task  when 
put  to  the  crucial  test  of  ex])eiimcnt. 

The  late  Col.  .J.  J.  "Woodward,  M.D.,  when  testifying 
as  an  expert  iu  the  Hayden  trial,  at  New  Haven,  Ccinn., 
in  1879,  stated  that  he  had  measured  twenty  corpuscles 
from  a  young  dog,  forty  from  another,  and  fifty  from  a 
third,  in  which  he  found  the  averages  of  the  corpuscles 
measured  from  each  one  of  those  dogs  larger  than  the 
recognized  average  size  of  human  blood  corpuscles.  In 
regard  to  these  measurements  Dr.  Woodward  stated  in 
his  cross-examination,  by  the  state:  "■' I Uwked  to  find  big 
I'orpuscles  find  I  knew  that  the  gmiip  avimud,  them  lenuld  be 
large."  The  same  expert  has  iniblished  measurements  of 
the  blood  of  other  dogs  so  large  that  he  inferred  that 
there  is  no  safet_y  in  attempting  to  state  positively  that  a 
given  stain  is  the  blood  of  man  and  tliat  it  could  not  be 
the  blood  of  a  dog. 

L.  Perier  has  shown  that  the  blood  of  new -bom  in- 
fants often  contains  giant  corpuscles  similar  to  the  large 
non-nucleated  corpuscles  of  the  human  embryo,  and 
states  that  until  recently  these  have  not  been  considered 
as  true  red  corpuscles. 

He  also  states  that  these  giant  corpuscles  have  a  ten- 
dency to  collect  together,  and  that  in  estimating  average 
measurements  it  is  important  to  examine  all  parts  of  the 
slide  on  which  the  blood  is  spread.  L.  Perier  also  says 
that  he  finds  in  the  blood  of  infants  many  globulins 
nearly  spherical,  only  almut  half  the  diameter  of  ordinary 
blood  discs.  If  these  ghjbulins  are  not  included  in  the 
measurement  it  will  be  easy  to  obtain  large  averages  for 
the  blood  of  infant,s. 

Dr.  U.  U.  Piper,  of  Chicago,  finds  that  the  blood  cor- 
puscles of  new-born  infants  retain  much  of  the  character 
of  pre-natal  blood,  and  give  an  average  diameter  larger 
than  that  of  the  blood  of  adults.  He  also  finds  the  blood 
of  young  puppies  giving  a  larger  average  diameter  than 
that  of  the  blood  of  adult  dogs,  but  the.se  facts  do  not 
disparage  the  value  of  the  microscope  as  a  means  of  dis- 
tinguishing the  blood  of  man  from  that  of  full-grown 
dogs,  especially  if  we  can  obtain  for  comparison  authen- 
tic specimens  of  the  blood  of  the  particular  man  and  dog 
with  which  a  given  blood  stain  is  to  be  compared  in  a 
given  case. 

Dr.  Thad.  S.  Vp  de  Graff  (in  T/ie  Microscope,  October, 
1883)  states  that  the  red  blood  corpuscle  of  the  dog  re- 
sists the  action  of  water  and  ruptures  less  readilj'  than 
does  the  red  corpus<'le  of  luunau  blood,  because,  as  he 
thinks,  the  cell  wall  or  border  is  thicker  in  the  blood  of 
the  dog  than  it  is  in  human  blood. 

By  a  careful  study  of  the  micrometric  data  from  which 
the  table  of  measurements  by  Dr.  Treadwell  was  calcu- 
lated I  find  as  a  general  rule,  to  which  there  are  some 
exceptions,  that  the  blood  corpuscles  of  young  animals 
have  a  greater  range  (as  Perier  and  Hayem  have  stated) 
from  the  smallest  to  the  largest  corpuscle,  and  a  slightly 
larger  average  diameter,  than  have  those  of  adults.  This 
is  shown  in  the  case  of  a  male  pig,  two  weeks  old,  in 
the  first  table  giving  the  range  of  two  hundred  corpuscles 
for  that  and  other  animals.  The  same  is  apparently  true 
of  the  blood  of  females  as  compared  with  the  bhjod  of 
males.  My  own  measurements  of  human  blood  of  in- 
fants and  adults,  both  male  and  female,  tend  to  the  same 
conclusions. 

In  tbe  measurements  given  in  this  tabic  the  whole 
of  the  dark  border  was  measured.  The  measurements 
were  originally  taken  and  recorded  in  parts  of  the 
American  standard  inch,  which  have  been  reduced  to 
parts  of  a  millimetre  by  reckoning    1    inch  —  25.40098 
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mm.  The  measurements  in  the  table  are  given  in  mi- 
crons. 0.001  mm. 

To  secure  a  fair  average  two  lumdred  corpuscles  were 
generally  measured,  and  often  this  number  was  meas- 
ured from  several  animals  of  the  same  class.  To  ..now 
how  large  a  nimiber  of  corpuscles  sIkiuM  be  measured  to 
obtain  a  fair  average,  the  range  of  averages  is  given  as 
computed  bj'  tens,  twenties,  fifties,  and  hundreds:  also 
the  range  of  "averages  of  two  hundreds  as  taken  from  the 
separate  animals. 

J.  G.  I?ichardson,  ]\r.D..  of  Philadelphia,  during  the 
progress  of  the  Centennial  E.xliibition  at  Philadelphia, 
measured  one  hundred  corpuscles  from  each  of  fourteen 
men  of  different  nationalities,  using  a  one-twenty-tifth 
inch  immersion  objective  and  a  cobweb  micrometer  eye- 
piece ;  the  microscope  thus  arranged  magnifying  eighteen 
himdred  diameters.  He  fovmd  the  average  diameter  of 
the  fourteen  lumdred  corpuscles  to  be  inch  .5-^  or  7.879 
microns.  This  is  smaller  than  the  measurement  given  in 
Dr.  Treadwell's  table,  viz.,  7.8988  microns. 

Wliile  the  general  consensus  of  oi)inion  among  micros- 
copists  is  that  the  blond  of  man  can  be  distinguished 
with  great  certainty  from  the  lilond  of  .sucli  domestic 
animals  as  the  pig,  ox.  horse,  sliicp,  and  goat,  but  few 
e.xperts  would  venture  any  very  positive  diagnosis  in 
criminal  eases  between  the  blood  of  man  and  that  of  the 
dog ;  though  a  (•"/•ref<  diagnosis  has  been  often  given  in 
experimental  cases.  Over  t^venty  years  ago  Dr.  Wood- 
ward published  his  results  in  the  measiu-ement  of  the 
■corpuscles  of  dogs,  giving  averages  which  could  not  be 
distinguished  from  the  measurements  of  human  blood. 
Professor  Wormlcy,  Dr.  Richardson,  and  Dr.  Trcadwell 
•opposed  his  conclusions  and  sought  opportunity  (which 
was  never  given)  to  examine  Dr.  Wootl ward's  specimens 
of  dog's  blood.  At  the  famous  Hayden  trial  before  the 
superior  court  in  New  Haven,  Conn.,  in  1879,  Dr.  Wood- 
ward explained  his  method  of  obtaining  a  large  average  of 
the  blood  corpuscles  of  the  dog.  He  stated  that  he  took 
blood  from  yoiuig  ih  >gs,  spread  on  slides,  and,  looking  over 
a  slide  till  he  found  a  collection  of  large  corpuscles  whicii 
have  a  tendency  to  collect  together,  he  made  his  measure- 
ments from  tliat  collection.  As  a  sample  of  his  work.  Dr. 
Woodward  stated  that  on  December  14,  1879,  he  measured 
50  corpuscles  from  a  pup  four  weeks  old,  a  Newfound- 
land crossed  with  a  setter,  and  found  the  average  was  326- 
millionths  of  an  inch,  or  8.28  of  a  micron.  December  13, 
ll?79,  he  measured,  selected  in  the  same  manner.  40 
corpuscles  from  a  Scotch  terrier  and  got  an  average  of 
320-niillionths  of  an  inch,  ecjual  to  8.13  microns.  From 
a  Gordon  setter  full  grown  he  measured  29  corpus- 
cles and  obtained  an  average  of  SOO-millionths  of  an  inch, 
•equal  to  7.63  microns.  Dr.  Woodward,  when  testi- 
fying under  oath,  said :  "  I  desire  to  put  myself  on  record 
.as  distinctly  denying  that  those  measurements  of  the 
■dog's  blood  would  represi.'ut  what  you  would  be  likely 
iiabitually  to  get  if,  without  picking  out  young  dogs  and 
without  selecting  a  spot  to  measiu'e  appearing  to  have 
unusuall_v  large  corpuscles,  you  were  to  measure  dog's 
"blood.  You  would  then  habitually  get  smaller  figures 
"than  I  have  given  liere.  The  average  of  the  corpuscles 
of  dogs  would  liabitually  be  smaller  than  I  have  given 
here,  but  I  have  purposely  selected  f<ir  fixed  measurements 
young  dogs,  for  I  knew  the}'  had  bigger  corpuscles,  and, 
in  the  second  place,  in  taking  an  old  dog,  I  purposely 
•selected  a  place  on  the  slide  where,  to  my  trained  eye,  I 
«iw  there  was  a  group  of  big  corpuscles.  My  reason  for 
•doing  this  is  to  show  that  if  you  pick  up  a  half-dozen 
•corpuscles  b_v  chance,  you  may  chance  on  these  big 
things.  But  I  have  nowhere  stated  tliat  the  average  for 
.the  dog  is  as  large  as  for  man;  on  the  contrary,  I  would 
like  to  read  my  express  statement  from  my  printed  utter- 
•ance,  that  the  general  average  for  the  dog,  for  a  great 
number  of  measurements,  will  be  less  than  for  a  great 
.number  of  men."  Dr.  Woodward  appeared  to  contend 
that  in  examining  blood  stains  you  might  chance  to  get 
Si  small  speck  of  dried  blood,  from  a  dog,  having  princi- 
7)ally  these  large  corpuscles.  This  argument  throws  doubt 
aipon  any  attempt  to  distinguish  between  the  blood  of 


man  and  that  of  the  dog  unless  !C  large  number  of  cor- 
puscles have  been  measured.  In  Figs.  619  and  630  I  give 
examples  of  the  blood  of  man  and  the  blood  of  a  young 
female  jiug  dog,  both  photographed  by  me  on  the  same 
negative.  They  are  magnified  only  640  diameters  in  order 
to  include  a  considerable  niunber  of  corpuscles  in  the 
comparison.  In  this  case  no  attempt  was  made  to  select 
a  place  where  large  corpuscles  had  collected.  I  should 
not  attempt  to  distinguish  with  any  degree  of  confidence 
in  a  criminal  case  between  the  blood  of  man  and  the  blood 
of  a  dog. 

As  a  difficulty  in  distinguishing  the  blood  of  different 
animals  by  microscopic  measurement.  Dr.  Robert  Ryburn 
(Mediiyi-Lirjid  Journal,  September,  1892,  p.  16.5)  says,  the 
trouble  in  our  investigation  of  this  subject  lies  in  tlie  fact 
that  the  blood  corpuscles  are  living  organisms  that  are 
not  possessed  of  outlines  delineated  with  mathematical 
accuracy.  Replying  to  this  objection  we  refer  to  Pro- 
fessor Wormlej-'s  statement  ("  Jlicrochemistrj'  of  Poi- 
sons," p.  738):  "  lu  a  series  of  ten  spaces  ruled  on  glass 
measured  by  three  observers  with  ditt'erent  instruments 
the  results  did  not  differ  more  than  itsidott  of  an  inch ;  and 
that  two  independent  series  of  measurements,  with  high 


Fig.  619.— Human  Til.iua. 


:  litO.  Fifi.  eai.-Blood  of  Pug  Dog.    X 


powers,  of  20  designated  bl(5od  corpuscles  were  abso- 
lutely identical  for  16  corpuscles,  and  for  the  other  4  the 
greatest  difference  was  only  -siynmyT;  of  an  inch."  Still 
further.  Professor  Wormley  reports  the  measurement 
of  7  human  blood  corpuscles,  with  powers  from  1.1.~)0  to 
3,.500  diameters,  by  dilTerent  microscopes,  and  by  draw- 
ing with  the  camera  lucida.  The  range  of  averages  of 
the  different  measurements  was  -j-jVt  iiich  to  -^jSt  of  an 
inch  as  measured  by  the  camera  lucida.  The  mean  of 
the  averages  being  xjVff  of  an  inch ;  the  same  7  cor- 
puscles measured  by  Dr.  Richardson,  using  a  cobweb 
micrometer,  gave  a  final  average  of  •5^55  of  an  inch,  differ- 
ing from  the  former  average  by  something  less  than  3  g  (^'f,  „ ^i 
of  an  inch.  To  further  show  the  certainty  of  determin- 
ing the  exact  limits  of  the  border  of  the  corpuscle  and 
that  different  experts  are  likely  to  olitain  the  same  re- 
sults, I  would  mention  that  on  a  slide  of  lunnan  blood, 
in'egularly  spread,  and  dried  so  that  the  corpuscles  on 
one  half  of  the  slide  appeared  larger  than  the  other  half. 
Dr.  Trcadwell  measured,  with  high  powers,  7.5  corpuscles 
on  one  side,  showing  the  larger,  and  7.5  on  the  side  show- 
ing the  smaller  corpuscles.  The  average  of  the  150  cor- 
puscles thus  measured  was  j^Vf  of  an  inch.  The  writer, 
using  a  power  of  1,400  diameters  and  a  cobweb  microm- 
eter, measured  ^50  corpuscles  on  one  part  of  the  .same 
slide  and  50  on  the  opposite  part  of  the  slide,  and  found 
the  average  of  the  100  to  be  ji^Vs  of  an  inch,  differing  by 
only  st-r^Wr  of  an  inch  from  tlie  results  obtained  by  Dr. 
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Treadwell  on  the  same  slide.  The  above  reported  results 
remove,  as  I  thiuk.  all  objections  attributed  to  the  personal 
equation  of  the  observer  or  the  supposed  indistinct  or 
woolly  appearance  of  the  border  of  the  blood  corpuscle. 

Prof.  Marshall  D.  Ewell,  il.D.,  LL.D.,  an  e.xcelleut 
microscopist,  in  the  Medico- Legal  Journal,  September, 
1892,  gives  a  report  of  very  careful  work  in  micrometry 
of  4,000  red  blood  corpuscles.  He  gives  9.06  microns  as 
the  average  of  100  corpuscles  from  a  boy  thirty-si.x 
hours  old,  and  8.6.5  microns  for  another  100,  or  8.8.5 
microns  as  the  average  for  200  corpuscles;  also  the  mean 
of  300  corpuscles  from  two  puppies  two  days  old  as  8.22 
microns,  and  that  of  300  from  a  puppy  eight  weeks  old 
as  8.43  microns.  This  report  sustains  the  views  stated 
above,  that  young  animals  liave  larger  corpuscles.  Pro- 
fessor Ewell  shows  by  measurements  of  his  own  blood, 
taken  on  six  different  days,  variations  from  9.05  to  8.23 
microns  (the  general  average  lieing  8.03  microns).  This 
shows  that  for  the  same  individual,  while  in  health,  the 
average  of  100  or  more  corpuscles  remains  substantially 
constant. 

Professor  Ewell  further  sa3's:  "(1)  There  are  such 
large  discrepancies  between  the  averages  obtained  from 
the  measurement  of  the/;vs/i  blood  corpuscles  of  animals 
of  the  same  species,  and  between  the  measurements  of 
the  same  objects  by  different  observers,  as  to  throw  doubt 
upon  the  published  results. 

"In  the  use  of  the  micrometric  test  no  confidence  can 
be  placed  in  the  results,  unless  the  errors  of  the  microm- 
eter used,  with  reference  to  some  authentic  standard,  are 
known. 

"There  is  no  advantage  in  using  very  high  powers  in 
such  investigations."  (By  this  statement  he  probably 
means  that  tliere  is  no  advantage  in  using  powers  above 
a  one-twelfth  inch  or  a  one-eighteenth  inch  objective  as 
he  has  done.  In  this  view  of  magnifying  powers  most 
microscopists  at  the  present  day  are  agreed ;  but  when  he 
cliims  that  measuring  ruled  lines  with  a  one-inch,  three- 
fifth  inch,  and  one-fifth  inch  objective  is  as  good  as  with 
the  higher  powers,  few  experts  would  agree  with  him.) 

"Many  diseases  alter  the  size  of  the  red  corpuscles; 
especially  is  this  so  in  microcytluTmia.  Fasting  dimin- 
ishes both  the  size  and  number  of  the  corpuscles.  So 
also  in  the  case  of  various  ilrugs." 

In  view  of  the  foregoing,  according  to  the  views  of 
Professor  Ewell,  it  is  iiiqmxsible  in  the  present  state  of  sci- 
ence to  say  of  a  giren  specimen  of  blood,  fresh  or  dry,  more 
tlian  that  it  is.  or  is  not,  the  blood  of  a,  mammal. 

As  the  paper  liy  Professor  Ewell  has  been  extensively 
ciuoted,  and  as  Professor  Ewell  is  now  the  most  promi- 
nent opponent  of  medical  experts  on  blood  stains,  the 
-above  conclusions  will  be  further  examined. 

In  regard  to  the  micrometric  test  Professor  Ewell's 
criticism  does  not  apply  to  comparative  measurements  of 
blood  of  different  animals  where  the  expert,  using  always 
the  same  micrometer,  bases  his  diagnosis  on  his  own 
measurements  alone.  At  present,  however,  it  is  easy  for 
the  expert  to  obtain  micrometers  made  by  skilful  work- 
men and  carefully  rated  liy  comparison  with  a  reliable 
standard.  Yet  it  is  a  remarkaljle  fact  that  the  measure- 
ments of  human  blood  given  bv  Gulliver,  in  1875.  Trtni; 
AVormley  in  1885,  ^i,^;  Schmidt,  in  1848,  .5-^:  French 
Medico-Legal  Society,  in  1873,  -^i^;  Masson  in  1885, 
yjVf ;  Hans  Schmidt,  in  1887,  ^'-j-, ;"  Woodward,  in  1875, 
iTsVs  '•  Formad.  5-^5  —  tnade  at  distant  intervals  and  with- 
out comparison  by  a  common  standard — differ  by  only 
one-half  of  the  difference  between  the  blood  of  man  and 
that  of  the  pig.  If  Hans  Schmidt  did  not  measure  the 
dark  border  of  the  blood  corpuscle  it  would  account  for 
the  small  average  which  he  obtained. 

Another  source  of  difference  in  measurement  is  in  the 
mode  of  obtaining  and  preparing  the  blood  for  measure- 
ment. If  a  string  is  tied  around  the  finger  or  the  circula- 
tion is  impeded  in  any  other  manner,  and  the  blood  is 
obtained  by  pricking  with  a  needle,  and  is  then  spread 
upon  a  slide,  the  corpuscles,  deprived  of  a  portion  of 
senun,  will  measure  less  than  if  olitained  from  a  cut  with 
a  lancet  where  the  circidation  is  not  obstructed. 


So  also,  if  the  lilood  is  drawn  from  the  prick  of  a  needle 
in  a  warm  and  dry  atmosphere,  the  corpuscles  begin  to 
contract  before  they  can  be  spread  upon  a  slip  of  glass. 

None  of  these  considerations  enables  us  to  reconcile  all 
the  discrepancies  noticed  by  Professor  Ewell  in  the  writ- 
ings of  different  authors ;  but  the  great  fact  is  shown,  by 
the  unanimous  consent  of  all  mici'oscopists,  so  far  as  we 
can  ascertain,  that  less  than  3.500  (most  writers  say  less 
than  3.300)  corpuscles  of  human  blood  are  required  to 
measure  an  inch,  when  placed  side  by  side;  while  more 
than  4.000  corpuscles  of  the  pig  are  required  to  measure 
an  inch,  and  for  the  horse,  ox,  cat,  sheep,  and  goat  still 
more  are  required.  Hence  all  authors  agree  that  there  is 
a  remarkable  difference  between  the  average  diameter  of 
the  human  blood  corpuscle  and  that  of  any  domestic  ani- 
mal except  the  dog. 

Taking  the  pig  as  the  representative  of  domestic  ani- 
mals, because  its  corpuscles  are  larger  than  those  of  the 
ox,  horse,  cat,  sheep,  or  goat,  the  following  comparison 
between  the  blood  of  the  pig  and  human  blood  is  very 
significant : 

To  determine  the  extent  of  the  possibility  of  mistaking 
the  blood  of  the  pig,  ox,  horse,  sheep,  or  goat  for  human 
blood,  we  will  examine  the  table  of  measurements  made 
by  J.  B.  Treadwell.  M.D.,  using  a  one-twenty-fifth  inch 
objective  made  by  R.  B.  ToUes,  and  Jackson's  eyepiece 
micrometer,  made  by  Tolles,  ruled  by  Professor  Rogers, 
and  a  stage  micrometer  ruled,  tested,  and  rated  byPro- 
fessor  Rogers. 

In  this  table  the  measurements  of  3,000  corpuscles  are 
given,  200  having  been  taken  from  each  of  fifteen  differ- 
ent persons.  The  measurements  are  given  maximum  and 
minimum  by  tens,  by  twenties,  by  fifties,  by  one  hun- 
dreds, and  by  two  hundreds.  Six  hundred"  corpuscles 
from  pigs  were  measured :  200  from  a  pig  three  weeks 
old.  200  from  one  of  two  months,  and  200  from  a  pig 
three  months  old. 

As  the  corpuscles  of  the  pig  have  a  larger  average  than 
those  of  the  ox,  horse,  slice]),  or  goat,  we  make  our  com- 
parison between  the  blood  of  man  and  the  blood  of  these 
three  young  pigs : 

Microns.  Microns.' 

Man,  smallest  ten 7.ft58    Largest  ten S.298 

Pig,         "  " 5.418  "  " 6.520 

Man,       "         twenty 7.663  "       twenty 8.191 

Pig.         •'  "      7.768  "  ••       6.466 

Man,       "        tlfty 7.768  "       flfty 8.079 

Pig,         "  "   0.8SO  ••         "  6.346 

Man,        •        hundred, 7.852  "       hundred 8.046 

Pig,          ••                 "       6.028  ••  •■         ....  6.169 

Microns. 

Smallest  ten  from  man 7.658 

Largest  ten  from  the  pig 6.520 


Difference 1.138 

This  equals  0.000045  of  an  inch  =  mi^  inch. 

Smallest  twenty  from  man 7.662 

Largest  twenty  from  the  pig 6.466 


Difference 1.196 

This  e<iuals  0.000047  of  an  Inch  =  irfrj  Inch. 

Smallest  tlftv  from  man 7.768 

Largest  fifty  from  the  pig 6.346 


Difference 1.522 

This  equals  0.000060  of  an  inch  =  hJhb  inch. 

Smallest  hundred  from  man 7.853 

Largest  hundred  from  the  pig 6.169 

Difference 1.683 

This  equals  0.(XX)066  of  an  inch  =  rElsi  inch. 

We  thus  see  that  where  only  10  corpuscles  are  meas- 
ured in  man.  taking  the  smallest  average  of  10  consecu- 
tively measured,  this  average  for  an  adult  man  is  one- 
sixth  larger  than  the  largest  average  of  10  consecutive 
corpuscles  measured  from  a  young  pig  only  three  weeks 
old ;  while  the  average  of  the  smallest  100  from  man, 
taken  consecutively,  is  about  one-fifth,  ff,  larger  than 
the  largest  100  taken  from  the  young  pig. 

Professor  Ewell  says:  "Drying  ^he  blood  corpuscles 
in  a  clot  multiplies  the  difficulty  of  identification.  It  has 
never  been  proven  that  dried  corpuscles  can  be  restored 
to  their  normal  proportions.'' 

I  would  call  attention  again  to  the  table  on  p.  84  of 
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BI004I  stains. 
Hloo<l  .Stalus. 


the  present  voluino.  which  gives  the  measurements  of 
3,000  corpuscles  of  fresh  human  blood,  including  males 
and  females,  of  all  ages,  from  infants  at  birth  to  the  man 
of  seventy.     The  measurements  are  in  microns. 


Number  of 
individuals. 

Number 

of  cor- 
puscles. 

.aver- 
age. 

Max. 
Min. 

By 

lOs. 

By 

20s. 

By 

oUs. 

By 

100s. 

20te. 

15  persons  as 
stated 

Blood  stains, 
buman 

3  young  pigs  . 

[  3.000 
j-  1.000 
\     600 

7.938] 
7.910  ] 
6.101  -j 

4.233 
10.160 
5.570 
9.687 
3.849 
8.391 

7.658 
8.398 
7.700 
8.184 
5.418 
6.520 

7.662 
8.191 
7.723 
8.010 
5.7.57 
6.466 

7.768 
8.079 

5.880 
6.346 

7.852 
8.046 

6.028 
6.169 

7.913 
7.983 

6.069 
6.144 

Here  we  see  that  the  average  of  1,000  corpuscles  re- 
stored and  measured  from  stains  of  human  blood  is  7.910 
microns,  all  probably  being  stains  from  the  blood  of 
adults;  while  the  average  from  fifteen  persons  (three  be- 
ing infants)  is  7.938  microns.  The  ma.ximum,  where  iu 
fantsare  included,  in  fresh  blood  is  a  little  more  widely 
separated  from  the  minimum  than  in  the  restored  stains 
from  adidts.  So  also  the  range,  when  taken  by  tens  or 
by  twenties,  is  a  little  less  for  restored  blood  than  for  fresh 
blood,  for  the  same  reason.  No  closer  similarity  of  re- 
sults could  have  been  e.\pected  bad  all  the  measurements 
been  taken  from  fresh  blood :  one  set  including  infants 
and  the  other  being  taken  from  adults  alone.  The  fact 
that  there  is  this  difference,  as  given  above,  goes  to  show 
the  great  accuracy  and  perfect  restoration  of  dried  blood 
corpuscles  to  their  normal  dimensions. 

As  a  further  contirniation  of  the  possibility  of  restoring 
dried  blood  stains  to  a  condition  in  which  their  dimen- 
sions can  be  properly  compared  with  fresh  blood  cor 
puscles,  I  copy  by  permission  the  following  table  from 
Professor  Wormley's  "  Jlicrochemistry  of  Poisons." 


EXAMIN.ITION  OF  OLD  BLOOD  STAINS. 

Animal 

Age  of  slain. 

Remarks. 

-■Vverage, 
inch. 

Fresh 
blood, 
inch. 

(1)  Human  . 

(2)  Human  . 

(3)  Human  . 

(4)  Human  . 

(5)  Elepbant 

(6)  Dog 

(7)  Babbit  . . 

<8)  Ox 

(9)  Ox 

(10)  Ox 

(11)  Buffalo.. 
(13)  Goat  .... 
(13)  Ibex 

2  months  old. . 

i^::    ":: 

19 
13 
4        •• 

18        "        ".. 
16 

32        "        ■•  . . 
4!4  years  "  . . 
18  months  "  . . 
17 
IS 

Stain,  unknown  . 
Stain  

1-:B58 
1-3236 
1-:B34 
1-3290 
1-2849 

1-3636 
1-.3683 
1-4.">44 
1-4495 
1-4^)3.5 
1-4313 
1-5897 
1-6578 

l-33.">0 
l-KW 

l-3::50 

Clot 

1-3250 

Clot     

1-2738 

Trace   of    stain, 

unknown 

Clot 

1-3.561 
l-i65:j 

Stain 

Stain,  unknown  . 

riot 

Clot       

1-4219 
1-4219 
1-4219 
1-43.51 

1-6189 

Clot 

1-6445 

"In  the  case  of  the  human  blood  No.  1,  two  months 
old,  the  deposit  was  in  the  form  of  a  thin  stain  on  muslin, 
and  its  nature,  other  than  that  it  was  mammalian  lilood, 
was  iinknown  at  the  time  of  examination.  The  cor- 
puscles weie  readil}'  found,  and  two  series  of  thirty  cor- 
puscles were  measured.  In  the  human  blood  two  and  a 
half  months  old,  tifty  corpuscles  ranging  from  ^j-g  to 
•5^5  of  an  inch  were  measured. 

"  The  blood  stain  of  the  dog,  No.  6,  was  prepared  by 
Dr.  Fraukenberg,  and  consisted  of  a  single  stain  so  mi- 
nute as  to  be  barely  visible  to  the  naked  eye;  its  nature 
at  the  time  of  the  examination  was  unknown.  Iu  this 
instance  only  fifteen  corpuscles  were  measured.  In  the 
ox  blood  foiir  and  a  halt  years  old,  the  corpuscles  were 
rather  readily  obtained,  and  two  closely  concordant  series 
of  measurements  were  made." 

Another  table,  quoted  by  Clark  Bell.  Esq.,  in  his 
article  on  "Blood  Stains"  in  the  Medico- Legal  Join- iial, 
September,  1893,  p.  157.  is  worthy  of  careful  study  in 
this  connection.  It  shows  results  of  examinations  of 
blood  dried  on  knives,  glass,  wood,  cloth,  paper,  and 
stone,  with  measurements  corresponding  very  closely 
with  measuiements  of  fresh  blood. 


I  take  great  pleasure  in  acknowledging  my  obligations 
to  Professor  Ewell,  from  whose  valuable  articles  on 
micrometric  study  of  4.000  red  blood  corpuscles,  pub- 
lished in  the  MeeJico-Ler/nl  Journal  for  September,  1893, 
I  have  compiled  the  following  table; 


Source  of  blood. 

0^ 

11 
c  ft 

z8 

%s. 

S  3 
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'5 

is 

li 
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pq 

650 
20U 
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2(K) 
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too 

8.03 
8.80 
7.85 
8.25 
8.01 
8.:3.5 
8.65 

8.;k 

8.11 
7.83 
7.60 
7.71 

9.98 
11.39 
9.32 
10.87 
11.04 
10.70 
10.10 
10.18 
9.;J2 
9.15 
9.93 
8.80 

5.03 
5.70 
0.73 
3.45 
6.56 
5.35 
5.18 
6.23 
3.97 
6.90 
6.04 
5.76 

8.38 
9.06 

8.28 
8.55 

8.11 

7.95 

Boy  thirty-six  hours  old 

8.65 

Purpura  liieuionliatrica 

2  cases  psi'udd-leucocythaemia 
Tuberrulnsis.  auLVniic 

8.25 
8.42 

2  cases  syphilis 

Erysipelas 

Pernicious  anaemia 

8.11 

Whole  number  measured. . 

3,350 

8.14 

11.39 

3.45 

9.06 

7.95 

In  regard  to  the  alterations  of  blood  iu  disease,  it  is  to 
be  noted  that  no  disease  causing  smaller  average  sizes  of 
the  blood  corpuscles  of  the  lower  aniiuals  can  have  any 
tendency  to  cause  such  blood  to  be  mistaken  for  human. 
If  it  was  sought  to  ascertain  whether  a  given  stain,  with 
corpuscles  less  than  -jJ^tt  or  Wrrrt  of  a"  i'lc'i.  could 
have  been  obtained  from  a  diseased  human  being,  found 
by  examination  to  have  very  small  corpuscles,  such  a 
case  would  be  judged  by  the  facts  discovered  and  possi- 
bly be  indeterminable. 

If  we  take  -jTs^nr  of  an  inch  or  7.937  microns  as  tlie  gen- 
erally accepted  average  diameter  of  human  Vilood  cor- 
puscles, and  with  it  compare  the  average  obtained  by 
Professor  Ewell  from  blood  in  disease,  we  find  his  largest 
average  iu  plumbism.  or  lead  poisoning,  is  8.65  microns, 
or  one-twelfth  part  larger  than  the  normal  average. 

Now,  if  we  take  the  young  pig,  which,  excepting  the 
dog,  is  the  domestic  animal  having  the  largest  corpuscles, 
and  to  the  normal  average,  6.101  microns,  add  one-twelfth 
its  diameter,  or  0.508  micron,  we  shall  obtain  for  a  pos- 
sibly diseased  pig  an  average  diameter  of  6.609  microns; 
which  is  smaller  by  1.318  nucrons  than  that  of  the  average 
human  blood  corpuscle.  This  diffeience  when  viewed  in 
the  microscope  with  a  magnifying  power  of  3,5(J0  diame- 
ters, the  same  power  used  in  the  photogiaphs  reproduced 
in  Figs.  613 and  613.  is  equal  to  more  than  two  and  a  half 
divisions  of  the  scale  in  Fig.  613.  With  only  1,000  diam- 
eters the  difference  would  be  greater  than  one  division  of 
the  same  scale.  Certainly  no  microscopist  of  ordinary  skill 
would  be  in  any  danger  of  confounding  blood  of  such  a 
diseased  jiig  with  hinnan  blood  recovered  from  a  stain. 

The  only  remaining  possibility  of  mistaking  stains  from 
the  blood  of  a  pig,  ox,  horse,  "sheep,  or  goat  for  human 
blood,  when  fifty  or  one  hundred  corpuscles  Lave  been 
measured  and  found  to  average  7.9  microns,  or  even  7  mi- 
crons, is  to  suppose  it  possible  that  the  expert  has  vkltedly 
and  ;);n7)us<'?// measured  only  the  largest  corpuscles  and  has 
not  done  honest  work.  'With  a  magnifying  power  of  1 ,000 
diameters,  a  Jackson's  micrometer  measures  with  great 
certainty  57,^  of  an  inch.  Professor  Ewx-ll's  filar  mi- 
crometer, as  he  states,  is  graduated  to  YinrnTnui:  of  an 
inch,  and  is  certainly  reliable  to  nrrinr  of  an  inch,  equal 
to  one  of  the  divisions  on  the  above  scale.  Hence  no  ex- 
pert can  have  any  difficulty  in  recognizing  with  absolute 
certainty  differences  of  1.3  microns,  equal  -^-^  of  an 
incn. 

Professor  Ewell  says  that  "by  selecting  the  corpuscles, 
it  would  be  possible  "for  a  dishonest  observer  to  niake  the 
average  much  larger  or  smaller  than  the  above  given  [in 
his  taihle]  without'the  possibility  of  detection;  a  fact,  the 
bearing  of  which  upon  the  value  of  expert  testimony 
ujiou  this  sub.iect  is  so  obvious  as  to  need  no  comment." 
I  have  never  claimed,  and  shall  not  now  claim,  that  it  is 
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any  more  clifflcult  for  a  witness  to  swear  falsely  in  regard 
to  blood  stains  than  in  regard  to  any  other  subject.  But 
it  would  be  quite  possible  on  cross  examination  to  ask 
the  e.xpert  whether,  in  measuring  the  corpuscles  obtained 
from  a  stain,  he  had  measured  all  the  well-detined  cor- 
puscles in  the  field  of  the  microscope,  or  whether  he  had 
selected  the  large  corpuscles  and  rejected  others  which 
were  smaller. 

In  treating  blood  stains  with  solvents  of  fibrin,  to 
liberate  the  corpuscles  for  measurement,  it  has  been  found 
in  many  cases  that  the  corpuscles  were  smaller  than  in 
fresh  blood  unless  maceration  was  long  continued,  old 
stains  reiiuiiing  several  weeks  before  the  corpuscles  were 
in  a  condition  to  be  measured.  "When  a  biconcave  blood 
corpuscle  is  placed  in  water,  the  coloring  matter  (luemo- 
globin)  is  dis.solved  out,  the  corpuscle  swells  up.  thickens 
at  the  edges,  becomes  transparent  and  spherical.  In  this 
cindilion  the  diameter  of  the  corpuscle  becomes  less  than 
normal.  It  thus  happens  in  examining  blood  stains  that 
ail  corpuscles  which  have  lost  their  color  or  have  become 
spherical  are  by  some  experts  rejected  and  not  measured. 
Some  corpuscles  in  fresh  blood  have  much  more  coloring 
matter  than  others,  and  these  corpuscles  retain  their 
color  and  form  (as  we  think)  much  longer  than  paler  cor- 
puscles. We  are  not  aware  that  any  fluid  used  or  likely 
to  be  used  for  softening  blood  stains  will  cause  the  eor- 
pnscles  to  become  larger  than  normal.  In  this  statement 
the  most  noted  authors  agree. 

If  the  corpuscles  obtained  from  a  stain  do  not  recover 
their  normal  dimensions  it  is  almost  absolutely  certain 
that  their  average  measurement  will  be  less  than  normal 
and  nerer  greater  than  normal.  Thus,  in  the  language 
of  Professor  Wormley,  we  may  confidently  say:  "  TJius. 
then,  irhile  the  blond  /if  man  mir/Jit  on  account  of  eontrae- 
tions  in  diioiieter  of  the  blood  corpusele»  be  ronfounded  m'tk 
that  of  gome  animnl  having  smaller  corpuscles,  the  reverse 
could  nerer  occur. ^' 

From  this  discussion  I  claim  tliat  it  has  lieen  proved 
beyond  any  reasonable  cjuestion: 

i.  That    in   favorable  cases    blood   stains  can   be   so 

treated  that  reliable  measurements  and  credible-diagnosis 

of  their  origin  can 

b  ■  given,  as  shown 

in  the  tables  given 

an  1     in     others       Endothelium 

which     iiiif'lit    be      Suliendotlie- 1. 
wnicn    migui    oi_       ,,.^^1  ^,5^^    , 

re  tarred  to.  internal  elas- 1 

2.  That  if  error  tic  membrane  1 
o  jcurs  on  account 
of  imperfect  res- 
tiration  of  the 
form  and  diameter 
of  the  corpuscles 
obtained  from  a 
stain,  proved  (by 
(a)  the  guaiacum 
test;  by  (*)  the 
spectroscope :  by 
(0)  the  production 
of  hsemin  crystals) 
to  be  blood,  the 
error,  if  any,  will 
be  to  make  human 
blood  ajipear  like 
that  of  one  of  the  External  elas- 
inferior  animals,  tic  membrane 
and  never  to  mis- 
take the  blood  of 
the  ox,  pig,  horse, 
sheep,  <ir  goat  for 
human  blood. 

3.  In  general, 
when  a  stain  has 
been  proved  to  be 
blood  bythe  above 
tests,  it  may  be 
decided  certainly 
whether  it  is  or  is 


not  manmialian  blood.  So,  also,  a  stain  from  the  blood 
of  the  ox,  pig,  horse,  sheep,  and  goat  may  be  distin- 
guished from  human  blood,  thus  confirming  the  claim 
of  an  accused  person  in  many  cases  that  his  clothes  are 
not  stained  with  human  blood.  This  negative  testi- 
mony is  certainly  quite  as  important  in  many  cases  as 
testimon}'  inculpating  a  prisoner. 

Lastl_v,  the  expert  can  sa}',  when  the  average  of  a  suit- 
able number  of  corpuscles  from  a  blood  stain  corresponds 
with  the  average  of  fresh  human  corpuscles,  that  the  stain 
is  surely  not  from  the  blood  of  the  ox,  pig.  sheep,  <ir  goat. 

Such  testimony  by  a  skilled  microscopist  is  of  untold 
imiiortance  in  saving  the  lives  of  the  innocent,  and  often 
in  overthrowing  the  plea  of  those  who  are  guilty.  Such 
testimony  is  quite  as  reliable  and  important  to  the  wel- 
fare of  society  as  that  of  the  chemist  who  testifies  to  the 
presence  or  absence  of  poison  that  might  have  some  re- 
semblance to  the  many  recently  discovered  ptomains. 

The  testimony  of  the  expert  might  take  the  following 
form,  iis  recommended  by  C.  H.  Yibbert,  "Precis  de 
medecine  legale  " : 

"  This  stain  is  not  composed  of  the  blood  of  such  an 
animal  [ox,  sheep,  horse,  pig,  or  goat]  as  the  accused 
claims.  It  is  like  the  blood  of  man,  or  some  animal  hav- 
ing corpuscles  very  nearly  the  same  size  as  those  of  man, 
as  the  dog  or  rabbit." 

()T  the  declaration  may  take  the  reverse  form,  thus: 
■■  This  stain  is  not  composed  of  human  blood ;  it  might  be 
the  blowl  of  a  horse,  ox,  pig,  sheep,  or  goat,  as  claimed 
by  the  accused." 

Such  declarations  are  justified,  then,  arid  then  only, 
when  the  examination  has  been  conducted  with  great 
care  and  the  measurements  have  been  made  with  reliable 
instruments.  Moses  C.  ^\hite. 

BLOOD-VESSELS,  HISTOLOGY  OF— The  Arte- 
ries.— An  artery  consists  of  three  coats,  which,  named 

from  their  relative 
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Fig.  621.— Section  of  Human  Radial  Artery. 


position,  are  the 
inner,  the  middle, 
and  the  outer. 
The  structure  and 
relative  thickness 
of  these  coats  vary 
in  vessels  of  large, 
medium,  and 
small  calibre.  A 
medium-sized  ar- 
tery, such  as  the 
radial,  shown  in 
the  accompany- 
ing illustration 
(Fig.  621).  has 
been  taken  as  the 
type  and  first  de- 
scribed in  detail, 
the  structural  pe- 
culiaiities  of  the 
larger  and  smaller 
vessels  being  sub- 
sequently noticed. 
The  inner  cont. 
or  tunica  intima, 
is  the  thinnest 
coat  of  the  artery 
and  consists  of 
three  distinct 
structures:  (</)  an 
endothehal  lin 
ing;  (i)  a  layer  of 
subendothelial 
connective  tissue, 
and  (c)  an  internal 
elastic  membrane. 
The  endothehal 
lining  consists  of 
a  single  layer  of 
flat     endothelial 
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tic  membrane  i 
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cells,  each  containiug  a  centrally  situated  nucleus  of 
round  or  oval  form.  When  examined  in  a  transverse 
section  of  the  vessel,  in  which  the  cells  are  seen  in  profile, 
the  endothelial 
plates  are  incon- 
spicuous, the  nu- 
cleus often  being 
the  only  pait  of  the 
cell  readily  made 
out.  E  X  a'm  i  n  c  d 
from  the  surface, 
after  staining  with 
silver  nitrate,  the 
boundaries  of  the 
individual  cells  are 
clearly  defined  by 
the  darkly  tinted 
cement  substance 
which  unites  the 
endothelial  ])lates. 
In  such  prepara- 
tions the  lining 
cells  appear  spin- 
dle-shaped or  lan- 
ceolate in  form, 
their  long  axes  cor- 
responding w  i  t  h 
that  of  the  blood- 
vessel. Careful  ex- 
amination of  the 
outlines  of  the  cell 
shows  these  to  be 
serrated  or  sinuous, 
contrasting  w  i  t  li 
the  more  regular 
lines  of  apposition 
in  epithelial  tissue. 
The  lining  cells  of 
blood-vessels  were 
first  described  by 
Kolliker  and  others 
as  epithelium; 
later.  His  applied  tic  membrane  t" 
to  them  the  name 
endothelium  as 
more  appropriate 
for  elements  de- 
rived from  meso- 
derm and  closelj' 
related  to  serous 
surfaces.  In  prin- 
ciple, endothelial 
cells  are  modified 
counecti  ve  ■  t  i  s  s  u  e 
elements. 

The  suhenihithe- 
lial  layer  consists  of 
bundles  of  white 
fibrous  connective 
tissue  interwoven 
with  a  delicate  net- 
work of  elastic 
fibres,  and  meagrely 
distribut<'d  branch- 
ed connective-tissue 
corpuscles  lying 
within  the  lymph 
spaces  of  the  tissue. 

The  internal  elastic  membraxie  appears  in  arteries  of 
medium  size  as  a  structureless,  glistening,  corrugated 
band  that  stands  out  as  the  most  conspicuous  structure 
of  the  intima.  It  constitutes  the  most  external  layer  of 
the  latter  and  forms  a  sharp  line  of  demarcation  between 
the  narrow  and  faintly  stained  intima  and  the  broad  and 
more  deeply  tinted  media.  While  apparently  a  homo- 
geneous membrane  in  the  smaller  arteries,  in  vessels  of 
large  size  the  internal  elastic  membrane  is  represented  by 
a  number  of  delicate  lamella:  of  elastic  tissue,  which  are 
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Fig.  633.— Section  of  Human  Aorta. 


pierced  by  apertures  of  varying'size.  The  entire  struc- 
ture in  these  cases  has  been  appropriately  named  the 
fenestrated  membrane  of  Heale,  in  recognition  of  the  an- 
atomist who  called 
attention  to  its  pe- 
culiar arrangement. 
The  majority  of  the 
elastic  fibres  form- 
ing this  reticulated 
network  run  longi- 
tudinally, but  are 
intermingled  with 
some  oblique  fibres 
as  well  as  a  limited 
number  of  branched 
connective-tissue 
corpuscles. 

The  middle  coat. 
or  iiiniea  media,  is 
the  thickest  coat  of 
the  artery.  It  con- 
sists of  circularly 
disposed  lamelke  of 
involuntary  m  u  s- 
c  1  e  intermingled 
with  connective  tis- 
sue in  which  elastic 
fibi'es  are  conspicu- 
ous. The  individ- 
ual mu-scle  cells  aie 
irregularly  spindle- 
shaiied,  often  with 
ragged  outlines, 
and  possess  the 
characteristic  rod- 
shaped  nuclei.  The 
mu.scle  cells  of  the 
media  are  shorter 
and  thicker  than 
the  slender  and 
more  elongated  cor- 
res ponding  ele- 
ments in  other 
localities.  The  in 
dividual  cells,  held 
together  by  inter- 
stitial cement  sub- 
stance, are  grouiied 
into  illy  d  e  fi  n  e  d 
biuidles,  which  are 
closely  associated 
with  small  spiral 
bundles  of  white 
fibrous  and  elastic 
connective  tissue, 
the  whole  forming 
the  most  compact 
coat  of  the  artery. 
The  elastic  fibres 
are  very  numerous, 
and,  in  ordinary 
preparations  being 
almost  unstained, 
stand  out  in  mark- 
ed contrast  among 
the  more  deeply 
stained  massesof  in- 
voluntary muscle. 
The  external  coat,  or  tunica  adventitia,  is  composed  of 


Adventitia 


closely  felted  bundles  of  white  fibrous  and  elastic  tissue 
arranged  in  fine  wavy  masses.  Many  of  these  bundles 
have  a  longitudinal  direction,  while  others  pursue  an 
oblique  course.  Connective-tissue  cells  are  present  in 
considerable  quantity.  While  looser  in  texture  and  ap- 
parently of  less  strength,  the  adventitia  is  nevertheless 
more  resistant  than  either  of  the  other  coats,  and  is  the 
tunic  upon  which  the  integrity  of  a  ligature  chieily  de- 
pends.    The  walls  of  the  arteries  are  nourished  by  a 
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Adventitia 


special  system  of  minute  vessels,  the  rasa  vasm-iim.  which 
enter  the  adventitia  and  penetrate  the  media.  The  vasa 
vasorum  do  uot  spring  from  the  vessels  which  they  sup- 
ply, but  are  usuall}'  derived  from  neighboring  arteries, 
the  blood  flowing  through  the  larger  vessels  having  as  a 
rule  no  direct  relation  with  that  within  the  vasa  vasorum. 

The  differences  distinguishing  the  coats  of  a  large 
artery  from  those  of  a  vessel  of  medium  size  consist,  in 
general,  of  an  increase  in  the  thickness  of  the  various 
tunics,  as  shown  in  the  accompanying  Fig.  622. 

The  immediate  lining  of  even  the  largest  arteries  con- 
sists of  a  single  laj'er  of  endothelial  cells:  the  subendo- 
thelial   tissue,  however,  is  greatly  thickened  not  only 
relatively  but  also  absolutely.     The  subendo- 
thelial   bundles   of   white  iibrous  tissue  are 
coarser,  and   the  elastic  tissue  is  present  in 
greater  amoimt  and   constitutes   the    fenes- 
trated clastic  membrane  of  Henle.     The  me- 
dia likewise  is  thicker,  the  increase,  however, 
being    due    not   so    much    to    the 
greater  amount  of  in  vohmtary  mus- 
cle as  to  the  addition  of  fibre-elas- 
tic tissue,  which  here  bears  a  much 
greater  proportion  to  the  muscular 
tissue.    This  increase  of  fibro-elastic 
tissue  is  responsible  for  the  diminu- 
tion of  elasticit.y  and  the  increased 
stiffness     which     characterize    the 
walls  of  the  larger  arteries.      The 
elastic   tissue  of   the  media  in  the  i — =i3 

latter  vessels  is  often  condensed  to  I 

form  an  external  clastic  inembrttnc. 
which  detines  the  boundary  be- 
tween the  media  and  the  adventitia. 

The  adventitia  is  also  thicker,  but  the  increase  in  this 
tunic  is  proportionately  less  than  that  affecting  the  in- 
tima  and  media.  The  adventitia  of  small  arteries,  in 
rclati(m  to  the  other  two  coats,  is  thicker  than  that  of 
the  large  arteries. 

The  small  arteries  and  arterioles,  on  the  other  hand, 
differ  from  the  medium-sized  vessels  by  a  reductinn  in 
the  thickness  of  their  coats.  The  subendothelial  tissue 
almost  entirely  disiippears,  while  the  involuntary  muscle 
of  the  media  is  reduced  to  an  attenuated  layer  of  muscle 
cells,  with  little  or  no  admi.xture  of  fibro-elastic  connec- 
tive tissue.  The  adventitia  consists  of  a  few  longitudinal 
bimdles  of  fibrous  tissue,  with  often  an  absence  of  elastic 
filires. 

Tlie  capillaries  are  microscopic  vessels  establishing 
communication  between  the  arteries  and  the  veins.     In 


Capillaries 
I  Nui'lei   of 
-    eiidothe- 
/  lial  plates 


nucleated  endothelial  cells  united  by  a  small  amount  of 
intervening  cement  substance.  By  reason  of  the  char- 
acter of  their  thin  walls,  they  are  virtually  protoplasmic 
tubes  admirably  adapted  to  facilitate  the  distribution  of 
nutritive  fluids  to  the  tissues  or.  as  in  the  pulmonary 
alveoli,  to  the  interchange  of  gases.  As  the  capillaries 
become  larger  a  delicate  tunica  adventitia  is  superadded, 
which  is  formed  of  a 
dthtate  network  of 
fine  hbiils  composed 
of  the  processes  of 
stellate  cells  h  mg  di 
rtctl\  upon  the  vascu 
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Fig.  633.— Capillary  Blood-Vessels  from  Mesentery  of  Dog.    X  24(1. 

the  tips  of  the  fingers,  the  tips  of  the  toes,  the  tip  of  the 
nose,  the  splenic  pulp,  and  the  erectile  or  cavernous  tissue 
of  the  genital  organs  the  arteries  communicate  directly 
with  the  veins.     A  capillary  consists  of  a  single  layer  of 


Fig.  t)34.— section  of  Human  Radial  Vein. 

lar  walls.  Each  of  these  stellate  cells  consists  of  a 
large  elongated  nucleus,  invested  hy  an  extremely  deli- 
cate layer  of  protoplasm.  The  protoplasm  of  which 
the  cells  are  composed  is  always  more  abundantly  and 
distinctly  granular  toward  the  centre  and  around  the 
nucleus,  whilst  near  the  margin  it  is  quite  clear,  and 
thins  off  to  a  delicate  border.  The  capillaries  by  their 
union  constitute  the  capillary  plexuses,  retia  cnpil- 
laria.  which  are  more  or  less  constant  in  the  different 
organs.  The  forms  presented  in  these  plexuses  depend 
to  some  extent  upon  the  disposition  of  the  elementary 
parts,  and  are  also  in  some  degree  dependent  upon  the 
energy  of  the  function.  There  are  in  many  organs  cer- 
tain tissues  into  which  vessels  never  penetrate, — as  the 
transversely  striped  muscular  fibres,  the  nerve  fibres,  cells 
of  all  kinds,  gland  acini, — and  which,  therefore,  accord- 
ing to  their  form,  trace  out  definite  coiu-.sesfor  tlie  capil- 
laries, so  that  they  sometimes  present  elongated  meshes, 
sometimes  rounded,  narrower,  or  wider  reticulations. 

The  mode  in  which  tlie  capillaries  pass  into  the  larger 
vessels  is  interesting.  On  the  arterial  side  it  is  found 
that  the  ca|iillaries.  as  they  become  wider,  present  more 
closely  placed  nuclei,  and  are  then  invested  externally 
with  a  structureless  tunica  adventitia  and  solitary  muscle 
cells,  the  whole  structure  exhibiting  the  aspect  of  ar- 
terioles. On  the  venous  side  the  transitionary  vessels  are 
less  characteristic  for  a  greater  length.  The  first  thing 
that  is  superadded,  on  this  side,  to  the  capillary  wall  is 
an  external,  homogeneous  nucleated  layer,  which  may  be 
regarded  as  a  sort  of  connective  tissue — the  tunica  adven- 
titia,— forming  a  distinctly  laminated  structure,  the  vein- 
iol.  Besides  the  finest  capillaries,  which,  however,  al- 
ways admit  the  passage  of  very  flexible  blood  corpuscles, 
some  observers  have  admitted  the  existence  of  still  finer 
vessels,  the  so-called  ram  sercixn.  which  no  longer  allow 
of  the  passage  of  blood,  but  only  of  its  plasma.  Hyrtl 
thinks  that  it  is  necessary  to  admit  of  the  existence  of 
vessels  of  this  kind  in  the  cornea. 

Among  the  structural  peculiarities  of  certain  arteries 
may  be  mentioned  the  slight  development,  or  even  com- 
plete absence,  of  the  subendothelial  connective  tissue 
in  the  cceliac,  the  external  iliac,  the  mesenteric,  the  renal, 
and  the  uterine  arteries  of  young  individuals.  Tlie  aorta 
possesses  a  marked  development  of  the  subendothelial 


92 


REFERENCE  HANDBOOK  OF  THE  JIEDICAL   SCIENCES. 


Bloo(l-\'ossels. 


couDective  tissue,  as  well  as  the  presence  of  longitudinal 
muscle  cells  within  the  intima.  Longitudinally'disposed 
muscle  is  present  in  the  media  of  the  subclavian  artery 
and  in  the  adveutitiaof  the  iliac,  the  superior  mesenteric, 
the  splenic,  the  renal,  and  the  dorsalis  penis,  as  well  as  in 
the  umbilical  arteries  of  the  fanus.  Some  arteries,  notidjly 
the  vessels  within  the  cranial  cavitv-  and  the  vertebral 
canal,  possess  coats  which  are  very  thin  in  proportion  to 
their  calibre.  In  these  vessels,  liowever,  it  is  the  media 
and  the  ad\entitia  that  sutler  reduction,  the  intima  re- 
maining almost  unaffected. 

A  tv'pical  vein,  as  shown  in  the  accompanying  drawing, 
(Fig,  624)  has  thinner  walls  and  a  larger  lumt'n  than  the 
corresponding  artery;  to  this  rule,  however,  the  pulmo- 
nary veins  are  exceptions,  since  they  are  of  the  same  ca- 
pacity as,  or  of  less  capacity  than,  the  pulmonary  arteries. 
The  constitution  of  the  coats  of  a  vein  is  less  constant  than 
it  is  in  an  artery,  variations  in  the  arrangement,  propor- 
tion, and  amovmt  of  the  component  tissues  being  very 
frequently  encountered. 

The  inner  evat.  or  tunica  inlinui.  consists  of  (a)  endo- 
thelial cells,  (b)  subendothelial  connective  tissue,  and  (c) 
elastic  fibres.  The  endothelium  is  composed  of  a  single 
layer  of  cells  held  together  by  interstitial  cement  sub- 
stance. The  cells  are  shorter  and  wider  than  the  corre- 
sponding lanceolated  elements  of  tlie  artery.  The  sub- 
endothelial connective  tissue  i.svery  scanty  iii  the  majority 
of  veins  and  rudimentary  or  even  entirely  absent  in  the 
smaller  ones.  The  elastic  tissue  often  represented  by  a 
few  longitudinal  liundles  is  less  developed  and  does  not 
form  a  fenestrated  membrane. 

The  middle  coat,  or  tiinien  media,  is  much  thinner  and 
looser  than  in  the  artery,  chiefly  on  account  of  the  ad- 
mixture of  connective  tissue  a.ssociated  with  the  circu- 
larly disposed  involuntary  muscle  cells.  The  elastic 
fibres,  so  consiiicuous  in  the  media  of  the  artery,  are  very 
few  in  the  vein. 

The  external  coat,  or  tunica  adventitia,  is  the  thickest 
coat  of  the  vein,  reaching  often  twice  or  e\'en  three 
times  the  breadth  of  the  media.  It  consists  of  wavj- 
liimdles  of  white  fibrous  tissue,  usuall.v  following  a  cir- 
cular direction,  among  which  a  few  longitudinal  fibres 
maybe  found;  the  greater  number  of  the  latter  fibres 
are  of  the  elastic  variety.  Connective-tissue  cells  are 
present  in  considerable  number.  The  walls  of  the  vein 
are  nourished  by  vasa  vasorum  similar  to  those  supplj-- 
ing  the  arteries. 

JIany  veins,  especiall}'  those  of  the  lower  extremities, 
are  provided  with  valves ;  these  are  crescentic  folds  of  the 
intima,  which  are  brought  into  apposition  by  the  dila- 
tation of  the  pockets  foriiied  between  the  attached  portion 
of  the  valve  and  tlie  wall  of  the  vessel.  The  valve  con- 
sists of  an  extension  and  thickening  of  the  filiro-elastic 
tissue  of  the  intima.  covered  on  each  side  by  endothelial 
cells.  The  free  edge  of  the  valve  is  thicker  than  the  at- 
tached border. 

The  variations  in  the  structure  of  veins  dcjiend  largely 
upon  modifications  of  the  muscular  tissvie.  The  in  vohiii- 
tary  muscle  is  best  developed  in  the  media  of  veins  of 
the  inferior  extremities;  in  the  veins  of  the  gravid  uterus 
involuntary  muscle  occurs  in  the  adventitia" as  well  as  in 
the  intima.  Additional  longitudinally  dispo.sed  bundles 
of  muscle  are  present  in  the  inner  ]5art  of  the  media  in  the 
mesenteric,  the  iliac,  the  femoral,  and  the  umbilical  veins. 
Involuntary  muscle  is  sometimes  encountered  in  the  ad- 
ventitia. in  the  abdominal  cava,  the  axillary,  the  liepatic, 
th  e.xternal  iliac,  the  superior  mesenteric,  the  renal,  the 
splenic,  the  spermatic,  and  the  azygos  major  veins.  The 
presence  of  striated  muscle  in  tlie"  pidmonary  veins  and 
cardiac  ends  of  the  venie  cavoe  is  to  be  reg.irded  as  an 
extension  of  the  striped  muscular  tissue  of  the  auricular 
■>^all.  lUiert  Fnrmad. 

BLOOD-VESSELS,  PATHOLOGICAL  ANATOMY  OF. 

—The  C-\pill-\ries. — The  capillaries  are  less  independ- 
ent structures  than  the  arteries  and  veins,  and  the 
pathological  changes  in  the  capillary  wall  are  generallv 
intimately  connected  with  lesions    in  the   suiToundiug 


tissues.  The  important  role  played  by  the  capillaiies  in 
the  different  forms  of  inflammation  is  discussed  in  the 
article  on  InflniKmation. 

All  tissue  proliferation,  whether  inflammatory  or  non- 
inflammatory, is  almost  without  exception  associated 
with  the  new  formation  of  capillary  vessels  b}-  processes 
of  budding  of  pre-existing  capillary  endothelium,  and 
these  changes  are  described  in  the  article  on  Rfgeneralinn. 

Capillary  new  formation  lies  at  the  bottom  of  tumors 
composed  of  capillaries,  the  capillary  angiomata  and 
teliangiectasias  of  congenital  or  acqtiired  origin;  they 
form  mostly  flat  tumors  of  the  skin  and  subcutaneous 
tissue,  of  a  "bright  red  color  and  a  soft  feel;  the  capillaiies 
in  them  have  thick  cellular  walls,  and  there  is  abundant 
evidence  that  new  capillaries  have  been  formed.  Similar 
changes  occur  in  capillaries  in  other  tumors  (see  T'lmors). 

Long-continued  congestion  will  result  in  dilatarion  of 
the  capillaries,  capillary  ectasis  or  capillary  aneurism; 
this  is  shown  well  in  passive  congestion  of  the  lungs. 

Hyaline  degeneration  of  the  capillary  walls  is  frequently 
observed  in  the  brain,  especially  in  "paralytic  dementia, 
but  also  in  the  kidney,  the  conjunctiva,  the  lymph  glands, 
and  in  various  tumors.  Hyaline  degeneration  'of  the 
glomeruli  is  an  important  alteration  in  "chronic  nephritis, 
especially  the  interstitial  form.  Hyaline  degeneration  is 
a  rather  "vague  term  and  the  exactorigin  of'hyaline  ma- 
terial is  not  imderstood.  In  certain  tumors  mucoid  de- 
generation of  the  capillary  walls  sometimes  takes  place. 

Mallory  in  his  study  of  colh)id  or  hyaline  changes  in 
the  brain  shows  that  "the  material  is  always  deposited  in 
the  vessels;  in  the  larger  vessels  the  middle  coat  is  earliest 
and  most  affected.  The  hyaline  material  has  a  marked 
tendency  to  calcification,  and  in  some  cases  the  capillary 
network  of  the  central  cortex,  the  dentate  nucleus,  and 
the  granular  layer  of  the  cerebellum  undergoes  hyaline 
change  with  calcification;  this  causes  atrojihy  of  the  in- 
cluded nervous  tissue  and  leads  to  the  fotmation  of  sand- 
like depo.sits  and  of  stone-like  concretions. 

Fatty  chwage^  in  the  capillary  epithelium*  occur  fre- 
quently, especiallj"  in  the  nervous  system  and  in  the 
various  toxic  and  infectious  states.  The  lesions  in  the 
capillaries  that  may  underlie  the  tendency  to  spontaneous 
hemorrhage  in  the  hereditary  and  acquired  hemorrhagic 
diathesis  liave  not  yet  been  cleared  up;  in  these  condi- 
tions it  is  difficult  to  determine  whether  the  hemorrhages 
result  from  diapedesis  or  from  rhexis.  The  relations  of 
the  capillaries  to  thrombosis  and  embolism  are  described 
in  the  articles  dealing  with  those  subjects. 

Calcareous  infiltration  of  the  capillary  walls  occurs  in 
the  brain  of  old  people;  generally  calcification  is  pre- 
ceded bj-  hyaline  degeneration.  Calcification  of  the  capil- 
laiies also  takes  place  in  certain  tumors,  especially  psam- 
monia. 

Amyloid  degeneration  is  an  important  change  in  the 
capillary  walls,  observed  always  in  the  capillaries  of  the 
spleen,  kidneys,  liver,  etc..  in  general  amjioidosis.  The 
amyloid  material  appears  first  in  the  delicate  capillary 
sheath  outside  of  the  epithelium,  which  is  soon  crowde"d 
to  one  side  and  the  lumen  closed. 

The  Ahteries  and  Veins. 

Abnoiimities. — Congenital  abnormities  of  blood-ves- 
sels may  concern  width,  thickness  of  wall,  origin,  and 
course.  Deviations  from  the  normal  in  these  respects  on 
the  part  of  the  smaller  and  medium-sized  vessels  are  con- 
sidered to  best  advantage  in  connection  with  the  normal 
anatomy  of  blood-vessels. 

The  congenital  defects  and  anomalies  of  the  pulmonary 
artery  and  aorta  are  closely  associated  with  defects  and 
anomalies  of  the  heart.  Among  the  important  irregu- 
larities of  tlie  primary  vessels  is  transposition  of  the  aorta 
and  the  pulmonary  artery.  This  may  occur  in  hearts 
that  are  not  otherwise  defective  or  in  association  with 
other  developmental  anomalies  of  the  heart.     Transposi- 

»The  terra  "epithelium"  is  used  in  place  of  endothelium  in  this 
article.— L.  H. 
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tion  of  the  vense  cavse  and  the  pulmonary  vein  is  also 
described.  In  nearly  all  cases  of  this  kind  the  foramen 
ovale  is  open  to  a  greater  or  less  extent  and  generallj'  the 
ductus  arteriosus  is  pervious.  In  some  cases  the  only 
communication  between  the  two  circulatory  systems  was 
through  the  widely  open  foramen  ovale.  Death  occurs 
in  early  infancy. 

The  septum  between  the  aorta  and  pulmonary  artery 
may  be  defective.  In  an  instance  of  this  kind  that  I  e.x- 
amined  there  was  an  oval  defect  about  l.o  cm.  in  its 
greatest  diameter  between  the  pulmonary  artery  and  the 
aorta,  so  that  the  beginning  of  the  aorta  and  pulmonary 
artery  had  a  common  trunk  from  which  emerged,  in  the 
usual  places,  the  right  and  left  pulmonary  arteries  and 
the  branches  of  the  arch  of  the  aorta.  The  ductus  arteri- 
osus was  patent  and  large,  the  aorta  distal  to  the  duct 
wider  than  that  pro.ximal  to  the  duct.  The  foramen 
ovale  was  widely  open.  The  large  veins  and  the  heart 
were  normal. 

Instances  of  aortas  with  doidile  arches  are  described  by 
Hommel,  Curnow,  JIalacarne,  Zagorski,  ATelch.  and  Lee 
Shaw.  According  to  Lee  Shaw,  Honmiel,  in  1737,  was 
the  first  to  record  this  anomah'.  In  his  case  the  two 
divisions  united  after  encircling  the  trachea,  and  passed 
downward  on  the  left  side  of  the  vertebral  column. 
Malaearne's  report,  as  described  by  Meckel  and  Quain, 
differs  from  all  the  others.  Five  valves  guarded  the 
aortic  opening  of  the  left  ventricle  and  the  arterial  trunk 
immediately  divided  into  two  branches,  which  before 
uniting  embraced  the  pidmonary  artery,  trachea,  and 
oesophagus;  from  each  divisicm  was  given  off  in  succes- 
sion a  subclavian,  an  external,  and  an  internal  carotid 
artery.  In  Welch's  case,  the  posterior  branch  passed  be- 
tween the  trachea  and  resophagus,  and  from  each  division 
arose  a  common  carotid  and  a  subclavian  artery.  On  the 
posterior  branch  was  foimd  an  aneurism  from  which  the 
right  common  carotid  took  origin.  Lee  Shaw's  speci- 
men differs  from  all  of  those  described  except  Mala- 
carne's.  in  that  the  two  divisions  unite  behind  the  oesopha- 
gus. It  differs  from  all  in  that  the  right  branch  is  the 
larger,  the  junction  of  the  two  branches  is  on  the  right 
side,  and  the  descending  aorta  pa.sses  downward  on  the 
right  side,  to  the  upper  border  of  the  eighlh  dorsal  verte- 
bra. This  arrangement  not  only  resembles  the  vascular  ar- 
rangementin  the  reptile,  butalso  more  closely  follows  the 
distribution  in  the  bird  than  it  does  that  in  tiie  mammal. 

Such  anomalies  of  the  aorta  are  probablj'  due  to  the 
persistence  and  enlargement  of  fetal  vessels  which  nor- 
mally become  obliterated.  From  the  embryonal  aortic 
bulb  two  vessels  arch  backward,  one  on  either  side  of  the 
foregut,  forming  the  first  pair  of  vascular  arches,  and  de- 
scend along  the  sides  of  the  notochord  as  the  jirimitive 
aorta?.  As  the  heart  graduallj'  moves  away  from  the 
head,  four  more  pairs  of  vessels  develop,  which  connect 
the  bulb  with  the  descending  trunks;  making  in  all  live 
pairs  of  arches,  one  for  each  branchial  plate.  Zimmer- 
man describes  an  additional  pair  between  the  fourth  and 
lifth. 

■'The  bulb,  primarily  a  single  cavity  from  w-hich, 
through  two  common  trunks,  one  on  each  side,  bhiod  is 
sent  to  all  the  arches,  is  divided  by  a  septtuii  parallel  to 
its  long  axis  into  two  compartments:  one  becoming  the 
pulmonary  artery,  situated  anteriorly,  and  continuous 
with  the  lifth  pair  of  arches,  the  other  forming  the  sy.s- 
temic  aorta,  placed  posteriorly,  and  communicating  with 
the  fourth  pair,  through  which  all  the  arches  above  re- 
ceive their  blood  sujiply.  Notwithstanding  this  separa- 
tion near  the  heart,  both  pairs  of  arches,  i'.c. ,  the  fourth 
and  fifth,  ultimately  empty  into  the  descending  aorta 
which  has  been  formed  by  the  coalescence  of  the  primitive 
aort;Te. 

■■  This  symmetrical  arrangement  of  the  vascular  system 
is  soon  destroyed  by  the  obliteration  of  certain  vessels. 
Even  before  the  last  arch  is  perfectly  formed  the  connec- 
tions between  the  first  jiair  and  the  descending  aortas 
may  be  destroyed.  However,  the  fourth  and  fifth  arches, 
lying  nearest  the  heart  and  soon  exceeding  the  others  in 
size,  are  the  chief  factors  in  this  transformation.     The 


vascular  arches  on  the  left  side  continue  to  increase  in 
size  and  in  greater  part  become  permanent,  while  those 
on  the  right  graduall}'  become  obliterated,  except  where 
they  furnish  the  supply  to  permanent  arteries. 

'■  On  the  left  side  the  fourth  arch  becomes  the  arch  of 
the  aorta  and,  in  the  fcetus,  is  constructed  between  the 
origin  of  the  left  subclavian  and  the  itmction  of  the 
ductus  arteriosus,  forming  the  isthmus,  which  soon  after 
the  closure  of  the  duct  attains  the  diameter  of  the  ad- 
jacent trunk.     The  fifth,  on  this  side,  forms  a  part  of  the 


Fig.  625.— stenosis  of  Anna  .it   HucUls  .Arteriosus.    (Modified  from 
Cruveilhier.) 

left  pulmonary  artery  and  the  ductus  arteriosus,  which 
is  occluded  soon  after  birth  but  remains  as  a  round  cord. 
On  the  right  side  the  fointh  arch  is  permanent  for  a 
short  distance  as  the  innominate  and  right  subclavian 
arteries,  as  far  as  the  origin  of  the  vertebral,  beyond 
which  it  diminishes  in  size  and  finally  disappears.  Only 
a  small  portion  of  the  fifth  persists  on  this  side  as  the 
root  of  the  right  pulmonary  artery;  the  distal  portion 
becomes  obliterated." 

In  Lee  Shaw's  case,  the  fourth  arch  on  the  right  side 
not  onlv  remained  patulous,  but  exceeded  the  left  in  size. 
The  fourth  aich  of  the  left  side  retained  some  of  its  fetal 
characteristics,  because  it  was  doubtless  unnecessary  for 
the  isthmus  to  enlarge  after  occlusion  of  the  ductus 
arteriosus,  as  the  blood  current  could  easily  pass  through 
the  right  arch. 

Premature  obliteration  of  the  ductus  arteriosus  has 
been  described  as  causing  an  abnormal  smallness  of  the 
pulmonary  artery.  The  jiulmonary  artery  may  divide 
at  a  point  lower  than  usual,  or  arise  by  two  distinct 
roots,  instead  of  continuing  into  the  aorta  as  the  ductus 
arteriosus;  it  may  form  the  left  subclavian  artery.  Sup- 
plementary or  vicarious  branches  distributed  to  the  lungs 
ma.v  arise  from  the  aorta  as  far  down  as  the  co"liac  axis. 

In  narrowing  or  obliteration  of  the  aorta  after  having 
given  off  the  vessels  to  the  head  and  upper  extremities, 
the  inferior  parts  of  the  body  are  supplied  with  blood 
from  the  pulmonary  artery  through  the  ductus  arteriosus; 
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the  descending  aorta  is  said  to  be  given  off  from  the 
piduwmary  arter}-.  Now  if  the  degree  of  constriction  of 
the  aorta  be  but  slight  at  the  time  of  birth,  the  ductus 
arteriosus  ma.y  become  closed.  Later  in  life  great  nar- 
rowing and  even  complete  obliteration  of  the  aorta  may 
take  p'lace  (Fig.  625). 

The  theory  usually  offered  in  explanation  of  the  patho- 
genesis of  tliis  condition  was  first  broached  by  Skoda  in 
1855.  The  narrowing  is  made  dependent  upou  the  pres- 
ence in  the  walls  of  the  aorta  of  embryonal  connective 
tissue  connected  with  the  ductus  arteriosus:  the  post- 
natal involutional  changes  then  lead  to  varying  degrees 
of  stenosis  of  the  lumen  of  the  aorta.  Aberrant  vestiges 
of  duct  tissue  may  occur  in  the  aortic  walls.  Throm- 
bosis fif  the  aorta  beginning  in  the  ductus  arteriosus 
may  end  in  complete  aortic  obliteration  (Rauchfuss). 

Of  113  cases  of  narrowing  and  closure  of  the  aorta  at 
or  near  the  opening  of  the  ductus  arteriosus  studied  by 
Wadstein,  atresia  was  present  in  20.  In  16.4  per 
cent,  the  ma-\imum  narrowing  was  above  the  duct,  in 
33.8  percent,  on  a  level  with  the  duct,  and  in  44.8  per 
cent,  below  it.  The  narrowing  is  sometimes  double.  In 
about  a  third  of  the  cases  the  aorta  was  sclerotic,  and 
generally  more  so  on  the  pro.ximal  side  of  the  narrowing, 
the  most  important  secondary  changes  are  hyi)ertroi>hy 
of  the  left  ventricle  and  the  formation  of  collateral  cir- 
culation, the  blood  reaching  the  lower  portion  of  the 
body  through  the  intercostals  and  the  abdominal  aorta, 
through  the  superficial  epigastric  and  long  thoracic 
arteries  and  the  deep  epigastric,  and  through  the  anasto- 
mo.ses  of  the  intercostals  with  the  ilio-lumbar  and  cir- 
cumfiex  iliac  arteries. 

The  ductus  arteriosus  is  as  a  rule  completely  obliterated 
within  from  one  to  two  weeks  post  partum.  the  oblitera- 
tion is  accomplished  b_v  contraction  and  endarterial  prolif- 
eration. The  resulting  scar  in  the  wall  of  the  aorta  often 
becomes  calcified.  Incomplete  involution  of  the  ductus 
arteriosus  may  become  the  occasion  for  thrombosis ;  the 
thrombus  may  project  into  the  aorta  and  into  the  pul- 
monary artery  and  give  rise  to  embolism  (Klob). 

Triinsp'ixitiiin  of  tlie  large  reins  occurs  in  connection 
with  cardiac  abnormities.  There  may  be  two  ascending 
or  two  descentling  vens  cavte,  in  the  first  case  due  to 
failure  of  union  of  the  canals  of  Cuvier;  less  than  or 
more  than  four  jiulmonary  veins,  which  may  be  inserted 
into  the  superior  vena  cava,  into  the  left  innominate  vein, 
or  into  the  ventricles.  Either  of  the  vena'  cava'  may  be 
absent.  An  apparent  reduplication  of  the  inferior  vena 
cava  results  from  the  luiiou  of  the  hepatic  veins  in  one 
stem,  which  may  empty  into  the  vena  cava  above  or  be- 
low the  diaphragm,  or  directly  into  the  right  auricle. 
The  union  of  the  iliac  veins  may  take  place  higher  than 
usual,  the  right  and  the  left  iliac  vein  continuing  upward 
on  each  side  of  the  aorta,  sometimes  as  far  up  as  the  liver, 

Coronari/  Arteries. — Abnormities  of  the  coronary  ar- 
teries have  been  described  by  Hepburn,  Turner,  Brooks, 
and  others.  The  most  frequent  deviation  front  the  normal 
is  an  increase  in  number  and  irregularities  in  branching, 
Broolis  describes  the  origin  of  a  coronary  artery  in  the 
right  anterior  sinus  of  Valsalva  of  the  puhnonary  artery ; 
this  abnormal  coronary  anastomosed  with  tlie  right 
coronary  and  acted  as  a  vein  owing  to  the  greater  press- 
ure in  the  aorta.  In  another,  more  complicated  case. 
Brooks  fo\ind  an  artery  originating  in  the  beginning  of 
the  pulmonary  artery,  anastomosing  with  the  aortic 
coronaries  and  the  left  subclavian  artery;  it  entered  into 
intimate  relations  with  a  cirsoid  mass  at  the  base  of  the 
pulmonary  artery.  This  vessel  also  acted  as  a  vein, 
emptying  its  Ijlood  into  the  pulmonary  artery. 

Aplasia  or  hypoplasia  of  an  organ  or  part  of  the  body 
is  associated  with  absent  or  diminished  development  of 
the  corresponding  blood-vessels.  Abnormal  origin  and 
course  of  arteries  and  veins  are  of  greater  surgical  than 
clinical  interest,  because  it  is  exceedingly  rare  to  observe 
that  such  abnormities  cause  s3'mptoms.  The  origin  of 
the  right  subclavian  artery  to  the  left  of  the  left  sub- 
clavian artery  and  its  coursing  in  front  of  or  behind  the 
oesophagus  as  it  passes  over  to  the  right  side  may  cause 


difliculties  in  swallowing,  according  to  Eppinger.  Dif- 
ferences in  the  size  of  the  radial  arteiies  and  in  the  rela- 
tive depths  of  their  situation  frequently  give  rise  to  ap- 
parent differences  in  the  pulse  on  the  strength  of  which 
the  existence  of  aortic  aneurism  may  be  erroneously  diag- 
nosticated. 

ViiM'iilar  Hi/piyplasia. — Congenital  smallness  of  the  en- 
tire cardiovascular  system  is  an  interesting  condition. 
Morgagni,  Jleckel.  Rokitansky,  and  Virchow  have  drawn 
attention  to  this  arrest  of  development,  especially  in  chlo- 
rosis. The  walls  of  the  aorta  are  thin,  the  intima  is  the 
seat  of  wavy  lines,  and  the  lumen  scarcely  admits  the 
little  finger  at  a  period  when  the  aorta  usually  is  twice 
or  more  as  wide.  The  condition  is  fre(iuently  associated 
with  arrested  development  of  the  reproductive  organs 
and  of  the  sexual  characteristics  of  the  bod}-.  A  ppareiitly 
the  anomaly  is  probably  more  frequent  in  the  female 
than  in  the  male  sex.  It  has  been  thought  that  a  hypo- 
plasia of  the  entire  mesoblast  is  present,  including  the 
blood-forming  organs;  hence  the  peculiar  ana'mia  which 
is  thus  explained  according  to  Virchow's  theorj'.  The 
explanation  is  no  longer  regarded  asssitisfactory.  "That 
a  disorder  so  common  and  for  the  most  i^art  so  curable 
should  depend  upon  a  malformation  so  grave  and  so  in- 
curable as  this  aortic  and  general  vascular  hypoplasia  is 
on  the  face  of  it  highly  improbable  "  (Clifford  Allbutt). 

The  developmental  defects  in  the  vessels  in  ha>mophilia 
are  considered  under  the  latter  heading. 

RETROGREssr^•E  Changes  in  Blood- Vessels. — Retro- 
gressive changes  of  blood-vessels  pure  and  simple  are 
not  of  so  much  importance  as  when  associated  with  other 
processes  in  the  condition  known  as  angiosclerosis. 

Atrophy. — In  chronic  anaemia  and  marasmus  simple 
atrophy  takes  place  in  the  walls  of  the  blood-vessels, 
especially  in  the  mu.scular  coat.  Atrophy  of  individual 
organs  is  followed  by  or  associated  with  atroijhy  of  the 
corresponding  vessels.  When  an  extremity  is  removed 
the  arteries  and  the  veins  that  nourished  the  part  decrease 
in  size  by  an  atrophy  that  may  be  called  adaptive ;  the 


Fig.  626.— Atrophy  of   Left  Iliac  Artery  After  Thigh  Amputation. 
(Two-flfths  natural  size.) 

vessels  become  less  and  less  until  they  cany  no  more 
blood  than  necessary  for  the  ntitrition  of  the  remaining 
tissues  (Fig.  626).  In  the  beginning  this  adaptation  is 
favored  by  contraction  of  the  arteiies  and  a  little  later 
liy  the  development  of  new  connective  tissue  in  the  in- 
tima, so  that  the  lumen  of  the  arteries  is  reduced  in  size. 
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Fatty  Changes. — Changes  in  thv  composition  of  the 
blood  or  disturbances  of  circulation  nia\'  induce  fatt)- 
clianges  in  the  walls  of  otherwise  healthy  blood-vessels, 
especially  in  the  epithelial  cells  and  the  muscle  cells  of 
the  arteries.  Fatty  changes  are  of  common  occurrence 
in  arteriosclerosis.  A  vessel  the  seat  of  fatty  change 
presents  upon  its  surface  opaque  white  or  yellowish- 
white  patches  and  irregular  lines,  rimniug  longitudinally 
or  forming  a  network,  sometimes  striated,  sometimes  of 
a  uniform  color.  The  surface  is  no  longer  smooth  but 
velvety.  These  appearances  are  due  to  fatty  granules 
and  drops  of  fat  in  and  between  the  epithelial  cells.  The 
change  occurs  also  in  the  endothelial  cells  of  capillaries. 
Cells  may  accumulate  around  and  in  areas  of  fatty 
change,  taking  up  the  oily  detritus,  and  proliferation  of 
cells  also  occurs. 

Disintegration  of  the  degenerated  areas  results  in  small 
defects  ("fatty  ulcers")  which  may  become  the  starting 
point  of  thrombosis  or  traumatic  and  dissecting  aneurisms; 
on  supervention  of  trauma  or  severe  strain  the  deeper 
layers  of  the  iutima  are  ruptured  and  the  blood  current 
makes  its  way  between  the  layers  of  the  arterial  wall. 
According  to  Paget  fatty  degeneration  of  the  media  is 
responsible  for  many  instances  of  cerebral  apoplexy. 
Fatty  changes  in  the  media  are  common  in  various  in- 
toxications. Fatty  changes  are  frequently  followed  by 
calcareous  infiltration,  the  arterial  wall  becoming  rigid 
and  inelastic. 

Fatty  changes  occur  most  commonly  in  the  aorta  and 
the  pulmonary  artery,  and  then  in  the  arterioles  and 
capillaries,  especially  of  the  brain. 

In  veins  fatty  changes  in  the  iutima  form  white  spots, 
but  the  veins  are  not  as  frequently  affected  as  the  arteries. 

Amyloid  Degeneration. — The  vascular  system  is  espe- 
cially prone  to  amyloid  change,  wliich  takes  its  beginning 
in  the  media  of  the  arterioles  of  jiarenchymatous  organs. 
It  also  develops  in  the  iutima  of  the  larger  arteries  in 
extensive  widespread  amyloid  change,  appearing  as  fine 
strioe  and  points,  which  are  difficult  to  recognize  with 
the  naked  eye  unless  first  subjected  to  the  action  of 
Lugol's  solution  (see  Amyloid  Degeneration). 

Hyaline  Degeneration. — Hyaline  degeneration  of  the 
smallest  arteries  and  veinsand  of  capillaries  is  frequently 
observed  in  the  spleen,  the  lynqih  glands,  the  renal 
glomeruli,  and  elsewhere.  The  epithelium,  at  first  intact, 
is  finally  destroyed  and  the  lumen  narrowed  and  occluded. 
In  the  larger  vessels  hyaline  degeneration  ajipears  first 
in  the  intima,  and  it  forms  an  early  step  in  the  complicated 
degeneration  of  arteriosclerosis.  Hyaline  material  tends 
to  become  calcified.  A  good  example  of  a  hyaline  degen- 
eration of  the  muscular  coat  is  seen  in  the  pial  arteries  in 
tuberculous  leptomeningitis. 

CalearcoiLi  hijiltration. — Calcareous  particles  in  glisten- 
ing granules  and  as  comjjact  masses  are  frequently  de- 
posited in  hyaline  and  fatty  areas ;  it  probably  does  not 
occur  as  an  isolated  primary  process,  and  is  most  fre- 
quent and  most  extensive  in  senile  arteriosclerosis. 
Gazert  found  that  in  a  normal  aorta  the  amount  of  earthy 
material  is  .43  percent. ;  in  a  sclerotic  and  calcified  aorta 
tlie  calcareous  material  equalled  8.79  per  cent,  of  the  dry 
residue. 

Metastatic  calcification  as  a  result  of  resorption  in  bone 
is  said  to  involve  especially  the  abdominal  vessels,  large 
calcareous  plates  forming  which  are  separable  from  tlie 
surroimding  tissues. 

In  some  instances  true  bone  has  formed  in  the  walls  of 
arteries  the  seat  of  petrification.  Ossification  means  pre- 
liminary  vascularization,  alisorjition  of  pre-existing  cal- 
careous material,  and  the  formation  of  genuine  bone.  Von 
Sclu-otter  and  Falk  describe  with  illustrations  extensive 
ossification  of  arteries  in  senile  gangrene;  Cohn  found 
true  bone  in  the  aortic  valves  and  in  tlie  media  of  periph- 
eral vessels. 

Desquamedion  of  the  Epithelium. — In  microscopic  sec- 
tions the  epithelium  of  the  vessels,  both  arteries  and 
veins,  is  found  occasionally  to  have  separated  from  the 
intima,  the  peculiar  epithelial  cells  lying  curled  up  in  the 
lumen.     This  condition  is  not  constant^  and  the  peculiar 


circumstances  under  which  it  occurs  have  not  been  estab- 
lished. The  loosened  epithelial  cells  have  been  mistaken 
for  sarcomatous  emboli. 

HvPEKTROPHY  AXD  HVPERPL.A.SIA. — Hj'pertroph}- and 
hyperplasia  of  arteries  are  observed  in  connection  with 
various  forms  of  tissue  overgrowth,  e.g.,  the  uterus  in 
pregnane}',  large  tumors,  and  the  adaptive  hypertrophy 
of  one  kidney  in  case  of  extensive  disease  or  absence  of 
the  fellow  kidney.  Obstruction  to  the  blood  current  and 
increased  arterial  tension,  as  in  cases  of  hypertrophy  of 
the  heart  and  of  chronic  nephritis,  produce  more  or  less 
hypertrophy  of  the  muscular  coat  of  the  arteries.  The 
power  of  the  arteries  and  veins  to  adapt  themselves  to 
new  conditions  is  best  shown  by  the  changes  that  take 
place  in  the  development  of  collateral  circulation.  In- 
deed, this  is  one  of  the  richest  fields  for  the  study  of 
pathological  adaptation.  Vessels  and  vascular  systems 
adjust  themselves  with  wonderful  precision  to  changes 
in  pressure,  in  velocity,  and  in  quantity  of  circulating 
blood.  Readjustment  is  accomplished  by  virtue  of  the 
vaso-motor  nervous  mechanism  and  the  physical  proper- 
ties of  the  arterial  walls,  aided  under  special  conditions 
by  structural  changes.  The  physiological  ]5rototype  of 
collateral  circulation  is  seen  in  the  changes  that  occur  in 
the  fetal  circulation  after  birth.  The  ease  with  which  the 
important  rearrangements  to  the  conditions  of  extra- 
uterine life  are  accomplished  indicates  that  the  mechan- 
isms for  adaptive  changes  on  the  part  of  the  circulatory 
s_vstem  are  good ;  as  in  almost  all  pathological  adapta- 
tions, tlie  mechanisms  are  in  better  working  order  in  the 
j'oung  than  in  the  adult  and  the  old. 

The  extent  of  the  changes  incidental  to  the  develop- 
ment of  collateral  circulation  will  depend  naturall}'  upon 
the  location  of  the  obstruction  and  upon  the  size  and  the 
number  of  the  collateral  branches.  Formerly  it  was 
taught  that  the  increased  pressure  above  the  obstruction 
was  the  cause  of  the  development  of  collateral  circtda- 
tion;  increased  pressure  is  now  regarded  as  a  factor  of 
little  consequence.  Nothnagel  has  .shown  that  there  is 
really  no  rise  of  pressure  in  the  vessels  aliove  the  obstruc- 
tion or  ligature  unless  they  stand  in  commiuiication  with 
branches  below  the  obstruction.  As  advanced  Ijy  von 
Recklinghausen,  the  increase  in  the  extent  of  the  capil- 
lary bed  of  the  collateral  l)ranches.  through  which  the 
blood  flows  into  the  capillaries  of  the  obstructed  vessel, 
results  in  increased  rapidity  of  the  ciu'rent ;  and  Thoma 
has  demonstrated  that  increased  rapidity  of  the  current  is 
followed  by  a  widening  of  the  lumen  of  the  vessels,  in- 
creased thickness  of  the  wall,  and  growth  in  lengtlv  In 
this  way  the  need  of  the  tissues  for  blood  is  satisfied. 
The  structural  changes  that  take  place  in  the  walls  of  the 
collaterals  may  be  regarded  as  the  expression  of  a  work- 
hyijertrtiphy.  And  converseh*.  the  gradual  thickening 
of  the  intima  of  the  occluded  vessel  as  far  back  as  the 
nearest  collaterals  is  to  be  regarded  as  the  result  of 
diminished  need  of  work. 

In  obstruction  to  the  portal  circulation  by  cirrhosis  of 
the  liver  the  dilatation  and  hypertrophy  of  the  veins 
through  which  collateral  circulation  is  gradually  estab- 
lished may  become  marked.  In  exceptional  cases  the 
o?sophageal  veins  become  enlarged  to  many  times  their 
normal  size  and  afford  so  comjilete  escape  for  the  portal 
blood  that  the  congestions  and  the  ascites  of  cirrhosis 
fail  to  appear  and  the  clinical  picture  of  the  disease  is 
masked. 

lNFL.\)niATiON  (Angeiitis.  VASCULITIS). — Inflamma- 
tion may  affect  principally  the  adveutitia,  tlie  media,  or 
the  Ultima  (periarteritis  and  periphlebitis,  mesarteritis 
and  mesophlebitis,  endarteritis  and  endophlebitis).  On 
account  of  the  structure  of  the  venous  wall,  these  dis- 
tinctions are  not  as  marked  in  veins  as  in  arteries.  An- 
geiitis  may  assume  various  types,  such  as  productive, 
suppurative,  tuberculous,  and  "syphilitic.  Augeiitis  may 
result  from  the  extension  of  inflammatory  processes  in 
the  neighborhood  (consecutive  augeiitis);  it  may  be 
caused  by  wounds  of  arteries  or  veins  and  by  other  forms 
of  trauma,  such  as  tearing  and  crushing  (traumatic 
arteritis  and  ]ihlebitish  it  develops  as  a  result  of  infec- 
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tions  (pyogenic,  syphilitic,  and  tuberculous)  and  of  in- 
toxications; in  angeiosclerosis  arteritis  and  phlebitis 
are  observed  as  consecutive  processes,  secondary  to 
nutritive  and  mechanical  disturbances  in  the  vessel  wall. 
Arteritis  and  phlebitis  sustain  a  double  relation  to  throm- 
bosis inasmuch  as  thrombosis  in  an  artery  or  a  vein  in- 
duces Lnllammatiou  (thrombo-arteritis,  thrombo-phlebitis) 
while  angeiitis  not  uncommonly  leads  to  thrombosis. 
The  causes  of  infectious  or  toxic  angeiitis  may  reach  the 
part  of  the  vascular  wall  first  involved  through  either 
the  vasa  vasorum,  tlie  lymph  stream,  or  the  main  blood 
stream  within  the  lumen  of  the  vessel,  or  the.y  may  come 
directly  from  without. 

It  was  the  custom  of  pathologists  in  the  early  part  of 
this  century  to  look  upon  imbibition  and  reddening  of 
the  tunica  intima  as  evidences  of  acute  iutlamm;iliou;  in 
1847  Virchow  proved  the  incorrectness  of  this  view. 

Because  the  same  agent  may  produce  more  than  one 
form  of  arteritis  and  phlebitis,  and  because  the  same  form 
of  angeiitis  may  result  from  more  than  one  cause,  it  be- 
comes rather  difficult  to  make  at  once  a  comiu'ehensive 
yet  simple  classification  of  arteritis  and  phlebitis.  AVhen 
we  omit  from  consideration  periarteritis  nodosa  and  the 
specifically  tuberculous  and  syphilitic  varieties,  then  the 
remaining  forms  belong  to  one  of  two  large  groups,  the 
suppurative  and  destructive  or  the  productive,  the  first 
characterized  by  disintegration  and  the  formation  of  pus, 
the  second  by  the  production  of  new  tissue. 

Suppurative  Angeiitis  ;  Suppuratii-e  Thrombo-  Arteritis. 
— The  form  of  disease  of  the  arterial  wall  induced  by 
thrombosis  or  by  the  lodgment  of  emboli  is  determined 
by  the  nature  of  the  thrombus  or  embolus.  In  the  case 
that  pyogenic  bacteria  are  present  in  their  interior,  puru- 
lent inflammation  is  set  up  in  the  walls  of  the  artery,  re- 
sulting in  a  more  or  less  extensive  and  destructive"  pan- 
arteritis and  periarteritis,  the  final  outcome  being  an 
abscess.  This  is  what  occurs  in  the  development  of 
metastatic  embolic  abscesses  in  the  lungs.  At  other 
times  the  destructive  action  of  the  bacteria  in  infected 
emboli  maj'  be  more  limited  in  its  extent,  thei'eby  pro- 
ducing a  local  weakening  of  the  arterial  wall,  at  "which 
point  aneurismal  bulging  occurs  and  there  results  a 
so-called  embolic  or  mycotic  aneurism  (Goodhart,  Ep- 
pinger).  Mycotic  embolism,  the  result  of  embolic  sup- 
purative arteritis,  is  observed  most  frequently  in  the 
cerebral  arteries.  Purulent  thrombo-arteritis,  with  or 
without  mycotic  aneurism,  is  liable  to  result  in  hemor- 
rhage from  the  weakening  and  destruction  of  the  vessel 
■wall. 

Suppzirative  Thrombo- Phlebitis. — This  may  result  from 
the  extension  of  a  suppurative  process  about  a  vein  to 
the  adventitia,  media,  and  intima,  which  is  more  fre- 
quentlj'  the  case  than  thrombosis  upon  the  basis  of  a 
primary  mycotic  eudophlebitis.  In  either  case  the  re- 
sulting thrombosis  undergoes  purulent  or  purulent  and 
putrid  softening  vmder  the  influence  of  the  microbes  that 
gain  entrance  into  it  from  the  walls  of  the  vein.  Begin- 
ning with  John  Hunter,  in  1703,  who  described  inflam- 
mation of  the  inner  walls  of  veins  after  blood-letting  and 
in  the  uterine  and  femoral  veins  of  women  in  the  puer- 
peral period,  it  gradually  became  established  clearly  that 
pysemia  commonly  depends  upon  suppurative  thrombo- 
phlebitis, the  circulating  blood  being  the  medium  of 
transference  of  infected  particles  from  the  thrombus  to 
various  parts  of  the  body,  the  emboli  on  lodgment  pro- 
ducing metastatic  abscesses.  Among  veins  that  are  liable 
to  suppurative  thrombo-phlebitis  may  be  mentioned  the 
umbilical  veins  in  the  new-born,  infection  taking  place  at 
the  navel ;  the  lateral  and  other  sinuses  of  the  dura  mater 
in  suppurative  mastoiditis  and  middle-ear  disease;  the 
mesenteric  veins  in  appendicitis  and  ulcerative  processes 
in  the  intestines,  the  process  giving  rise  by  extension  or 
embolism  to  suppurative  pylephlebitis  and  absces.ses  of 
the  liver;  the  subcutaneous  veins  in  the  vicinity  of  the 
foci  of  infection,  etc.  Suppuration  originating  ina  diver- 
ticulum  of  the  cesophagus  has  extended  to  the  superior 
vena  cava  and  given  rise  to  suppurative  thrombophlebitis 
in  this  vein. 
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Mycotic  and  Toxic  Enda ngeiitis.— Acute  verrucose  and 
ulcerative  endangeiitis.  similar  to  acute  endocarditis,  most 
freijuently  occurs  in  the  aorta  and  the  pulmonary  artery 
and  is  usually  associated  with  infective  endocarditis  o"f 
the  semilunar  valves.  It  has  also  been  described  in  the 
larger  and  medium-sized  branches  of  the  aorta  and  the 
pulmonary  artery.  The  lesions  usually  assume  the  form 
of  warty  eminences,  composed  of  a  cellular  and  vascular 
granulation  tissue  and  capped  by  thrombotic  deposits. 
There  is  more  or  less  cellular  infiUration  into  the  tissues 
of  the  vessel  wall  near  such  warty  outgrowths,  and  at 
times  the  process  assumes  more  of  an  ulcerative  and  de- 
structive type.  Osier  has  described  an  interesting  in- 
stance of  multiple  mycotic  aneurisms  of  the  aorta  the  re- 
sult of  infective  endaortitis  associated  with  acute  infective 
endocarditis.  Schmey  has  recorded  the  sudden  develop- 
ment of  aneurisms,  one  ujion  the  radial  artery  and  one 
upon  the  posterior  tibial,  in  a  boy  of  twelve  with  acute 
articular  rheumatism,  showing  that  in  all  probability  the 
microbe  or  toxin  of  this  disease  may  also  cause  this  rare 
form  of  endarteritis.  Such  aneu'risms,  although  not 
embolic,  belong  etiologically  in  the  same  general  cate- 
gory as  the  embolic-mycotic"  aneurisms  just  referred  to 
as  caused  by  embolic  "destructive  arteritis.  Oliver  de- 
monstrated 13.  authracis  in  an  ulcerative  aortitis. 

It  is  now  recognized  that  the  acute  and  chronic  forms 
of  arteritis  occur  in  various  infectious  diseases — typhoid 
fever,  smallpox,  scarlet  fever,  measles,  acute  articular 
rheumatism,  influenza,  pneumonia,  syphilis,  tuberculosis, 
and  leprosy.  In  the  acute  forms  cellular  infiltrations,  gen- 
erally circumscribed,  are  found  in  the  outer  coats  of'the 
vessels  together  with  more  or  less  extensive  proliferation 
of  the  subepithelial  connective  tissue  of  the  intima. 
Nodular  and  more  diiluse  accumulations  of  lymphoid 
and  epithelioid  cells  occur  beneath  the  epithelium.  These 
changes  are  explained  as  due  to  the  circulation  in  the 
blood  of  the  microbes  and  the  toxins  of  the  diseases  men- 
tioned. When  the  endarterial  changes  result  in  destruc- 
tion of  the  living  epithelium  thrombosis  takes  place,  and 
if  it  is  in  a  larger  vessel  a  typical  verrucose  endarteritis 
may  be  established.  The  endarteritic  lesions  are  due  to 
a  direct  implantation  of  micro-organisms  upon  the  intima 
in  the  same  way  as  infections  of  the  endocardium  take 
place;  inasmuch  as  bacteria  are  often  absent,  it  seems 
that  endarteritis  may  be  caused  by  toxins  also.  These 
changes  occur  probably  more  frequently  in  the  veins 
than  in  the  arteries.  Arterial  thrombosis  in  the  diseases 
mentioned  is  often  referable  to  infectious  arteritis. 

It  is  quite  evident  that  there  might  be  more  or  less 
difficulty  in  distinguishing  between  toxic  and  infectious 
verrucose  endarteritis  and  thrombo-arteritis  pure  and 
simple.  The  fomiation  of  a  parietal  thrombus  upon  a 
rough  spot  or  thickening  of  the  intima  might  induce 
small  nodular  outgrowths  of  new  tissue.  The  presence 
of  microbes  in  the  thrombus  would  indicate  that  the 
acute  and  destructive  changes  in  the  walls  of  the  vessels 
were  primary. 

In  many  instances  of  multiple  venous  thrombosis  it  is 
not  unlikely  that  an  infectious  or  toxic  eudophlebitis  is 
the  primary  change  in  the  vessel  wall.  In  typhoid  fever, 
diphtheria,  variola,  influenza,  and  other  infectious  dis- 
eases there  is  found  a  nodular,  sometimes  a  more  diffuse, 
accumulation  of  lymphoid  and  epithelioid  cells  in  the 
intima,  even  more  frequently  than  in  the  arteries.  Many 
of  the  large  cells  in  such  foci  seem  to  have  marke"d 
phagocytic  properties  (Mallory).  The  accumulated 
cells,  as  well  as  the  epithelium,  may  undergo  necrosis 
and  become  the  starting-point  of  a  thrombus.  Inas- 
much as  bacteria  are  often  absent,  it  would  .seem  that 
the  vascular  lesion  may  be  caused  by  toxins — a  toxic 
endangeitis. 

Lancereaux  and  others  believe  that  there  is  a  malarial 
aortitis  which  occurs  in  tlie  form  of  gelatinous  plaques, 
situated  generally  in  the  ascending  part  of  the  arch  of 
the  aorta;  the  lesion  is  described  as  beginning  in  the  ad- 
ventitia with  cellular  infiltrations  which  result  in  atrophy 
of  the  media  and  an  adaptative  thickening  of  the  intima. 
Saccular  aneurisms  may  result.     It  seems   that  there 
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would  be  great  difficulty  in  distinguishiug  between  ma- 
larial aortitis  and  nodular  sclerosis  from  other  causes. 

Experimentally  aortitis  has  been  produced  by  the  in- 
jection of  various  microbes — B.  t_vphosus,  B.  diphtheriie, 
streptococcus,  etc. — sometimes  with  and  sometimes  with- 
out previous  traumatism  to  the  artery  by  means  of  a 
probe  inserted  through  the  carotid.  The  French  espe- 
cially have  been  interested  in  this  work  (Gilbert  and  Lion, 
Therfise,  Crocq,  Pernice,  Boinet  and  Romary),  In  some 
cases  the  lesions  were  vegetative,  in  others  gelatinous 
plaques  due  to  endarterial  proliferation  resulted.  In- 
filtrations about  the  vasa  vasis  were  often  present.  Nod- 
ular thickenings  are  described  b_v  Boinet  and  Romarj'  as 
following  the  injection  of  toxins,  of  lead,  urate  of  soda, 
and  phloridziu,  with  or  without  preceding  Injury.  In 
their  later  stages  the  lesions  would  be  identical  witli  nod- 
ular arteriosclerosis. 

Metastatic  abscesses  in  the  Kails  of  arteries  are  rare. 
Virchow  observed  one  in  the  beginning  of  the  pulmonary 
artery;  and  Eppinger  describes  an  abscess,  tlie  size  of  a 
walnut,  in  the  posterior  wall  of  the  aorta  just  distal  to 
the  origin  of  the  left  subclavian  artery.  Andral  de- 
scribes a  case  of  multiple  abscesses,  of  the  size  of  hazel- 
nuts, in  the  wall  of  the  aorta,  but  there  is  some  doubt  as 
to  the  real  nature  of  this  case.  Spengler  describes  an 
abscess  in  the  wall  of  the  aorta  just  above  the  semilunar 
valves. 

Consecutive  Exudative  and  Suppurative  Angeiitis. — 
While  blood-vessels  possess  considerable  resistance 
against  the  invasion  of  suppuration  from  witliout,  so  that 
in  large  abscesses  it  is  not  imusual  to  find  the  vessels 
wholly  freed  from  the  surrounding  tissue  and  bathed  in 
pus,  yet  periarterial  and  periphlebitic  infiltration  and 
proliferation  are  common  consecutive  lesions.  This  oc- 
curs in  the  vessels  at  the  base  of  the  heart  in  acute  exuda- 
tive pericarditis,  pleuritis,  and  mediastinitis;  the  adven- 
titia  is  then  the  seat  of  an  edematous,  sero-purulent,  and 
purulentinflltration.  And  suppurative  and  necrotic  proc- 
esses around  blood-vessels  may  extend  not  to  the  adven- 
titia  only,  but  also  to  the  media  and  the  intiraa,  causing 
necrosis  of  the  epithelial  lining  and  secondary  thrombo- 
sis. In  this  way  also  may  develop  suppurative  thrombo- 
arteritis  and  thrombophlebitis.  The  weakening  of  the 
wall  of  arteries  caused  by  the  purulent  disintegration  of 
the  media  sometimes  results  iu  another  form  of  aneuris- 
mal  dilatation — erosion  aneurism  produced  by  a  kind  of 
hernia  of  the  inner  coats  at  the  point  of  least  resistance. 
This  result  of  consecutive  peri-  and  mesarteritis  is  espe- 
cially frequent  in  the  branches  of  the  pulmonary  artery 
that  are  exposed  upon  the  floor  and  the  trabecuUie  of 
phthisical  cavities.  The  aneurismal  bulging  takes  place 
upon  the  side  of  the  artery  that  is  least  supportefl  I)y 
surrounding  tissue,  namely,  that  toward  the  lumen  of 
the  cavity.  Frequently  an  obliterating  throndiosis  pre- 
vents the  formaticm  of  aneurism  and  removes  the  dan- 
ger of  hemorrhage  under  tliese  conditions.  Suppuration 
in  a  wound,  or  in  an  amputation  stump,  may  destroy  the 
granulation  tissue  formed  by  the  intima  iu  the  process  of 
definitive  closure  of  an  artery,  cause  purulent  disintegra- 
tion of  any  tlirombus  present,  and  thus  give  rise  to  the 
mueh-dreaded  secondary  hemorrhage  of  the  preaseptic 
times. 

Colin  and  Flexner  describe  instances  of  perforation  of 
the  inferior  vena  cava  iu  annebic  abscess  of  the  liver. 

On  subsidence  of  acute  intlammatcjry  lesions  of  this 
nature,  vascular  granulation  apjiears  in  the  walls  of  the 
vessel,  producing  more  or  less  extensive  fibrous  thicken- 
ing of  the  various  coats  with  narrowing  of  the  huuen ;  in 
case  thrombosis  has  taken  place,  the  substitution  of  the 
thrombus  by  connective  tissue  may  cause  occlusion  of 
the  vessel.  Terminal  fibrous  changes  of  this  kind  do  not 
differ  histologically  from  the  lesions  of  many  primarily 
productive  forms  of  angeiitis. 

Productive  Angeiitis. — Inflammation  of  blood-vessels 
residting  in  the  production  of  new  tissue  is  a  frequent 
form  In  productive  or  obliterating  endarteritis  and  en- 
dophlebitis  there  occurs  a  proliferation  of  the  cellular 
elements  of  the  intiraa,  which  leads  to  thickening  of  the 


intima,  eccentric  narrowing  of  the  lumen,  and  eventually 
to  complete  occlusion.  This  process  is  observed  under  a 
variety  of  conditions.  The  occlusion  after  birth  of  the 
ductus  arteriosus  and  the  umbilical  vein  and  arteries  is 
accomplished  by  the  formation  of  connective  tissue  by 
the  intima ;  as  the  pressure  of  the  blood  in  these  vessels 
fails,  a  degree  of  contraction  ensues  that  favors  the  filling 
of  the  vasa  vasoruui:  in  the  narrowed  lumen  a  small 
thread-like  thrombus  may  form  which  is  finalh'  substitut- 
ed by  fibrous  tissue.  Similar  changes  occur  iu  occlusion 
following  ligature,  and  in  the  narrowing  of  the  lumen 
of  vessels  the  caiiillarv  bed  of  which  has  lieen  restricted 
(amputations,  indurative  processes  in  the  lungs,  etc.). 
In  these  conditions  there  is  usually  atrophy  of  the  media. 
A  ligated  vessel  may  be  occluded  by  intimal  proliferation 
without  thrombosis  taking  place ;  in  many  cases  a  throm- 
bus forms,  which  is  then  replaced  by  granulation  tissue. 
In  the  old  and  feeble,  especially  when  the  arteries  are 
sclerotic,  the  intima  may  have  lost  its  power  of  prolifer- 
ating and  then  there  is  danger  of  .secondary  hemorrhage. 

Productive  Tln-ombo- Arteritis. — The  presence  iu  an  ar- 
tery of  a  thrombus,  whatever  the  cause  of  the  thrombo- 
sis may  have  been,  or  of  an  embolus,  is  sooner  or  later 
followed  by  reactive  changes  on  the  part  of  the  vessel 
wall,  which  result  in  the  production  of  a  vascular  gran- 
ulation tissue,  provided  destructive  infection  does  not 
occur.  The  plug  becomes  infiltrated  with  leucocytie 
phagocytes  and  with  fibroblasts.  The  amount  of  new 
tissue  and  the  rapidity  with  which  it  is  formed  will  de- 
pend more  or  less  upon  the  age  of  the  patient  and  upon 
the  previous  condition  of  the  walls  of  the  artery  in  ques- 
tion. The  vessels  of  the  aged,  the  walls  of  anein'isms 
and  of  .sclerotic  arteries  are  often  so  changed  and  degen- 
erated that  but  slight  or  no  reactive  lu-oliferation  takes 
place  imder  conditions  that  in  yovmg  healthy  arteries  are 
followed  by  vigorous  growth  of  new  tissue.  The  ves- 
sels present  in  the  new  tissue  result  in  part  from  in- 
growth of  vascular  sprouts  from  the  vasa  vasorum,  in 
part  from  the  epithelial  cells  of  the  intima.  In  case  the 
lumen  of  the  artery  is  but  partially  occluded,  then  the 
tissue  replacing  the  thrombus  or  embolus  gives  rise  to 
various  forms  of  intimal  thickening — flattened  elevations, 
projecting  ridges  ami  bands,  cord-like  networks.  Com- 
plete occlusion  of  the  artery  may  be  followed  liy  cica- 
tricial obliteration  of  the  lumen,  or  the  new  tissiie  may 
be  so  traversed  by  vascular  spaces  that  the  continuity  of 
the  lumen  in  some  measure  is  restored.  (For  further  de- 
tails concerning  connective-tissue  substitution  of  throm- 
bi, see  article  on  Tfirombosis.) 

In  the  healing  of  wotmds  of  arteries  and  veins  a 
thrombus  composed  of  blood  plates  and  of  fibrin  first 
fonns,  which  is  subsequently  replaced  b}'  new  fibrous 
tissue. 

Productive  Thromho-PJdehitis. — Productive  infianuua- 
tory  changes  occur  in  the  walls  of  veins  after  thrombo- 
sis. The  process  pursues  the  same  general  course  as 
thrombo-arteritis.  It  is  observed  especially  in  the  peri- 
uterine veins,  the  veins  of  the  lower  extremities,  the  pel- 
vic veins,  anil  the  sinuses  of  the  dura,  which  constitute 
those  parts  of  the  venous  system  that  are  most  frequently 
the  seat  of  thrombosis.  TJie  residues  of  connective-tissue 
replacement  of  a  venous  thrombus  may  be  fibrous  bands 
coursing  across  the  lumen,  the  interior  of  the  vein  resem- 
bling that  of  a  dural  sinus,  more  diffuse  intimal  thicken- 
ing.s,  and  great  shrinking  of  the  part  of  the  vein  involved 
with  complete  obliteration  of  the  lumen.  Such  changes 
may  occur  also  in  the  larger  veins,  such  as  the  vena;  cav.-p. 
I  refer  with  more  detail  to  occlusion  of  the  superior  vena 
cava  in  the  section  devoted  to  tumors  of  the  vessels. 

Obliterating  Endophhbitis  of  the  Hepatic  Veins. — An 
obliterating,  proliferative  phlebitis  occurs  in  the  main 
stems  of  the  liepatic  veins.  This  process  has  recently 
been  studied  by  Chiari.  In  seven  cases  collected  by 
Chiari  there  were  periphlebitic  jiroliferative  processes  or 
thrombosis  followed  b_v  productive  thrombo- phlebitis. 
Chiari  describes  three  instances  of  an  apparently  primary 
obliterating  phlel)itis  of  the  main  stems  of  this  vein, 
which  on  account  of   the  resulting  circulatory  disturb- 
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ances  became  the  cause  of  death.  The  endophlebitic 
process  was  situated  in  tlie  proximal  portions  of  the 
veins  witli  peripheral  extension  in  one  case.  The.  ten- 
dency to  obliteration  was  marked,  leading  to  mechani- 
cal obstruction  and  fateful  secondary  thrombosis.     The 


Fig.  627.— Obliterating  Endarteritis  in  Chronic  Salpingitis.     Haetna- 
toxylin  and  eosin.     X  1(X>. 

condition  is  undoubtedly  a  peculiar  one,  possibly  of 
syphilitic  origin;  in  one  case  it  was  associated  'ivith  simi- 
lar changes  in  the  coronary  arteries. 

Cotuccutire  Prod  net  ire  Anyeiitis. — Inflammation,  acute 
and  chronic,  generally  takes  place  in  the  walls  of  all 
arteries  that  lie  in  tissue  the  seat  of  intlamniatoi'y  proc- 
esses. In  this  ca,se  cellular  infiltration  and  pi'oliferation 
extend  into  the  vessel  wall  from  without  inward,  and  all 
the  coats  may  in  time  lieconie  fibrous ;  the  thickening  of 
the  intima  caused  by  the  iiroliferation  of  fibroblasts  and 
the  formation  of  new  fibrous  tissue  is  generally  pro- 
nounced and  complete  obliteration  f)f  the  lumen  may  take 
place.  In  many  instances  the  formation  of  fibrous  tissue 
in  the  intima  of  vessels  in  organs  the  seat  of  chronic 
fibrous  processes  is  undoubtedly  in  some  measure  the 
result  also  of  obliteration  of  portions  of  the  capillary 
districts  of  the  vessels  (Tlioma),  the  resulting  narrowing 
of  the  lumen  partaking  of  an  adaptative  nature — a  local- 
ized form  of  secondary  angeio-sclerosis.  Changes  of  this 
general  character  are  seen  in  chronic  interstitial  inflam- 
mations and  fibrotic  ]irocesses  in  the  parenchymatous  or- 
gans, as  in  interstitial  ncjihritis,  orchitis,  etc.  (Fig.  627). 
They  are  well  marked  in  the  specific  granulomatous  proc- 
esses, and  the  resulting  arterial  lesions  need  not  always 
necessarily  present  any  specific  characteristics.  The 
acute  stages  can  be  studied  nicely  in  the  pial  arteries  in 
tuberculous  leptomeningitis.  Thei"e  is  leucocytic  infil- 
tration of  the  adventitia.  extending  into  the  media  and 
intima ;  the  wandering  cells  are  .seen  making  their  wa\' 
between  the  fibres  of  the  media  and  through  the  fenestra- 
tions of  the  internal  elastic  coat,  the  nuclei  being  drawn 
out  long  so  as  to  pass  through  narrow  spaces :  the  elastic 
coat  at  times  becomes  broken  through  b}-  the  cells  which 
may  accumulate  under  the  epithelium ;  simultaneously 
fibroblasts  appear,  especially  in  the  subepithelial  la_yers 
of  the  intima  (see  Tuberculous  Arteritis)  (Fig.  628).  Simi- 
lar changes  of  a  more  chronic  but  mm-speciflc  character 
are  seen  also  in  the  walls  of  arteries  and  veins  in  chronic 
tuberculous  areas  and  cavities  in  the  lungs.  Great  nar- 
rowing of  the  lumen  and  even  closure  may  result  from  the 
newly  foi-med  fibrous  tissue  in  the  intima.  Quite  simi- 
lar changes  occur  in  .syphilitic  lesions,  and  it  is  probable 
that  an  isolated,  primary,  histologically  non-specific, 
productive  endarteritis  is  often  caused  by  syphilis.  In 
productive  endarteritis  of  whatever  cause,  fibrillar  con- 
nective tissue  interspersed  with  elastic  elements  is  formed 
in  the  intima.  At  times  a  distinct,  new,  elastic  membrane 
develops;  it  is  generally  thinner  than  the  original  elastic 


layer,  the  general  course  of  whicli  it  imitates,  and  it 
forms  the  inner  boimdary  of  the  new.  greatly  narrowed 
lumen.  But  the  process  is  not  thereby  brought  to  a 
standstill,  as  new  fibrous  tissue  may  again  form  and 
completely  occlude  the  vessel. 

The  fibrous  perivascular  changes  that  develop  in  con- 
nection with  productive  angeiitis  of  diffuse  cliaracter  lead 
to  obliteration  of  the  perivascular  lymph  spaces  and  se- 
rious obstruction  of  the  lymph  flow,  which  in  some  tis- 
sues, as  for  instance  the  brain,  may  produce  gi'ave  dis- 
turbances of  the  function  and  the  structure  of  the  special 
cells. 

Acute  endarteritis  may  in  time  give  rise  to  fibrous  nod- 
ules upon  the  intima  and  to  more  diffuse  thickening. 
Fenger  describes  an  extensive  polypoid  fibrous  endarteri- 
tis of  the  pulmonary  artery  associated  witli  valvular  en- 
docarditis. The  polypoid  outgrowths,  which  almost  close 
the  lumen,  sprang  from  the  deeper  layers  of  the  intima. 
AVilligk  described  numeri.)us,  small  pedunculated  vege- 
tations. Eriksen  noted  large  radiating  scars,  producing 
annular  stricture,  in  the  stem  of  the  ptilmonary  artery, 
and  A\'illigk  found  a  stenosis  of  the  right  pulmonary  ar- 
tery, the  iumen  being  reduced  to  a  diameter  of  2  mm. 

Goebel  describes  a  local  endarteritis  that  gives  rise  to 
small  elevations  in  the  intima.  The  process  involves 
only  the  intima.  The  resulting  thickenings  are  liased 
u].)on  the  elastic  coat  and  are  composed  of  a  network  of 
fibrillre  and  elastic  elements  apparently  splintered  off 
from  the  elastic  layer ;  the  nodules  are  partly  vascular. 
As  they  become  polypoid,  thrombosis  may  result  and 
cause  gangrene,  which  was  the  case  in  an  instance  of 
spontaneous  gangrene  in  a  cliild,  one  and  a  half  years 
old,  that  forms  the  basis  for  his  study.  Goebel  found 
similar  nodtdes  in  medium-sized  arteries  in  three  of 
twenty  children  examined  for  this  process.  The  cause 
is  obscure;  possibly  some  form  of  traumatism  may  be 
the  underlying  condition.  Syphilis  was  excluded.  It 
may  be  added  by  way  of  suggestion  that  a  local  toxic  or 
infectious  endarteritic  process  might  result  in  such  ele- 
vations. 

Ehistic  Fibres  in  Endarterial  Proliferations.  —  The 
newer  methods  of  staining  elastic  fibres,  elaborated 
by  Tiiuzer  and  Unna  and  by  Weigert,  have  resulted  in 
the  demonstration 
that  they  are  pres- 
ent to  a  greater 
extent  in  the  end- 
arteritic  prolifer- 
ations than  was 
formerly  thought. 
L  a  n  g  h  a  n  s  b  e- 
lieved  that  the 
preexisting  elas- 
tic 1  a  y  e  r — t  h  e 
elastica  interna — 
underwent  hyper- 
trophy. Heubner 
found  that  in  ar- 
teriosclerosis the 
inner  layer  of  the 
elastica  becomes 
granular,  and  that 
iu  the  later  stages 
of  the  disease 
four  to  eight  or 
more  elastic  bands 
appeared  in  the 
thickening  of  the 
intima;  in  syph- 
ilis a  new  elastic 
membrane  fonned 
near  the  lumen  in 
the  quiescent 

stages ;  Heubner  derived  the  new  elastic  elements  from  the 
epithelial  cells.  Wendeler  pointed  out  that  in  syphilis 
each  period  of  growth  in  the  intima  closes  by  the  forma- 
tion of  an  elastic  membrane.  DmetrietT  shows  that  in  ar- 
teriosclerosis the  newly  formed  elastic  fibres  in  the  intima 
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Fig.  628.— Clironic  Endarteritis  in  Chronic  Tu- 
berculous Meningitis,  a.  Blood  spaces.  X 
150  diameters. 
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have  the  same  general  course  as  the  tibres  of  the  media 
(see  Fig.  639).  Jores  holds  that  elastic  fibres  are  formed 
in  two  ways:  the  one  is  due  to  the  splitting  up  of  the 
internal  elastic  layer  into  several  lamellae,  some  of  which 
may  appear  as  quite  independent  bands.  This  process 
occurs  especially  in  arteriosclerosis  and  probably  to  some 
extent  under  normal  conditions.  But  the  new  formation 
of  fine  fibres  is  by  far  the  most  important.  Jores  favors 
the  theory  that  these  fibres  are  fonned  by  the  secretory 
activity  of  the  young  connective-tissue  cells,  although  it 
cannot  be  said  that  the  origin  of  elastic  elements  from 
chemical  changes  in  the  collogenous  intercellular  sub- 
stances has  been  wholly  disproved.  In  intimal  prolifer- 
ations Weigert's  elastic-fibre  stain  shows  that  the  new 
fibres  appear  first  as  finer  granular  lines  that  siUTOund 
the  cells  as  a  fine  network.  The  e])ithelial  cells  do  not 
seem  to  play  any  part  in  this  process,  inasmuch  as  elastic 
fibres  never  appear  between  the  individual  epithelial 
cells,  but  are  always  confined  to  the  subepithelial  laj-ers. 
From  observations  ou  ligated  vessels  Jores  found  that 
new  elastic  fibres  are  formed  more  numerously  in  vessels 
subjected  to  the  pressure  of  the  circulating  blood  than 
in  parts  enclosed  between  two  ligatures  or  in  vessels  the 
seat  of  thromboarteritis.  Hence  he  regards  the  new 
formation  of  elastic  fibres  as  distinctly  compensatory  in 
character.  The  cells  in  intimal  )3roliferatious  are  gifted 
with  greater  powers  to  form  elastic  fibres,  directly  or  in- 
directly, than  the  cells  of  the  media. 

MalkofE'and  Gardner  hold  that  the  elastic  fibres  devel- 
op in  the  outer  layers  of  the  cell  bodies. 

In  typical  endarteritis  obliterans  there  is  not  much 
change  in  the  elastic  elements,  which  maintain  the  same 
relation  in  endarteritis  obliterans  as  in  productive  throm- 
bo-arteritis.  In  arteriosclerosis,  on  the  other  hand,  the 
intimal  thickening  occurs  in  lavers  separated  by  clastic 
fil)res  (Falta). 

OJjJiterating  Endarteritis  and  Sjxintanforis  Gangrene. 
— The  occurrence  of  obliterating  endarteritis  in  an  inde- 
pendent, primary  form  lias  not  been  established  upon  a 
satisfactory  basis.  Its  occurrence  as  a  secondary  process 
in  indurative  processes,  in  the  organization  of  thrombi, 
and  as  the  result  of  consecutive  and  specific  arteritis  is 
generally  recognized  since  Friedliinder,  in  1876,  first 
called  especial  attenti<in  to  endarteritis  obliterans. 
Heubuer  interpreted  endarteritis  of  the  cerebral  vessels 
as  always  a  specific  syphilitic  lesion,  but  Baumgarten 
showed  that  not  endarteritis  oblitei'ans  is  the  specific 
form  of  syphilitic  vascular  disease,  but  gummous  arteri- 
tis, in  which  the  changes  in  the  adventitia  are  equally 
if  not  more  prominent  than  those  in  the  intima.  The 
endarteritis  obliterans  observed  as  the  case  of  sjiontaneous 
gangrene  in  the  middle-aged  and  the  young  is  regarded 
by  von  Winiwarter,  von  Schrotter,  Borchhardt,  and 
others  as  a  distinct  and  primary  disease.  This  opinion 
is  based  largely  upon  the  fact  that  premonitory  symp 
toms,  indicative  of  gradual  occlusion  of  the  arteries,  may 
exist  a  long  time  before  culminating  in  gangrene,  the 
more  prominent  symptoms  being  pain,  cyanosis,  and 
coldness.  In  some  cases  the  complex  of  symptoms  called 
by  Charcot  "  intermittent  claudication  "  has  been  present. 
The  arteries  more  frequently  involved  are  those  of  the 
foot,  leg,  and  forearm.  The  endarteritis,  which  is  de- 
scribed as  typical, with  vascularization  of  the  new  tissue 
in  the  intima  and  redujilication  of  the  elastic  coat,  begins 
in  the  peripheral  branches.  Tlie  adventitia  may  be 
greatly  thickened,  and  in  some  cases  the  neighboring 
veins  and  nerves  were  found  extensively  involved  in  the 
perivascular  sclerosis.  In  many  cases  thrombosis  or 
pigmentation,  the  probable  result  of  thrombosis,  was 
present,  and  Thoma,  who  does  not  believe  there  is  a 
special  form  of  obliterating  endarteritis,  holds  that  the 
endarteritic  changes  in  this  form  of  gangrene  result  from 
the  replacement  by  connective  tissue  of  thrombi  in  scle- 
rotic vessels.  Zoege  von  Manteuffel  claims  that  the 
gradual  occlusion  is  brought  about  by  the  deposition  and 
organization  of  successive  layers  of  parietal  thrombi  in 
primarily  sclerotic  arteries.  Von  Recklinghausen  de- 
scribes hvaline  thrombi  in  the  smaller  arteries  of  limbs  the 


seat  of  spontaneous  gangrene.  Haga  regards  endarteritis 
thrombotica  as  syphilitic.  Hoegersted  and  Nemsen  find 
that  parietal  thrombi  in  sclerotic  arteries  may  result  ia 
occlusion  and  constriction  of  the  vessels.  Falta  has  de- 
scribed cases  of  gangrene  in  old  people  as  due  primarily 
to  arteriosclerosis  associated  with  an  apparently  inde- 
pendent productive  process  in  the  intima.  Goebel  attrib- 
uted spontaneous  gangrene  in  a  child,  one  and  a  half 
years  old,  to  thrombosis  at  the  bifurcation  of  the  popli- 
teal artery  produced  on  account  of  the  presence  of  small 
globular  elevations  composed  largely  of  elastic  elements 
and  caused  by  a  local  endarteritis  of  obscure  origin. 
The  conditions  that  may  produce  spontaneous  gangrene 
not  caused  either  by  embolism  and  secondary  thrombo- 
sis or  by  arteriosclerosis  and  thrombosis  are  consequently 
rather  complicated.  Undoubtedly  many  instances  result 
from  arterial  thrombosis  secondarv'  to  the  endarterial  in- 
flammatory changes  that  occur  in  various  infectious  dis- 
eases (see  Gangrene). 

Angiosclerosis. — Definition. — It  is  quite  impossible 
to  give  a  comprehensive  definition  of  angiosclerosis,  be- 
cause as  at  present  used  this  term,  and  the  more  common 
term  arteriosclerosis,  imdoubtedly  include  processes  of 
different  nature.  Angiosclerosis  is,  to  siiy  the  least,  a 
complex  process  that  appears  under  different  conditions 
in  varying  stages  and  varying  distribution.  The  general 
idea  convevcd  by  the  tenn  is  fibrous  thickening  and  oth- 
er changes  in  the  intima  consequent  upon  changes  of  a 
degenerative  nature  in  the  media  of  arteries  and  veins. 
When  the  process  affects  arteries,  and  that  is  by  far  its 
more  prominent,  more  important,  and  more  frequent  lo- 
calization, it  is  known  as  arteriosclerosis;  and  sclerotic 
changes  in  veins  constitute  phlebosclerosis.  In  cases  of 
diffuse  sclerotic  changes  in  the  vessels  both  arteries  and 
veins  are  often  involved,  but  the  arterial  changes  are  the 
more  conspicuous  both  from  the  clinical  and  from  the 
anatomical  points  of  view. 

The  term  arteriosclerosis  was  introduced  by  Lobstein 
over  fifty  j'cars  ago;  he  regarded  the  ])rocess  as  the  re- 
sult of  nutritive  disorders  in  the  vessel  wall  inci<leut  to 
age  and  use.  The  word  atheroma  is  used  by  some  as 
almost  synonvmous  with  arteriosclerosis,  but  in  reality 
atheroma  is  applicable  only  to  certain  late  stages  of  the 
process,  as  it  affects  the  aorta  and  its  large  branches. 
In  the  text-books  of  pathological  anatomy  of  fifteen  to 
twenty  years  ago  arteriosclerosis  is  described  generally 
under  the  heading  endarteritis  chronica  deformans  s. 
nodosa,  and  phlebosclerosis  is  mentioned  sometimes  as 
endophlebitis  chronica  deformans  s.  nodosa ;  these  teiins 
were  introduced  by  Virchow;  they  are  now  rarely  used. 
Other  quite  sj'nonymous  names  are  arteriocapillary 
fibrosis,  introduced  by  Gull  and  Sutton,  and  arteriofibro- 
sis.  Since  Thoma's  epochal  investigations,  the  terms 
arteriosclerosis,  phlebosclero.sis,  and  angiosclerosis  are 
used  quite  imi vcrsally.  Atheroma  should  not  be  used  as 
synonymous  with  arteriosclerosis. 

Path(igenesi.t  and  HiKtogenesis. — Through  the  investiga- 
tions and  theories  of  Thoma  and  his  students,  angioscle- 
rosis. in  some  of  the  jihases  of  its  genesis,  has  been 
placed  upon  the  same  basis  as  certain  processes  that  oc- 
cur in  the  vessels,  especially  the  arteries,  imder  normal 
physiological  conditions. 

The  physiological  ])aradigm  of  angiosclerosis  is  seen 
in  the  changes  that  take  place  in  the  aorta  immediately 
after  birth.  At  birth  there  is  no  connective  tissue  in 
the  intima  of  the  aorta.  Immediately  after  birth  the  cir- 
culation in  the  umbilical  arteries  ceases ;  a  part  of  the 
territory  of  the  aorta  is  cut  away,  the  aorta  is  now  too 
large  in  comparison  with  the  area  it  supplies  with  blood, 
and  the  circulation  in  it  becomes  slower.  Under  these 
circumstances  connective  tissue  develops  in  the  intima 
of  that  part  of  the  aorta  between  the  ductus  arteriosus 
and  the  hypogastric  arteries,  and  in  this  way  its  lumen 
is  reduced  to  a  size  commensurate  with  the  rate  of  blood 
current  best  suited  to  the  needs  of  the  tissues  for  nour- 
ishment. Later  in  life  similar  changes  occur  normally 
in  the  carotid,  for  instance,  because  from  the  eighth  to 
the  tenth  year  the  growth  in  strength  of  this  artery  does 
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not  keep  pace  with  tbat  of  other  vessels;  hence  it  dilates, 
its  lumen  becomes  so  large  that  slowing  of  the  circula- 
tion takes  place,  and  new  tissue  develops  lu  the  iutima 
until  the  current  reaches  the  normal  flow  (Sack).  Simi- 
lar changes  take  place  in  arteries  after  amputation  and 
in  arteries  whose  capillary  area  is  destroj'cd  by  disease. 
The  connective-tissue  formation  in  these  cases  is  there 
fore  spoken  of  as  compensatory,  calculated  to  reduce  the 
lumens  of  the  arteries  to  their  proper  size. 

From  these  and  other  observations  the  general  theory 
is  deduced  that  every  slowing  of  the  blood  current  in  the 
arteries  and  veins  of  man  that  is  not  completely  and  at 
once  remedied  by  a  proportionate  contraction  of  the  me- 
dia, leads  to  a  new  growth  of  connective  tissue  in  the 
intima,  which  narrows  the  lumen  of  the  affected  vessel, 
and  thus  restores  the  normal  swiftness  of  the  blood  cur- 
rent more  or  less  completely  (Peabody).  It  may  be  said 
here  that  the  compensating  endarteritis  is  regarded  as 
the  result  of  mechanical  and  chemical  changes  that  oc- 
cur in  and  about  the  cells  of  the  intima  of  the  part  of 
the  artery  affected  ;  it  is  not  claimed  that  the  compensat 
ing  proliferation  is  distinctl}'  and  purely  teleological  in 
its" nature.  In  order  to  explain  the  new  growth  in  the 
intima.  Thoma  has  elaborated  a  rather  complex  theory 
according  to  which  the  irritation  produced  by  the  abnor- 
mal conditions  upon  the  vasomotor  nerves  connected 
with  Vater  Pacini's  corpuscles  in  the  adventitia,  leads 
to  functional  disturbances  and  hyperoemia  of  the  vasa 
vasorum  and  eventually  to  new  tissue  in  the  intima. 
But  intimal  thickening  occurs  in  vessels  that  have  no 
vasa  vasorum  when  the  current  is  supposed  to  be  slower 
than  normal. 

The  origin  of  the  new  tissue  in  the  intima  is  traced 
partly  to  the  epithelial  cells  (Baumgarten,  Thoma), 
partly  to  the  connective- ti.ssue  cells  in  the  subepithelial 
layer.  The  latter  are  probably  the  more  important  fac- 
tors in  the  process.  Ingrowth  of  connective  tissue  from 
the  media  and  of  vessels  from  the  vasa  vasorum  is  also 
mentioned  as  possible  by  some  writers. 

The  weakening  of  the  wall  and  consecutive  local  or 
general  dilatation  that  gives  rise  to  compensatory  thick- 
ening in  the  intima  are  regarded  as  the  residt  of  wear 
and  tear,  of  strain,  of  heightened  intravascular  pressure, 
and  of  toxic  and  infectious  influences.  These  factors 
may  operate  singly  or  in  combination.  The  obliteration 
of  capillary  areas  and  the  narrowing  of  smaller,  peripheral 
vessels  are  also  held  to  induce  thickening  in  the  intima  of 
the  larger  vessels  because  of  the  relative  abnormal  wide- 
ness  of  their  lumens  under  these  circumstances,  but  here 
it  is  manifestly  difficult  to  determine  the  primary  events 
in  the  process. 

Thoma  showed  by  physical  tests  upon  the  iliac  arte- 
ries that  weakening  and  dilatation  of  the  arterial  walls 
may  occur  in  the  early  stages  of  arteriosclerosis  without 
evident  structural  changes  in  the  vascular  tunics  be- 
ing present.  Other  investigators  describe  structural 
changes,  especially  in  the  elastic  elements,  that  surely 
give  rise  to  loss  of  strength  and  elasticity  in  the  arteries 
affected. 

Weiszmann  and  Neumann,  Zwingmann,  and  others 
described  tears  in  the  elastic  lamellte  and  granular  disin- 
tegration of  the  elastic  fibres  of  the  aorta  in  arterioscle- 
rosis. Manchot  observed  similar  changes  in  the  aorta  in 
the  wall  of  aneurisms.  Eberhardt  was  inclined  to  at- 
tribute the  changes  described  as  artefacts  due  to  the  use 
of  alcohol  not  wholly  free  from  water  in  the  staining 
method  then  employed,  in  which  fuchsin  was  the  prin- 
cipal ingredient.  Eberhardt  found,  however,  that  the 
changes  described  occurred  to  a  slightly  greater  extent 
in  the  elastic  lamellse  and  fibrous  network  of  the  artifi- 
cially distended  than  in  the  non-distended  carotid  ar- 
tery. 

Hilbert  found  that  tears  or  transverse  ruptures  of  the 
internal  elastic  coat  occur  at  all  ages  in  the  arteries  near 
the  heart  (aorta  and  carotids);  in  youth  they  are  rare  in 
the  external  iliacs,  but  after  the  fourth  decennium  they 
are  frequent  here  al.so.  In  the  renal  and  similar  arteries 
ruptures  are  rare  at  all  ages.     Internally  to  the  ruptures 


may  be  one  or  more  layers  of  evidently  modified  or  new 
elastic  fibres.  In  the  iliacs  he  noted  a  marked  separation 
or  splintering  of  the  internal  elastic  layer  in  aortic  in 
sufficiency.  The  ruptures  that  he  describes  are  attrib- 
uted to  momentary  increase  in  the  blood  pressure  under 
sudden  phj-sical  exertion  or  mental  excitement.  They 
occur  also  in  hypertrophy  of  the  left  ventricle  and  in 
cases  of  probable  diminished  resistance  on  account  of 
nutritive  disturbances.  Sclerosis  and  aneurisms  may 
result. 

By  means  of  more  improved  technical  methods,  Dmitri- 
jeff  has  recently  studied  the  changes  in  the  elastic  ele- 
ments of  the  arterial  wall  in  arteriosclerosis.  He  finds 
that  the  principal  change  in  the  media  is  a  granular  dis- 
integration of  the  elastic  fibres,  which  begins  first  in  the 
inner  parts  of  the  media  in  the  network  between  the 
elastic  lamelloe.  The  granules  appear  in  chains,  and 
stain,  some  well,  some  poorlj-,  with  acid  orcein.  Later, 
changes  appear  in  the  lamella?,  which  stain  irregularly 
and  break  up  into  irregular  pieces.  The  chemical  na- 
ture of  the  elastic  elements  changes  in  some  way  and 
they  become  basophilous;  Unna's  modified  elastin, 
elacin,  is  present.  These  are  the  earliest  changes  in  the 
vessels  and  occur  especially  in  advancing  years ;  Dmitri- 
jeff  found  them  also  in  the  aorta  of  an  eight  year  old 
child  that  died  from  scarlet  fever.  At  the  same  time 
nodules  or  more  diffuse  thickenings  appear  in  the  intima, 
composed  of  fibrous  tissue  and  new  elastic  elements  ar- 
ranged either  as  lamelloe  or  as  networks  of  fine  elastic 
fibres;  this  new  formation  easily  undergoes  degeneration 
(atheromatous  changes),  so  that  in  arteriosclerosis  there 
is  degeneration  of  and  new  formation  of  elastic  fibres. 
Foci  of  inflammation  and  proliferation  in  the  adventitia 
and  the  media  also  lead  to  destruction  of  the  elastic  fibres 
in  their  vicinity.  Peri-arterial  and  mesarterial  inflamma- 
tory infiltrations  about  the  vasa  vasorum  were  regarded 
as  of  great  importance  by  Koster,  Huchard,  and  others. 
The  etiology  of  such  foci  is  probably  to  be  sought  in 
toxic  and  infectious  influences.  Martinaud  other  French 
writers  go  so  far  as  to  advocate  that  the  degenerative 
(atheromatous)  changes  in  the  large  arteries  are  the  result 
of  sclerosis  of  the  vasa  vasorum. 

Malkoff,  from  the  experimental  study  of  the  effects  of 
crushing  and  stretching  of  the  carotid  artery,  concludes 
that  injuries  of  various  kinds  produce  changes  in  the 
walls  of  the  arteries  that  render  the  wall  less  resistant 
and  dilatations  are  produced  ;  but  after  a  time  the  lumen 
may  be  narrowed  again  by  a  growth  of  connective  tissue 
and  elastic  elements  in  the  intima  and  al.so  in  the  media; 
the  lumen  may  become  even  narrower  than  before  the 
injury.  The  experiments  were  not  extended  over  a  pe- 
riod of  time  sufticient  to  disclose  the  ultimate  results. 

But  in  angiosclerosis  the  compensatory  proliferation 
of  new  tissue  in  the  intima  is  sooner  or  later  followed  by 
more  pronounced  degenerative  changes.  The  new  tissue 
is  not  able  to  maintain  its  integrity  in  the  face  of  the 
constant  strain  of  the  intravascidar  pressure  and  of  the 
inadequate  facilities  for  nutrition.  Hyaline  and  fatty 
changes  take  )ilace  in  the  deeper  layers  of  the  intimal 
thickening  and  in  the  inner  layers  of  the  media.  Com- 
plete disintegration  into  fatty  and  granular  debris  mixed 
with  cholesterin  tablets  and  crystals  of  fatty  acids  give 
rise  to  smaller  and  larger  foci  of  softening  that  have 
been  termed  atheromatous  abscesses.  By  extension  the 
overlying  tissue  may  be  destroyed,  and  defects  arise  in 
the  intima — "atheromatous  ulcers" — upon  the  rough 
surface  of  which  fibrin  may  be  deposited.  Petrification 
often  takes  place  in  the  degenerated  tissue  and  calcare- 
ous plates  and  irregular  masses  form  in  the  intima  and 
inner  layers  of  the  media.  True  bony  tissue  has  also 
been  found  to  develop.  It  is  to  this  degenerative  stage 
of  arteriosclerosis,  which  is  seen  best  in  the  aorta  and  its 
larger  branches,  that  the  term  atheroma  is  frequently 
applied.  In  advanced  cases  the  sclerotic,  degenerative, 
and  petrifying  changes  are  present  in  varying  degrees 
and  produce  great  deformity,  unevenness,  and  changes 
in  the  normal  color  of  the  intima  and  irregular  dilata- 
tions of  the  vessels.     The  relation  of  arteriosclerosis  to 
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aneurism  and  of  pblebosclerosis  to  varicosity  of  the 
veins  is  elaboi'ated  vmder  these  respective  headings. 

Etiolijgy. — The  etiological  relations  of  arigiosclerosis 
are  ill  defined.  So  far  it  has  not  been  possible  to  pro- 
duce experimentally  sclerosis  of  vessels  of  animals  com- 
parable to  the  human  disease,  except  possibly  the  gelati- 
nous nodules  in  the  aorta  that  French  investigators 
describe  after  the  introduction  of  bacteria  and  of  toxic 
substances  with  or  without  preceding  injury  to  the  inti- 
ma ;  these  nodules  resemble  the  lesions  of  nodular  arterio- 
sclerosis. Angiosclerosis  is  rarely  observed  in  animals; 
it  has  been  seen  mostl_v  in  old  cattle  and  in  old  horses. 

According  to  Edgren's  statistical  study  of  arterioscle- 
rosis, syphilis,  alcoholism,  and  oUl  age  are  the  predomi- 
nating factors  in  its  production.  Henschcn,  in  his  criti- 
cism of  Edgren's  work,  points  out  that  the  source  of  the 
tnaterial  for  such  studies  must  be  carefidly  scrutinized 
iDecause  conclusions  based  upon  the  presence  of  arterio- 
sclerosis in  the  inmates  of  institutions  that  harbor  espe- 
cially syphilitics,  alcoholics,  or  old  people  naturall_v  will 
be  one-sided  and  misleading.  Such  studies  usually  take 
no  note  of  the  form  of  arteriosclerosis  present. 

Angiosclerosis  occurs  so  commonly  in  advanced  years 
that  it  is  generally  regarded  as  a  sort  of  involutional 
change :  this  is  true  especially  of  the  senile  form  of  arte- 
riosclerosis. It  is  thought  that  the  media  gradually 
loses  its  elasticity;  dilatation  and  the  formation  of  more 
or  less  new  tissue  in  the  intima  followed  by  degenera- 
tion take  place.  According  to  Thoma  a  moderate  de- 
gree of  thickening  of  the  intima  is  frequent  after  the 
thirty-sixth  year,  especially  in  the  peripheral  arteries. 

The  period  of  life  at  which  a  well-marked  arterioscle- 
rosis appears  and  the  extent  that  it  may  assume  are  de- 
pendent upon  the  natural,  inborn  resisting  power  of  the 
muscular  and  elastic  elements  of  the  arterial  wall  and 
upon  the  amount  of  wear  and  tear  to  which  the  vessels 
are  subjected.  The  tendency  seen  in  certain  families  to 
the  early  development  of  arteriosclerosis  is  explained  as 
due,  at  least  in  part,  to  an  inherited  weakness  of  the 
arterial  walls.  This  theoretical  conclusion  has  received 
as  yet  no  confirmation  in  the  form  of  demonstrable  ana- 
tomical deviations  from  the  normal  in  the  structure  of 
the  arteries  of  such  individuals.  On  the  other  hand, 
there  are  cases  recorded  in  the  literature  of  centenarians 
with  smooth  and  normal  vessels. 

Changes  similar  to  arteriosclerosis  have  been  described 
in  the  vessels  of  children  and  young  persons.  Yon  Schrot- 
ter  enumerates  several  recorded  instances;  Young  de- 
scribed sclerosis  of  the  temporal  artery  in  a  child  of  fif- 
teen months ;  Meigs  of  the  left  coronary  artery  in  a  child 
of  five  months:  Gee  described  aneurisms  of  the  coro- 
nary arteries  and  atheromatous  changes  in  the  aorta  in  a 
child  of  seven  years  that  died  from  dropsy  and  pneumo- 
nia following  scarlet  fever;  and  C'hiari  observed  sclerosis 
of  the  aorta  with  typical  histological  changes  in  a  bo}-  of 
thirteen  years,  the  disease  being  attributed  to  abuse  of 
tobacco  and  alcohol.  Seitz  found  seventeen  cases  of  ar- 
teriosclerosis between  ten  and  twenty-seven  years  of  age 
out  of  one  himdred  and  forty-eight  cases  of  arteriosclero- 
sis examined  post  mortem.  Durante  has  described  an 
instance  of  calcification  of  the  inner  layers  of  the  tunica 
media  of  the  pulmonary  artery  and  the  aorta  in  a  prem- 
aturely born  infant  that  lived  only  a  few  days.  He  re- 
gards this  as  an  example  of  a  congenital  atheroma.  The 
X'arental  history  of  the  infant  was  unknown :  death  re- 
sulted from  peritonitis  due  to  infection  of  the  navel. 

It  is  of  course  doubtful  v.'hether  the  sclerotic  clianges 
in  the  vessels  of  children  and  young  persons  depend 
upon  a  general  primary  weakening  and  loss  of  elasticit.y 
and  contractility  of  the  media.  Special  toxic  and  infec- 
tious influences  may  be  at  work  in  such  cases,  the  sclero- 
sis being  the  result  of  inflammatory  and  other  lesions  in 
the  media. 

Statistics  show  that  men  are  more  frequently  affected 
"with  angiosclerosis  than  women.  Edgren's"  statistics 
give  twenty -one  per  cent,  of  arteriosclerosis  in  women 
and  seventy-nine  per  cent,  in  men.  Arteriosclerosis  ap- 
parently develops  later  in  life  in  women  than  in  men. 


Chronic  intoxications  and  infections  of  various  kinds 
are  regarded  generallv  as  playing  an  important  part  in 
the  etiology  of  angiosclerosis.  but  so  far  it  has  not  been 
possible  to  make  any  etiological  subdivisions  of  the  dis- 
ease. Among  the  intoxications  those  due  to  alcohol, 
lead,  and  gout  are  of  the  first  importance.  Tobacco  is 
regarded  by  clinicians  as  not  entirely  free  from  delete- 
rious action  upon  the  arteries:  Huchard  thinks  it  exer- 
cises a  special  influence  upon  the  coronary  arteries.  The 
precise  mode  of  action  of  these  substances  can  hardly  be 
more  definitely  specified  than  that  un<ler  the  toxic  influ- 
ences degenerative  changes  and  weakening  develop  in 
the  arterial  wall,  especiallj'  the  media.  jMartinotti  claims 
to  have  produced  changes  in  the  renal  and  cerebral  arte- 
ries resembling  arteriosclerosis  by  the  injection  of  cam- 
phor, alcohol,  and  turpentine. 

Of  the  chronic  infections  syphilis  is  the  most  impor- 
tant. Edgren  places  syphilis  first  in  the  etiology  of  ar- 
teriosclerosis, which  when  due  to  s}'philis  tends  to 
appear  rather  early  in  middle  life.  Arteriosclerosis  upon 
a  syphilitic  basis  does  not  appear  to  present  any  special 
features  (see  Syphilis  of  the  Yessels.  page  105). 

Infectious  diseases  in  general  appear  to  exercise  a 
harmful  influence  upon  the  muscular  and  elastic  parts  of 
the  walls  of  blood-vessels.  Reference  has  already  been 
made  to  the  toxic  and  infectious  forms  of  angeiitis  and 
to  the  production  of  gelatinous  plaques  in  the  aorta  by 
the  injection  into  animals  of  bacteria  and  toxins.  The 
closure  of  the  vasa  vasorum  by  inflammatory  changes  in 
the  adventitia  and  the  outer  layers  of  the  media  would 
surely  interfere  with  the  proper  nutrition  of  the  inner 
layers  of  the  wall.  Thoma  has  shown  that  the  strength 
of  the  arterial  wall  suffers  in  diseases  of  the  most  various 
kinds. 

The  oveiUlling  of  the  vascular  system  due  to  exces- 
sive eating  and  drinking  and  the  increased  pressure  and 
strain  upon  the  arteries  in  muscular  work  constitute 
another  group  of  causes  (Osier).  According  to  Iluchard 
and  Edgren  arteriosclerosis  is  inseparably  connected 
with  the  pathogenesis  of  increased  pressure.  The  rela- 
tion of  augiosclero.sisto  the  intravascular  pressure  is  seen 
in  the  distribution  of  the  disease  in  the  vascular  system. 

Arteriosclerosis  sustains  a  double  relation  to  renal  dis- 
ease. An  existing  sclerosis  of  the  renal  and  peripheral 
arteries  may  interfere  with  the  nutrition  of  the  renal 
jMrenchyma  to  a  degree  that  parenchymatous  degenera- 
tion and  connective-tissue  overgrowth  result.  On  the 
other  hand,  a  primary  interstitial  nephritis  by  raising 
arterial  jiressure  may  lead  to  connective-tissue  growth 
in  the  intima. 

The  Forms  of  Arteridsclerosis. — There  is  some  confusion 
in  the  classification  of  arteriosclerosis.  The  various  ana- 
tomical forms  often  are  found  connected  by  transitional 
stages.  Thoma  recognized  two  main  forms,  diffuse  or 
secondary,  nodular  or  primary.  The  former  he  regarded 
as  due  mainly  to  primary  changes  in  the  peripheral  ves- 
sels and  the  capillaries  and  as  consecutive  to  the  increased 
peripheral  resistance.  The  latter  he  regarded  as  the  re- 
sult of  ijrimary  changes  of  a  degenerative  nature  in  the 
media,  and  as  localized  especially  in  those  regions  where 
the  pulse  wave  is  high  and  strong.  Councilman  holds 
that  the  diffuse  form  is  a  distinct  disease  associated  with 
widesi>read  changes  in  the  media,  and  he  distinguished 
a  third  form,  the  senile  arteriosclerosis,  in  which  the  le- 
sions are  mainly  degenerative,  compensatory  thickening 
in  the  intima  being  but  little  marked. 

Senile  Arteriosdfrom's. — In  tliis  form  the  process  is 
largely  one  of  degeneration  and  calcification  with  but 
little  thickening  in  the  intima.  It  represents  the  general 
atrophy  and  degeneration  of  senility  as  they  affect  the 
arteries  when  even  connective  tissue  has  lost  much  of  its 
power  of  i>roliferation.  In  this  form  the  heart  is  not 
always  hypertrophied :  atrophy  of  internal  organs  may 
be  marked.  The  aorta  and  its  larger  branches  are  dilated 
irregularly,  tortuous  and  elongated,  the  walls  in  general 
thinner  than  normal,  stiff,  and  covered  by  calcareous 
plates  or  the  seat  of  cavities  containing  grayish-yellow, 
grumous  materia! — the  detritus  of  degenerated,  necrotic 
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muscular  and  fibrous  tissue.  The  cavities  are  sometimes 
called  atlieromatous abscesses:  frequently  the  thin  iuter- 
nal  mcmbnme  is  ruptured  and  rough  .spots  and  ureas 
arise  (■■  atheromatous  ulcers  ")  in  the  Hoor  of  whieh  calci- 
fication niav  take  place  or  thrombotic  material  accumu- 
late. In  typical  cases  the  aorta  and  other  large  vessels 
are  cliangetl  into  rigid  calcareous  tubes,  the  inner  surface 
being  rough,  frequentl_v  Assured,  and  covered  by  fibrin- 
ous masses.  The  intima  has  lo.st  its  glistening  appear- 
ance. The  resulting  deformities  of  the  affected  vessels 
certainly  warrant  tlie  name  arteritis  deformans  which 
Yirchow  applied  to  tlie  disease. 

The  relations  of  senile  arteriosclerosis  to  thrombosis, 
senile  gangrene,  cerebral  softening,  and  other  consecutive 
changes  in  the  body  are  discussed  fully  elsewhere. 

Diffuse  Arteriosclerosis. — This  is  the  more  important 
form,  and  in  it  the  lesions  are  widely  distributed,  embrac- 
ing all  the  arteries  of  the  body.  As  pointed  out  by 
Counrilman,  contrary  to  the  senile  sclerosis,  the  sub- 
jects of  diffuse  arteriosclerosis  are  generally  in  the  prime 
of  life. 

In  twenty-seven  cases  of  this  disease  studied  by  Coun- 
cilman, the  youngest,  a  negro,  gave  his  age  as  twenty- 
three;  the  oldest  was  sixty.  Jlost  of  the  cases  ranged 
lietween  forty  and  forty -five;  fourteen  were  white  and 
thirteen  colored.  The  negro  seems  disposed  to  this  dis- 
ease. 

In  this  disease  there  is  a  typical  pathological  picture. 
Most  of  the  subjects  who  come  to  autop.sy  are  strongly 
built,  well-nourished,  museular  individuals.  As  a  nde, 
there  is  no  cedema  cither  of  the  face  (U-  of  the  lower  ex- 
tremities. "When  a'denia  is  present  it  comes  on  in  the  last 
few  days  or  weeks  of  life.  Heart  liypertrophy  is  always 
present  and  may  reach  an  extreme  degree.  In  two  of 
Councilman's  cases  in  which  there  were  no  valvular  le- 
sions whatever,  the  heart  in  one  weighed  8.50,  and  in  the 
other  830-gm.  The  average  weight  was  over  400  pn\. 
The  mvocardium  is  firm  and  dark.  Close  examination 
often  shows  some  degree  of  fibrous  myocarditis,  this  de- 
pending on  the  degree  of  involvement  of  the  coronary 
arteries^in  the  general  trouble.  Tlie  heart  liyjjertrophy 
may  be  confined  to  the  left  ventricle,  liut  in  most  cases 
it  is  always  associated  with  so  much  dilatation  that  the 
right  ventricle  also  becomes  In'pertrophied.  The  dilata- 
tion may  be  so  excessive  as  to  affect  the  integrity  of  all 
the  valves.  Anatomical  lesions  of  the  valves  are  usually 
absent.  There  may  be  some  extension  of  the  aortic  dis- 
ease to  the  aortic  valves  or  to  the  aortic  segment  of  the 
mitral  valve,  but  the  thickening  so  produced  is  not  gen- 
erally sutRcient  to  interfere  with  the  functions  of  the 
valves.  The  supposed  inflammatorv  changes  in  the  myo- 
cardium described  by  Buhl  and  referred  to  by  Thoma 
were  not  found  by  Councilman.  The  mo.st  marked 
changes  are  fomid  in  the  aorta  and  the  large  arteries 
given  off  from  this.  The  large  arteries  are  more  or  less 
dilated,  the  dilatation  in  some  cases  starting  in  the  aortic 
orifice  and  extending  throughout  the  aorta  and  large 
arteries.  This  dilatation  is  seldom  symmetrical  through- 
out, but  in  addition  to  the  general  dilatation  there  may 
be  here  and  there  mere  local  dilatations. 

The  branches  of  the  arch  are  sometimes  relatively 
more  dilated  than  the  aorta.  There  is  elongation  of  the 
vessels  as  well.  The  aorta  makes  lateral  curves  and  the 
normal  curves  of  other  arteries  are  greatly  accentuated. 
In  addition  to  the  dilatation  tlicre  is  a  general  diffuse 
thickening  of  the  arteries,  wliicb  is  often  relatively 
greater  in  arteries  the  size  of  the  radial  than  in  the  large 
vessels.  In  the  large  arteries  the  intima  is  roughened 
by  projecting  elevations,  which  are  frequentlv  distin- 
guished by  differences  in  color  and  consistency.  They 
may  be  of  a  pearly,  transparent  color  and  very  bard,  in 
both  color  and  consistency  similar  to  cartilage.  They 
may  be  of  an  opaque,  whitish-yellow  color,  and  the 
centre  soft  and  pultaceous.  On  incising  such  places  a 
soft,  white,  mortar-like  mass  escapes.  We  may  find 
irregular,  ragged  excavations,  often  covered  with  fibrin, 
showing  that  the  softening  has  extended  through  the 
intima  of  the  vessel  during  life.     Similar  areas  of  soften- 
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ing  and  degeneration  may  be  f»und  in  the  diffusely 
thickened  intima.  There  may  be  more  or  less  calcifica- 
tion which  is  usually  confined  to  the  projecting  eleva- 
tions, but  this  never  reaches  the  same  extent  here  as  in 
the  senile  form.  There  are  frequeutlj-  longitudinal  folds 
and  puckering  of 
t  h  e  i  u  t  i  m  a  a  s 
though  due  to  the 
contraction  of  the 
vessel  after  death. 

The  two  essen- 
tial alterations  are 
various  degenera- 
tive changes  in 
the  media  and  a 
growth  of  tissue 
in  the  intima. 
The  degenerations 
in  the  media  are 
shown  in  various 
ways.  Sections  of 
the  fresh  artery 
show  some  fatty 
degeneration,  but 
this  does  not  play 
the  chief  part.  The  most  common  change  seems  to  be  ne- 
cro.sis  and  hyaline  degeneration  (Figs.  62!)  and  030).  The 
muscle  cells  lose  their  nuclei  and  the  whole  muscular  coat 
is  changed  into  a  solid  homogeneous  mass.  The  elastic 
fibres  between  the  muscle  lamina^  are  frequently  broken 
up  and  disappear;  these  changes  probably  ap])ear  earl}- 
in  the  process.  In  some  sections  of  the  dilated  carotid, 
for  instance,  the  media  as  such  may  not  be  recognized, 
the  whole  artery  being  changed  into  a  dense,  thick  mass 
of  sclerosed  connective  tissue.  This  atrophy  of  the  me- 
dia is  alwa^'sbest  marked  opposite  the  points  of  greatest 
thickening  of  the  intima.  The  tissue  composing  the 
thickened  intima  consists  of  thick  layers  of  dense  con- 
nective tissue,  which  not  only  in  consequence  of  the 
poor  nutrition  which  it  has,  but  also  in  consequence  of 
the  pressure  to  which  it  is  sidjjected,  is  particularly 
prone  to  degenerative  changes.  The  tendency  to  de- 
generative changes,  however,  is  not  so  marked  here  as 
it  is  in  the  senile  fomi. 

This  diffuse  arteriosclerosis  that  Cduncilman  describes 
agrees  best  with  the  form  which  Tlidma  has  described  as 
secondary  arteriosclerosis,   and   in   which   he   considers 


Fig.  629.  — Diffuse  Arteriosclerosis.  Itenal  ar- 
tery. Weiirert's  elastir-flbre  stain.  I,  Inti- 
ma with  new  elastio  fibres:  M,  media,  the 
seat  of  hyaline  lii-jxtMH-iation  :  no  elastic  ele- 
ments :  A,  a<lv«*Tititia  with  increased  num- 
ber of  elastic  Hbres.     .-.  l.'iU. 


Fig.  630.— Sclerosis  of  Anterior  Tibial  Artery.  Gangrene  of  foot 
from  thrombosis.  I,  Fibrous  intima;  E.  elastic  lamina;  M,  media 
vnlh  hyaline  deffeneration  and  calcification  ;  A,  adyentitia';  D,  be- 
ginning degeneration  In  intimal  thickening.  Ha-matoxylin  and 
eosin.     X  100. 

that  the  changes  in  the  large  arteries  are  due  to  the  resist- 
ance to  the  blood  circulation  that  the  diseased  small  ar- 
teiies  cause.  In  a  paper  on  the  conditions  of  the  vessels 
in  Bright's  disease,  which  preceded  his  publication  on 
the  arteries,  Thoma  shows  that  there  is  an  opposition  to 
the  passage  of  the  blood,  which  is  due  ]irimarily  not  to 
a  narrowing  of  the  calibre  of  the  vessels  by  the  thicken- 
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Bkegmann's  Table  Showing  Relati^'e  Frequenct  of  Arteriosclerosis  in   Different  Arteries. 

Figures  Represent  Percentages. 


The 


Normal. 


Slight  degree. 

Radial 56 

Carotid,  external 56 

Cerebral M 

Ulnar  53 

Splenic 46 

Tibial,  anterior 45 

Femoral 44 

Popliteal  44 

Aorta,  ascending 41 

Brachial 40 

Iliac,  external 38 

Axillary at 

Carotid,  common 31 

Subcla\ian 29 

Carotid,  Internal 26 

Aorta,  abdominal 24 


Medium  degree. 

Carotid,  internal 48 

Subclavian 47 

Ulnar 39 

Tibial,  anterior 37 

Axillary 36 

Splenic 29 

Carotid,  common 28 

Radial 27 

Popliteal 25 

Aorta,  abdominal 24 

Iliac,  external 19 

Cerebral 18 

Femoral 17 

Carotid,  external 16 

Brachial 15 

Aorta,  ascending 13 


Severe  degree. 

Aorta,  abdominal 16 

Cerebral 15 

Carotid,  internal 13 

Aorta,  ascending 13 

Subclavian 12 

Tibial,  anterior 11 

Popliteal 10 

Carotid,  common 9 

Femoral 18 

Splenic 7 

Carotid,  external 6 

Radial 3 

Ulnar 3 

Axillary 1 

Iliac,  external 1 

Brachial 0 


Without 
distinction  in  degree. 

Ulnar 91 

Tibial,  anterior 92 

Subclavian 88 

Cerebral 87 

Carotid,  internal 87 

Radial 86 

Splenic 82 

Popliteal 79 

Carotid,  external 78 

Axillary 71 

Femora! 69 

Carotid,  common 68 

Aorta,  ascending 67 

Aorta,  abdominal 64 

Iliac,  external 38 

Brachial 55 


Brachial  45 

lilac,  external 42 

Aorta,  abdominal 36 

Aorta,  ascending 33 

Carotid,  common 32 

Femoral,  superficial 31 

Axillary 29 

Carotid,  external 22 

Popliteal  21 

Splenic 18 

Radial 14 

Carotid,  internal 13 

Cerebral 13 

Subclavian 12 

Tibial,  anterior 7 

Ulnar 6 


In  this  table  no  distinction  is  made  as  regards  the  kind  of  arteriosclerosis. 


ing  of  the  intima,  but  by  an  increased  permeability  of 
the  vessel  walls.  With  this  disease  of  the  vessels  there 
is  an  increase  in  the  connective  tissue  and  destruction  of 
large  numbers  of  capillaries,  still  further  diminishing  the 
size  of  the  vascular  bed,  and  then  comes  a  disjjarity  be- 
tween the  calibre  of  the  artery  and  the  territory  to  be 
supplied,  followed  by  a  compensating  growth  of  connec- 
tive tissue.  This  endarteritis  of  distant  organs  is  extend- 
ed in  the  same  way  to  the  aorta.  Councilman  would 
rather  take  the  view  that  the  changes  in  the  aorta  and 
in  the  minute  arteries  are  due  to  the  same  cause ;  that 
diffuse  endarteritis  is  a  disease  priinaiily  due  to  a  degen- 
eration of  the  muscular  fibres  of  the  media.  On  this  the 
growth  of  the  intima  follows,  which  is  due  to  the  same 
cause  acting  in  two  ways:  in  one,  by  the  well-known  law 
of  connective-tissue  growth,  to  supply  a  defect,  in  this 
case  the  degeneration  of  the  media;  and  in  the  other, 
possibly  acting  under  the  law  of  Thoma,  a  compensating 
endarteritis  to  restore  the  abnormally  dilated  vessel  to  a 
normal  calibre.  Thoma's  assumption  that  this  secondary 
arteriosclerosis  is  due  to  an  increased  blood  pressure  in 
the  aorta  from  the  increased  peripheral  resistance  cannot 
be  proven. 

There  seems  to  be  good  reason  for  separating  the  le- 
sions of  angiosclerosis  from  the  senile  endarteiitis  and  the 
lesions  accompanying  il.  The  senile  endarteritis  is  a  dis- 
ease of  advanced  life,  seldom  occurring  before  the  age 
of  fifty.  The  lesions  in  the  vessels  are  slow,  and  there 
is  littfe  reaction  to  the  degeneration.  Clinically,  there 
is  absence  of  the  high  arterial  pressure,  which  constitutes 
the  most  obvious  clinical  manifestation  of  the  disease 
arteriosclerosis.     The  diffuse  arteriosclerosis  is  a  definite 


Order  of  Frequexct  of  Nodular  and  Diffuse  Arteriosclero- 
sis I.N  Different  Arteries.    (Bregmann.) 


Diffuse  Form  Hn  Thoma's 
Sense). 
Radial. 
Ulnar. 

.A  nterior  tibial. 
Popliteal. 
Splenic. 

Superficial  femoral. 
Axillary. 
Exteraal  iliac. 
Brachial. 
Subclavian. 
External  carotid. 
Cerebral. 
Internal  carotiii. 
Ascenoint:  aorta. 
Coinnii'ii  (■an)tid. 
Abdominal  aorta. 


Fig.  631.— Nodular  Sclerosis  of  Aorta  with  Beginning  Aneurism.  Ha?matoxvlin  and  Weigert's 
elastic-fibre  stain.  The  intima  (I)  is  thickened,  contains  parallel,  wavy,  elastic  fibres, 
except  at  the  point  of  the  bulging ;  the  media  (M)  is  thinned,  degenerated,  the  elastic 
broken  up;  A,  adventitia.    X  l50. 


disease;  the  lesions  in  the  arteries  and  tissues  form  a 
pathological  entity,  and  the  primary  lesion  to  which  all 
the  changes  are  due  is  a  degeneration  of  the  tissue  of  the 
media  of  both  the  large  and  the  smaller  arteries. 


Xodular  Form. 

Abdominal  aorta. 

Connnon  carotid. 

Descending  thoracic  aorta. 

Internal  carotid. 

Ascending  aorta. 

Arch  of  the  aorta. 

Cerebral. 

Subclavian. 

Common  iliac. 

Coeliac. 

Superior  mesenteric. 

Inferior  mesenteric. 

Renal. 

('(jronarv. 

Popliteal. 

External  carotid. 

Splenic. 

.\.\illarv. 

Cominiin  fenmral. 

E.\t>Tlliil  lli:ii'. 

PustHTi'T  tiOial. 

Superfii-ial  femoral. 

Deep  femoral. 

Internal  iliac. 

Brachial. 

Anterior  tibial  f below). 

Ulnar. 

Anterior  tibial  (above). 

Radial. 


XodriUir  Arterinsclerosi». — In  the  nodular  or  primary 
form  of  arteriosclerosis  there  are  seen  flat,  button-like, 
hemispherical,  yellowish  or  yellowish-white  projections 
above  the  intima,  especiall}'  about  the  orifices  of  the  ar- 
terial branches.  This  is  generally  regarded  as  the  result 
of  the  greater  strain  that  this  part  of 
the  artery  is  exposed  to.  The  areas 
consist  of  new  connective  tissue 
and  new  elastic  fibres  in  the  intima, 
the  underlying  media  being  either 
fibrous,  calcareous,  or  degenerated 
and  necrotic.  Thoma  showed  that 
the  cast  after  filling  the  vessel  with 
melted  paraflin  injected  under  the 
same  pressure  as  that  of  the  blood 
came  out  smooth,  showing  that  in 
the  tense  vessel  the  intimal  nodules 
fill  defects  in  the  media.  The  stage 
of  weakening  in  the  intima  antece- 
dent to  the  intimal  thickening  is  lia- 
ble to  result  in  aneurism  (Fig.  631). 
The  new  tissue  soon  becomes  hyaline, 
fatty  changes  take  place,  and  eventu- 
ally disintegration  into  fat  drops, 
cholesterin,  granular  detritus  gives 
rise  to  softening.  The  degeneration 
begins  in  the  outer  layers  of  the  sclerotic  thickening, 
but  may  extend  inward  until  the  epithelium  lining  the 
vessel  is  destroyed  and  a  larger  or  smaller  rough  area 
due  to  loss  of  substance  is  formed.     Calcareous  inflltra- 
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tion  may  take  place.  More  or  less  leucocvtic  and  round- 
cell  infiltrations  occur  around  softened  areas.  The  ad- 
ventitia  may  be  unchanged,  fibrous,  or  the  seat  of  foci 
of  cell  accumulations. 

This  form  is  possibly  due  to  local,  circumscribed  areas 
of  degeneration  and  weakening  in  the  media  produced  by 
strain,  by  toxic  and  infectious  lesions.  Several  French 
investigatoi'S  have  produced  apparently  similar  plaques 
in  the  aorta  of  animals  by  injection  into  the  circulation 
of  bacteria,  bacterial  toxins  and  other  substances,  such 
as  lead,  uric  acid,  etc.,  with  or  without  producing  trau- 
matic lesions  of  the  vessel  wall.  In  some  cases  of  this 
kind  the  lesions  seemed  to  be  the  result  of  proliferation 
in  the  intima;  in  others  there  were  mesarterial  and  peri- 
arterial inllammatory  foci  about  the  vasa  vasorum. 

In  goitre  of  all  forms,  Jones  found  degenerative  and 
sclerotic  changes  in  the  arteries  of  the  thyroid  and  its 
capsule.  The^  changes  occurred  apart  from  general  arte- 
riosclerosis and  were  found  quite  marked  in  eighteen 
out  of  twenty  cases  examined.  The  vessels  were  abnor- 
mally friable.  The  internal  elastic  coat  was  granular, 
broken  across,  and  calcified :  in  one  case  it  had  changed 
into  a  calcareous  plate;  connective-tissue  thickening  of 
the  intima  associated  with  the  formation  of  new  elastic 
fibres  had  resulted,  followed  by  hyaline  degeneration. 

Tlie  Distribution  of  Angio^ckrosis. — The  relative  fre- 
quency of  angiosclerosis  in  the  different  parts  of  the  cir- 
culatory system  has  been  studied  by  Bregmaim,  Sack, 
and  others!  The  arteries  are  more  frequently  involved 
than  the  veins,  although  the  study  of  phlebosclerosis  has 
been  rather  insignificant  as  compared  with  the  amount 
of  attention  paid  to  arteriosclerosis. 

Arteriosclerosis  in  general  is  more  frequent  in  the  ves- 
sels of  the  extremities  than  in  the  aorta  and  its  branches 
of  the  first  and  second  order:  it  is  most  frequent  in  the 
arteries  of  the  leg  and  forearm,  beginning  first  of  all  in 
the  anterior  tibial.  This  is  explained  on  the  score  of  the 
general  lateral  hydrodynamic  pressure  to  which  these 
vessels  are  exposed  on  account  of  posture  in  addition  to 
the  general  hydrodynamic  pressure. 

Arteriosclerosis  of  the  pulmonary  artcrj-  is  exceedingly 
rare  as  compared  with  the  frequency  of  the  process  in 
the  aorta.  In  chronic  tuberculosis  of  the  lungs,  emphy- 
sema and  other  diseases  resulting  in  atrophj-  and  destruc- 
tion of  lung  tissue  naturally  give  rise  to  more  or  less 
compensating  endarteritis.  In  Saune's  thesis  are  collect- 
ed twelve  cases  of  sclerosis  of  the  pulmonary  artery ;  in 
seven,  emphysema  was  present.  It  is  suggested  by 
Laache  that  the  carbonic  dioxide  may  tend  to  prevent 
the  development  of  arteriosclerosis,  although  the  mode 
of  action  is  not  clear  at  all :  probablv  the  more  important 
factor  is  the  low  pressure  in  the  pulmonary  artery  as 
compared  with  that  of  the  aorta  (Laache,  Frankel, 
Saune). 

Laache  has  described  an  instance  of  sclerosis  with  ath- 
eroma of  the  pulmonary  arterv  that  clinically  presented 
the  symptoms  of  congenital  heart  disease  ("morbus 
coeruleus  "  i ;  there  were  hypertrophy  of  the  right  ven- 
tricle, marked  nodular  condition  of  the  intima,  and  dila- 
tation of  the  pulmonary  artery.  Apparently  the  sclerosis 
in  this  case  was  due  to  weakening  of  the  arterial  wall. 
Romberg  has  described  a  similar  case.  He  found  but 
one  similar  case  in  the  literature,  a  case  of  Klob's.  The 
striking  blueness  of  the  skin  in  Romberg's  and  Laache's 
cases — in  both  instances  it  led  to  diagnosis  of  congenital 
heart  disease — is  difficult  to  explain. 

Huchard  and  von  Schrotter  describe  each  a  case  of 
sclerosis  in  the  pulmonary  artery  associated  with  pressure 
upon  it  by  aortic  aneurism.  Edgren  attributes  pulmo- 
nary sclerosis  in  one  case  to  patency  of  the  ductus  arteri- 
osus. 

PhUhosderoiis. — The  early  observations  on  sclerosis  of 
the  veins  were  made  by  Hodgson.  Rokitansky,  Virchow, 
and  others.  Lobstein  introduced  the  term  phlebosclero- 
sis. Rokitansky  described  thickening  of  the  intima 
and  of  the  adventitia  of  the  veins  involved  in  varicose 
aneurism:  and  Virchow  called  attention  to  chronic  en- 
dophlebitis  in  long-continued  passive  congestions;    in 


both  cases  the  influence  of  mechanical  causes  is  quite 
evident. 

According  to  the  careful  studies  of  Sack  the  localiza- 
tion of  phlebosclerosis  is  determined  largely  by  the  same 
factors  as  arteriosclerosis,  and  the  tendency  is  to  regard 
phlebosclerosis  in  many  cases  as  a  systemic  disease,  anal- 
ogous to  diffuse  arteriosclerosis,  and  due  to  general  nutri- 
tional disturbances  resulting  in  weakness  of  the  middle 
coat.  But  it  may  appear  as  a  local  disease  in  consequence 
of  local  venous  congestions,  as,  for  instance,  in  the  portal 
system  in  atrophic  cirrhosis  of  the  liver,  and  in  the  pul- 
monary^ veins  in  mitral  stenosis.  As  will  be  seen  from 
the  adjoining  table  of  Sack,  phlebosclerosis  attacks  espe- 
cially those  vascular  provinces  in  which  the  venous  press- 
ure varies  greatly  in  different  positions  of  the  body,  and 
in  which  the  activity  of  the  voluntary  muscles  favors 
the  venotis  flow  to  relatively  but  a  slight  extent.  Now 
every  obstruction  to  the  venous  flow  hinders  also  the 
arterial  flow,  though  in  a  much  smaller  degree,  and  un- 
doubtedlv  phlebosclerosis  in  some  cases  precedes  arterio- 
sclerosis. Sack  showed  by  the  statistical  method  that 
the  two  diseases  are  closely  related.  There  is  need  of 
fuither  study  of  these  questions. 

The  important  relations  of  phlebosclerosis  to  varicose 
dilatations  of  the  veins  are  discussed  under  Varicose 
Veins. 

Sack's  Table  Showixg  the  DisTRiBrxiox  or  Phlebosclerosis. 


Number  of 

bodies 
examined. 


V.  jugular,  int 
V.  brachialis . 
V.  cephalic... 

V.  basilar 

V.  radial 

V.  ulnar 

V. iliac,  est... 
V.  femoral  . . . 
V.  popliteal . . 
V.  saph.  mag. 
V.  saph.  par. . 
V.  tibial,  ani.. 


ai 

5.1 
6 

53 
58 
61 
67 


Number 

with 

phlebo- 

scienisis. 


1 

3 
4 
0 
0 
23 
51 
65 
50 
13 
24 


Fi^uency 
of  disease 

in  per- 
centages. 


35* 

50 
57 

0 

0 
38 
76 
90 
91 
93 


Sclerotic  veins  are  elongated  and  of  varying  calibre. 
They  present  constrictions  and  dilatations,  the  dilatations 
amounting  in  some  cases  to  well-marked  pouches  filled 
and  distended  with  blood.  In  the  severer  forms  of  the 
disease  the  vessels  are  curved  upon  themselves,  and  if 
superficial,  they  can  be  rolled  imder  the  finger  like  a  cord. 

The  valves  are  insutflcient,  either  from  retraction  of 
their  leaflets  or  from  adherence  to  the  side  of  the  vein. 
When  the  vein  is  cut  open  its  walls  show  differences  in 
thickness,  at  one  point  being  strong  enough,  perhaps,  to 
gape  open  like  an  artery,  at  another  collapsing  as  a  vein 
usually  does.  At  times, "portions  of  the  veins  show  cal- 
cified plates  and  ulcerous  spots,  resembling  in  each  case 
those  so  frequently  found  in  arteriosclerosis.  The  most 
marked  changes  take  place  in  the  intima  and  the  inner 
part  of  the  media.  The  coats  are  thickened  and  pre- 
sent points  of  fatty  changes  and  of  coagulation  necrosis 
often  infiltrated  with  lime  salts;  at  other  points  athero- 
matous debris  may  have  formed. 

Syphilis. — Some  of  the  first  observations  on  syphilis 
of  the  blood  vessels,  as  it  affects  the  arteries  at  the  base 
of  the  brain,  were  made  by  Virchow  and  Lancereaus. 
A  good  anatomical  description  of  syphilitic  arteritis  was 
given  by  AUbutt  in  IS^eS.  In  lST-1  Heubner  published  a 
study  of  fifty  cases  of  syphilis  of  the  cerebral  vessels,  in 
which  he  endeavored  to  establish  a  primary  endothelial 
proliferation  ("arterioma")  as  the  specific  form  of  arte- 
rial syphilis,  the  virus  acting  directly  on  the  intima.  In 
this  he  was  opposed  by  Baumgarten.  who.  while  not 
denying  that  syphilis  causes  endarteritis,  yet  claimed 
that  the  only  arteritis  histologically  characteristic  of  syph- 
ilis begins  in  the  lymph  spaces  of  the  adventitia  and 
results  in  a  gummatous  periarteritis.  Koster,  Fried- 
lander,  and  others  supported   Baumgarten's  view,  and 
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Friedlitnder  regarded  Heubner's  endarterial  proliferation 
as  indistinguisliable  from  endarteritis  obliterans  in  gene- 
ral. According  to  this  view  the  virus  acts  principally 
upon  the  adventitia  through  the  vasa  vasorum  and  the 
lymph  vessels,  the  inflammatory  process  extending  in- 
ward. 

Syphilis  of  the  Smaller  Vessels. — At  the  present  time 
the  general  teaching  is  that  syphilis  of  the  smaller  vessels 
occurs  either  as  an  independent  process  or  as  part  and 
parcel  of  a  local  syphilitic  infiltration;  von  Zeissel  and 
other  syphilologists  state  that  primary  vascular  syphilis 
is  one  of  the  rare  localizations  of  the  disease.  In  the  pri- 
mary form  the  vessels  involved  usuallj'  present  yellowish- 
white  or  grayish  thickening  of  the  adventitia  and  the 
intima.  A  smaller  vessel,  such  as  a  cerebral  artery  for 
example,  may  be  studded  with  translucent  or  whitish, 
circumscribed  patches,  more  or  less  cartilaginous  in  con- 
sistency and  non-calcifled;  or  a  certain  length  of  the 
vessel  may  be  transformed  into  a  whitish  cord.  The 
tendency  to  fibrous  oblitera-  „ 

tion  of    the    lumen   is    pro-  ; 

nounced,    but  in   the  earlier 


Tig.  633.— Gummous  Arteritis, 
cular  inflltratioD  of  intima. 


Great  intimal  thickening  with  small  cellular  areas— frummata.  At  a,  perlvas- 
(From  Nothnagel's  "  Specielle  Pathologie  und  Therapie."  1899.  xv.,  p.  147.) 


Stages  the  proliferation  in  the  intima  is  richly  cellular 
and  vascular.  This  is  the  syphilitic  endarteritis  of 
Heubner.  It  is  now  generally  held  that  this  form  can- 
not be  distinguished  either  microscopically  or  macro- 
scopically  from  certain  thickenings  of  non-syphilitic 
origin.  The  occurrence  of  ol)literating  endarteritis  in 
circumscribed  form  in  youthful  persons  is  regarded, 
however — and  as  unquestionably  so  when  associated  with 
gutnmous  nodules — as  in  the  majority  of  cases  the  I'esult  of 
syphilis.  The  new  tissue  in  the  intima  may  contain  vas- 
cular spaces.  The  elastic  layer  is  greatly  thickened  and 
folded.  Bands  of  elastic  fibres  appear  in  the  thickening, 
and  their  development  is  ascribed  by  Abramow  and  Ilaga 
as  due  to  a  sjjlitting  up  of  the  old  membrane  by  the 
growth  of  tibrous  tissue  between  its  laj-ers.  But  it  is  also 
probable  that  new  elastic  fibres  form ;  at  all  events,  that 
is  not  impossible.  A  reduplication  of  the  elastic  layer  is 
regarded  by  Wendeler  as  marking  each  standstill  of  the 
process.  The  elastic  elements  do  not  apjiear  to  differ  in 
their  behavior  from  that  seen  in  endarteritis  obliterans  in 
general. 

At  other  times  the  vessels  are  surrounded  either  with 
nodular,  cellular  infiltrations  or  dense  cicatricial  tissue. 
In  the  primary  syphilitic  lesion  there  is  marked  periarte- 


rial infiltration,  which  is  surrounded  by  an  external  ring 
of  elastic  elements,  probably  part  of  the  walls  of  the 
perivascular  lymph  spaces  in  which  the  cellular  prolif- 
eration takes  place.  In  later  sj'philitic  foci,  when  the 
granulation-tissue  formation  is  in  the  recent  stage,  there 
is  cellular  infiltration  in  the  adventitia.  media,  and  inti- 
ma. Distinct  gummous  nodules,  either  purely  cellular 
(lymphoid  and  epithelioid  cells)  or  with  a  granular,  ne- 
crotic centre  and  a  celUdo-fibrous  periphery  with  giant 
cells,  may  be  found  in  the  vessel  wall  (Baumgarten's 
gummous  arteritis),  most  frequently  in  the  adventitia. 
This  is  the  only  form  of  syphilitic  arteritis  that  is  histo- 
logically specific  (Fig.  633). 

The  gummata  develop  especially  in  the  adventitia,  more 
rarely  in  the  media  and  the  intima.  Occasionall.y  a  sin- 
gle cross  section  may  .show  a  series  of  midules  in  the 
various  layers  of  the  wall.  Later,  when  fibrous  transfor- 
mation takes  place,  all  the  coats  become  fibroid,  the  me- 
dia atrophic. 

Gummous  periarteritis  and  productive  endarteritis  are 
often  more  or  less  intimately  associated,  especially  when 
they  occur  as  consecutive  processes  in  the  midst  of  syph- 
ilitic foci.  The  different 
appearances  so  often  ob- 
served are  explainable  in 
a  measure  by  the  degree 
and  the  duration  of  the 
disease.  S3-philitic  arte- 
ritis differs  from  arterio- 
sclerosis by  its  circum 
scribed  occurrence  and  by 
the  tendency  to  organiza- 
tion and  obliteration ;  fat- 
ty changes  and  calcifica- 
tion are  not  characteristic 
of  syphilis. 

Most  of  the  investiga- 
tions on  syphilis  of  the 
smaller  arteries  concern 
the  cerebral.  The  appar- 
ent freciuency  with  which 
the  cerebral  vessels,  es- 
pecially at  the  base,  are 
affected  by  these  processes 
is  explained  as  in  part  the 
outcome  of  the  gi-eat  in- 
terest that  clinicians  take 
in  all  the  phases  of  cere- 
bral syphilis,  and  perhaps 
also  because  the  basal  ves- 
sels are  constantly  bathed 
in  cerebrospinal  lymph. 
The  anterior  cerebial  ar- 
te r  i  e  s — t he  cerebral 
branches  of  the  internal  carotid — are  the  ones  especially 
involved.  But  syphilitic  vasculitis  as  an  independent 
process  occurs  elsewhere.  In  the  spinal  cord  both  arte- 
ries (Marinesco.  Pick)  and  veins  (Lamy,  Orlowsk}')  may 
be  involved.  The  coronary  arteries,  the  arteries  of  the 
exiremities,  the  splenic,  the  retinal,  the  mesenteric,  and 
the  adrenal  (Weichselbaum)  may  be  diseased  moi'e  or  less 
extensively  as  well.  According  to  L'rlich,  Palma,  and 
Birch-Hirschfeld.  syphilitic  changes  in  the  coronary  arte- 
ries may  be  primary  or  consecutive,  the  left  coronary  ar- 
tery being  affected  more  frequently  than  the  right. 

In  Abramow's  cases  there  were  circumscribed  nodules 
in  the  walls  of  the  arteries  of  the  extremities  and  of  the 
intimal  organs,  the  cerebral  being  spared.  In  some  the 
appearances  described  by  Heubner  predominated ;  in  oth- 
ers, a  more  diffuse  cellular  infiltration  with  gummous 
nodules.  especiall_y  in  the  adventitia,  the  muscular  coat 
showing  a  granular  disintegration.  The  destruction  of 
the  media  by  cell  prolifei-ation  beginning  cither  in  the 
adventitia  or  the  intima  had  resulted  in  places  in  aneu- 
rismal  dilatations.  Some  of  the  appearances  presented 
resemble  not  a  little  those  of  periarteritis  nodosa. 

Von  Zeissl.  Lomokowsky,  and  Haga  describe  syphilitic 
arteritis  of  the  extremities.     In  Haga's  case  the  vascular 
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disease  resulted  in  spontaneous  gangrene ;  this  form  of 
spontaneous  gangrene  seems  quite  frequent  in  Japan. 
Haga  reports  tliirtecn  ca.ses,  in  all  of  which  the  vessels 
of  the  affected  extremities  presented  the  same  changes. 
The  vascular  lumen  Avas  obliterated  either  as  the  result 
of  successive  intimal  thickenings,  due  to  the  production 
of  a  vascular  new  tissue  solely,  or  from  thrombosis.  The 
media  was  thickened.  In  "nine  of  the  thirteen  cases 
there  were  focal  accumulations  of  n.iund  cells  about  the 
vasa  vasorum,  and  in  some  instances  cellular  nodules 
■were  present  in  the  media  and  the  intima  (gummous  arte- 
ritis). Quite  similar  changes  were  observed  in  the  veins. 
Scriba  suggests  that  in  some  cases  this  arteritis  is  the  re- 
sult of  congenital  syphilis. 

Von  Zeissl  and  Langenbeck  describe  syphilitic  arteritis 
of  the  brachial  artery  that  was  healed  by  antiluetic  treat- 
ment. 

Sypldliii  of  the  Amifi  ond  Larr/er  Vessels. — Isolated  in- 
stances of  gmuma  in  the  walls  of  the  larger  arteries,  es- 
pecially the  pulmonary,  have  been  described  by  Weber, 
Wagner,  Viichow,  and  others.  AVeber  desciibes  a  gum- 
ma as  large  as  a  bean  in  the  pulmonary  artery,  beginning 
in  the  media  imder  the  intact  intima  and  causing  great 
narrowing  of  the  lumen. 

Syphilitic  Mcsitrteritis. — AVagner,  Hertz,  Backhaus, 
Doehle,  Heller,  and  others  describe  a  primary  syphi- 
litic mesaortitis.  Macroscopically  the  intima  presents 
circumscribed  fissured  and  furrowed  areas  and  depres- 
sions, which  occur  in  groups  especially  at  the  beginning 
of  the  aorta  and  near  the  origin  of  the  larger  vessels. 
Elsewhere  the  intima  may  be  smooth  and  normal  or  the 
seat  of  sclerotic  changes.  The  media  in  such  areas  ma}' 
be  wholly  absent  or  replaced  b_v  a  thin  layer  of  scar  tis- 
sue. Microscopically  there  is  proliferation  about  the 
vasa  vasorum  which  may  show  oljliterating  changes,  and 
there  may  be  more  or  less  distinct  gummata  with  necrotic 
centres  (Heller,  Backhaus)  as  well  as  cicatricial  areas 
with  thickening  of  the  intima  and  retractions,  giving  it 
the  peculiar  linear  and  irregular  pit -like  depressions  that 
are  regartled  as  characteristic  of  specific  mesaortitis. 
Foci  of  small-celled  infiltration,  as  well  as  diffuse  fibrous 
changes,  are  present  in  the  adventitia.  These  changes 
may  be  combined  with  ordinaiy  arteriosclerosis.  Back- 
haus states  that  of  ninety-nine  sy  [ibilitics  examined  at  the 
Kiel  Institute,  seventeen  showed  niesarteritis.  Doeble  de- 
.scribcsatyiiical  case  in  a  syphilitic  woman,  aged  twentv- 
five.  Belfanti  describes  beginning  gummous  nodules  in 
the  aorta  with  marked  circumscribed  thickenings  in  the 
intima.  Irregular  ulcerations  in  the  aorta  with  callous 
margins  are  also  recorded  as  of  s.yphilitic  origin.  Bol- 
linger has  also  described  a  gummous  form  of  endarteri- 
tis. All  seem  to  agree  that  the  presence  of  circumscribed 
areas  of  fibrous  attenuation  of  the  aortic  wall,  associated 
with  more  or  less  dilatation,  may  be  regarded  as  the  re- 
sult of  syiihilitic  mesaortitis;  the  changes  are  observed 
not  rarely  in  rather  young  persons;  there  arc  often  dis- 
tinct syphilitic  lesions  in  other  organs,  and  the  changes 
in  the  aorta  certainly  do  not  correspond  to  those  of  ordi- 
nary arteriosclerosis.  It  is  upon  the  basis  of  such  lesions 
that  aneurisms  in  young  syphilitics  probably  develop. 
I  have  seen  two  cases  of  niultiide.  siuall  sacculated  aneu- 
risms in  the  beginning  of  the  aorta  that  originated  in 
fibrous  mesaortitis ;  in  both  cases  were  areas  of  marked 
fibrous  attenuiiticin  without  much  compensating  fibrous 
thickening  in  the  intima. 

Syphilis  is  also  regarded  as  playing  an  etiological  role 
of  a  more  general  nature  but  of  great  importance  in  the 
vulgar  form  of  arteriosclerosis.  The  occurrence  of  arte- 
riosclerosis and  of  arteriosclerotic  aneurism  in  }'Oimg 
syphilitics  is  rather  frequent  and  is  generally  known. 
On  account  of  the  many  comjile-x  factors  that  enter  into 
consideration  in  arteriosclerosis  the  exact  role  of  syphilis, 
is  hard  to  define. 

Syphilitic  Phlebitis. — Much  that  has  been  said  of  syph- 
ilis of  the  arteries  is  applicable  to  syphilis  of  the  veins, 
and  especially  as  regards  the  seeondarj-  changes  that 
occur  in  smaller  veins  in  the  midst  of  larger  syphilitic 
foci.     Dowse  briefij'  refers  to  obliterative  changes  in  the 


posterior  cerebral  sinuses  in  a.-gummous  pachymenin- 
gitis. 

Oedmanson,  Winckel,  and  Birch-Hirschfeld  described 
diffuse  and  circumscribed  endophlebitis  of  the  umbilical 
veins  of  congenital  syphilitics.  Sehlippel  has  described 
a  gummous  jiylephlebitis  in  congenital  sj'philis,  and  Bow- 
man attributes  certain  cases  of  thrombosis  of  the  stem  of 
the  portal  vein  to  syphilitic  periphlebitic  changes.  Iluber 
found  intimal  thickening  with  petrification  in  the  veins 
of  the  extremities  of  a  syphilitic  girl  twentv-two  vears 
old. 

In  congenital  syphilis  there  frequently  occurs  an  oblite- 
rative vasculitis  of  the  umbilical  vessels  which  was  first 
described  liy  Oediuanson.  vSchlippel  has  described  peri- 
pylephlebitis  in  a  syphilitic  infant,  and  in  1864  Vireho%v 
observed  an  ossifying  endaortic  process  in  a  girl  of  eigh- 
teen with  congenital  syphilis.  The  va.scular  changes  of 
the  lesions  of  congenital  s.vphilis  in  the  internal  organs 
resemble  those  of  the  acquired  disease.  Reference  has 
been  made  to  Scriba's  view  that  spontaneous  gangrene 
may  be  caused  by  an  arteritis  of  congenitally  syphilitic 
origin. 

Tuberculosis. — The  older  pathologists,  such  as  Roki- 
tansky  and  V'irchow,  regarded  the  blood-vessels  as  im- 
mune to  tuberculosis.  The  demonstration  by  Weigert  in 
1877  that  acute  general  miliary  tuberculosis  results  from 
the  tubercvdous  invasion  of  either  a  blood-vessel  or  the 
thoracic  duct  put  an  end  to  this  theory.  So  thoroughly 
did  Weigert  demonstrate  this  course  of  events  that  when 
the  tubercle  germ  was  discovered  a  few  years  later  he 
could  say  truthfully  that  it  was  necessary  onlv  to  sub- 
stitute bacillus  for  poison  in  order  to  make  the  report  of 
his  investigations  conform  full}'  to  the  new  require- 
ments. 

Tuberculosis  of  the  walls  of  blood-vessels  may  result 
from  the  extension  of  the  process  from  adjacent  tubercti- 
lous  foci.  This  may  occur  in  the  arteries  and  veins.  In 
case  the  lumen  is  not  closed  by  ]iroductive  endovasculitis 
and  thrombosis,  the  infiltration  in  the  vessel  wall  on  case- 
ation and  disintegration  may  give  off  tuberculous  mate- 
rial and  bacilli  to  the  circulating  blood.  This  leads  to 
embolic  or  miliary  tuberculosis  of  the  corresponding  capil- 
lary district.  In  the  case  of  the  pulmonary  vein,  the 
general  circulation  becomes  infected ;  in  the  case  of  a  svs- 
teiuie  vein,  miliary  tuberculosis  of  the  lungs  results;  and 
if  it  concerns  an  artery,  miliary  tubercles  may  spring  up 
in  its  capillary  district.  Tuberculous  and  su])purative 
destruction  from  without  of  the  branches  of  the  pulmo- 
nary artery  exposed  in  tuberculous  pulmonarv  ca\ities 
may  so  weaken  the  wall  that  aneurisnial  dilatations  de- 
velop ("erosion  aneurism").  Many  of  the  copious  hemor- 
rhages in  advanced  ijulmonary  phthisis  residt  from  the 
rupture  of  aneuiisms  of  this  nature. 

Dittrich,  Kamen,  and  Sigg  have  described  tuberculo- 
sis of  the  wall  of  the  aorta  due  to  direct  extension.  In 
Dittrich's  case  an  adherent  lymph  gland  conununicated 
the  disease  to  the  thoracic  aorta,  the  intima  of  which  pre- 
sented an  oval  defect  with  elevated  ridges,  a  continuous 
tuberculous  process  traversing  the  aortic  wall.  Kamen's 
case  was  of  similar  origin,  the  vessel  presenting  a  dilata- 
tion with  rupture  of  the  wall.  In  Sigg's  case  a  tubercu- 
lous lung  was  adherent  to  the  aorta,  which  presented  a 
bulging  corresponding  to  the  caseous  replacement  of  its 
wall,  the  caseous  area  being  covered  internally  by  a 
thrombus. 

When  tubercle  bacilli  reach  the  circulating  blood  they 
sometimes  become  iiuplanted  ujion  the  intima  of  larger 
vessels  such  as  the  aorta.  Weigert,  Flexner,  Ilanot  and 
Levy,  Stroebe  and  Blumer  have  described  pinhead-sized 
intiiual.  aortic  tuberculous  masses.  Blumer  describes 
two  instances  of  intimal  tuberculosis  of  the  abdominal 
aorta;  in  one  of  the  cases  there  were  several  minute 
nodules  of  characteristic  structure.  The  sclerosis  of  the 
aorta  present  in  both  cases  did  not  play  any  part  in  de- 
termining this  localization.  In  all  of  these  cases  the 
infection  took  place  directly  upon  the  intima  and  not 
through  the  vasa  vasorum  or  the  lymphatics  of  the  walls 
of  the  artery.     The  tuberculous  masses  appeared  as  if 
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Fig.  633.— Perforation  of  the  Elastic 
Layer  by  Caseous  Intimal  Focus,  Infil- 
tration into  Media  and  .Advenlitia.  and 
Beginning  .\neurtsmal  liulginp.  Note 
beginning  subendotlielial  prolifera- 
tion in  opposite  ivall  from  tubercu- 
lous leptomeningitis.  (Hektoen,  Tiic 
Journal  of  Exiterimental  JJedicine, 
yol.  i.) 


they  had  been  fastened  upon  the  intinia.     The  surface  of 
such  areas  may  contain  tubercle  bacilli  in  large  numbers. 
According  to  Cadeac  tuberculous  aortitis  is   not  un- 
common in  cattle.     I  have  recently  studied  a  tuberculosis 

of  the  aorta  in  a  dog. 
A  large  nodule  devel- 
oped in  the  wall  of  the 
aorta  near  the  heart, 
producing  such  weak- 
ening that  a  small 
bulging  had  resulted. 

The  relation  of  tu- 
berculosis of  the  blood- 
vessels to  general  mili- 
ary tuberculosis  is 
dLscussed  elsewhere. 
At  this  time  it  is  sutfi- 
cient  to  say  that  tuber- 
culosis of  the  intima 
of  blood-vessels  or  of 
the  thoracic  duet  or 
tuberculous  endocar- 
ditis constitutes  an  es- 
s  e  n  t  i  a  1,  intermediate 
stage  in  the  develop- 
ment of  acute  general 
miliary  tuberculosis. 
It  is  in  the  tuberculous  areas  that  result  from  infection  of 
the  intima  and  of  the  endocardium  that  the  germs  multi- 
ply so  freely  that  masses  are  thrown  into  the  general  cir- 
culation and  produce  on  lodgment  in  the  internal  organs 
the  numberU'ss  nodules  characteristic  of  general  miliary 
tuberculosis.  There  is  no  satisfactory  evidence  that  tti- 
bercle  bacilli  multiply  in  the  blood:  hence  miliary  tuber- 
culosis means  the  setting  free  into  the  circulatioii  at  one 
time  of  large  numbers  of  bacilli  (Weigert,  Benda.  Gay- 
lord  ). 

The  vascular  changes  in  tuberculous  leptomeningitis 
are  interesting  and  well  marked.  There  is  a  tuberculous 
endarteritis  characterized  by  the  formation  of  intimal  tu- 
bercles and  a  diffuse  subendothelial  intimal  proliferation 
(Figs.  633  and  634),  probably  induced  by  the  implantation 
of  tubercle  bacilli  from  the  blood.  From  the  intima  the 
infiltration  may  spread  into  the  muscular  coat  and  the 
adveutitia  and  the  whole  wall  may  undergo  caseous  and 
hyaline  degeneration.  Occasionally,  though  rarely,  the 
intimal  process  so  weakens  the  wallthat  sinall,  local  dila- 
tations take  place — a  species  of  mycotic  aneurism.  Pro- 
liferation in  the  adventitia  may  invade  the  media  and  the 
intima  and  the  whole  wall  of  the  arterial  segment  may 
u  n  d  e  r  £;  o    degeneration. 


In  tuberculous  leptomen 
iugitis  the  muscularis  oft- 
en" presents  the  hyaline 
degeneration  described  by 
Guarnieri  and  others.  The 
epithelioid  cells  that  con- 
stitute .such  a  prominent 
feature  of  the  intimal  pro- 
liferation undoubtedly  or- 
iginate from  the  subepi- 
thelial connective  tissue 
rather  than  from  the  epi- 
thelial lining,  which  ap- 
pears to  remain  intact  un- 
til caseation  takes  place. 
Plasma  cells  and  phago- 
cytic cells  are  also  present. 

In  this  form  of  tuber- 
culosis adjacent  extravas- 
cular  and  arterial  foci  fre- 
quently extend  to  the  veins  (Fig,  63.5). 

Banti  describes  a  case  of  general  tuberculosis  in  which 
nearly  the  wlmle  lengtli  of  the  superior  vena  cava  was 
completely  filled  by  a  mass  of  neoplastic  tuberculous  tis- 
sue which  projected  into  the  right  auricle.* 

*  Mflgge :  Virchow's  Archly,  Bd.  76. 


Fig.  634.— Subendothelial  Intimal 
Proliferation  with  Multtnuclear 
Giant  Cell.  From  tuberculous 
leptomeningitis.  (Hektoen.  The 
Journal  of  Experimental  Medi- 
cine, vol.  i.) 


AcTrxoMTCosis, — As  actinomycosis  spreads  through 
the  tissues  by  direct  extension,  no  anatomical  structure  is 
absolutely  secure  from  invasion,  not  even  the  blood-ves- 
sels. In  metastatic  actinomycosis  the  fungus  gains  en- 
trance into  the  circulation  by  the  direct  involvement  of 
the  walls  of  the  blood-vessels  in  the  vicinity  of  a  local 
process.  In  the  cases  in  which  the  point  of  invasion  of 
the  vascular  system  has  been  directly  demonstrated  it 
concerns  some  of  the  larger  veins  and  cerebral  sinuses. 

The  meningeal  sinuses  and  veins  are  frequently  at- 
tacked in  cranio-cerebral  actinomycosis.  In  many  cases 
of  actinomycotic  phlebitis  the  generalization  of  the  proc- 
ess is  undoubtedly  prevented  or  delayed  by  consecutive 
thrombosis. 

Ponfick  4escribes  an  actinomycotic  proliferation  which 
projected  button-like  into  the  lumen  of  the  internal  jug- 
ular vein;  this  invasion  became  the  direct  or  indirect 
source  of  secondary  foci  in  the  heart,  lungs,  spleen,  and 
brain. 

In  a  case  of  primary  pulmonary  actinomycosis  with 
extension  through  the  diaphragm  and  into  "the  spleen, 
Arnold  Paltauf'found  the  splenic  vein  infiltrated  and 
thrombosed,  the  thrombosis  extending  into  the  portal 
vein;  there  were  metastatic  foci  in  the'liver  and  in  the 
brain.  Liming  and  Hanau  describe  perforation  in  the 
hepatic  vein  in  a  secondar}-  actinomycosis  of  the  liver. 
In  pulmonary  actinomycosis  with  extension  to  the  pleura 
and  pericardium  Habel  found  the  base  of  the  heart  and 
the  larger  vessels  surround- 
ed by  a  spongy  tissue ;  just 
above  the  entrance  into  the 
auricle  the  superior  vena 
cava  presented  a  eircum- 
scribeil  area  in  which  the 
normal  wall  was  substituted 
by  a  nodular  mass  of  pale 
yellow  color;  the  jugular 
veins  were  thrombotic. 
Abee  describes  an  actino- 
mycotic perforation  of  the 
inferior  vena  cava.  Begin- 
ning in  the  oesophagus  the 
process  spread  out  in  the 
prevertebral,  mediastinal, 
and  peripleural  tissue,  and 
invaded  the  diaphragm  and 
the  spinal  column.  The 
infiltration  between  the 
right  lung  and  the  dia- 
phragm surrounded  the  in- 
ferior vena  cava  in  the  form 

of  a  layer,  3  to  4  em.  thick,  of  a  reddish,  soft  tissue  rid- 
dled with  confluent  abscesses.  At  the  point  where  the 
vein  enters  the  auricle  its  lumen  was  materially  narrowed, 
the  intima  roughened,  covered  by  parietal  thrombi  and 
]ierforated  by  numerous  yellowish  suppurative  foci;  be- 
low, the  vein  was  partially  filled  with  a  large  softened 
thrombus.  There  were  numerous  metastatic  actinomy- 
cotic abscesses  in  various  parts  of  the  body. 

Leprosy. — Leprous  nodules  sometimes  occur  In  the 
walls  of  the  veins  in  leprosj'  of  the  extremities 

Peri,\bteritis  Nodos.\. — This  remarkable  disease  was 
described  by  Kussmaul  and  JVIaicr  in  1866.  Cases  had 
been  observed  previously  by  Pelletan  in  1810  and  by  Ro- 
kitansky,  but  their  descriptions  were  confined  to  the  mac- 
roscopic appearances.  Since  Kussmaul  and  Jlaier  fast- 
ened the  attention  upon  the  disease  additional  instances 
have  been  recorded,  so  that  the  total  number  of  cases  now 
is  thirteen  (von  Schrotter).  All  of  the  cases  have  occurred 
in  Central  and  Southern  Germany  except  one — a  Russian 
instance  (Freund).  The  disease  appears  to  attack  young 
persons  mostly  between  twenty  and  thirty;  it  occurs 
also  in  children.  The  male  sex  has  so  far  furnished  more 
cases.  The  symptoms  are,  generally  speaking,  those  of 
a  more  or  less  severe  toxic  polyneuritis  and  polymyositis 
with  constitutional  and  digestive  disturbances,  abdomi- 
nal pain,  renal  symptoms,  etc.  In  nearly  all  cases  a 
peculiar  anaemia  and  general  weakness   have  been  re- 
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FIG.  635.— Focal  Tuberculous  Infll- 
tratlon  with  Giant  Cell,  F.xtend- 
ing  through  Wall  of  Vein  with 
Secondary  Thrombosis,  Caused 
by  Extension  In  Tuberculous 
Leptomeningitis.  (Hektoen, 
Tlie  Journal  of  Experimetital 
Medicine,  vol.  1.) 
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corded.  The  whole  course  of  the  disease  takes  from  six 
to  twelve  weeks,  the  termiaatiou  as  far  as  known  being 
always  fatal.  In  Kussmaul  and  Maier's  instance  minute 
nodules  were  present  in  the  skin  of  the  face.  neck,  and  up- 
per extremity.  It  is  quite  likely  that  in  tlie  future  the  dis- 
ease will  be  diagnosed  during  life,  especially  in  instances 
with  subcutaneous  nodules  which  might  be  excised  and 
examined  microscopically.  Clinical  observation  has  not 
brought  out  any  common  or  striking  etiological  condi- 
tions. Syphilis  has  been  present  in  some  cases  and  defi- 
nitely excluded  in  others. 

The  vascular  lesions  consist  of  nodular,  eccentric,  and 
more  diffuse  thickenings  of  arteries  of  the  general  size  of 
the  coronaries  and  hepatic  and  smaller;  the  swellings  are 
grayish  and  grayish  white  in  color,  vary  in  size  from 
piuhead  to  pea  and  larger,  occur  especially  at  the  branch- 
ings, but  also  in  the  course  of  the  arteries  both  when  free 
and  intraparenchymatous.  The  distribution  and  num- 
ber of  the  swellings,  usually  present  in  great  numbers, 
vary  somewhat  in  different  cases  (Weichselbaum  and 
Thompson);  the  favorite  locations  are  the  mesenteric 
(including  the  iutraparietal  branches  of  the  gastro-intes- 
tiual  tract),  and  the  coronary,  then  the  muscular,  intra- 
neural, renal,  hepatic, 
splenic,  bronchial,  and 
subcutaneous.  N  o  d- 
ules  have  also  been 
described  at  the  ori- 
gins of  the  intercostal 
branches  of  the  aorta 
and  of  branches  of  the 
crural  and  popliteal 
arteries.  It  is  note- 
worthy that  up  to  this 
time  the  veins  have 
not  been  involved  (Fig. 
636). 

The  histogenesis  of 
the  arterial  lesion  s, 
which  are  of  an  inflam- 
matory nature  associ- 
ated at  times  with 
aueurismal  dilatations, 
fibrous  tissue  forma- 
tion and  thrombosis,  is 
not  agreed  u|i(m. 
Fletcher,  von  Kahldcn. 
and  Freund  regard  the 
process  as  primarily 
Inflammatory,  due  to 
the  action  of  some  un- 
known substance, 
.which  reaches  the  ad- 
ventitia  by  way  of  the 
vasa  vasorum.  This 
view  is  supported  by 
the  presence,  in  Fletch- 
er's case,  of  nodules 
upon  the  vasa  vasorum 

and  by  the  microscopic  appearances  in  the  early  stages 
of  the  process  (Fieund).  Accordingly,  the  inflamma- 
tory roimd-cell  infllti-ation,  which  appears  to  be  of  a 
non-specific  type,  begins  in  the  adveutitia  and  extends 
through  the  media  to  the  intima,  producing  in  the  last 
marked  cellular  accumulations  between  it  and  the 
media.  As  a  result  of  the  inflammation  the  muscu- 
lar coat  undergoes  a  circumscril)ed  hyaline  degenera- 
tion, and  hyaline  material,  jirobably  of  exudative  ori- 
gin, also  appears  in  the  subepithelial  la.vers.  There 
are  not  many  polj'morphonuclear  cells  in  the  cellular  in 
filtration,  which  consists  largel}'  of  spindle-shaped  cells 
with  large  nuclei.  Freund  did  not  find  proliferation  in 
the  intima  when  the  media  was  normal.  Eventuall.y  the 
internal  elastic  coat  and  the  media  are  so  thinned  and  de- 
stroyed that  circumscribed  aueurismal  bulgings  of  the 
vessel  wall  maj'  occur,  but  the  formation  of  aneurisms 
is  not  constant  liecause  the  development  of  fibrous  tissue 
may  prevent  dilatation 


FIG.  63B.— Periarti-iitis  Nwl.wi. 
(After  Freund. >  (r.  .Vdventit) 
dense  cell  a<;<niiiiiiiatliins  in 


Others,  like  Weichselbaum  and  Chvostek,  hold  that 
the  process  is  primarily  an  endarteritis,  which  extends  to 
the  outer  coats.  In  the  case  of  smaller  arteries  and  of 
vasa  vasorum  this  would  seem  to  be  the  fact  probably. 

It  has  been  suggested  that  periarteritis  nodosa  is  a  pri- 
marily multiple  tumor  of  the  nature  of  lymphoma,  begin- 
ning in  the  adventitia.  Circumscribed  "accumulations  of 
cells  occur  in  the  adventitia  that  resemble  lymphomata; 
but  the  singular  fact  that  the  process  is' confined  to 
arteries  speaks  against  this  view.  The  subsequent  for- 
mation of  fibrous  tissue  is  also  inconsistent  with  this 
theory. 

Meyer  regarded  tears  in  the  media  as  the  essential 
cause,  and  Eppinger  has  elaborated  the  theory  that  peri- 
arteritis nodosa  is  the  result  of  the  formation  of  multiple 
aneurisms  on  account  of  ruptures  of  the  elastic  elements, 
which  are  congenitally  weak  and  inijierfect.  Eppinger 
proposes  to  call  the  disease  C(mgenital  aneurism.  The 
proliferation  observed,  in  the  adventitia  and  intima, 
which  constitutes  such  a  striking  feature  of  the  lesions, 
is  regarded  by  Eppinger  and  the  supporters  of  the 
aneurismal  theory  (von  Schrottcr)  as  secondaiy;  and  the 
thrombi   and  hard   fibrous  masses  sometimes  observed 

are  similarly  explain- 
ed. Aneurisms  are 
not  observed  in  every 
instance  of  periarte- 
ritis nodosa ;  in  Pelle- 
tan's.  Rokitansky's, 
Epjiiiiger's,  Wcichsel- 
baum's,  and  Meyer's 
cases  they  were  mark- 
ed. In  Pelletan's  case 
sixty-three  aneurisms 
were  present.  The  de- 
velopment of  aneu- 
risms is  consistentlv  ex  - 
plained  on  the  score  of 
more  marked  inflam- 
matory and  degenera- 
tive weakening  of  the 
arterial  wall  in  some 
nodules  than  in  others 
iu  which  these  proc- 
esses were  not  so  rapid. 
Any  evidence  of  a  his- 
tological nature  of  a 
congenital  structural 
imperfection  of  the  ar- 
teries in  periarteritis 
nodosa  has  not  been 
furnished.  Eppiuger's 
theory  does  not  satis- 
factorily   explain    the 
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I.onintudinal  st'ction  of  a  small  niu:-.  ......  .....wvu.        ,.-.„- 
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woukl   .seem   to   be 


as 

liable  to  aneuiismal  dil- 
atations as  other  arteries,  if  not  more  so.  The  clinical 
course  of  the  disease  is  also  against  this  view. 

The  histological  ajipearances  and  the  genesis  of  the 
changes  as  explained  by  Freund  and  others  rather  favor 
the  view  that  periarteritis  nodosa  is  a  primarily  inflam- 
matory process  iu  the  further  course  of  which  aueurisms 
frequently  develop;  but  further  studies  are  essential  be- 
fore the  question  of  the  nature  of  this  disease  can  be 
definitely  established.  Jlicro-organisms  have  not  been 
found  iu  the  lesions.  S.vphilis  has  been  suggested  as  the 
underlying  condition.  Graf  finds  histologically  periarte- 
ritis nodosa  resembles  not  a  little  Heubner's  endarteritis 
sj-i)hilitica ;  and  the  apjiearances  described  by  Abramow 
in  two  cases  of  syphilitic  arteritis  involving  many  of  the 
smaller  arteries,  except  the  cerebral,  are  also  decidedly 
.suggestive  of  periarteritis  nodosa,  the  clinical  symptoms 
of  which  were  absent,  however.  The  absence,  iu  some 
cases  of  periarteritis  nodosa,  of  all  history  of  syphilis  and 
the  freedom  of  other  organs  from  syphilitic  lesions  and 
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their  consequences  are  also  against  tlie  specific  tlieory; 
and  it  does  not  appear  that  the  vascular  lesions  of  periar- 
teritis nodosii  ever  present  nodular  foci  of  cell  accumula- 
tions with  central  necrosis  such  as  occur  in  the  gum- 
mous  form  of  sj'philitic  arteritis.  Periarteritis  nodosa 
must  be  regarded,  for  the  present,  as  a  distinct  disease, 
histologically  and  clinically.  Syphilitic  periarteritis 
should  not  be  included  tmder  periarteritis  nodosa,  as  is 
done  by  some  writers  like  Mott  in  Allbutt's  "System." 

Many  of  the  clinical  symptoms  are  evidently  due  to 
secondary  lesions  in  the  internal  organs.  Although  the 
intramyocardial  branches  of  the  coronary  arteries  are 
generally  involved,  the  myocardium  itself  usually  pre- 
sents but  slight  changes.  Whether  bronchitis  and  other 
inflammatory  changes  in  the  lungs  are  directly  secondary 
to  changes  in  the  bronchial  arteries,  the  pulmonary  being 
usually  free  (von  Schrotter),  cannot  be  stated.  The  mu- 
cous membrane  of  the  gastro-intestinal  tract  has  been 
found  to  be  the  seat  of  multiple  ulcers  and  hemorrhages ; 
the  ulcers  in  the  stomach  being  more  of  the  nature  of 
erosions  while  those  in  the  intestines  maj^  resemble  ty- 
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Fig.  637.— Growtli  of  Carcinoma  into  the  Gastric  and  Portal  Veins  and  the  Radicles  of  the 
Latter,  Secondary  to  Carcinoma  of  the  Pylorus.  The  posterior  surface  of  the  stomach, 
which  is  turned  so  that  the  pylorus  is  to  the  left,  is  exjKised.  A,  Cut  end  of  gastro-duo- 
denal  vein. 


phoid  ulcers.  These  changes  are  regarded  as  the  result  of 
circtilatory  disturbances  in  the  areas  nourished  by  the 
affected  branches,  many  of  which  become  entirely  oc- 
cluded by  thrombosis.  Enlargement  of  the  mesenteric 
glands  is  usually  present.  The  spleen  may  be  the  seat 
of  infarcts,  in  various  stages  of  alisorption,  caused  again 
by  the  occlusion  of  terminal  arteries.  Pressure  of  the 
nodules  in  the  intrahepatic  branches  of  the  hepatic  artery 
on  the  bile  ducts  may  cause  jaundice  (von  SchriJtter). 
Severe  changes  are  produced  in  the  kidneys.  JIultiple 
ischemic  necrosis  results  from  thrombosis  of  the  aflected 
arteries.  Degeneration  of  the  glomeruli,  hemorrhages, 
parenchymatous  and  interstitial  changes  develop,  due 
either  to  extension  of  the  vascular  changes  or  to  the  ac- 
tion of  toxic  substances  in  the  blood.  The  changes  in 
the  peripheral  nerves  and  in  the  skeletal  muscles  explain 
well  the  nervous  and  miisctdar  phenomena  observed  clin- 
icall}'.  The  presstire  of  changed  arteries  upon  adjacent 
nerves  may  cause  degenerations,  and  in  Frcund's  ca.se 
foci  of  degeneration  in  the  nerves  were  found  to  corre- 
spond to  nodules  upon  intraneural  arterial  branches. 
The  development  of  nodules  upon  the  intramuscular  ar- 
teries gives  rise  to  granular  and  fattv  disintegration  of 
the  muscle  libres  and  to  waxy  changes. 

In  Weichselbaum's  case  the  rupture  of  an  aneurism, 
2  cm.  in  diameter  (the  largest  so  far  recorded  in  periarte- 


ritis nodosa),  tipon  the  arteria  profunda  cerebri  gave  rise 
to  hemnrrhagc. 

TcMORS. — The  primary  tumors  composed  of  blood- 
vessels— the  various  forms  of  angioma — are  described  in 
the  article  on  I'limom.  Here  is  described  also  the  part 
that  blood-vessels  play  in  the  general  dissemination  of 
the  malignant  tumors.  Primary  tvmiois  rarely  develop 
in  the  walls  of  blood-vessels.  Brodowski  has  "described 
a  pi'iinary  sarcoma  of  the  thoracic  aorta,  which  started 
in  the  ad  ventitia  and  extended  through  the  muscular  coat 
and  into  the  intima:  the  sarcomatous  intiltration  of  the 
intima  produced  a  marked  thickening  of  the  latter. 

I  have  de.scribed  an  interesting  i)e<lunculatcd  out- 
growth of  the  intima  of  the  basilar  artery,  which  at  that 
time  was  regarded  as  a  fibroma.  It  is  possible,  however, 
that  the  outgrowth  in  reality  was  the  result  of  an  endar- 
teritic  pr  jliferalion  of  inflammatory  nature. 

Several  instances  of  myoma,  libroma.  and  sarcoma 
have  been  described  as  primary  in  veins  (Orth). 

Secondary  tumors  occasionally  occur  in  the  walls  of  the 
blood-vessels.  Qtiincke,  in  "Ziemssen's  Encyclopedia," 
cites  an  instance,  described  by  Broca, 
of  cancer  at  the  root  of  the  aorta  with, 
rupture  into  the  pericardium.  Fried- 
rich  describes  metastatic  nodules  of  a 
papillary  cystocarcinoma  of  the  ovary 
in  the  wall  of  the  thoracic  and  abdom- 
inal aorta  and  the  renal  artery ;  here  the 
metastases  evidently  occurred  through 
the  vasa  vasorum.  The  nodule  in  the 
thoracic  aorta  ruptured  into  the  lumen 
of  the  vessel. 

Extensive  intravascular  growth  of 
malignant  tumors,  especiaHy  in  the 
veins,  takes  place  in  the  case  of  sar- 
coma of  various  kinds,  especially  of  the 
bones,  in  adrenal  tumors  of  the  kid- 
neys, etc.  Intravascular  growth  of 
this  kind  has  extended  from  the  renal 
vein,  for  instance,  to  the  heart. 

In  carcinoma  of  the  stomach  I  have 
observed  an  extensive  intravenous 
growth  of  the  tumor  resulting  in  a 
kind  of  carcinomatous  injection  of  all 
the  veins  about  th.e  lesser  curvature  of 
the  stomach  and  of  the  portal  vein 
(Fig.  637).  Orth  oliserved  the  entire 
venous  plexus  of  the  dorsum  of  the 
foot  filled  with  sarcomatous  masses. 

Norica  and  Haret*  describe  a  carci- 
noma of  the  stomach  with  metastases 
in  the  mesenteric,  mediastuial,  and  deep 
cervical  glands,  followed  by  carcinomatous  invasion  and 
thrombosis  of  the  superior  vena  cava,  the  two  brachio- 
cephalic, subclavian,  and  internal  jugular  veins.  In 
1^85  Oulmont  collected  nineteen  cases  of  obliteration  of 
the  superior  vena  cava.  He  distinguished  two  groups, 
namely,  obliteration  by  pressure  and  obliteration  by  con- 
cretion. The  first  group  comprised  five  cases  due  to  can- 
cer of  the  mediastiniim  or  of  the  lung,  two  cases  clue  to 
tuberculous  lymph  glands,  and  four  cases  dtie  to  aortic 
aneurism.  The  second  group  included  five  cases  of 
thrombosis  and  three  cases  of  cancerous  invasion.  Com- 
by  and  Rendu  each  report  a  clinical  case  in  which  aneu- 
rism of  the  aorta  was  thought  to  be  the  cause.  I  have 
examined  post  mortem  a  case  of  this  kind,  in  which  ao 
aneurism  of  the  ascending  aorta  compressed  the  superior 
vena  cava,  which  was  wholly  obliterated  by  the  forma- 
tion of  fibrous  tissue  in  the  intima.  The  occlusion  took 
place  gradually  and  resulted  in  a  great  dilatation  of  the 
subcutaneous  thoracic  and  abdominal  veins  which  for 
years  furnished  routes  for  collateral  circulation.  Le- 
tulle  lays  stress  on  occlusion  of  the  large  veins  of  the 
neck  and  mediastinum  on  account  of  propagation  of  car- 
cinomata  of  the  glands,  the  thyroid,  and  the  thymus. 

*  Bulletins  et  m^moires  de  la  Society  Anatomique  de  Paris,  1899i 
Ixxiv.,    861. 
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Gallavardiu  reports  thrombosis  of  the  large  cervical  veins 
iu  mitral  stenosis.  The  extensive  occlusion  described  liy 
Nori'ca  and  Haret  has  been  equalled  Ijy  the  case  ot  Reid 
onl.v,  wliich  is  included  in  Oulniout's  series.  There  was 
in  Noricu  and  Haret's  case  dilatation  of  subcutaneous 
veins  of  the  right  side  of  the  cliest  and  abdomen,  show- 
ing; that  the  lilood  in  the  superior  vena  cava  was  diverted 
into  the  inferiiir  by  way  of  the  azygos  vein.  This  diver- 
sion furnislied  a  sufHcient  collateral  circulation.  The 
condition  of  the  thoracic  duct  was  not  examined. 
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BLOUNT  SPRINGS.— Blount  County,  Alabama. 

Post-Office. — Blount  Springs.     Hotel. 

Access. — Via  Alaljama  and  Chattanooga  Railroad,  also 
via  Louisville  and  Nashville  Railroad  to  Elytou. 

The  springs  are  about  thirty  miles  northwest  from  thiSt 
station.  The  waters  of  Blount  Sjirings  may  be  classed 
as  saline  sulphureted.  The  springs  are  six  in  number, 
and  are  located  in  a  triangular  \alley  1,580  feet  above 
the  sea  level. 

ONE  U.MTED  States  Gallon  Contains  : 


Solids. 


Magnesium  caTbouate. 
CalcuMii  ciirbi'iiale  — 

Barium  imhi.iuiie 

Iron  carbnnaie 

Sodium  carlioiiate 

Magnesium  siil|ihate  . . 

Calcium  sulphate 

Calciimi  pliospli:de  — 

Potassium  clilnride 

Sodium  chloride 

Magnesium  chloride. . . 

Iodides 

.Magnesium  iodide 

Magnesium  bromide.. . 

Lithium 

.Alumina 

Silica 

Sulphur 

Total 

Gases. 

Carbonic  acid 

Sulphureted  hydrogen. 

Oxygen  

Nitrogen 


No.  1  Red 

Spring. 

R.  T. 

Brumby. 


Grains. 
4.40 
6.80 

X.'iS. 

i'.tiO 


32.32 
6.00 


53.04 

Cu.  in. 

6.00 
14.96 


Sweet 
Spring. 
Brumby. 


Grains. 
3.60 
4.48 

i'.i2 

2.40 


30.88 


Cu.  in. 
6.00 
13.56 


Spring 

No.  4. 

Summers, 


Grains. 

9.40 

5.72 

.91 

3.19. 


1.2r 

Trace. 

7.07 

23.21 

2.04, 

".il 

.16 

Trace. 

Trace. 

2.44 


Cu.  in. 
4.73 
30.67 
\    7.08 


./.  K.  Crook. 

BLUE  HILL  MINERAL  SPRING.— Hancock  County. 
Maine. 

Post-Office.— Blue  Hill.     Hotels. 
Access. — Via  steamer  from  Portland,  also  by  stage  from, 
Ellsworth,  fourteen  miles  disttmt. 

The  Blue  Hill  Mineral  Spi'ing  is  located  two  and  one- 
half  miles  northwest  of  Blue  Hill  village,  and  about  six 
hundi'ed  feet  in  perpendicular  height  above  the  base  of 
Blue  Hill  Jlountain.  Its  situation  assures  freedom  from 
all  surface  impurities.  The  existence  of  the  spring  was 
noticed  by  Dr.  Charles  T.  Jackson  in  his  second  report 
of  the  geology  of  the  State  of  JIaine,  published  in  1838. 
It  was  not  until  recently,  however,  that  iniproveinenta 
were  made.  A  handsome  and  commodious  building  has 
been  erected  for  the  comfort  of  tourists  and  visitors  at 
the  springs,  and  a  large  bottling  plant  established.  An 
analysis  by  Prof.  S.  P.  Sharpies,  of  Boston,  resulted  aa 
follows : 

ONE  UNITED  States  Gallon  Contains: 
Solids.  Grains, 

Sodium  chl( .ride 0-39 

Sodunii  sulitliate 81 

SodUiiii  carbonate 15 

Calcium  carbonate 1-87 

Iron  carbonate ,  -^ 

Silica l-O' 

Organic  matter Traces, 

Total *-re 

IU 
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This  is  an  excellent  table  water,  and  it  also  possesses 
mild  diuretic  and  tcfnic  properties.  It  is  used  commer- 
cially. J-  A'.  Crouk. 

BLUE  LICK  SPRINGS.— Saline  County,  Missouri. 

Post-Office. — Marshall.     Cottages  at  spring. 

Access. — Via  Chicago  and  Alton,  or  .Jefferson  City, 
Boonville  and  Lexington  Ijranch  of  the  Missouri  Pacific 
Railroad  to  Marshall,  thence  eight  miles  by  stage  south 
to  springs. 

SalineCounty,  Missouri,  is  entitled  to  eminent  distinc- 
tion as  a  water-producing  district.  Thousands  of  clear, 
pure-water  springs  of  more  or  less  volume  are  well  dis- 
tributed over  its  surface.  They  are  found  in  large  num- 
bers along  the  Missouri.  Blackwater.  and  Salt  River 
bluffs,  au(l  at  the  base  of  the  minor  hills  in  all  parts  of 
the  county,  and  are  unfailing  at  all  periods  of  the  year. 
The  most  reraarlvable  natural  resources  of  the  county, 
however,  are  its  mineral  waters,  which  for  volume, 
variety,  and  medicinal  value  are  among  the  finest  in  the 
country.  Not  less  tlian  two  thousand  mineral  springs, 
some  of  them  of  immense  flow,  are  found  in  the  limits 
of  tlie  county.  Some  of  these  springs  will,  no  doubt, 
take  a  prominent  place  among  the  health  resorts  of  the 
country  when  they  shall  have  been  properly  developed. 
At  the"  Blue  Lick"  Springs  are  more  than  thirty  distinct 
fountains  in  a  pretty  valley  at  the  base  of  picturesque 
wooded  liluffs,  all  within  a  radius  of  thirty  feet.  The 
largest  of  the  group,  known  as  the  "  Gum  "  Spring,  is  an 
immense  salt  fountain  of  57  F.,  which  was  formerly  the 
site  of  extensive  salt  works,  but  is  now  the  centre  of  a 
large  bathing  establishment.  Nearby  is  the  "  Blue  Lick  " 
Spring,  the  most  important  of  the  group.  Then  there 
are  numerous  black  sulphur,  magnesian,  chalybeate,  and 
sweet  springs,  besides  uncounted  saline  springs,  ilany 
of  these  have  been  analyzed  by  State  Chemist  Paul 
Schweitzer,  who  found  in  them  the  following  mineral 
ingredients: 


Sodium  chloride. 
Pota.ssiuu\  chloride. 
Calcium  chloride. 
Magnesium  chloride. 
Lithium  chloride. 
Calcium  carhooate. 
Iron  carbonate. 
Magnesium  carbonate. 
Manganese  carbonate. 
Magiiesium  bromide. 
Magnesium  Iodide. 
Magnesium  sulphate. 
Potassium  sulphate. 


Calcium  sulphate. 
Barium  sul|ihate. 
Calcium  sulphite. 
Sodium  sulphite. 
.Ammonium  nitrate. 
Magnesium  nitrate. 
Calcium  phosphate 
Alumina. 
SiUca. 
Sulphur. 

Carbonic  acid  gas.  large  quantities. 
Sulphureted  hydrogen  gas,  large 
quantities. 


Manj'  of  these  ingredients  serve  to  endow  the  waters 
with  valuable  remedial  qualities.  A  complete  qualita- 
tive analysis  of  the  Blue  Lick  Spring,  for  which  the  col- 
lection is  named,  resulted  as  follows: 

OXE  I'xiTED  States  Gallon  Co.xtaixs  : 
Solids.  Grains. 

Calcium  carbonate 57.84 

Magnesium  sulphate 26.13 

Magnesium  chloride lO.W 

Sodium  chl.  .ride 493.88 

PiUassium  chloride &4 

SiUea 8.16 

Alumina 10.23 

Organic  matter 2.48 

Total 610.30 

Gases.  Cu.  in. 

Free  carbonic  acid 53.22 

Sulphureted  hydrogen Not  estimated 

It  will  be  seen  that  the  waters  are  very  similar  to  those 
of  the  Blue  Lick  Springs  of  Kentucky,  for  which  these 
springs  are  named. 

The  water  is  well  adapted  for  the  treatment  of  con- 
stipation, especially  when  due  to  engorgement  of  the 
portal  system.  On  the  other  hand,  it  is  also  said  to  act 
beneficially  in  many  cases  of  chronic  diarrhoea.  It  acts 
with  advantage  in  many  of  the  conditions  due  to  a  slug- 
gish liver,  such  as  hemorrhoids,  jaundice,  etc.  Being  a 
very  efficient  diitretic.  the  water  is  useful  in  certain  renal 
and  bladder  disorders.     Within  sixty  steps  of  the  Blue 


Lick  Spring  are  three  black  sulphur  springs ;  two  hun- 
dred and  fifty  yards  south  is  the  Sweet  Spring,  which  has 
been  found  to  "be  a  very  efficient  diaphoretic  and  diuretic. 
It  is  entirely  free  from  sulphur  and  forms  a  very  pleas- 
ant beverage.  James  K.  Crook. 

BLUE  RIDGE  SPRINGS.— Botetourt  County,  Virginia. 

Post-Office. — Blue  Ridge  Springs.  Hotel  and  cot- 
tages. 

Access. — ^ViS  Norfolk  and  Western  Railroad.  The 
hotel  is  located  near  the  railroad  station. 

This  resort  has  a  picturesque  location  in  the  midst  of 
the  Blue  Ridge  Mountains,  tlie  elevation  being  about 
thirteen  himdred  feet  above  the  sea  level.  The  springs 
yield  about  one  hundred  and  twenty  gallons  of  water 
per  hour,  having  a  temperature  of  52'  F.  the  year  round. 
The  water  has  been  analj'zed  by  Prof.  Henry  Froehling, 
with  the  following  results: 

OxE  United  States  Gallon  Coxtains  : 
Solids.  Grains. 

Magnesium  sulphate 47.01 

Calcium  sulphate 100.13 

Sodium  sulphate 37 

Potassium  sulphate 65 

Magnesium  carlionate 1.61 

Calcium  carbonate 3.96 

Strontium  carbonate 29 

Barium  carbonate 02 

Manganese  carbonate (S 

Nickel  and  cobalt  carbonate Trace. 

Iron  Iferrousi  carlxinate 11 

Lead  carbonate Trace. 

C<'pper  carbonate Trace. 

SiKlium  chloride 1.26 

Lithium  chloride 04 

Sodium  arseniate Trace. 

Sodium  iodide Trace. 

Sodium  bromide Trace. 

Calcium  fluoride Trace. 

Magnesium  nitnite 35 

Ammonium  nitrate 03 

Aluminum  phosjitiate 02 

Aluminum  silicate 15 

Silicic  acid 1.35 

Total 1.57.37 

Carbonic  acid  combined 2.57 

Gases.  Cu.  in. 

Carbonic  acid  (free) 38.20 

Sulphureted  hydiX)gen 3.00 

The  water  is  used  commercially.  It  is  pleasant  to 
drink  and  bears  transportation  well.  It  is  useful  in 
dyspepsia,  especially  when  attended  by  acidity,  and  it 
seems  to  act  as  a  coriigent  or  regulator  of  secretion,  be- 
ing efficacious  both  in  diarrlioea  and  in  constipation.  The 
water  also  possesses  excellent  tonic  properties. 

J.  K.  Crook. 

BOCCONIA. — A  powerfully  medicinal  and  poisonous 
genus  of  plants  in  the  Papdi-erucere  or  Poppy  family. 
" B.  cimliitii  Willd.."  more  properly  Madaya  cnrdata 
(Willd.)  R.  Br.,  of  China  and  Japan,  is  a  stout  perennial 
herb,  largely  cultivated  as  an  ornamental  plant,  the 
roots  of  which  are  used  medicinally.  It  contains  at  least 
three  alkaloids  {i-ide  Schlotterbeck),  namely,  protopine 
in  large  amount,  ^-homochelidonine,  and  chelerythrine. 
and  possibly  sanguinarine  also.  B.  arhorea  Watson,  of 
Mexico,  and  B.  frutesans  L.  and  B.  integrifoUa  Kunth. 
of  tropical  America,  are  small  trees  or  large  slirubs,  the 
bark  of  which  is  used  similarly.  These  barks  are  rich 
in  alkaloids  and  resinous  matter.  The  alkaloids  have 
been  isolated  and  somewhat  studied  in  the  Institute 
Medico  Nacional  of  Mexico,  and  names  assigned  them; 
but  apparently  insufficient  care  was  taken  in  comparing 
them  with  known  alkaloids  of  other  members  of  the 
family,  notably  of  siinguinaria.  If  they  are  not  abso- 
lutely identical  with  the  latter,  they  are  at  least  very 
similar  in  physiological  action,  as  well  as  chemically. 
These  drugs  have  been  very  little  studied  in  any  way, 
but  richly  deserve  it.  The  writer  has  found  the  leaves 
of  B.  fnitescens  highly  prized  among  the  Indians  of  South 
America,  but  their  uses  there  give  little  clue  to  their 
special  properties.  H.  H.  Rugby. 
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BOERNE,  Texas,  is  a  town  of  800  inhabitants  situated 
in  the  southwestern  part  of  the  State.  30  miles  north- 
west from  the  city  of  San  Antonio.  Its  altitude  is  about 
1,670  feet,  which  gives  it  somewhat  the  characteristics 
of  a  mountain  resort  of  moderate  elevation.  The  soil  is 
composed  of  gravel  and  sand  with  occasional  streaks  of 
adobe,  and  a  substratum  of  porous  limestone.  The  drain- 
age is  good,  both  on  account  of  the  slope  and  on  account 
of  the  porous  character  of  the  soil. 

Dr.  I.  M.  Cline,  quoted  in  Sollj''s  "Medical  Clima- 
tology," 1897,  who  has  charge  of  the  Texas  weather 
service,  describes  the  country  in  which  Boerne  lies  as 
follows : 

"Between  latitude  39°  45'  and  30°  and  to  the  100th 
meridian  on  the  west,  the  elevation  changes  rapidly  from 
one  thousand  to  two  thousand  feet,  with  considerable 
irregularity,  and  is  broken  with  deep  ravines  and  small 
creeks,  and  along  the  western  border,  as  the  two-thou- 
sand-foot line  of  elevation  is  reached,  it  is  much  sculp- 
tured by  erosion.  The  soil  between  these  elevations  is 
very  irregular  in  its  formation,  but  is  to  a  great  extent 
of  the  black,  stiff  soil  over  the  eastern  portion,  and  then 
blends  toward  the  west  with  lilack  and  red  sand  and 
red  loam,  with  a  pebbly  soil  in  some  parts;  it  is  also 
crossed  liere  and  there  b}-  strips  of  white,  sandy  land, 
with  a  growth  of  scrub  post-oak." 

The  monthly  mean  temperature  for  eight  years, 
arranged  by  seasons,  is  given  by  Solly  as  follows: 
Winter,  50°;  spring,  69°;  summer,  79°;  autumn,  65°. 
Mean  for  January,  49°;  for  .July,  81°;  for  the  year,  65°. 
The  total  seasonal  rainfall,  based  on  nine  years'  records, 
is  given  by  the  same  authority  as  follows:  Winter.  5.9 
inches;  spring,  9.6  inches;  summer,  6.4  inches;  autumn, 
4.9  inches.  Annual  mean,  37  inches.  The  mean  relative 
humidity  is  from  66  to  73  per  cent.  Occasionally  dur- 
ing the  winter  months  there  is  a  sudden  fall  in  temiiera- 
ture  during  the  prevalence  of  a  "norther";  this  fall  de- 
pends on  the  velocity  of  the  wind  and  ranges  from  5°  to 
25°  F.,  and  lasts  from  a  few  hours  to  three  or  four  days. 
The  windfall  is  light,  the  prevailing  winds  blowing  from 
the  south  and  southeast,  the  velocit\-  ranging  from  four 
to  seven  miles  an  hour,  and  occasiouail_y  increasing  to 
from  fourteen  to  twenty-five  miles  during  a  "  norther. " 
"From  the  fact,"  says"  Miller  ("Boerne  and  Adjacent 
Country,"  by  Dr.  William  Miller,  Resident  Physician), 
"  that  the  wind  passes  over  miles  of  laud  covered  with 
grass  and  trees  before  reaching  Boerne,  it  is  not  accom- 
panied with  clouds  of  dust  or  sand,"  which,  as  Dr.  Mil- 
ler adds,  is  a  very  important  matter  with  persons  suffer- 
ing from  diseases  of  the  respiratory  organs. 

There  are  a  few  light  morning  fogs  in  the  late  autumn 
and  winter,  not  exceeding  a  total  of  eight  days  in  the 
year.  The  average  number  of  suuny  days  is  377,  and 
of  cloudy  88.  The  number  of  days  in  which  there  is 
more  or  less  sunshine,  and  in  which  an  invahd  can  be  out 
of  doors,  is  355.  In  Boerne  and  the  adjacent  country 
there  are  no  prevailing  diseases  of  a  contagious  or  epi- 
demic nature.  The  whole  of  this  elevated  district  is 
above  the  yellow-fever  line  (Miller). 

The  water  supply  is  chiefly  obtained  from  wells  of 
an  average  depth  of  thirty-fiVe  feet,  and  the  water  is 
considered  fairly  good  for  "drinking  purposes.  Cistern 
water  is  also  used.  About  three  miles  from  Boerne  are 
the  Indian  Mineral  Springs,  so  named  from  the  fact  that 
they  were  visited  periodically  bv  various  Indian  tribes, 
who  came  bringing  their  sick  with  them.  This  water 
is  also  used  as  a  table  water.  The  analysis  made  by  C. 
F.  Chandler,  Ph.D.,  of  New  York,  is  as  "follows: 

In  One  United  States  Gallon  There  Is: 

Solids.  Grains. 

Chlorine  in  chlorides 0 .512 

Equivalent  to  sodium  chloride .844 

Oxides  of  iron  and  aluminum 093 

Lime 45.833 

Ma^esia 6435 

■      Sulphuric  acid  (SO3)  in  sulphates '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.[    67!246 

SUica a5.5 

Solids  of  evaporation 138  388 

Vol.  II.— 8 


There  are  several  fairly  good  hotels  and  boarding 
houses  in  the  town  or  near  by.  Boarders  are  also  re- 
ceived in  the  ranch  houses  in  the  neighborhood.  The 
attractions  are  riding,  driving,  hunting,  and  fishing,  and 
there  are  various  plea.sant  excursions  in  the  vicinity.^  The 
class  of  diseases  which  this  climate  is  likely  to  benefit 
are  pulmonary  tuberculosis,  chronic  rheumatism,  renal, 
nervous,  and  malarial  diseases. 

W'hen  one  considers  the  low  relative  humidity,  the 
equable  climate,  and  especially  the  very  large  number 
of  sunny  days  in  the  year  (377).  the  inference  is  warranted 
that  Boerne  is  admirably  fitted  for  the  open-air  treatment 
of  pulmonary  tuberculosis.  While  experience  has  verified 
this  conclusion,  the  fact  still  remains  that  here,  as  in  so 
many  other  climatically  excellent  health  resorts  in  this 
country,  there  is  lacking  the  certainty  of  finding  such 
hygienic  conditions  as  the  consumptive  requires.  Climate 
is  only  one  of  the  factors  in  the  cure  of  phthisis,  and  it 
will  often  prove  an  illusory  one  unless  those  other  factors 
are  also  present,  viz.,  careful  medical  supervision  and 
opportunities  for  obtaining  jjroper  food,  well-ventilated 
sleeping  apartments,  and  means  for  the  rest  cure. 

Edward  0.  Otis. 

BOIL. — (Synonyms:  French,  Fiironcle,  Clou  ;  German, 
Blutsc/itrar  ;  Fiirunde.) 

Definition. — A  boil  or  furuncle  is  the  result  of  an 
acute  phlegmonous  inflammation  of  the  skin  and  under- 
Ij'ing  connective  tissne  surrounding  a  skin  gland  or  fol- 
licle, which  is  followed  by  suppuration  and  the  extrusion 
of  a  central  slough  or  core. 

Symptoms. — A  boil  begins  with  a  certain  amount  of 
infiltration  around  a  skin  gland  or  follicle,  which  soon 
manifests  itself  as  a  small,  somewhat  itchy,  and  slightly 
painful  pimple.  Very  soon  the  lesion  assumes  a  conical 
shape,  becomes  more  tender,  and  is  surrounded  by  a  zone 
of  reddened  skin.  The  boil  increases  in  size  with  con- 
siderable rapidity  until  about  the  third  or  fourth  day, 
when  it  reaches  its  full  development.  The  pain  likewise 
grows  in  intensity,  becoming  a  dull  ache,  and  there  is 
much  throbbing  and  sensation  of  tension.  All  of  these 
symptoms  are  intensified  at  night.  The  area  of  the 
furuncle  varies  comsiderably,  depending  upon  the  density 
of  the  skin  in  the  affected  part,  and  the  consequent  facil- 
ity with  which  the  infiltration  may  spread.  Finally,  at 
the  apex  of  the  boil  a  point  of  suppuration  appears,  and 
in  a  week  or  ten  days  the  lesion  matures  or  becomes 
"  ripe."  If  pressure  is  made  over  a  boil  before  it  is  quite 
mature  a  little  pus  or  bloody  serum  may  be  made  to 
exude;  but  later,  either  spontaneously  or  as  the  result  of 
surgical  interference,  the  core  escapes,  although  not  al- 
waj-s  very  readily.  The  expulsion  of  the  core  exposes 
to  view  a  small  cavity  which  quickly  heals,  to  be  followed 
in  turn  by  a  purplish  discoloration  and  ultimately  by  a 
minute  scar.  Lymphangitis  and  swelling  of  the  lym- 
phatic glands  frequently  occur  in  connection  with  boils, 
and  sometimes  constitutional  symptoms  are  marked. 
When  a  core  does  not  form,  as  occasionally  happens,  it  is 
called  a  blind  Ijoil.  Boils  may  occur  singly  or  in  groups; 
often  the}'  come  out  in  successive  crops,  and  keep  on 
appearing  for  long  periods,  constituting  the  condition 
known  as  furunculosis.  The  so-called  "furuncular  dia- 
thesis," especially  as  seen  in  children,  may  produce  great 
restlessness,  sleeplessness,  anorexia,  and  emaciation  due  to 
pain  and  the  free  discharge  of  pus.  It  may  be  of  interest 
in  this  connection  to  mendon  that  under  the  name  of  "  hi- 
dradenitis  suppurativa  "  Pollitzcr  *  has  called  attention  to 
a  suppurative  inflammation  of  the  sweat  glands  which 
results  in  their  destruction  and  the  production  of  scars. 
It  is  the  same  condition  originally  described  by  Verneuil. 

Situation. — AVhile  boils  may  develop  anywhere  on 
the  general  surface,  e.xcept  the  palms  and  soles,  tliej' 
show  a  marked  predilection  for  the  back  of  the  trunk  and 
neck.  They  also  occur  in  the  armpits  and  at  the  borders 
of  the  lids  (styes)  and  in  the  external  auditory  canal,  in 
which  latter  situation  they  excite  great  pain. 


*  Jour.  Cutan.  and  Genito-Urin.  Dis.,  January,  1892. 
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Pathology  and  Etiology. — It  is  now  conceded  that 
boils  are  due  to  the  entrance  of  pus  cocci  (staphylococcus 
aureus  or  albus)  into  the  openings  of  skin  glands  or  hair 
follicles.  According  to  the  researches  of  Bockhardt.*  if 
the  micro-organisms  do  not  penetrate  into  the  cutis, 
simple  impetigo  results;  if  the.y  pass  vaguely  into  the 
cutis  through  .some  lesion  in  the  epidermis,  a  skin  abscess 
■will  occur:  but  if  they  pass  al<ing  the  duct  of  a  sweat 
gland  or  penetrate  the  lumen  of  a  hair  follicle,  the  proc- 
ess of  suppuration  is  more  acute  and  a  furuncle  results, 
the  suppurating  gland  or  duct  representing  the  core. 
Direct  inociUation  or  experimental  cultures  show  conclu- 
sively the  contagious  nature  of  boils,  as  was  pointed  out 
long  ago  bj'  Startin.  According  to  Melsomct  it  is  not 
possible  to  obtain  cultures  in  the  oederaatous  area  sur- 
rounding a  boil ;  however,  when  a  furuncle  is  large,  or 
is  rapidly  followed  by  others  in  its  immediate  vicinity, 
the  pus  cocci  pass  through  the  abscess  walls  and  travel 
along  the  lymphatics,  producing  swelling  of  the  lymph 
glands,  and  in  severe  cases  they  may  even  gain  access  to 
the  general  circulation  and  induce  septiciemia. 

It  is  said  that  women  arc  less  subject  to  boils  than 
men.  and  that  while  boils  are  not  uncommon  in  infants, 
they  are  most  frequent  in  br)ysand  young  men.  Solitary 
boils  are  often  found  to  be  due  to  some  local  irritation, 
e.g.,  chafing  of  rough  or  frayed  garments,  decubitus, 
etc.,  the  irritated  skin  more  readily  allowing  the  penetra- 
tion of  pus  organisms.  A  condition  of  furunculosis  of 
the  back  of  the  neck  is  not  infrequent  as  the  result  of 
infection  from  the  fingers  of  barbers  and  the  use  of  the 
dirty  implements  of  their  trade. 

Sweaters  and  other  garments  worn  by  young  men  in 
training  and  in  athletic  games  frequently  become  infected 
and  give  rise  to  boils  in  otherwise  singtdarly  healthy 
persons. 

It  is  a  matter  of  common  experience  that  furuncles 
complicate  manj-  disorders  of  a  depressing  character,  e.g. , 
diabetes,  variola,  typhoid  fever,  etc.  Severe  pruritic  dis- 
eases are  also  often  complicated  or  followed  by  boils; 
for  example,  eczema  in  children.  In  the  hot  summers 
experienced  in  this  country  the  verj'  frequent  prickly 
heat  is  frequently  followed  by  boils,  both  in  children 
and  adults. 

The  condition  known  as  furunculosis.  or  recurrence  of 
boils  in  crops,  is  due  to  local  reinoculation  and  not  to  the 
state  of  the  blood,  although  it  is  undoubtedly  true  that 
the  nutrition  of  the  soil  will  have  much  to  do  with  the 
pathogenetic  action  of  the  pus  cocci. 

With  our  present  knowledge  of  the  pathology  of  boils 
it  may  be  readily  understood  how  boils  sometimes  occur 
quasi-epidemically  in  families  and  schools. 

Diagnosis. — A  boil  is  to  be  distinguished  from  a  car- 
buncle by  its  conical  shape  and  its  single  suppurating 
point;  a  carbuncle,  on  the  other  hand,  is  larger  and  flatter 
than  a  boil,  has  several  openings,  antl  is  surrounded  by 
a  much  more  brawny  induration.  The  difference  really 
is  one  of  degree,  the  carlnuicle  being,  however,  clini- 
cally, a  much  more  formidable  affection. 

Tre-\tment. — In  all  cases,  especially  when  the  erup- 
tion has  existed  for  a  long  time,  it  is  advisjible,  in 
addition  to  the  local  measures  presently  to  be  described, 
to  look  into  the  hygienic  surroundings  and  general  health 
of  the  patient.  The  urine  should  be  examined  for  al- 
bumin and  sugar,  and  if  these  are  discovered  the  proper 
treatment  for  those  conditions  should  at  once  be  adopted. 
All  local  sources  of  irritation  and  possible  infection  should 
be  diligently  sought  and  removed.  Old  smoking  jackets, 
sweaters,  etc.,  should  be  regarded  with  suspicion.  A 
proper  disinfection  of  barber's  tools  should  be  insisted 
upon. 

Now  that  the  specific  character  of  the  furuncle  is  better 
understood  there  is  less  insistence  upon  the  administration 
of  the  host  of  remedies  that  are  supposed  to  be  "  good  for 
boils." 

Among  such  remedies  may  be  mentioned  yeast  in  doses 


*  Monatstiefte  fur  Derm.,  No.  10. 1887. 
t  Allbutt's  System  of  Medicine,  vol.  i.,  1 


of  a  half-wineglassful  morning  and  night,  and  the  sul- 
phide of  calcium  so  highly  praised  by  Ringer.  It  is 
quite  possible  that  the  sulphide  of  calcium  niay  possess 
some  germicidal  properties,  but  it  must  be  given"  in  much 
larger  doses  than  those  usuall.v  recommended.  Dilute 
sulphuric  acid  in  ten  to  twenty  drop  doses,  well  diluted, 
every  three  or  four  hours,  is  high!}-  esteemed  bv  some 
physicians.  Medicines  that  improve  the  general  nutrition, 
thus  rendering  the  individual  less  susceptible  to  local  in- 
fection, are  of  undoubted  value  in  furunculosis;  for  ex- 
ample, iron,  arsenic,  cod-liver  oil,  the  hypophosphites, 
and  the  syrup  of  the  lacto-phosphate  of  lime  may  be 
prescribed  with  hope  of  benefit  in  suitable  cases. 

As  regards  the  direct  treatment  of  the  boil  itself  an 
effort  should  be  made  to  prevent  if  possible,  or  at  least 
limit,  the  suppuration.  Very  often  a  boil  may  be  aborted 
by  the  application  of  a  salicylic  acid  plaster,  as  after  L. 
Heitzmann's  formula: 

i?  Acidi  salicylici 3  ij. 

Emplastri  saponis §  ij. 

Emplastri  diachyli |  i. 

M.    S.  Spread  on  cloth. 

Other  remedies  of  this  class  are  iodine,  boric  acid  in 
saturated  solution,  and  ichthyol.  Halle  and  Jamieson 
advise  the  following  application : 

If 

Tincturte  iodi 3  i. 

Acidi  tarmici 3  ss. 

Pulveris  acacise 3  ss. 

A  few  drops  of  carbolic  acid  injected  into  the  apex  of 
a  boil  will  often  cause  it  to  abort.  An  electrolytic  needle 
will  do  the  same  thing.  If  a  hair  occupies  the  centre  of 
a  furuncle  it  is  best  to  extract  it. 

Unna's  mercuric-carbolic  plaster  often  succeeds  in 
aborting  a  boil;  but  if  suppuration  has  already  begun, 
nothing  succeeds  so  well  in  hastening  it.  A  hole  should 
be  cut  in  the  centre  of  the  plaster  corresponding  to  the 
apex  of  the  boil.  When  boils  are  very  painful  the  com- 
mon practice  is  to  apply  a  hot  flaxseed  poultice,  but -un- 
less it  is  rendered  antiseptic  by  the  addition  of  carbolic 
acid  it  is  apt  to  prove  mischievous  by  favoring  reinfec- 
tion in  the  vicinit}'.  The  following  ointment  serves  all 
the  purposes  of  a  poultice,  does  not  encourage  reinfec- 
tion, and  allays  pain  most  decidedly : 

Q  Pulveris  iodoformi 3  •■ 

Unguenti  vaselini  plumbici 1 1. 

M.     S.  Spread  on  patent  lint. 

If  the  patient  exhibits  any  idiosyncrasy  in  regard  to  iodo- 
form, aristol  or  xcroform  may  be  used  in  its  place. 

The  internal  administration  of  appropriate  doses  of 
phenacetine  will  usually  secure  sleep  at  night.  If  in- 
cisions are  imperatively  demanded  the  parts  may  be 
rendered  insensible  bj-  a  spray  of  ethyl  chloride.  It  is 
an  absolute  necessity,  especiallj'  where  boils  are  multiple, 
to  smear  the  intervening  and  surrounding  skin  with  a 
paste  made  of  equal  paries  of  oxide  of  zinc  and  vaseline 
and  four-percent,  boric  acid.  Washing  the  skin  with 
green  soap  and  warm  water  and  mopping  on  a  solution 
of  bichloride  of  mercury  1  to  1,000  often  puts  a  stop  to  re- 
inoculation.  Clean  underclothes  should  be  put  on  fre- 
quently and  the  patient  warned  against  carrying  infec- 
tion to  other  parts  with  his  fingers.  Squeezing  and  other 
manipulation  of  a  boil  shoufd  be  avoided.  After  the 
boil  has  burst  the  resulting  cavit}-  should  be  treated  on 
ordinary  surgical  principles.  IC.  A.  Hardmcay. 

BOLDO. — The  leaves  of  Peumus  Boldus  Molino  (fam. 
Mcniiniafea).  This  is  a  large,  much-branched  shrub  or 
small  tree  of  Chile,  evergreen  and  highly  aromatic,  the 
leaves  opposite,  the  flowers  small,  white,  panicled; 
dioecious.  The  leaves  usvially  dry  of  a  brownish  color. 
They  are  coriaceous  and  very"  thick,  ovate  or  oval-ovate, 
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blunt  or  emarginate.  entire,  rough,  papillose  and  stellate- 
hairy.  They  contain  iniuierous  large  oil  vesicles,  and 
have  a  strong,  somewhat  turpentiue-like  odor  and  an 
aromatic,  luirning  taste. 

BiiUlo  contains  about  two  per  cent,  of  a  powerful  vola- 
tile oil,  with  resin,  a  little  tannin,  three  per  cent,  of  the 
glucosi<le  boldin,  and  one-tenth  per  cent,  of  the  alkaloid 
boldine.  The  statements  concerning  the  properties  of 
the  constituents  are  very  discordant.  According  to 
Merck,  the  hepatic  properties  reside  in  the  glucoside,  the 
dose  of  which  is  0.06.5  to  0.2  gni.  (gr.  i.  to  iij.),  and  the 
hypnotic  properties  in  the  alkaloid,  the  dose  of  which  is 


0.002  to  0.006.5  gm.  (gr. 


to  A)- 


The  properties  of  the  leaves  are  very  marked,  and  it 
seems  strange  that  the  drug  should  not  have  acquired  a 
higher  repute.  Its  original  use  was  that  of  an  alterative, 
with  special  reference  to  the  liver.  Marked  sedative 
properties  were  encountered,  and  it  has  been  considerably 
used  as  a  hypnotic  in  insomnia.  For  the  latter  purpose 
the  dose  shoidd  lie  2  to  4  gin.  {  3  ss.  to  i.),  for  the  former 
a  fourth  as  much.  The  drug  should  be  systematically 
investigated.     It  is  now  veiy  little  used. 

//.  //.  Rusby. 

BONDUC— Bo/irfKC  JVh^;  Sicker  Tree. 

Tlie  srcds  of  Casalpinia  Bonducella  (L.)  Roxb.  and  of 
C.  Biiiidue  Ro.\b.  (fani.  Leginiiiimsfr). 

These  plants  are  not  only  abundant  in  India,  where 
they  are  native,  liut  have  been  very  largely-  introduced 
to  most  tropical  countries.  The  seeds  have  the  shape  of 
a  smooth  pea,  but  are  one-half  or  three-fourths  inch  in 
diameter,  and  smooth  and  shining.  Those  of  the  C 
Bnnih/rcIlK  are  of  a  peculiar  gray  lead  color,  those  of 
C.  Bondiic  yellowish  lirown.  '  The  former  especially  are 
classical  in  the  medical  history  of  India,  the  uses  being 
numerous  and  varied,  and  some  of  them  doubtless  ignor- 
ant. Its  chief  reiiutation  appears  to  have  been  in  the 
treatment  of  malaria,  and  careful  trial  has  shown  it  to 
possess  antipcriiidic  |ii'cii)ertiesof  some  importance.  The 
seeds  contain  twenty-five  per  cent,  of  fi.xed  oil,  which  has 
been  expressed  and  used  like  other  tixed  oils.  They  also 
contain  about  two  per  cent,  of  an  ainaroid,  which  is  a 
white  powder,  and  apparently  the  active  constituent. 
Like  ail  seeds  of  their  class,  they  are  lieh  in  protein. 
The  shell  contains  tannin.  The  antiperiodic  dose  of  the 
bitter  principle  is  0.1  to  0,2  gm.  (gr.  iss.  to  iij.). 

U.  II.  Bushy. 

BONE.  (HISTOLOGY.)— Boue  tissue  is  closely  allied  in 
genesis  and  in  many  of  its  structural  features  to  the  other 
members  of  the  connective-tissue  group,  the  most  evident 
diifereuce  between  it  and  other  tissues  of  the  same  class 
consisting  in  the  solidity  and  tirmness  of  the  basement 
substance.  For  in  this,  as  in  other  connective  tissues, 
we  liave  to  consider  the  cells  and  the  basement  substance 
and  the  way  in  which  they  are  arranged  to  form  the  dif- 
ferent varieties  of  tissue.  "  The  solidity  of  the  basement 
substance  of  hone  depends  largely  upon  the  deposition 
within  it  of  calcium  phosphate  and"  carbonate,  with  small 
amounts  of  calcium  fluoride,  sodium  chloride,  and  salts 
of  magnesium.  These  inorganic  salts,  which  form  alwut 
two-thirds  of  the  weight  of  the  bone,  are  deposited  in  an 
organic  matrix  in  siu'li  a  condition  of  minuteness  that 
they  are  not  recognizable  as  particles  even  with  high 
powers  of  the  microscope.  They  may  be  dissolved  out 
of  the  bone  with  dilute  adds,  leaving'a  translucent  flex- 
ible material  behind,  which  preserves  the  shape  and  gen- 
eral structural  features  of  the  bone. 

The  soft  matrix  which  is  left,  after  the  extraction  of 
its  inorganic  salts,  may  be  converted  into  gelatin  by 
boiling  in  water.  It  is 'sometimes  called  the  cartilage  o'f 
bone,  or  ossein;  hut  there  is  no  sufficient  reason  for  ii.sing 
these  names,  since  tlie  matrix  is  really,  both  in  chemical 
nature  and  in  minute  structure,  closely  allied  to  the  base- 
ment substance  of  fibrillar  connective"  tissue. 

The  varied  gross  appearances  which  different  bones  or 
■  different  ]iarts  of  the  same  bone  present  have  given  rise 
to  the  names  compact  bone  tissue  and  cancellous  bone  tissue 


or  spongy  bone.  But  the  essential-Structure  of  the  tissue 
is  the  same  in  both,  the  difference  consisting  largely  in 
the  arrangement  of  the  bone  tissue  proper,  and  its  abim- 
dance  in  proportion  to  the  marrow  spaces  or  vasoidar 
canals  which  it  encloses.  The  compact  bone  tissue  is  in 
general  found  in  the  outer  portions  of  the  bones,  while 
the  cancellous  tissue  is  situated  internally,  either  entirely 
filling  the  central  portions  or  bordering  the  marrow 
cavities. 

Bones  are  surrounded  by  a  la.yer  of  vascular  connec- 
tive tissue  called  the  periosteuin,  and  contain,  either  in 
large  central  cavities  or  in  the  smaller  spaces  with  which 
they  are  eveiy  where  permeated,  a  delicate  vascular  tissue 
called  iniirroir.  TVe  have,  then,  to  consider:  1.  bone 
tissue  proper;  2.  the  periosteum;  3.  the  marrow. 

1.  Bone  Tissue  Proper. — If  we  remove  the  inorganic 
salts  from  one  of  the  long  bones,  by  soaking  it  in  dilute 
chromic  or  picric  acid  (see  article  on  Histological  Tech- 
nique), and  then  make  a  thin  longitudinal  section,  micro- 
scopical examination  with  a  low  power  of  these  sections, 
stained  with  eosin  and  mounteil  in  glycerin,  reveals 
a  picture  like  that  represented  in  Fig.  638.  The  more 
solid  portions  of  the  bone  show  a  series  of  narrow  ca- 
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638.— Longitudinal  Section   of  Human  Tibia,  DeoaloiUHd   and 
Mounted  in  Glycerin.    (X  about  20  and  reduced.) 


nals,  running  in  a  direction  in  general  parallel  with  the 
long  axis  of  tlie  boue,  and  in  frequent  conunuuication 
with  one  another  by  similar  shoit  transverse  or  oblique 
canals.  These  are  the  so-called  Uacersian  canals,  and 
contain  blood-vessels,  and,  depending  upon  their  size, 
few  or  many  variously  shaped  cells.  Along  these  Haver- 
sian canals  the  basement  substance  will  be  seen  arranged 
in  a  .series  of  lamellie,  while  in  and  betw-een  the.se  lamellae 
lie  small,  elongated  cavities  called  lacuna',  in  which  are 
the  bone  cells.  Transver.se  sections,  however,  through 
the  middle  of  a  long  bone,  reveal  with  more  distinctness 
the  arrangement  of  the  lamelliu  of  the  basement  substance 
(Fig.  639).  The  Haversian  canals,  which  are  cut  trans- 
versely or  obliquely  across,  are  surrounded  by  a  series  of 
concentric  lamellae.  These  Haversian  lamelUe,  with 
their  enclosed  lacunae,  together  with  the  canals  and  their 
contents,  form  the  so-called  Haversian  systems.  Filling 
the  larger  and  smaller  irregular  areas  between  the  Haver- 
sian systems  are  other  parallel  lamella?,  which  run  in 
various  directions,  and  which  are  called  intermediary 
systems.  Beneath  the  periosteuiu,  at  the  external  surface 
of  the  bone,  is  a  thinner  or  thicker  svstem  of  lamellae 
called  circumferential  or  general  lameller.  which  cover 
over  large  numbers  of  the  Haversian  systems  and  sur- 
round the  entire  bone.  Sometimes  similar  but  less  well- 
defined  general  systems  of  lamellfe  border  the  marrow 
cavity,  but  more  often  the  internal  surface  of  the  com- 
pact bone  is  beset  with  a  series  of  projecting  bony 
trabeculae,  consisting  of  lamelhv  similar  to  those  forming 
the  S3'stems  of  the  compact  bone,  and  inclosing  large, 
irregular  spaces.  This  is  the  cancellous  tissue  bordering 
the  marrow  cavity.     In  the  heads  of  long  bones,  and  in 
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most  short  or  irregular-shaped  boues  the  cancellous  tissue 
occupies  the  entire  central  portion. 

If.  now,  we  study  more  closely  the  minute  structural 
features  of  the  bone,  we  find  in  the  first  place  that  the 
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-Transverse  Secticm  of  a  Bone  (the  Ulna)  Deprived  of  Its 
Earth  by  Ackl.  (Sliarpey. )  Magnillecl  20  diameters.  Haversian 
systems  of  canals  and  concentric  lamellae. 


Haversian  canals,  as  seen  in  transverse  sections  of  the 
bone,  vary  considerably  In  size  and  shape.  Some  are 
large,  others  small ;  some  are  round,  others  oval,  others 
irregular  in  shape.  lu  many  cases,  however,  the  oval 
shape  of  the  Haversian  canals  and  of  their  systems  of 


Fig.  ft40.— Transverse  Section  of  Compact  Tissue  of  Humerus.  Mag- 
nified about  150  diameters  and  then  sligrhtly  reduced.  (Sharpey.) 
Three  of  the  Haversian  canals  are  seen,  with  their  concentric  rings; 
al50  the  lacuna^,  with  the  canaliculi  extending  fiYim  them  across 
the  direction  of  the  lamellae.  The  Haversian  apertures  had  become 
filled  with  air  and  debris  (from  the  grinding),  and  therefore  appear 
black  in  the  llgure.  which  represents  the  object  as  viewed  with 
transmitted  light. 


lamellae  appears  to  be  due  to  the  obliquity  of  the  section. 
In  some  cases  the  canals  lie  in  the  centre  of  the  systems, 
in  others  near  the  side.  Sometimes  the  Haversian  systems 
are  complex,  one  set  of  concentric  lamellfe  seeming  to 
have  encroached  upon  the  space  formerly  occupied  by 
another  (Fig.  639).  Furthermore,  the  borders  of  many 
of  the  Haversian  s_ystems,  where  these  abut  on  one  an- 
other or  upon  the  intermediary  s.vstems,  appear  scolloped 
or  jagged.  This  appearance  will  be  explained  below, 
when  we  consider  the  growth  of  the  bone. 

Turning  now  to  the  bone  cells  and  the  spaces  in  which 
they  lie — the  lacuna- — we  lind  that  some  other  mode  of 
preparation  is  necessaiy  than  that  of  mounting  sections 
of  decalcified  bone  in  glycerin,  because  the  whole  ex- 
tent of  the  cell  spaces  is  not  revealed,  on  account  of  their 
partial  tilling  by  the  mounting  medium. 

If,  however,  we  take  a  bone  which  has  been  macerated 
and  dried,  to  remove  the  fat  and  other  soft  tissues,  and 
prepare  thin  sections  b.y  grinding  and  polishing  them, 
antl  then  mount  them  in  hard  balsam,  which  is  melted, 
and,  after  the  section  is  enclosed,  cooled  so  quickly  that 
it  does  not  have  time  to  penetrate  far  into  the  tissue,  the 
full  extent  of  the  cell  cavities  is  revealed.  For  all  the 
spaces  are  now  tilled  with  air.  which  gives  them  a  dark 
appearance  by  transmitted  light.     In  a  section  thus  pre- 


FiG.  (Ul.— Section  through  the  External  Table  of  a  Pecalcifled  Human 
Parietal  Bone,  o,  Sharpey's  fibres  in  their  natural  position ;  b, 
fibres  which  have  been  pulled  out  of  the  underlying  basement  sub- 
stance, 0.    (After  H.  Mi'iller.) 

pared  (Fig.  640).  it  will  be  seen  that  the  lacunae  are 
elongated,  mostly  fusiform,  irregular  cavities,  l.yiug  be- 
tween and  in  the  lamelUe,  and  that  from  these  minute 
Ijranching  canals,  called  canaliculi,  pass  oif,  piercing  the 
lamella"  and  forming  frequent  communications  with  the 
canaUculi  of  neighboring  lacuna-.  The  canaliculi  which 
pass  out  from  the  lacuna-  lying  near  the  Haversian  canals 
piciie  the  walls  of  the  latter  and  open  into  them.  The 
canaliculi  of  neighboring  Haversian  systems,  however, 
ilo  not,  as  a  rule,  communicate  with  one  another. 

In  the  lacunae,  as  may  be  seen  in  carefully  prepared 
thin  sections  of  decalcified  bone,  lie  the  flattened  and,  in 
some  cases,  branching  bone  cells.  To  what  extent  the 
branches  of  the  cells  pass  into  the  canaliculi  is  not  yet 
fully  established.  The  bone  cells  have  large  nuclei  and 
finely  granular  bodies. 

According  to  von  Ebener,  Sharpey,  and  others,  the  base- 
ment substance  of  bone  is  not  homogeneous,  but  is  per- 
meated by  exceedingly  minute  decussating  fibrils,  similar 
to  those  of  the  basement  substance  of  ordinary  fibrillar 
connective  tissue.  Certain  of  the  lamellff.  particularly 
those  of  the  circumferential  and  intermediarv  systems, 
are  jiierced  by  bundles  of  delicate  fibrils,  which  pass 
perpendicularly  or  obliquely  through  them.  These  fibre 
bundles,  called  Shar-pey's  fbres.  may  be  seen  projecting 
from  the  inner  side  of  small  bits  of  bone  torn  forcibly 
away  from  one  another,  near  the  surfaces  of  decalcified 
bones  (Fig.  641)  as  well  as  in  very  thin  sections.     These 
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Sharpey's  fibres,  as  will  be  seen  when  we  come  to  the 
development  of  bone,  are  the  remains  of  the  old  fibrillar 
connective-tissue  matrix  in  which  the  bone  is  formed. 


Fig.  642.— Cells  of  the  Red  Marrow  of  the  Guinea-Plg.  Highly  magnifled.  (Schafer.) 
a,  A  large  cell  the  nucleus  of  which  appears  to  be  partly  rtividcd  into  three  by  constric- 
tions: by  a  cell  the  enlarged  nucleus  of  which  show^  an  apprar.imt'  of  budding  into  a 
number  of  smaller  nuclei:  c.  a  so-called  giant  cell  or  myelopiaxc  with  many  nuclei;  (7, 
a  smaller  myeloplaxe  with  three  uuclei ;  c-(,  proper  cells  of  the  marrow. 


2.  The  Periosteum  is  a  fibrous  sheath  surrounding  the 
bones,  e.xcept  over  their  articular  surfaces.  It  consists 
of  moderately  dense  layers  of  fibrillar  connective  tissue 
containing  numerous  blood-vessels,  which  ramify  in  the 
outer  portions  and  finally  enter  the  bone  through  the 
Haversian  canals.  There  is  a  considerable  number  of 
elastic  fibres  in  the  inner  portions  of  the  periosteum,  and 
it  contains  an  abundant  system  of  lymphatic  vessels.  In 
;.he  growing  bone  irregular  layers  of  large  granidar  cells, 
called  osteoblasts,  lie  in  the  inner  layers  of  the  periosteum, 
and  between  it  and  the  bone.  The  periosteum  contains 
a  few  nerves,  which  chiefly  pass  from  it  into  the  bone 
tissue. 

3.  The  Marrow  is  a  complex  tissue  which  fills  the  large 
central  cavities  in  the  shaftsof  the  long  bones,  the  spaces 
in  the  cancellous  tissue,  and  the  larger  Haversian  canals. 
Marrow  tissue  varies  considerably  in  its  appearance  and 
structure  in  adults  and  in  the  young,  as  well  as  in  differ- 
ent bones  in  the  adult.  In  the  atlult  the  marrow  in  the 
shafts  of  long  bones  consists  of  blood-vessels  and  a  deli- 
cate connective-tissue  reticulum  which  supports  a  great 
abundance  of  fat  cells  and  a  varying  number  of  small 
spheroidal  cells  scattered  between  the  fat  cells.  Sucli 
marrow  has  a  yellow  appearance  from  the  fat  which  it 
contains.  In  the  cancellous  tissue  of  both  long,  irregular- 
shaped,  and  short  bones  in  the  adult,  and  in  all  of  the 
bones  in  young  animals,  the  marrow  is  red  in  color,  and 
contains  comparatively  few  fat-cells.  Red  marrow  con- 
sists, like  the  yellow  marrow,  of  blood-vessels,  lymph 
vessels,  and  a  delicate  reticular  framework  whose  meshes 
are  more  or  less  filled  with  cells.  These  cells  arc  of 
several  kinds  (see  Fig.  642).  There  are  abundant  small 
spheroidal  cells  with  nuclei,  which  are  very  large  iu  pro- 
portion to  the  size  of  the  cell  body ;  and  between  these 
and  considerably  larger  cells,  also  with  large  and  often 
irregularly  shaped  and  sometimes  double  nuclei,  there 
are  numerous  intermediate  forms.  All  of  the  aljove 
forms  are  very  abundant  iu  red  marrow,  and  constitute 
the  marrow  cells  proper  (Fig.  643).  Then  we  find,  much 
less  frequently,  and  iu  varying  numbers  in  different  bones 
of  the  same  animal,  and  in  the  bones  of  different  animals, 
much  larger,  usually  multinucleated  cells,  the  so  called 
myeloplaxes  or  giant  cells  (Fig.  642).  These  myelopla.xes, 
although  always  large,  vary  considerably  in  size  and 
shape,  and  in  the  number  of  their  nuceli.  The  nuclei 
are  apt  to  be  collected  in  a  compact  mass  near  the  centre 
of  the  cell,  and  often  present  quite  bizarre  and  indescrib- 
able shapes.  Finally,  red  marrow  contains,  in  varying 
number,  small  nucleated  cells,  which  bodies  have  the 
color  and  general  appearance  of  red  blood  cells,  the  so- 
. called  nucleated  red  blood  cells,  and  small  spheroidal  cells 
whose  bodies  contain  larger  and  smaller  particles  of  pig- 
nient,  and  a  moderate  number  of  fat  cells. 


The  Development  of  Bone. — It  will  be  possible 
within  the  limits  of  this  article  to  give  only  a  very  brief 
general  description  of  the  somewhat  complex  way  in 
which  bone  is  formed.  It  is  custom- 
ar}-  to  describe  the  development  of 
bone  as  occurring  in  three  ways,  or, 
speaking  more  correctly,  to  describe 
three  phases  of  bone  development. 
These  are  intmcartilaginoiis,  intramem- 
braiiotis,  and  snhperiosteal.  It  should 
be  borne  iu  mind,  however,  that  the 
essential  nature  of  the  process  is  the 
same  in  all. 

Intritcartilaginons  Ossification. — 
Most  of  the  long  and  irregular-shaped 
bones  in  the  body  consist,  at  an  early 
period  of  life,  of  masses  of  hyaline  car- 
tilage, which  present,  in  a  general  way, 
the  shape  of  the  future  bone.  The 
transformation  of  these  cartilage  mass- 
es into  bones  is  intracartilaginous  ossi- 
fication. This  is  ahva3-s  associated 
with  a  certain  amount  of  subperiosteal 
ossification  in  the  manner  to  be  de- 
scribed below. 
If  we  look  at  one  of  the  cartilage  masses  which  is  to  be 
converted  into  a  long  bone — at  one  of  the  bones  of  the 
finger  or  toe.  for  example  (Fig.  643) — at  a  period  when 
the  process  of  ossification  is  about  to  commence,  we  notice 
that  at  the  central  portion  of  the  mass  the  cartilage  cells 


FIG.  643.— Section  of  Phalangeal  Bone  of  Human  Fa?tus.  at  the  Time 
of  Commencing  Ossitlcation.  (Schafer.)  The  cartilage  cells  in  the 
centre  are  enlarged  and  separated  from  one  another  by  dark-looking 
calcified  matri.x ;  (m,  layer  of  bone  deposited  underneath  the  peri- 
osteum ;  o,  layer  of  osteoblasts  by  which  this  layer  has  been  formed. 
Some  of  the  osteoblasts  are  already  embedded  in  the  new  bone  as 
lacunie.  The  cartilage  cells  are  becoming  enlarged  and  flattened 
and  arrayed  in  rows  above  and  below  the  calcified  centre.  At  the 
ends  of  the  cartilage  the  cells  are  small  and  the  groups  are  irregu- 
larly arranged :  the  tlbrous  periosteum  is  not  sharply  marked  off 
from  the  cartilage. 
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are  larger  (Fig.  643)  than  in  other  parts,  and  closer  to- 
gether, and  that  the  basement  substance  between  them  is 
finely  granular  from  the  deposition  in  it  of  salts  of  lime. 


FlO.  644.— Lonffltudinal  Section  through  the  Upper  Half  of  the  Decal- 
cllled  Humerus  of  a  Fetal  Sheep.  Ma^ifled  about  30  diameters. 
(Schafer.)  (O,  The  part  of  the  shaft  wtiirh  was  primarily  osslQed  in 
cartilage.  One  long,  straight  vessel  i/t  passes  in  advance  of  the 
line  of  ossification  far  into  the  cartilai.^iui'us  head:  most  of  the 
others  loop  round  close  to  the  cartilage.  At  one  or  two  places  in 
the  older  parts  of  the  bone,  elongated  groups  of  cartilage  cells  (c ) 
may  still  be  seen  which  have  as  yet  escaped  absorption ;  im,  the 
part  of  the  honi*  ttiat  has  been  ossified  in  membrane,  that  is  to  say, 
in  the  oste'iiilasti-- tis.siif  under  tlie  periosteum.  The  subperiosteal 
layer  is  pniluuLn-d  altove  into  Hit*  thickening  (p),  which  encroaches 
upon  till'  cartilaL^i*  nf  the  head  of  the  bone,  and  in  which  are  seen, 
amoiiL^  uunttT'ius  nsteoblasts  and  a  few  blood-vessels,  the  straight, 
longitiuliiial  nsteoi:euic  fibres  (o/),  and  some  other  fibres  tpf) 
crossing  them,  and  perhaps  representing  fibres  of  Sharpey. 

While  this  preliminary  calcification  of  the  cartilage  and 
the  enlargement  of  its  cells  is  going  on,  a  shell  of  bone 
is  forming  around  the  middle  of  tlie  shaft  beneath  the 
periosteum,  and  as  the  cartilage  near  the  ends  continues 
to  grow  and  expand  at  the  sides,  the  entire  mass  assumes 
somewhat  of  an  hour-glass  shape.     Now  the  blood-ves- 


sels from  the  ]jerichondriuin — which  has  become  a  perios- 
teum on  account  of  the  above-mentioned  shell  of  bone 
which  has  been  formed  around  the  shaft — begin  to  ad- 
vance in  the  central  portion  of  the  cartilage,  and  this  be- 
comes channelled  out  in  irregular  branching  canals  in  the 
region  of  the  enlarged  cartilage  cells,  so  that  after  a  time 
a  considerable  portion  of  the  central  part  of  the  shaft  of 
the  bone  is  permeated  by  a  series  of  vascular  canals.  The 
general  appearance  of  the  bone  at  this  time  is  seen  in 
Fig.  644. 

A  closer  examination  at  this  period  will  show:  (1)  that 
the  cartilage  cells  which  lie  in  the  region  just  beyond  the 
advancing  vascular  canals  have  assumed  a  peculiar 
arrangement  and  are  large:  (3)  that  the  basement  sub- 
stance of  the  cartilage  in  the  same  region  is  calcified ;  and 
(3)  that  thin  la^'ers  of  new  bone  are  beginning  to  form 
along  the  edges  of  the  vascular  canals  in  the  central  por- 
tion of  the  shaft. 

If  we  look  at  a  simiiar  bone  at  a  somewhat  later  period, 
we  find  that  while  a  layer  of  subperiosteal  bone  tissue  of 
considerable  thickness  has  been  formed  roimd  the  shaft, 
the  central  *i)ortions  of  the  structure  are  also  filled  with 
irregular  bony  trabecula>,  between  which  lie  the  vascular 
canals  or  marrow  cavities  (Fig.  644);  and.  furthermore, 
that  the  cartilage  cells  toward  the  ends  of  the  bone,  in 
the  region  just  in  front  of  the  advancing  man'ow  cavities, 
are,  as  before,  large  and  arranged  in  rows  and  lie  in  a 
calcified  basement  substance. 

It  is  now  necessary  to  look  more  closely  at  the  changes 
in  the  cartilage  which  precede  the  ossification,  and  to 
study  the  exact  way  in  which  bone  tissue  is  formed  along 
the  walls  of  the  advancing  marrow  cavities. 

If  we  look  with  a  high  pi>wer  at  a  thin  section  of  a 
carefulh'  preserved  and  decalcified  bone  in  the  process 
of  development,  confining  our  attention  for  a  moment 
chieflj'  to  that  region  which  lies  along  the  ends  of  the 
above-described  advancing  marrow  cavities,  and  for  a 
short  distance  on  either  side,  we  find  a  condition  similar 
to  that  represented  in  Fig.  646.  At  some  distance  toward 
the  end  of  the  bone  from  the  medullary  cavities  the 
cartilage  cells  become  flattened  and  are  arranged  in 
irregular  rows,  b ;  nearer  tlie  ossifying  portions  of  tlie 
bone  the  cartilage  cells  are  larger  and  more  closely  packed 
together;  and  finally,  just  beyond  the  ends  of  the  ad 
vancing  marrow  canals,  lai'ge  cartilage  cells  are  seen 
lying  in  elongated  cavities  in  the  basement  substance,  c. 
Each  cavity  contains  several  cells,  which,  in  many  cases, 
are  separated  from  one  another  by  narrow  partitions  of 
cartilage  basement  substance.  Here  and  ihere  along 
this  region  it  will  be  seen  that  the  marrow  canals  with 
their  contained  blood-vessels  have  opened  into  and  become 
continuous  with  the  spaces  containing  the  large  cai'tilage 
cells,  and  the  latter  have  either  disappeared  or  have  as- 
sumed some  different  form.  This  occurs  sooner  or  later, 
and  usually  at  about  the  same  time,  all  along  this  region, 
so  that  the  advancing  blood-vessels  convert  the  spaces 
originall}'  containing  cartilage  cells  into  vascular  canals 
or  marrow  cavities. 

If  we  look  now  at  the  region  near  the  ends  of  the  mar- 
row canals,  we  find  that  these  canals  contain  thiu-walled 
blood-vessels,  numerous  small  spheroidal  cells,  and  larger 
cuboidal,  ovoidal,  or  fusiform  granular  cells,  whicli  are 
apt  to  be  arranged  along  the  sides  of  the  canals.  Tiiese 
latter  cells  are  the  so-called  osteoblMU,  under  whose  in- 
fluence the  bone  tissue  is  formed. 

The  exact  way  iti  which  the  bone  tissue  is  deposited 
under  the  influence  of  the  osteoblasts  may  be  readily  seen 
in  veiy  thin  sections  thiough  the  zone  of  ossification, 
which  have  been  stained  double  with  hpematoxyhn 
and  eosin  (see  article  on  Histuldigical  Technique)  and 
mounted  in  balsam.  A  small  portion  of  such  a  section 
made  transversely  across  the  lione  is  represented  in  Fig. 
64.5.  Just  beneath  the  osteoblasts  which  lie  along  the 
edges  of  the  marrow  canals  thin  cresccntic  shells  of 
strongly  refractile  calcareous  material — the  basement 
substance  of  bone  —  are  formed.  These  shells  grow 
thicker  and  thicker,  and  rise  up  around  the  sides  of  the 
osteoblasts.     They  are  pierced  by  delicate  canals,  which 
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are  to  form  the  caualiculi.  Gradually  the  entire  osteo- 
blast, whieli  has  become  somewhat  flattened  and  jagged 
in  outline,  is  enclosed  by  the  bony  basement  substance 
and  becomes  a  bone  cell.  This  jjrocess  goes  on  around 
the  osteoblasts,  which  lie  side  by  side  all  along  the  walls 
of  the  marrow  spaces,  so  that  "the  latter  are  presently 
enclosed  by  an  irregular  wall  or  encasement  of  new  boue. 
Upon  this,"  new  layers  are  deposited,  so  that  gradually 
the  marrow  spaces  grow  narrower  and  narrower,  and 
finally  contain  only  blood-vessels  and  a  few  marrow  cells. 
This  gradual  bony  thickening  of  the  walls  and  narrow- 
ing of  the  marrow  sjiaces 
ma\  b(  s(  LU  by  following  tlie 
tissui  HI  1  longitudinal  sec- 
tion fiom  the  line  where  ossi- 
titition  commences,  near  the 
'  distrl  ends  of  the  marrow 
spates  tow  aid  the  centre  of 
till  b(im_  where  the  process  is 
oldi-t 

The    frrgmentary   remains 
-^  jju  of  the  old  base- 

id  -  -^    ^3 


Fig.  6t.5,— Bony  Trahecnilii  from  the  Ix>wer  Jaw 
of  a  Calf  Enitiryci,  witli  Howsliip's  foveola>  and 
giant  cells  at  the  ends  where  absorption  is  pro- 
ceeding and  osteoblasts  (-(tvering  the  sides 
where  bone  is  being  deposited.    (KulUker.) 


m  e  11  t  s  u  b- 
stance  of  the 
h}aline  carti- 
lage persist  for 
some  time,  sur- 
rounded by  the 
new-  formed 
bone;  but 
they  grow 
smaller  and 
smaller  as  more  bone  is  formed,  and  are  finally  absorbed 
and  altogether  disappear. 

Thus  the  ossilication  of  the  cartilages  advances  toward 
their  ends,  preceded  always  by  a  rearrangement  and  pro- 
liferation of  the  cartilage  cells,  and  by  calcification  of  its 
basement  substance.  "What  the  exact  purpose  is  of  the 
temporary  calcification  of  the  cartilage  basement  sub- 
stance just  in  advance  of  the  ossification  line  we  do  not 
know,  nor  is  it  certain  what  becomes  of  the  cartilage 
cells  when  the  vascular  canals  finally  ojien  into  the  spaces 
in  which  they  lie.  Some  observers  believe  that  they  dis- 
integrate and  are  absorbed:  others,  that  thev  become 
osteoblasts,  or  other  marrow  cells.  Equally  uncertain  is 
the  origin  of  the  osteoblasts,  and  the  consideratit)n  of  the 
more  or  less  well-founded  conjectures  as  to  their  genesis 
would  lead  us  beyond  the  scope  of  this  article. 

After  a  time  new  centres  of  ossification  are  formed  near 
the  ends  of  the  long  bones,  in  the  epiphyses,  from  which 
bone  formation  proceeds  in  the  manner  above  tlescribed. 
At  length  the  zones  of  ossification  in  the  epiphyses  and 
diaphyses  approach  one  another,  and  are  separated  only 
by  a  narrow  band  of  cartilage,  which  finally  itself  be- 
comes ossified,  and  the  epiphysis  and  diaphj'sis  are  joined 
to  form  a  single  bone. 

Intramembraiioiis  and  Sulrperifateal  Omfication  vary 
only  in  details  from  the  intracartilaginous.  In  the  former 
case,  the  tissue  in  which  bime  is  to  form  is  fibrous  and 
vascular;  osteoblasts  appear  along  the  bundles  of  fibres 
which  become  calcified,  and  bone  is  formed  around  them 
in  the  above-described  manner.  Some  of  the  fibrous 
bundles  persist  within  the  new-lormed  bone,  as  Sharpey's 
fibres.  The  bone  tissue  which  is  at  first  formed  is  ar- 
ranged in  irregular  trabeculse,  which  cross  and  inter- 
lace as  did  the  connective-tissue  fibres  which  it  replaces, 
and  encloses  irregular  vascular  spaces  or  marrow  cavities, 
which  become  smaller  and  smaller  as  successive  layers 
of  bone  are  formed  around  their  sides.  After  a  time  the 
irregular  trabecuhe  and  their  enclosed  marrow  spaces  be- 
come covered  in  by  more  uniform  layers  of  bone.  These, 
in  the  long  bones,  are  the  circumferential  lamella',  and  in 
the  flat  bones,  such  as  those  of  the  skull,  are  the  compact 
external  and  internal  tables  which  enclose  the  diploic 

A  pure  intramembranousos.sification  is  seen  in  the  early 
stages  of  the  formation  of  the  flat  bones  of  the  skull. 
The  subperiosteal  ossification,  on  the  other  hand,  occurs 
xis  above  indicated,  simultaneously  with  the  intracartilag- 


inous bone  formation  in  the  long  bones,  as  well  as  at  a 
later  stage  in  the  formation  of  bones  which  are  originally 
laid  down  as  membranes. 

Growth  of  Boxe. — The  growth  of  bones  when  they 
are  once  formed,  either  in  membranes  or  cartilages  or  be- 
neath the  periosteum,  is  a  somewhat  complex  process. 
They  increase  in  thickness  by  a  continued  subperiosteal 
ossification.  The  increase  in  length  of  long  bones  goes 
on  by  the  ossification  in  cartilage  until,  as  above  stated, 
the  epiphysis  is  finally  joined  to  the  diaphysis. 

The  large  central  marrow  cavity  of  long  bones,  which 
in  the  adult  bone  is  itself  much  larger  than  the  entire 
bone  at  an  early  stage  of  development,  is  formed  b_v  the 
absorption  of  the  earlier  developed  intracartilaginous  and 
subperiosteal  boue.  This  absorption  occurs  under  the 
influence  of  large,  irregular-shaped,  frequently  multi- 
nuclear  granular  cells,  called  osteoclasts.  Around  these 
cells,  as  they  lie  against  the  bone  tissue,  the  latter  be- 
comes absorbed  in  some  way,  so  that  little  pits  are  formed 
in  which  they  lie.  These  pits  or  depressions,  which 
are  of  various  sizes 
and  shaiK's.  are  call- 
ed Huics/iip's  la- 
cuna. On  the  side 
of  the  osteoclasts 
which  lie  against 
the  bone  there  is, 
according  to  Kol- 
liker,  a  shining 
striated  border. 
The  exact  nature 
of  the  influence  by 
which  the  osteo- 
clasts induce  the 
absorption  of  the 
bone  is  not  well 
understood. 

Not  only  are  the 
central  marrow  cav- 
ities formed   under 
the  influence  of  the 
osteoclasts,  but  by 
an  absorption  of  the 
bone   in   various 
places,  and  a  subse- 
quent  new   forma- 
tion of  it  over  the 
absorbed    surfaces, 
a  remodellin  g  of  the 
bone  may  occur, 
inducing  the  vari- 
ous   changes     in 
shape     w  h  i  c  h 
growing  bones  jire- 
sent.    This  process 
of  absorption  and 
redeposi  tion  of 
bone  goes  on,  not 
only   on    the    sur- 
faces,  but   in    the 
substance,  even  of 
compact  bone,  dur- 
ing early  and  adult 
life,    inducing   the 
minor     changes 
which      occur     at 
this    period.     The 
intermediary     sys- 
tems   of    lamellae, 
above  described,  as 
seen   in  transverse 
sections     of     long 

bones  (Fig.  646).  are,  in  many  cases  at  least,  the  re- 
mains of  older  lamellfe  which  have  been  partially  ab- 
sorbed; the  absorption  spaces  having  been  afterward 
filled  in  by  new  Haversian  systems.  What  the  conditions 
are  whose  fulfilment  determines  now  an  absorption  and 
again  a  new  formation  of  bone,  or  exactly  what  the  origin 


Fig.  646.— Part  of  a  Longitudinal  Section  of 
the  Developing  Femur  of  the  Rabbit. 
Magnified  almiit  :3.5u  diameters.  (Klein 
and  Noble  smith.)  a.  Rows  of  Battened 
cartilage  ceils  ;  h.  greatly  enlarged  carti- 
lage cells  close  to  the  advancing  bone,  the 
matri-x  between  l}eing  partly  calcUled ;  c, 
(f,  ahvatly  fnrmed  bt-ne;  the  osst-otis  tra- 
becuUe  being  covered  with  osteoblasts  <f), 
except  here  and  there,  where  a  giant  cell 
or  osteoclast  tf)is  seen,  eroding  parts  of 
the  trabecula; ;  g.  h.  cartilage  cells  which 
have  become  sunken  and  irregular  in 
shape. 
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of  the  osteoclasts  is,  and  what  their  relation  to  the  osteo- 
blasts, we  can,  in  the  present  state  of  exact  knowledge, 
do  little  more  than  conjecture. 

Consult,  for  the  bibliography  of  the  histology,  develop- 
ment, and  growth  of  bone,  Quain's  "Anatomy,"  vol.  i. 
part  ii.,  tenth  edition,  and  the  "Index  Catalogue  of  the 
Library  of  the  Surgeon-General's  Office,  V.  S.  A.,"  vol.  ii. 

T.  Mitchell  Pi'udden. 

BONE.  iPATHOLOGICAL.)— Bone,  liice  all  tissues,  is 
subject  to  a  continuous  waste  and  repair.  New  bone  is 
constantly  formed  and  the  old  absorbed ;  and  while  in  tlie 
adult  these  processes  may  be  very  slight,  under  the  in- 
fluence of  pathological  conditions  they  become  very 
marked:  hence  the  conditions  known  as  pathological  ap- 
position, absorption,  and  transformation  of  bone.  Ap- 
position occurs  by  the  formation  of  bone  from  the  perios- 
teum. The  deeper  layers  of  periosteal  cells  become  con- 
verted into  large  epithelioid  cells,  the  so-called  osteoblasts, 
which  later  become  irregular  in  shape;  the  intercellular 
substance  becomes  calcified  and  thus  new  bone  is  formed. 
The  new  bone  may  be  spread  out  over  the  surface  of  the 
old,  and  become  firmly  attached  to  it,  or  it  may  be  limited 
to  a  small  portion  of  the  surface  of  the  bone.  In  the  first 
case  the  process  is  called  hyperostosis  and  exostosis;  in 
the  latter,  the  processes  of  new  bone  are  called  osteo- 
phytes. 

Absorption  or  resorption  of  bone  occurs  at  the  medul- 
lary surface  and  is  due  to  the  activity  of  the  large  multi- 
nucleated cells  known  as  osteoclasts.  Occasionally  this 
may  occur  at  the  periosteal  surface,  and  we  have  the 
surface  of  the  bone  becoming  irregular  and  porous — osteo- 
porosis. Tliis  occurs  occasionally  in  the  very  aged,  in 
the  bonesof  the  calvarium.  asthe  resuU  of  senile  atrophy, 
or  it  may  be  secondary  to  inflammatory  exudates,  tumors, 
aneurisms,  etc.,  which  exert  pressure  upon  the  bone. 

Transformation  of  bone  is  brought  about  by  a  com- 
bination of  apposition  and  resorption.  By  means  of 
these  processes  the  form  of  bones  is  changed  to  meet 
pathological  conditions  and  changes  in  function.  This 
is  more  particularly  true  of  the  size  and  direction  of  the 
columns  of  bone  in  cancellous  structures.  If  the  amount 
and  direction  of  the  load  to  be  borne  liy  the  lione  Vieconie 
changed,  then  will  the  thickness  and  direction  of  tlie 
columns  of  bone  become  changed  in  tlie  direction  of  the 
static  demand.  By  reason  of  this  characteristic  of  bone, 
such  great  artificial  deformities  are  produced  as  are  seen, 
for  instance,  in  the  Chinese  foot. 

Regeneration  of  bone  is  seen  following  every  fracture. 
Every  solution  of  continuity  in  bone  is  followed  by  the 
formation  of  new  bone,  not  only  sutflcient  to  replace  the 
defect,  but  also  enough  to  form  a  large  mass  surrounding 
the  fracture  (callus). 

In  fractures  of  long  bones,  one  differentiates  an  internal 
callus  formed  by  the  medullary  structures,  and  an  ex- 
ternal callus  formed  by  the  periosteum.  This  new  bone 
or  callus  remains  intact  until  the  function  of  the  bone  is 
resumed.  Later  on.  tliat  portion  of  the  callus  which  is 
not  situated  in  the  direction  of  the  load-bearing  lines 
becomes  absorbed,  and  the  form  of  the  new  bone,  just  as 
that  of  the  old.  becomes  changed  to  meet  the  static  de- 
mands made  upon  it  by  the  function  of  the  bone — i.e.,  that 
of  bearing  a  load. 

Osteamaleicia  is  a  chronic  disease  of  bone,  occun-ing  in 
adults  and  most  frequently  in  puerperal  women;  it  is 
attended  by  a  progressive  softening  and  absorption  of 
bone  beginning  in  the  centre  and  extending  outward. 
The  process  is  followed  either  by  fracture  or  by  deform- 
ity of  the  bones  affected.  It  difl'ers  from  rachitis  in  this. 
tliat  while  in  the  latter  we  have  a  deficient  deposition  of 
lime  salts  in  newly  formed  bone,  in  osteomalacia  bone 
which  is  already  formed  is  deprived  of  its  earthy  mate- 
rial and  absorbed.  The  changes  that  occur  in  the  bone 
are  not  due  to  any  active  process  on  the  part  of  the  bone 
tissue  itself.  There  are  no  active  changes  to  be  discov- 
ered in  the  bone  cells.  The  only  thing  to  be  found  in  the 
lacuna'  is  the  occasional  presence  of  drojilets  of  fat.  which 
is  evidence  of  a  passive  destruction  of  the  bone  cells. 


In  the  medullary  tissue,  however,  there  are  to  be  seen 
evidences  of  very  marked,  active  proliferative  processes. 
This  is  to  be  observed  in  the  marrow  of  the  long  bones, 
in  the  medullary  tissue  of  spongy  bone,  and  also  in  the 
Haversian  canals,  which  latter  normally  contain  very  lit- 
tle medullary  tissue.  This  tissue  is  the  seat  of  a  marked 
hyperoemia  which  has  converted  it  into  a  bright  red, 
suctulent  tissue,  free  from  fat  and  extremely  rich  in  pro- 
liferating cells.  All  the  medullary  tissue  seems  to  have 
the  appearance  of  the  red  marrow  of  infantile  bone. 
This  tissue  pushes  its  way  outward  at  the  expense  of  the 
adjacent  bone,  first  depriving  it  of  its  lime  salts  and  later 
causing  its  complete  absorption. 

Thus  the  compact  bone  of  the  diaphysis  is  converted 
into  spongy  bone  by  the  enlargement  "of  its  Haversian 
canals ;  the  trabecuhe  of  spongy  bone  are  absorbed.  If 
the  process  continue  long  enough  there  remains  little  of 
the  bone  except  marrow  and  periosteum ;  so  that  it  has 
been  converted  into  a  soft,  decalcified,  sausage-hke  mass 
of  marrow,  that  is  held  together  by  the  periosteum  with 
perhaps  a  thin,  paper-like  layer  of  bone  beneath. 

The  process  may  be  distributed  over  a  period  of  several 
years  with  occasional  cessation.  In  such  an  event  the 
medullary  tissue  loses  its  signs  of  active  proliferation, 
the  hyperamiia  diminishes,  and  the  tissue  ajipears  as  a 
yellowish,  fattv  mass,  or  as  a  pale,  gelatinous,  mucoid, 
semi-fluid  material.  In  the  latter  event  manj-  of  the  cells 
have  undergone  mucoid  degeneration,  and  if  this  has 
been  extensive  it  may  have  led  to  the  formation  of  mu- 
coid cysts.  This  period  of  quiescence  may  again  give 
place  to  a  renewed  activity  as  before  and  to  a  further 
destruction  of  the  bone. 

This  process  has  a  certain  resemblance,  in  activity,  to 
that  of  inflammation,  but  the  phenomena  that  attend 
either  acute  or  chronic  inflammation  of  bone  are  never 
present.  We  never  find  either  suppuration  or  the  for- 
mation of  new  bone. 

The  cause  of  decalcification  of  bone  in  this  disease  has 
been  sought  for  chemically.  Some  investigators  have 
found  an  excess  of  lactic  acid  in  affected  bones,  and  also 
in  the  urine,  and  the  solvent  action  of  this  acid  has  been 
brought  forward  as  the  chemical  agent  which  brings  on 
decalcification.  Other  oliservers  have  failed  to  find  this 
excess.  The  amount  of  gluten  is  diminished  in  the  bones 
affected.  There  has  been  found  in  the  urine  a  peculiar 
albuminous  suljstance  supposed  to  be  derived  from  the 
organic  substance  of  bone. 

The  bones  of  the  pelvis  and  of  the  spinal  column  are 
most  frequently  affected,  then  come  those  of  the  thorax, 
and  of  the  lower  and  upper  extremities.  The  bones  of 
the  head  are  very  rarely  the  seat  of  the  disease ;  the  teeth 
are  never  involved. 

In  the  non-puerperal  cases,  the  predisposing  causes 
are  malnutrition  and  living  in  dark,  damp  houses. 

Osteomalacia  has  been  observed  in  animals  who  are 
badly  fed  and  stabled  in  dark,  damp  places. 

Osteomalacia  is  a  comparatively  rare  disease.  It  is 
rarely  seen  in  England  and  America ;  it  is  more  frequent 
in  Germany  than  in  France.  In  some  parts  of  Germany 
the  disease  is  more  frequent  than  in  others;  thus  in  the 
Rhine  valley  and  in  Southern  Germany  the  disease  is 
more  common  than  in  other  districts. 

The  preponderance  of  puerperal  females  affected  is 
very  striking.  Thus  of  one  hundred  and  thirty -one  cases 
gathered  together  in  the  report  of  Letzniann,  in  1861, 
eighty-five  were  in  women  who  became  ill  either  during 
pregnancy  or  during  the  puerperal  period.  Repeated 
pregnancy  and  prolonged  nursing  in  poorly  nourished 
women  predispose  to  the  disease. 

In  all  of  these  puerperal  cases  the  disease  began  in  the 
bones  of  the  pelvis,  and  in  many  it  was  limited  to  that 
region.  It  is  therefore  highly  probable  that  the  great 
circulatory  changes  in  the  pelvis  attending  pregnancy 
have  a  decided  influence  on  the  causation  of  the  disease. 
Fehleisen  regards  the  disease  as  a  reflex  trophoneurosis 
of  the  blood-vessels  of  bone,  causing  a  dilatation  and 
proliferation  of  the  marrow  at  the  expense  of  the  bone, 
and  having  its  origin  in  the  ovaries.     The  removal  of  the 
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above,  below,  and  at  the  circumference,  is  enlarged  and 
irregular.  It  is  this  which  forms  the  irregular  enlarged 
ends  so  characteristic  of  the  disease.  The  zone  of  hyper- 
trophied  cartilage  cells  as  well  as  the  columnar  zone  is 
enormousl}'  enlarged.  There  is  also  a  more  or  less  com- 
plete absence  of  the  zone  of  calcilication  of  the  cartilag- 
inous groundwork,  and  in  addition  there  is  a  great  ir- 
regularity in  the  formation  of  the  vascular,  medullary 


Fig.  649.— Necrosis  and  liillaiiimatiiry  Hyperplasia  ot  Bone.  (After 
Boyce.)  1,  Sponjry  new  bone  :  2,  remains  of  shaft ;  3,  sequestrum. 
(Slight  enlarRement.) 

canals.  These  have  pushed  their  way  into  the  cartilage 
in  an  irregular  manner  as  though  unrestrained  by  the 
presence  of  a  lirmly  calcified  groundwork. 

The  persisting  columns  of  cartilage  are  gradually  con- 
verted into  an  "osteoid  "  tissue,  made  ui)  of  cells  derived 
from  the  medullary  tissue  and  a  fibrillar,  uncalcitied 
groundwork.  This  osteoid  tissue  will  show  in  numerous 
places  islands  of  persisting  cartilage.  The  zone  of  os- 
teoid tissue  may  attain  a  length  of  1.5  mm. ;  it  is  a  firm, 
elastic  connective  tissue,  but  it  bends  under  pi-essure.  It 
differs  from  bone  in  that  the  cells  have  not  the  same  regu- 
iaritj'  of  arrangement,  and  in  the  absence  of  earthy  ma- 
terial in  the  groundwork. 

At  a  varying  distance  below  this  zone  we  finally  come 
upon  a  zone  in  which  columns  of  osteoid  tissue  are  be- 
coming converted  into  bone  by  the  calcification  of  the 
groundwork. 

Injiammations  of  hone  occur  in  the  periosteum,  in  the 
marrow,  or  in  the  joints;  that  is,  always  in  those  portions 
of  the  bone  which  are  well  supplied  with  blood-vessels. 
They  arc  as  a  rule  due  to  hiematogenous  infection  or  to 
trauma,  although  occasionally  they  may  be  brought  about 
by  extension  from  neighboring  tissue.  If  the  inflamma- 
tory process  is  of  any  considerable  degree,  or  lasts  for  a 
considerable  time,  it  is  always  followed  by  changes  in  the 
bony  substance  itself.  This,  as  a  rule,  is  of  a  retrograde 
character,  )'.<..  leading  to  destruction  of  bone.  If  the  in- 
flammation is  of  a  highly  infectious,  purulent  character, 
the  connective  tissue  affected  becomes  dissolved,  the  ves- 
sels become  thrombosed  and  are  destroyed,  and  the  bone 
becomes  necrotic.  If  the  inflammation  is  less  severe  in 
character,  if  it  is  accompanied  by  considerable  cell  infiltra- 
tion and  the  formation  of  new  vessels  (granulation  tissue), 
there  follows  a  gradual  solution  of  the  neighboring  bone  or 
cartilage,  an  ulceration,  or,  as  it  is  usuallj'  called,  caries. 
As  long  as  this  inflammation  keeps  up.  so  long  is  there  a 
gradual  absorption  of  the  neighboring  bone  or  cartilage. 
If  in  the  beginning  of  the  inflammation  there  occurs 
necrosis  of  a  certain  portion  of  bone,  there  follows  in  the 
later  stages,  at  the  surface  of  this  necrosed  jjortion,  a 
gradual  absorption  which  has  its  greatest  intensity  at  the 


border  between  living  and  dead  bone,  so  that  eventually 
the  two  become  separated  and  there  is  formed  a  seques- 
trum. If  the  latter  is  not  very  large  it  may  in  the  course 
of  time  become  completely  absorbed  b}'  the  neighboring 
granulation  tissue.  Large  sequestra,  however,  offer  a 
great  deal  of  resistance  to  this  absorptive  process  and 
may  remain  for  j-ears.  As  long  as  the  sequestrum  is 
present  so  long  will  the  inflammation  keep  up,  even 
though  the  infection  has  been  overcome.  A  piece  of 
dead  bone  acts  as  a  foreign  body  and  is  a  sufficient  irri- 
tant to  keep  up  this  chronic  form  of  inflammation. 

In  addition  to  this  destructive  process  in  bone  accom- 
panying inflammation,  every  such  ]U'ocess  lasting  for  any 
considerable  time  is  accompanied  b}'  a  hyperplasia,  which 
manifests  itself  partly  in  the  vascular  soft  parts  and 
partly  in  the  bone  itself.  This  occurs  both  in  the  imme- 
diate neighborhood  of  the  inflammation  and  in  surround- 
ing portions  of  the  bone.  It  leads  to  those  processes 
which  have  received  the  names  of  hyperostosis,  exostosis, 
osteophytes,  and  parostosis.  The  most  excessive  hyper- 
plasia of  bone  occurs  in  those  cases  in  which  a  large  se- 
questrum remains  as  a  source  of  irritation  for  months  and 
years. 

Of  acute  infections,  osteomyeJitis  is  the  most  severe 
acute  inflammation  of  bone  with  which  we  have  to  deal. 
It  occurs  most  frequently  in  young  individuals,  as  a 
rule  in  one  of  the  long  bones,  and  is  accompanied  by 
fever,  by  a  destruction  of  more  or  less  of  the  bone,  and 
by  the  formation  of  an  abscess.  The  infection  is  either 
primar}'  or  secondary  to  one  of  the  acute  infectious  dis- 
ea.ses.  As  a  rule,  the  immediate  cause  is  the  staphylo- 
coccus pyogenes  aureus  or  albus.  The  process  may 
begin  either  in  the  periosteum,  or  in  the  marrow  of 
the  bone.  It  very  soon  leads  to  the  formation  of  pus 
and  to  the  destruction  of  bone.  In  severe  cases  it  may 
lead  to  the  suppuration  of  the  marrow  of  the  entire 
diaphysis  and  to  an  extension  into  the  cortex  of  the 
bone  through  the  Haversian  canals.  It  may  occasionally 
break  through  the  iieriosteum.  If  the  inflammatory 
process  is  near  a  joint,  the  pus  may  be  poured  into 
the  cavity  thereof.  Through  the  formation  of  septic 
thrombi  in  the  veins,  we  may  have  multiple  metastatic 
abscesses  and  death  by  pya'mia.  Wherever  we  have  had 
a  suppuiative  inflammation,  there  is  of  course  a  death 
of  more  or  less  bone,  but  the  extent  of  this  necrosis  de- 
pends upon  that  of  the  suppurative  process.  If  this  has 
been  veiy  slight,  the  necrosed  jiieees  of  bone  ma.v  become 
absorbed,  so  that  they  may  not  be  discovered.  In  more 
severe  forms  we  may  have  a  sequestrum  comprising  the 
entire  diaphysis.  xVccording  to  the  extent  and  seat  of 
the  necrosis  there  may  be  distinguished  a  total,  a  partial, 
a  central,  and  a  superficial  necrosis.  Very  soon  after  the 
setting  in  of  the  suppurative  process  there  will  be  formed 
at  the  border,  between  the  dead  and  the  li\ing  parts, 
a  zone  of  granulation  tissue.  This  leads  eventually  to 
the  separation  of  the  sequestrum.  When  this  has  become 
complete  there  will  be  present,  within  the  bone,  an  abscess 
cavity  containing  a  sequestrum.  This  cavity  verv  often 
connects  with  the  surface  of  the  bone  by  means  of  an 
opening  or  fistula.  The  walls  of  this  fistula  are  also 
covered  by  a  layer  of  granulation  tissue  from  the  surface 
of  which  pus  is  being  poured  out.  In  the  neighborhood 
of  these  areas  of  granulation  tissue  there  will  have  oc- 
curred more  or  less  hyperplasia  of  bone  which  leads  to  a 
thickening.  If  the  bone  has  been  destroyed  in  its  entire 
thickness  in  the  beginning,  then  this  hyperplasia  occurs 
of  course  only  in  the  periosteum,  which  thus  surrounds 
the  sequestrum  with  a  firm,  bony  capsule.  In  cases  of 
partial  necrosis,  however,  new  bone  is  formed  both  from 
the  periosteum  and  in  the  interior  of  the  bone.  Small 
sequestra  may  in  the  course  of  months  be  absorbed ;  large 
ones  constitute  an  irritant  sufficient  to  maintain  an  in- 
flammatory process  for  years,  and  the}'  can  be  gotten  rid 
of  only  by  operative  procedure.  After  the  removal  of  the 
sequestrum  the  wound  cavity  is  closed  by  means  of  gran- 
ulation tissue,  ^vhich  later  may  be  replaced  by  the  for- 
mation of  true  bone  through  theactivitj-  of  the  periosteum 
or  of  the  bone  marrow. 
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Tiik'fciihisix  of  Ixjtie  gains  eutrauce  either  tliroiigh  tlie 
marrow,  tlie  periosteum,  the  joint,  or  the  surrounding 
soft  parts.  The  most  frequent  method  of  development 
is  that  of  a  small  tubereulous  nodule  which  forms  in  the 
marrow  of  an  epipliysis.  Tliis  imdergoes  caseation  and 
rsoftening  and  eventually  breaks  through  the  bone  to  the 
surface,  thus  either  entering  into  the  joint  or  breaking 
throughthe  periosteum.  The  process  is  of  course  always 
accompanied  by  caries,  at  times  of  considerable  extent. 
A  notable  example  of  this  is  seen  in  tuberculosis  of  the 
spine,  where  the  bodies  of  one  or  more  vertebrae  may  be 
destroj'cd.  This  of  course  leads  to  the  extensive  de- 
formities that  we  see  in  this  disease  (Pott's  disease). 
Aftc'r  such  a  bone  abscess  (for  this  it  really  is)  breaks 
through  the  periosteum,  there  are  formed  collections  of 
pus  in  the  surrounding  tissues,  particularly  between  the 
muscles.  These  sometimes  reach  au  enormous  siz(>,  and 
may  through  the  influence  of  gravity  dissect  their  way 
for  a  considci'able  distance  through  the  l)ody  before 
reaching  the  surface. 

In  nuliary  tuberculosis,  we  have  numerous  tubercles 
in  tlie  bone  marrow.  Occasiimally  the  tuberculous  proc- 
ess affects  the  louiT  bones  of  the  hand  or  the  foot  iu  a  very 


Fig.  650.— Severe  Tuberculous  Coxitis.  'I'tie  disease  has  broken 
through  the  cartilage  at  a.  In  the  region  of  the  necl;  is  a  seques- 
trum at)Out  the  size  of  a  cherry  stone  lying  free  in  an  abscess  cavity 
connected  with  the  joint  by  means  of  the  flstula  b.    (After  Krause.) 

slow  and  chronic  form,  leading  to  resorption  from  the 
internal  surface  and  apposition  at  the  periosteal  surface, 
and  in  this  way  producing  certain  peculiar  spindle-shaped 
swellings  that  have  been  termed  spinse  ventosoe.  This 
maj'  be  followed  by  the  occurrence  of  necrosis  and  the 
formation  of  seqtiestra  and  fistula?,  but  in  most  instances 
the  swelling  eventually  disappears. 
Syphilis  occurs  in  bone  in  three  forms: 

(1)  Guminatous  formations  affecting  both  the  perios- 
teum and  the  marrow.  In  the  periosteum,  the  j^rocess  is 
accompanied  by  a  destruction  of  bone,  of  such  a  charac- 
ter that  sharply  detined  defects  are  produced — the  so- 
called  caries  sicca.  This  occurs  more  especially  on  the 
calvarium.  Occasionally  one  tinds  in  the  neighborhood 
of  these  bonj'  defects  new  growth  of  bone. 

(2)  Hyperostosis.  This  occurs  either  in  the  form  of 
hard,  ivory -like  tliickenings  in  the  compact  bone,  or  iu 
the  formation  of  iri-egular  exostoses  or  osteophj'tes.  The 
latter  form  is  found  more  especially  in  the  tibia. 

(3)  Congenital  syphilitic  osteochondritis.  This  in  its 
severe  form  is  accompanied  by  the  formation  of  irregular 
growths  in  the  zone  of  growing  bone,  growths  which  have 
undergone  a  fatty  and  calcareous  degeneration,  and  which 
may  have  the  character  of  true  gummata.  In  the  lighter 
forms  we  have  simply  a  calcification  of  the  zone  of  car- 
tilaginous hypertrophy  at  the  epiphysis,  marked  by  a 
sharp,  yellowish-white  line,  and  accompanied  by  a  slight 
sclerosis  of  the  neighboring  bone.  This  affection  is  al- 
ways present  in  congenital  .syphilis,  but  may  disappear, 
so  that  a  few  weeks  or  months  after  birth  it  may  not  be 
found. 

Actinomycosis  of  hone  begins,  as  a  rule,  in  the  marrow 
by  the  formation  of  granidation  tissue,  whicli  causes  an 
absorption  of  bone  from  the  inside  and  is  accompanied  by 


an  apposition  of  bone  on  the  periosteal  side.  In  this  way 
we  ma.y  have  large  projections  from  the  surface  of  the 
bone  which,  in  deealcihed  and  raacci'ated  preparations, 
will  show  on  the  inside  the  formation  of  a  number  of 
e\'sts.  At  times  the  actinom3'cotic  process  pushes 
through  the  bone  to  the  periosteum,  destroying  this  with- 
out being  accompauied  by  the  apposition  of  new  bone,  so 
that  there  will  be  produced  a  caries  in  the  form  of  an 
osteoporosis. 

Sarcomata  are  frequently  found  in  bone.  They  occur 
either  in  the  marrow  (myelogenous  sarcomata)  or  in  the 
periosteum  ( periosteal  sarcomata).  Those  that  occur  iu  t  he 
marrow  of  the  bone  produce,  by  tlie  absorption  of  bone 
from  the  inside  and  apposition  of  bone  from  the  outside, 
enlargements  of  tlie  bone  which  attain  at  times  enormous 
size,  and  iu  wliich  we  have  the  tumor  mass  surrounded 
b}'  a  more  or  less  welldeveloped  capsuli'  of  bone.  Later 
on.  even  this  capsule  becomes  either  partially  or  totall_y 
destro_ved  by  the  pushing  of  the  tumor  through  tlie  bone. 
The  tumor  is  as  a  rule  of  the  round-celled  variety, 
containing  usually  a  large  number  of  multinucleated 
giant  cells.  These  giant  cells  may  at  times  attain  such 
enormous  size  as  to  be  visible  to  the  naked  e.ye.  Occa- 
sionally, however,  they  may  be  cutirel\'  absent.  These 
sarcomata  are  exceedingly  apt  to  recur  after  an  excision 
or  amputation.  Periosteal  sarcomata  have,  as  a  rule,  a 
very  considerable  framework  of  bone  in  which  the  .sarco- 
matous masses  are  enclosed,  so  that  they  arc  more  aptly 
termed  osteo-sarcomata.  Occasionally  also  they  have  in 
addition  a  certain  amount  of  cartilage,  when  they  are 
called  osteo-chondro-sarcomata.  They  are,  as  a  rule,  of 
the  spindle-  or  small  round-celled  variety  without  giant 
cells.  They  arc  exceedingly  apt  to  form  metastases, 
especially  in  the  lungs.  Simon  Pendleton  Kramer. 

BONE,   PLASTIC    SURGERY   OF   THE.— Defects  in 

bone  heal  so  slowly  and  imperfectly  that  it  is  no  won- 
der surgeons  of  very  early  times  tried  to  assist  nature 
iu  their  repair.  There  is  some  reason  to  suppose  that 
such  efforts  were  succe.ssful  in  India  more  than  live  hun- 
dred _years  ago,  while  a  Peruvian  skull  antedating  no  one 
kuows  how  long  the  discovery  of  America  has,  accord- 
ing to  McGee,  been  found  with  a  silver  plate  sunk  in  its 
sulistance  to  protect  the  opening  made  after  trephining. 
The  condition  of  the  bone  shows  that  the  plate  rested  in 
it  for  a  considerable  time  before  death. 

Despite  this  long  history,  and  the  very  numerous  ex- 
periments which  have  been  carried  out  in  recent  j-ears 
with  the  aid  of  a  fuller  knowledge  of  asepsis,  the  sub- 
ject of  repairing  large  defects  iu  bone  is  still  very  im- 
perfectly understood. 

The  indications  for  bone  transplantation  or  some 
similar  procedure  are : 

1.  To  afford  a  protection  to  underlying  organs,  notably 
to  the  brain  after  extensive  removal  of  the  cranium  by 
accident  or  operation. 

3.  To  preserve  the  normal  contour  of  the  parts — for 
instance,  after  loss  of  the  bridge  of  the  nose  or  half  of 
the  lower  jaw. 

3.  To  maintain  the  continuity  of  a  bone  so  that  the 
power  of  a  limb  shall  not  be  lost. 

4.  To  shorten  the  time  of  recovery,  for  a  deep  cavity 
in  a  lione — for  example,  in  the  head  of  the  tibia — heals 
very  slowly  and  often  iniperfecth'. 

In  considering  this  subject  of  plastic  operations  upon 
bone,  it  is  well  to  remember  that  osseous  tissue  has  only 
a  slight  regenerative  power,  while  the  power  of  the 
peiiostcum  to  form  new  bone  is  very  great  indeed.  This 
is  constantly  illustrated  by  the  repair  of  comminuted 
fractures,  the  injured  bone  being  restored  to  something 
like  its  former  condition,  though  many  fragments  may 
have  been  lost.  One  must  therefore  accept  with  great 
caution  accounts  of  the  incorporation  into  the  structure 
of  a  bone,  of  bone  chips  or  decalcified  bone  which  sur- 
geons have  introduced  into  a  bony  gap  to  hasten  re- 
covery. The  new  bone  under  such  circumstances  may 
have  come  from  periosteal  flaps  which  were  not  destroyed 
by  the  accident. 
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The  integrity  of  the  periosteum  is  of  chief  importance 
in  the  maintenance  of  osseous  tissue.  If,  therefore,  a 
flap  of  bone  and  periosteum,  can  be  so  cut  as  to  remain 

^ attached   to  the  soft 

£  I  I     parts,  it  may  be  nour- 

ished through  the 
pedicle  until  it  unites 
in  a  new  situation. 
Many  useful  opera- 
tive procedures  hare 
been  founded  upon 
this  principle,  but 
the  field  is  a  limited 
one,  because  super- 
fluous bone,  which 
may  he  utilized  for 
the  bone  flap,  will 
often  be  wanting  in 
the  immediate  neigh- 
borhood of  the  bony 
defect. 
Sucli  an  osteoplas- 
^'S;  651.-Osteoplastic  Resection  of  the    ^Kc  resection  of  bone 

Skull  by  Means  of  a  Gigli  Wire  Saw.    ,         ,  ..  , 

(Rigll.)  li"*   'wt'D   perlormed 

tipon  the  skull,  tipon 
the  bones  of  an  extremity,  to  restore  a  deficient  nose,  to 
supply  an  anterior  plate  to  the  trachea,  et  cetera. 

Osteoplastic  Resection  of  the  Sfcull. — This  operation  has 
been  devised  to  give  the  surgeon  more  space  than  can 
be  safely  obtained  by  trephining.  As  practically  the 
whole  bone  is  replaced,  the  flap  may  be  made  very  large 


Fig.  652.— Osteoplastic  Resection  of  the  Skull  by  Means  of  a  Cranio- 
tome.     (Codivilla.) 

without  risk  of  leaving  the  brain  unprotected.  The 
operation,  which  may  be  carried  out  in  various  ways, 
aims  to  cut  through  the  bone  and  soft  parts  on  three 
sides  of  a  rectangle,  or  three-quarters  of  a  circle,  and 
then  to  break  the  bone  on  the  fourth  side  without  in- 
juring the  soft  parts  or  disturbing  the  vitality  of  the 
largebone  flap.     It  has  been  many  times  successfully 


Fig.  65.3. -Osteoplastic 
Resection  of  the  Tibia 
vntb  Retraction  of 
Skin  and  Bone  Flap. 
(Mueller.) 


carried  out  in  the  past  few  years. 
Fig.  651  shows  the  method  of  cut- 
ting a  flap  by  means  of  a  Gigli  wire 
saw  which  is  passed  through  very 
small  trephine  openings  and  saws 
the  bone  from  within  outward. 

The  bone  flap  may  also  be  cut  by 
chisels  or  by  a  craniotome. 

When  the  operation  upon  the 
brain  is  completed,  the  operator  has 
only  to  bend  back  into  its  original 
position  the  flap  of  skin  and  bone 
and  to  fasten  it  there  by  a  few  sut- 
ures. Primary  union  usually  re- 
sults. 

One  of  the  first  operators  to  make 
tise  of  a  flap  of  skin  and  bone  was 
Koenig,  whose  rhinoplasty,  carried 
out  by  means  of  a  flap  cut  from 
the  forehead  and  twisted  downward 
and  stitched  in  position  to  make  a 
new  nose,  is  too  well  known  to  need  detailed  description. 
In  a  similar  manner,  other  surgeons  have  successfully- 
operated  to  close  defects 
in  the  skull,  by  taking  a 
flap  of  the  skin  and  the 
outer  table  of  the  bone 
and  swinging  it  around 
over  the  defect.  If  the 
skull  is  thin  it  is  difficult 
to  split  it  in  this  manner; 
but  the  periosteum  can 
always  be  obtained. 

Osteoplastic  operations- 
upon  an  extremity,  a  pedi- 
cle being  employed  to. 
keep  up  the  nutrition  un- 
til the  flap  unites  in  itS; 
new  position,  were  de- 
sciibed  in  1856  by  Jordan, 
and  Nelaton.  Since  that, 
time  they  have  many- 
times  been  successfully- 
carried  out.  The  flap  may 
either  be  twisted  on  its 
pedicle  as  is  done  in  Koe- 
nig's  rhinoplasty,  or  it 
may  be  cut  from  the  dis- 
tal fragment  of  a  defect- 
ive bone,  and  retracted  so 
as  to  fill  the  gap  between  the  fragments,  as  is  shown 
in  Fig.  6.53. 

A  defect  in  the  femtir,  several  inches  in  length  evei^ 
may  be  closed  in  a  similar  f 

manner  by  a  flap  of  mus-  I 

cle  and  periosteum.  The 
steps  in  the  process,  as  de- 
scribed by  Ap  Schulten, 
are  the  preparation  of  the 
cavity  in  the  bone  consist- 
ing of  free  exposure,  ir- 
rigation, and  tamponade 
with  sterilized  gauze. 
Three  or  four  weeks  later, 
when  the  cavity  is  lined 
with  healthy  granulations, 
it  is  cleaned,  the  site  of 
the  proposed  flap  is  ex- 
posed by  longitudinal  and 
transverse  incisions,  and 
a  tongue-shaped  flap  of 
muscle  and  periosteum  is 
cut,  with  its  base  upward 
whenever  possible,  al- 
though this  is  not  abso- 
lute"! v    necessarv.     The    Fig.  655.-Later  Step  in  Same  Oper- 

pHo-p  of   thp    hnnv  mvifv       "'™.    Flap  stitehed  in  position  to 
eage  oi  tne   oonv  cayiT>       ^^^^  ^^^  ^^^^^  ^^  ^^^  j^^^^_ 

is  cut  away  at  the  place      (Ap  Sehuiten.) 


Fig.  6-54.— Closure  of  a  Defect  in  the 
Femur  by  a  Plastic  Operation. 
Skin  and  fascia  reflected ;  flap  of 
muscle  and  periosteum  marked 
out.     (Ap  Schulten.) 
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at  whicli  the  flap  is  to  be  bent  over  it,  and  a  couple  of 
stitches  are  inserted  to  hold  the  flap  in  position.  The 
drawings  (Fig.  6.54  and  6.55)  sutHcicntly  illustrate  the 
method" of  procedure. 

From  the  plastic  operation  already  described  it  is  onlj- 
a  short  step  to  one  which  splits  a  bone  in  order  to  utilize 
the  two  portions  to  make  up  for  the  lack  of  its  fellow. 


C' 


Fig.  6.56.— Splitting  of  the  Second  Metacarpus  and  lUilization  of  One 
of  the  Parts  as  a  Substitute  fur  tin-  MetjuMrpusof  the  Thumb.  (K. 
Cramer,  i    t(.  Remains  of  the  melaraii>u>  "f  the  thumb. 

This  has  been  successful!}-  performed  upon  the  meta- 
carpals and  metatarsals,  and  the  ulna  has  beeeu  success- 
fully split  to  piece  out  the  radius. 

The  use  of  a  less  important  bone  for  its  fellow,  as  of 
the  fibula  to  make  good  a  defect  of  the  tibia,  is  founded 
upon  the  same  principle  as  the  operations  hitherto  de- 
scribed. One  of  the  well-recognized  operations  for  cleft 
palate  consists  in  chiselling  free  a  strip  of  bone  along 
either  margin  of  the  cleft,  and  by  stitching  them  in  the 
middle  to  convert  one  large  cleft  into  two  smaller  ones, 
which  can  later  be  closed  by  a  plastic  operation  upon 
the  soft  tissues. 

This  osteoplastic  principle  has  recently  been  employed 
in  a  most  ingenious  way  to  close  a  defect  in  the  anterior 
wall  of  the  trachea.  Schimmelbusch  cut  a  flap  from  the 
sternum  of  a  child  aged  thirteen  years,  and  inverted  it, 
so  that  the  skin  surface  was  directed  toward  the  lumen 
of  the  trachea.  The  Iiony  surface  turned  outward  was 
covered  with  skin  from  the  neck.  The  wound  healed 
uieely  and  the  plate  of  bone  prevented  the  sinking  in  of 
the  anterior  wall  of  the  trachea  during  inspiration,  and 
consequent  suffocation  which  is  noticed  when  such  a  de- 
fect is  closed  by  skin  only.  Kouig  operated  successfully 
upon  a  seven-year-old  child,  taking  a  .skin-and-bone  flap 
from  the  clavicle.  The  bone  sloughed  out,  but  the 
periosteum  lived  and  became  stiff  enough  to  keep  the 
liniien  of  the  trachea  intact.  Auc  describes  a  similar 
operation,  or  rather  series  of  operations,  successfully 
carried  out  by  Sklifossowsky  under  less  favorable  cir- 
cumstances upon  a  boy  aged  fourteen  years.  There  was 
steno.sis  of  the  trachea  and  larynx  which  had  first  to  be 
overcome  by  plastic  operations,  the  skin  of  the  neck  be- 
ing utilized  to  cover  the  posterior  defect  in  the  tracheal 
lining.  Then  the  sternal  skin-and-bone  flap  was  em- 
ployed, as  in  the  operations  mentioned  above.  With 
this  variation:  the  flap  of  bone  was  loosened  and  the  skin 
flap  was  wrapped  around  it  like  a  blanket  and  stitched 


there.  When  the  wound  had  so  fachealed  that  the  bone 
was  completely  surroun<led  liy  skin,  the  flap  was  turned 
upward  and  stitched  in  thetraeheal  gap.  Necrosis  of 
the  bone  flap  was  thus  guarded  against. 

The  use  of  a  bone  flap  to  heal  a  defect  in  bone  is 
limited  by  the  length  of  the  pedicle  and  the  supply  of 
suitable  bone  in  the  neighborhood.  It  is  obvious  if  a 
piece  of  bone  can  be  transplanted  without  a  pedicle,  the 
field  of  this  branch  of  surgery  will  be  much  wider. 
There  will  then  be  three  sources  of  bone  available,  viz., 
other  l)oues  in  the  patient,  the  bones  of  other  indiviiluals, 
and  the  bones  of  animals.  It  seems  certain  that  bone 
grafts  from  all  three  sources  have  healed  in  their  new 
beds.  Not  only  do  the  histories  of  these  patients  show 
that  bone  so  transjilauted  may  become  part  of  the  bony 
structure  of  the  individual  ojierated  upon,  and  not 
sitnply  remain  as  a  foreign  body  which  is  tolerated  by 
tlie  siirroundiug  tissues,   but  the  .i-ray  affords  the  sur- 


FiG.  6"i7.— Radiographic  Photograph  of  the  Actual  Condition  of  the 
Wrist  After  the  Osteoplastic  Operation  Described  lu  the  Text. 
(Dubar.  I 


geon  a  means  of  actually  demonstrating  that  the  im- 
planted fragment  maj- persist  and  carry  out  the  functions 
of  the  bone  for  w'hich  it  is  a  substitute  (Fig.  6.57). 

Dubar  resected  the  wrist  of  a  girl  aged  nine  years  for 
tuberculosis,  and  inserted  in  place  of  the  carpal  bones 
that  were  removed,  five  fragments  from  the  lower  ends 
of  the  femurs  of  a  puppy  aged  eight  days.     The  wotmd 
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healed  primavily.  The  limb  ■n'as  kept  in  a  plaster-of- 
Paris  spliut  for  six  weeks.  All  the  motions  at  the  wrist 
were  prcsei'ved.  Three  years  later  a  small  focus  of 
tuberculosis  in  the  tifth  metacarpal  bone  was  curetted 
awa\'.  It  did  not  communicate  with  the  wrist.  Two 
years  afterward  a  similar  lesion  in  the  fourth  metacarpal 
bone  was  treated  in  the  same  manner.     After  both  of 

these  lesser  op- 
erative efforts 
the  wounds  heal- 
ed perf  cc  tl  y. 
Si.x  years  after 
t  h  e  operation 
upon  the  wrist 
a  radiograph 
was  taken  (Fig. 
6.57).  Thisshow- 
ed  that  the  frag- 
ments of  puppy 
bone  had  held 
t  h  e  i  r  positions 
and  had  actually 
increased  in  size, 
fixed  In  the 
midst  of  new- 
formed  fibrous 
tissue. 

Kronacher  in- 
serted a  piece  of 
calf  bone  steril- 
ized by  boiling, 
to  make  good 
the  defect  in  the 
first  phalanx  of 
the  forefinger. 
The  wound  was 
drained  and 
healed  by  gran- 
ulation. The 
finger  was  kept 
in  plaster  of 
Paris  for  more 
than  three 
months,  and 
was  finalh-  stiff. 
New  bone  form- 
ed around  the 
old.  as  was 
shown  by  a  ra- 
diograph, and 
the  length  of  the 
phalanx  was 
nearly  normal. 
The  new  bone  in 
this  instance 
may  have  come 
apparently  from 
und  es t  roy ed 
periosteum. 

Lane  used  a 
rabbit's  femur 
to  make  good  a 
congenital  de- 
fect in  the  mid- 
dle of  the  ulna 
of  a  child,  split 
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Fig.  6.")8.— Rartioffrai*  (if  Ann,  ."^liuK-ing  Suc- 
cessful Transplnntiitinn  of  Piece  from  Tibia 
to  Take  Plar-e  r.f  Huiiiems.  a-by  The  portion 
of  bone  transplanted.    (Kiapp.) 


ting  the  femur  and  applying  the  two  halves  like  splints, 
one  to  cither  side  of  the  ulna.  In  a  similar  manner  he 
supplemented  a  defect  in  an  adult  ulna  resulting  from 
an  inflammation  of  the  bone.  Tlie  results  were  .satisfac- 
tory, both  patients  obtaining  perfectly  useful  limbs. 

Ricord  removed  a  large  osteosarcoma  from  the  forehead 
of  a  woman  and  utilized  the  coccyx  of  a  dog  to  fill  the 
gap  in  the  skull.  Five  years  later  the  patient  died  of 
metastatic  growths  similar  to  the  original  tumor.  There 
was  no  recurrence  at  the  site  of  the  original  tumor  and 
the  coccyx  was  still  in  place  and  unabsorbed. 

He  also  made  use  of  the  fourth  metatarsal  of  a  woman 


to  correct  a  nasal  deformity  in  the  same  patient.  The 
operation  was  in  every  way  successfid.  and  five  months 
later  the  bone  was  solid  in  its  new  position.  Seventeen 
months  after  the  operation  its  place  had  been  taken  by 
solid  elastic  tissue,  which  was  firm  enough  to  still  hold 
the  skin  over  the  nose  in  connect  position. 

Bramann  cut  a  piece  from  the  tibia  of  a  patient  and 
used  it  to  splice  a  defective  humerus  in  the  .same  indi- 
vidual.    The  operation  succeeded. 

But  the  most  striking  success  which  has  thus  far  beea 
recorded  of  bone  transplantation  is  perhaps  the  case  of 
which  the  radiograph  is  here  reimiduced  (Fig.  658). 

In  this  instance  Klapp  removed  the  greater  portion  of 
the  humerus  of  a  woman  aged  thirty  years  for  a  sarcoma 
which  had  so  eroded  the  shaft  of  the  bone  as  to  bring 
about  a  spontaneous  fracture.  The  jieriosteum  was  also 
removed.  To  fill  this  defect  the  operator  chiselled  a 
piece  from  the  anterior  part  of  the  patient's  own  tibia 
nearly  as  long  as  her  humerus  and  transplanted  this  long 
strip  of  bone,  to  which  the  periosteum  was  still  adherent, 
to  the  arm,  inserting  its  ends  in  the  upper  and  lower  ex- 
tremities of  the  humerus,  which  still  remained  in  their 
normal  positions.  The  most  careful  asepsis  was  observed, 
but  a  suppuration  took  place  in  the  arm,  and  a  consider- 
able part  of  the  scar  had  to  be  reopened  in  three  weeks. 
The  wound  then  healed  by  granulation,  and  some  weeks 
later  a  sequestrum  a  little  over  an  inch  long  and  not 
quite  an  inch  broad  came  away.  No  further  sujipuration 
took  place,  the  woimd  healed,  and  bony  union  took  place 
between  the  remains  of  the  humerus  and  the  trans- 
planted piece.  This  was  shown  by  the  fact  that  the 
patient  could  hold  a  three  pound  weight  out  at  arm's 
length,  as  well  as  by  the  radiograph.  The  arm  was  not 
quite  so  strong  as  tlie  other,  buT;  sufficed  for  the  orilinary 
duties  of  the  house.  The  accompanying  radiograph  was 
made  nearly  two  years  after  the  operation. 

Thougli^these  are  isolated  examples  of  successful  bone 
transplantation,  and  the  failures  have  doubtless  been 
many  times  more  numerous,  yet  a  few  well-authenticated 
successes  are  sufficient  to  encourage  surgeons  to  con- 
tinue their  efforts  until  the  conditions  under  which  suc- 
cess is  to  be  obtained  are  better  known.  When  they  are 
thoroughly  understood,  a  bone  graft  may  be  performed 
with  better  hope  of  success.  A  priori  there  seems  to  be 
no  reason  why  a  graft  of  bone  from  one  indivitlual  to 
another  of  the  same  species,  or  a  graft  from  one  part  of 
the  human  body  to  another,  shoidd  not  grow  as  well  as 
a  graft  of  skin,  or  of  the  thyroid  gland.  In  transplanta- 
tion of  bone  from  man  to  man,  the  possibility  of  the 
transmission  of  disease  ought  not  to  be  overlooked. 

The  operations  thus  far  described  are  diflicult  of  per- 
formance and  they  by  no  means  promise  any  certainty  of 
result.  Is  it  not  possible  to  close  a  defect  in  bone  by 
some  simpler  method?  For  this  purpose  both  organic 
and  inorganic  material  have  been  used. 

Filling  Defects  with  Organic  MaUrinl. — 1.  With  blood 
clot. 

The  most  accessible  organic  substance  with  which  to 
fill  a  bone  cavity  is  a  blood  clot.  Schede  proposed  in  this 
manner  to  shorten  the  time  of  healing.  The  method  is 
practicable,  if  the  asepsis  is  perfect,  t'hough  the  length 
of  time  required  for  the  organization  of  theclot  is  greater 
than  the  early  advocates  of  this  plan  supposed,  and  the 
final  results  are  little  if  any  better  than  those  obtained 
by  allowing  the  cavity  to  close  by  granulations.  In 
suitable  ca.ses  a  still  better  plan  is  to  cut  away  tlie  edges 
of  the  cavity  to  such  an  extent  that  the  skin  and  peri- 
osteal flaps  may  cover  the  bottom  of  the  defect. 

3.  With  decalcified  bone. 

Senn  suggested  decalcified  bone  as  a  suitable  material 
to  use  in  filling  a  bone  cavity.  It  is  of  course  easily 
sterilizable,  and  is  well  tolerated  by  the  tissues.  Little 
by  little,  if  asepsis  is  perfect,  the  decalcified  bone  may 
be  absorbed  and  its  jdace  taken  by  tissue  of  new  forma- 
tion, either  bone  or  connective  tissue  as  the  case  may  be. 
Under  such  circumstances  the  pennanent  result  is  not 
better  than  a  strong  scar  formed  by  granulation.  If  the 
decalcified  bone  is  in  a  badly  noijrished  portion  of  the 
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body,  it  may  resist  absorption  a  long  time,  as  shown  by 
the  "following  unique  case  nai-rated  by  C.  L.  Gibson; 
Decalcified  bone  chips  prepared  according  to  the  direc- 
tions of  Seun  had  been  packed  into  the  cavity  left  in  the 
head  of  the  tibia  after  evacuation  of  a  cyst.  The  skin 
healed  and  function  and  appearance  were  normal  for 
four  and  one-half  years.  Then  the  scar  became  inflamed 
and  some  chips  made  their  way  out  through  the  skin, 
leaving  a  sinus.  The  whole  cavity  was  opened  and  the 
chips  and  loose  granulations  were  curetted  awa.y.  There 
was  no  perceptilile  change  in  the  bone  chips,  nor  was 
there  any  new  formation  of  bone. 

3.  With  calcined  bone  chips;  with  sterilized  bone 
chips;  with  aseptic  live  bone  chips. 

The  fate  of  an  implanted  bone  chip  has  provoked  a 
long  and  bitter  discussion,  carried  on  over  a  period  of 
some  years  by  Barth  and  David.  The  former  claims,  as 
a  result  of  numerous  histological  examinations  of  speci- 
mens obtained  from  animals  anil  man,  that  a  transplanted 
bone  fragment  always  dies  and  is  succeeded  by  new- 
formed  bone;  while  David  claims  that  at  least  a  part  of 
the  transplanted  bone  does  not  lose  its  vitality,  but  after 
a  period  of  inactivity  it  becomes  revascularized  and  lives 
again  as  truly  as  liefore  its  transplantation.  It  would 
seem  that  so  well  defined  a  problem  as  this  might  be 
easily  settled,  but  the  discussiou  has  gone  on  for  some 
years,  without  any  definite  conclusion,  although  several 
other  investigators  have  studied  the  subject  and  have 
written  upon  it,  some  taking  one  view  and  some  the 
other.  Those  who  are  interested  in  the  details  of  this 
question,  will  find  them  fully  discussed  in  the  Arehiv 
fiir  kUniselu'  CJiiruryie,  1896-99,  an  especially  full  article 
giving  a  resume  of  those  preceding  it  being  one  by  Fis- 
choeder  in  vol.  Iviii.  of  that  magazine,  p.  840. 

One  or  two  experiments  are  worth  a  passing  notice, 
Morpurgo  and  Martini  introduced  plates  of  bone,  freed 
from  organic  substances,  into  pouches  made  in  connec- 
tive tissue.  There  usually  followed  a  growth  of  the  liv- 
ing tissues  into  the  calcic  substance,  exactly  reproducing 
the  bony  structure.  The  experimenters  looked  upon  this 
as  a  new  formation  of  bone  from  connective  tissue,  under 
the  infiuence  of  tlie  lime  salts.  Zworykin  went  one  step 
farther  and  was  able  to  cause  ossification  in  the  heads 
of  rabbits  by  the  introduction  of  chemical  mixtures  of 
lime  salts,  simidatiug  the  mixtures  foimd  in  normal 
bone. 

It  makes  little  diflference  to  the  surgeon,  and  less  to  the 
patient,  whether  the  boue  which  fills  in  the  gap  in  his 
skull  is  the  implanted  bone  which  has  retained  its  vital- 
ity, or  bone  of  new  formation  which  has  gratlually  eaten 
up  the  implanted  bone,  tising  its  lime  salts  for  the  new 
bone  cells.  Indeed,  in  practical  use  calcined  bone,  which 
all  must  admit  to  be  dead,  is  said  by  many  surgeons  to 
be  better  than  chips  of  living  bone.  The  bone  for  the 
purpose  should  be  of  a  spongy  character.  The  scapula 
of  the  calf  answers  very  well  for  implantation  in  the 
skull. 

Filling  Defectx  irith  Hon- Ahsnrhnble  Material. — If  the 
successof  these  implantation  experiments  depends  not  at 
all  on  the  fact  that  the  bone  is  alive,  and  altogether  on 
the  aseptic  operation,  and  on  the  non  irritating  qualities 
of  the  implanted  foreign  substance,  why  confine  one's  self 
to  organic  material? 

Teeth  nia\'  be  filled  with  gold,  silver,  cement,  etc., 
and  no  harm  follows.  Bullets  and  other  foreign  sub- 
stances remain  encysted  for  yeai-s.  A\'hy  not  till  bone 
cavities  with  some  non  absorbable  material?  Theoreti- 
cally this  is  possible,  and  practically  it  may  be  done  pro- 
vided the  cavity  is  not  a  large  one  and  asepsis  can  be 
secured.  Stachow  has  made  many  experiments  in  this 
direction,  and  has  reached  the  conclusion  that  a  copper 
amalgam  is  the  material  best  suited  to  this  purpose. 
Plaster  of  Paris,  cement,  gutta  percha,  and  other  sub- 
stances have  been  used  witli  a  limited  success  in  man  as 
well  as  in  animals ;  but  the  chances  of  future  suppuration, 
even  long  after  the  healing  is  complete,  are  very  great. 
In  certain  situations  hard  foreign  substances  are  well 
tolerated  and   are   very   serviceable.      Thus   Weir  and 


others  have  used  celluloid  for  supplying  the  nasal  bridge, 
although  the  boat-shaped  piece  oi  celluloid  is  merely 
slipped  under  the  skin  and  does  not  come  in  contact  with 
the  bones.  The  same  may  be  true  when  a  celluloid  plate 
is  inserted  to  cover  the  defect  left  liy  trephining,  or  after 
resection  of  the  lower  jaw,  as  described  by  Berudt.  It 
was  at  one  time  the  fashion  to  preserve  a  "trephine  but- 
ton in  salt  solution,  and  to  replace  it  before  closing  the 
wound.  Experiments  upon  animals  showed,  however, 
that  whereas  the  button  might  become  firmly  fixed  in 
position,  adhesions  between  it  and  the  dura  are  almost 
sure  to  follow,  even  though  the  operation  is  of  the  simplest 
character.  Foreign  substances  with  a  smooth  surface  do 
not  offer  such  opportunities  for  firm  adhesions,  and  hence 
celluloid  plates  are  preferable.'  Jlost  of  the  best-known 
continental  surgeons  early  reported  successful  cases  in 
which  celluloid  was  thus  employed,  and  with  the  back- 
ing of  Fraenkel,  Hinterstoisser,  von  Eiselsberg,  Billroth, 
Winiwarter,  Wolfler,  and  others,  the  procedure  soon  be- 
came generally  known  and  practised  in  both  Europe  and 
America. 

Monara  prefers  to  use  a  thin  plate  of  cartilage.  He 
says  that  if  its  smooth  surface  is  directed  toward  the 
l.irain,  no  adhesions  between  the  membranes  and  the  car- 
tilage will  result. 

A  hard  foreign  substance  may  be  used  as  a  guide  to 
the  jjeriosteum  in  its  attempt  to  form  new  boue,  C. 
Martin  made  a  skeleton  of  plalinum-iridium  wires  the 
shape  of  the  bone  that  was  lost  and  succeeded  in  getting 
the  periosteimi  to  grow  a  new  bone  almost  the  shape  of 
the  old.  Immobility  is  essential  to  the  success  of  such 
procedures,  and  hence  they  yield  better  results  in  the 
forearm  and  leg  than  in  the  upper  arm  and  thigh,  since 
the  sound  bone  acts  as  a  closer  splint  than  any  external 
apparatus  can  possibly  do.  In  Martin's  successful  cases, 
the  supports  remained  permanently  incorporated  in  the 
regenerated  bones.  As  such  apparatus  usually  needs 
fitting  during  the  operation,  the  vise,  files,  pincers,  and 
whatever  other  tools  are  required  should  be  sterilized,  as 
well  as  the  instruments  needed  for  the  operation  upon 
the  patient.  This  is  equally  true  when  celluloid  or  other 
solid  material  is  introduced.  Edward  Milton  Foote. 

BONE-SETTING. — In  every  country  there  is  a  class 
of  irregular  practitioners  who  make  a  living,  and  some- 
times also  quite  an  extensive  reputation,  by  their  success 
in  restoring  functional  usefulness  to  crippled  limbs. 
These  individuals  are,  as  a  rule,  most  arrant  quacks, 
knowing  absolutely  nothing  of  anatomy,  or  of  the 
pathology  of  the  conditions  which  they  are  called  upon 
to  treat,  and  yet  they  are  often  successful  to  a  remarkable 
degree  in  curing  certain  joint  affections  which  may  liave 
baifled  the  skill  of  the  most  experienced'  and  able  sur- 
geons. These  men  are  known  as  bone-setters,  from  their 
invariable  assertion,  made  often  through  honest  igno- 
rance, that  "  the  bone  is  out  of  joint,  and  only  needs  to  be 
set."  It  is  true  that  they  frequently  inflict  most  serious 
injuiy,  whicli  may  lead  to  loss  of  limb  or  life  itself,  yet 
it  is  also  undeniable  that  they  sometimes  restore  a  limb 
which  might  otherwise  remain  permanently  crippled,  or 
even  be  sacrificed  as  a  useless  incumbrance.  Such  being 
the  fact,  it  is  not  the  part  of  wisdom  to  seek  to  ignore 
the  existence  of  bone-setters,  or  to  allow  their  failures  to 
blind  our  eyes  to  their  successes;  but  we  should  ratlier 
stiuly  their  methods,  to  learn  wherein  lies  the  secret  of 
their  triumphs,  and  then  we  may  with  benefit  and  with- 
out any  loss  of  dignity  imitate  their  treatment  in  suitable 
cases,  easily  avoiding,  through  a  knowledge  of  anatomy 
and  pathology,  the  pitfalls  into  which  they,  in  their 
ignorance,  so  often  plunge. 

Dr.  Wharton  P.  Hood '  was  the  first  to  study  intelli- 
gently the  methods  employed  by  bone  setters,  and  it  is 
to  him  that  most  of  our  knowledge  of  this  art,  for  art  it 
is,  though  no  science,  is  due.  He  defines  bone-setting  as 
"the  art  of  overcoming,  by  sudden  flexion  or  extension, 
any  impediments  to  the  free  motion  of  joints  that  may 
be"  left  behind  after  the  subsidence  of  the  early  symptoms 
of  disease  or  injury;  perhaps,  indeed,  more  frequently 


12T 


Bones. 
Bordlgbera. 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES, 


of  the  latter  than  of  the  former."  The  cases  that  most 
frequently  fall  into  the  hands  of  bone-setters,  and  are 
cured,  to  the  joy  of  the  patient,  but  to  the  discredit  and 
loss  of  reputation  of  the  regular  practitioner,  are  those 
of  slight  librous  ank_ylosis,  of  a  degree  sufficient  to  limit 
motion  and  impair  the  functional  utility  of  the  limb,  yet 
not  such  as  apjiarently  to  demand  forcible  rupture,  an 
operation  so  unrcasonabl.y  dreaded  by  many  surgeons. 
In  such  a  case,  jierhaps,  some  feeble  attempts  at  passive 
motion  are  made.  The  joint  is  flexed  cautiously  and 
slowly,  until  the  patient  complains  bitterly- of  pain;  then 
the  operator  desists,  orders  the  limb  to  be  kept  at  rest, 
and  bathed  with  lotions  to  subdue  the  inflanunation  ex- 
cited by  the  strain  put  upon  the  adventitious  bands.  A 
few  days  later,  when  the  heat  and  swelling  have  disap- 
peared, the  same  manipulations  are  repeated,  and  fol- 
lowed again  by  inflammation  and  its  treatment.  After  a 
numlier  of  repetitious  of  this  sort  the  patient  .sees  that  he 
is  no  lietter  than  before,  and  refuses  to  submit  his  joint 
to  any  further  manipulations.  Then  he  becomes  dis- 
couraged, limps  around  with  the  aid  of  a  cane  or  crutches, 
and  tries  to  bear  philosophically  the  thought  that  he  is  a 
cripple  for  life.  But  at  last  some  friend  tells  him  of  a 
wonderful  cure  performed  by  a  Imne-setter  in  a  case  ap- 
parently similar  to  his  own,  and  in  desperation  he  sends 
for  the  quack.  The  latter  assures  him  that  the  bone  is 
out  and  only  needs  to  be  replaced.  He  orders  the  joint 
to  be  enveloped  for  a  time  in  flaxseed  poultices,  probably 
a  procedure  that  contributes  in  no  way  to  the  success  of 
the  operation,  and  then  on  the  appointed  day  meets  liis 
patient,  .seizes  the  limb,  and  with  a  quick  motion  flexes 
and  extends  the  joint  to  its  full  extent,  breaking  up  all 
the  adhesions,  and  the  patient  finds  that  he  is  ciu-ed. 
The  pain  of  the  operation  is  Init  little  greater  than  that 
inflicted  by  the  regular  practitioner  in  his  feeble  and  in- 
effectual attempts  to  restore  motility,  and  the  resulting 
inflammation  is  usually  slight  or  nil.  The  quack  says 
that  the  bone  is  restored  to  its  place,  ])ockets  his  fee,  and 
retires  with  glory. 

This  is  no  exaggerated  picture,  but  is  a  true  tale  of 
■n-hat  actually  occurs  in  not  a  few  instances,  as  many 
practitioners  will  sorrowfully  admit.  The  good  that 
bone  setters  do  is  in  these  cases  of  partial  ankylosis,  and 
it  is  because  they  are  unable  to  discriminate  between  the 
■different  conditions  in  wliich  joint  motion  is  impeded 
that  they  so  often  inflict  irreparable  injury.  No  surgeon 
would  attempt  forcil)ly  to  move  an  articulation  which  is 
the  seat  of  strumous  or  tuberculous  inflammation,  yet  this 
is  what  the  bone-setter  does  witli  dire  result.  In  most 
of  the  joints  which  can  be  benefited  by  forcible  move- 
ments there  is  a  tender  spot,  usually  about  the  inner  side, 
for  which  the  bone-setter  always  feels,  and  the  di.scovery 
of  which  is  to  him  a  sign  of  ultimate  success.  The  mo- 
tion of  the  joint  is  not  absolutely  abolished,  but  is  limited 
in  certain  directions,  and  any  attempt  to  pass  this  limit 
causes  pain.  The  skin  over  the  articulation  is  not  hot, 
and  all  the  other  signs  of  inflammation,  except  perhaps  a 
slight  serous  effusion,  are  absent.  The  following  is  an 
enumeration  of  the  location  of  these  painful  spots,  to 
gether  with  !Mr.  Fox's  explanations  of  tlieir  occurrence, 
as  given  by  Jlr.  Edward  Cotterell  in  a  \'cry  jjractical 
little  work  treating  of  the  minor  injuries  of  the  limbs.' 
1  "  Over  the  head  of  the  femur,  in  the  centre  of  the 
groin,  corrresponding  to  the  ilio-femor-al  band  of  the 
capsular  ligament  (which  is  most  severely  stretched  when 
the  thigh  is  over-extended,  as  when  the  tnmk  is  flung 
violently  backward,  the  commonest  cause  of  a  sprained 
hip).  2.  For  the  knee  joint,  at  the  back  of  the  lower 
edge  of  the  internal  condyle:  in  other  words,  at  the 
posterior  border  of  the  internal  lateral  ligament,  where 
it  blends  with  Winslow's  ligament,  and  where  the  semi- 
membranous tendon  is  in  intimate  relation  with  it.  These 
parts  suffer  most  because,  as  Mr.  Jlorris  says.  '  during 
extension  they  resist  rotation  outward  of  the  tibia  upon 
a  vertical  axis,  and  a  sprained  knee  is  almost  always  caused 
by  a  twist  outward  of  the  foot.'  3.  For  the  ankle,  on 
the  front  of  the  external  malleolus,  the  apex  of  the 
plautar  arch,  and  the  tip  of  the  flfth  metatarsal  bone.     4. 


For  the  shoulder,  at  the  point  corresponding  to  the 
bicipital  groove,  because  in  nine  cases  out  of  ten  a  man 
sprains  his  shoulder  to  prevent  himself  from  falling;  his 
hand  grasps  the  nearest  support,  the  body  is  violently 
abducted  from  the  arm,  the  long  head  of  "the  biceps  is 
called  upon  to  exert  its  utmost  restraining  power,  the 
bicipital  fascia  is  overstretched,  and  the  "tendon  very 
often  misplaced.  5.  For  the  elbow,  in  front  of  the  tip 
of  the  internal  condyle;  the  fan-shaped  internal  ligament 
has  its  apex  at  that  point,  and  it  is  most  stretched  inover- 
supination  with  extreme  extension  of  the  forearm.  6. 
For  the  wrist,  the  styloid  process  of  the  ulna,  and  the 
annular  ligament  in  front  of  the  wrist." 

The  injuries  or  diseases  most  likely  to  give  rise  to  the 
slight  degree  of  ankylosis  which  is  amenable  to  the 
bone-setter's  manipulations  are  rheumatism  and  gout, 
displaced  tendons  or  cartilages,  sprains,  prolonged  im- 
mobilization during  the  treatment  of  fractures,  neuro- 
mimetic  joint  affecdons  treated  improperly  by  rest  and 
mechanical  support,  and  ganglions. 

The  bone-setter's  manipulations  consist  in  first  locating 
the  painful  point,  upon  which  the  tliumb  is  firmly  pressed 
during  the  remainder  of  the  operation ;  and  then,  while 
the  operator  steadies  the  proximal  segment  of  the  limb, 
the  distal  segment  is  grasped  and  rotaU'd  as  nuicli  as  pos- 
sible on  its  axis  in  oriler  to  overcome,  as  far  as  may  be, 
muscular  resistance,  this  being  accomplished,  the  "joint 
is  sharply  flexed  or  extended  ui  the  direction  of  great- 
est resistance,  and  then  the  reverse  movement  is  made 
until  all  the  adventitious  bands  are  broken,  or  until 
the  "bone  is  put  back,"  in  the  bone-setter's  own  phrase- 
ology. The  rupture  of  these  bands  of  adhesion  is  often 
accompanied  by  a  loud  report.  For  a  description  of 
the  special  manipulations  lequired  for  each  joint,  the 
reader  may  consult  the  work  of  Wharton  Hood,  above 
referred  to. 

It  should  not  be  forgotten  that  most  of  these  stiff  joints 
may  be  prevented  by  a  proper  attention  to  the  treatment 
of  minor  injuries  of  the  articulations,  and  this  is  one  of 
the  principal  lessons  which  we  may  learn  from  the  bone- 
setters.  If  surgeons  would  never  dismiss  a  case  of  frac- 
ture or  sprain  until  joint  motion  were  perfectly  restored, 
the  occupation  of  the  bone-setter  would  be  less  lucrative 
than  it  now  is. 

'  On  Bone-Setting  (So-Called),  and  Its  Relation  to  the  Treatment  of 
Joints  Crippled  bv  Injury,  Rheumatism.  InSamniation.  etc.  By  Whar- 
ton P.  Hood,  M.IJ..  M.R.r.s..  London  and  New  Yorli.  1S71. 

2  on  Soini-  (.diiiTiion  Injuries  to  LiTubs:  Their  Treatment  and  After- 
Treatment.  lucludlnsr  Bone-Setting  (So-Called i.  Bv  Edward  Cotte- 
rell. M.R.C.S.,  Eng.,  L.R.C.P.,  Lond,,  London,  lss.5. 

BONES,   TEETH,  AND   CARTILAGE,   CHEMISTRY 

OF. — Thi'  bolus  of  vertebrates  consist  essentially  of  an 
organic  basis  of  ossein  and  the  so-called  bone  earths  made 
up  of  inorganic  salts.  Elastin,  fat,  proteids,  and  nuclein 
are  also  jnesent.  Ossein  is  itlenlical  with  or  very  similar 
to  the  collagen  of  connective  tissue.  lu  the  bone  earths 
calcium  predominates  in  the  bases,  but  small  quantities 
of  magnesium  are  also  present  and,  according  to  some 
authors,  tiaces  of  potassium  and  .sodium.  These  bases 
are  for  the  most  part  in  combination  with  phosphoric 
acid,  but  some  carbonic  acid  is  found,  and  traces  of  chlo- 
rine and  fluorine.  The  sulphuric  acid  mentioned  by 
some  writers  is  probably  derived  from  some  of  the  organic 
constituents  and  does  not  properly  belong  to  the  bone 
earths.  There  is  some  difference  of  opinion  as  to  how  the 
bases  and  acids  are  combined,  but  according  to  Gabriel 
the  simplest  expression  for  the  composition  of  the  ash  is 
[Ca3(P0,).i  +  CasHPjOn  -f  Aq]  in  which  two  to  three  per 
cent,  of  the  lime  is  rejilaced  l)v  magnesia  jiotash  and  soda 
and  four  to  six  per  cent,  of  the  jihosphoric  acid  by  car- 
bon dioxide,  chlorine,  and  fluorine.  As  age  advances  the 
bones  become  licher  in  ash  and  poorer  in  water.  Hoppe- 
Seyler  gives  the  following  composition  for  undried  bone 
without  separation  of  marrow  or  blood:  Water,  50  per 
cent. ;  fat.  1.5.75  per  cent. ;  os.sein,  1'2A0  per  cent. ;  bone 
earths,  21,85  per  cent.  The  compo.sition  of  the  bone 
earths  is  given  as  follows  by  Zalesky  in  parts  per  thou- 
sand: 
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Bones. 
Bordigtaera. 


Calcium  phospbate,  CajPaOj 

Magnesium  pbospUate,  MgjPjOs 

Calcium  combined  wiib  CO^.H,  and  CI 

CO, 

Cblorine 

Fluorine 


Man. 

Ox. 

838.9 

860.9 

10.1 

10.3 

76.5 

W.6 

57.3 

62.0 

1.8 

3.0 

3.3 

3.0 

Bone  mivmir  is  composed  chiefly  of  fat  (96  per  cent.), 
coDlaining  the  fatty  acids  of  ordinary  adipose  tissue  in  tlie 
proportion  of  palmitic  acid  22,  stearic  acid  10,  and  oleic 
acid  C3  per  cent,  of  tJie  total  fatty  acids.  Proteid  is  pres- 
ent in  small  quantities,  especially  in  th.e  red  marrow  of  the 
spongy  bones.  It  is  principally  in  the  form  of  globulin 
and  nucleo-albumin.  with  traces  of  albumin.  Among 
the  extractives  of  marrow  are  lactic  acid,  hyposanthin, 
and  cholesterin. 

The  tectli  consist  of  crusta  petrosa,  dentine,  and  enamel. 
The  crusta  petrosa  is  a  true  bony  structure  and  resembles 
ordinary  bone  in  composition.  Dentine  is  veiy  similar 
in  composition,  but  contains  less  water.  Enamel  is  an 
epithelial  structure  containing  scarcely  anj-  water  but 
rich  in  lime  salts.  Its  organic  constituents  differ  from 
the  ossein  of  bone  and  dentine  in  not  j-ielding  any  gela- 
tin on  boiling.  The  following  composition  is  given  for 
the  teeth  by  Hoppe-Seyler  from  analyses  by  Aelj}' : 


Constituents, 

CaioCOafPO,), 

MgHPOi 

Organic  substances 


Dentine. 


73.06 

.75 

37.70 


Enamel. 


96.00 
l.fi5 
3.80 


Cartihir/e. — The  organic  basis  of  cartilage  was  formerly 
known  as  chondrigen  and  the  gelatin-like  substance  ob- 
tained frc-im  it  on  boiling  was  known  as  chondrin ;  but  it 
is  now  recognized  that  the  so-called  chondrigen  is  a 
mixture,  containing  the  following  as  its  chief  constituents. 

1.  Collagen,  resembling  closely  that  of  connective 
tissue. 

2.  An  albuminoid  substance,  resembling  elastin  but 
richer  in  sulphur. 

3.  A  mueiu-like  substance,  known  as  chondro-mucoid 
and  capable  of  decomposition  into  a  proteid  and  chon- 
droitic  acid. 

4.  Chondroitic  acid  or  chondroitin-sulphuricacid.  pres- 
ent in  combination  in  chondro-mucoid  and  also  uncom- 
bined.  Schmiedeberg  ascribes  to  chondroitic  acid  the 
formula  CsHjtNSOit. 

The  inorganic  constituents  of  cartilage  are  characterized 
by  the  abundance  of  sodium  which  iu  adult  manmials  is 
principally  combined  with  sulphuric  acid.  In  mamma- 
lian embryos  and  in  lower  vertebrates  the  sulphuric  acid 
is  largely  replaced  by  chlorine.  The  composition  of  car- 
tilage is  summarized  li_v  Hoppe-Sej'ler  as  follows : 


In  1,000  parts. 


Water 

Solids 

Organic... 

Inorganic. 


Costal 
Cartilage. 


676.B 

323.3 

301.3 

23.0 


Articular 
Cartilage. 


735.9 

26t.l 

348.7 

15.4 


Salts  in  one  hundred  parts  of  ash  : 

Potassium  sulphate 26.66 

Sodium  sulpbate 44. SI 

Sodium  chloride 6.11 

Sodium  phosphate 8.43 

Calcium  phosi>hate 7.88 

Magnesium  phosphate 4.55 

Wesley  Mills. 
William  8.  Morrow. 

BORAGE. — The  leaves  and  flowering  tops  of  Borapo 
offieinalish.  ((am.  Boraginacece).     A  European  or  Oiiental 
plant,  occasionally  cultivated   in  flower  gardens  in  the 
Vol-.  II.— 9 


United  States.  It  has  a  succulent,  bi-anched,  hairj'  stem, 
half  a  metre  or  so  high  (twenty  inches),  with  rough, 
coarse-looking,  entire  leaves,  and  tenninal  one-sided 
cymes  of  prettj'  blue  flowers.  Borage  has  been  a  domes- 
tic medicine  in  Eurojje  for  j-ears.  Its  odor  is  slight,  at 
least  when  dry ;  taste,  bland  and  mucilaginous.  It  con 
tains  no  more  active  principles  than  mucilage  and  nitrate 
of  potassium,  and  its  medical  (jualities  are  only  those  of  a 
mild  demulcent.  TT.  P.  Bolles. 

BORDIGHERA.— A  marine  health  resort  on  the  Medi- 
terranean coast  of  France,  10  miles  east  of  Mentone  and 
3  miles  west  of  the  Italian  boundary. 

"Bordighera  is  a  conspicuous  object  nearly  all  along 
the  western  Riviera,  as  it  is  seen  glittering  in  the  sun- 
shine, its  houses  clustered  together  on  a  promontory  that 
projects  far  out  into  the  sea.  It  is  the  onlj*  health  resort 
on  this  coast  that  occupies  a  position  on  a  promontoiy : 
all  the  others  being  built  round  bays  or  depressions  in 
the  coast.  It  is  naturally,  therefore,  much  exposed  to 
winds,  that  is  to  say,  to  all  those  winds  that  can  reach 
it  in  blowing  across  the  sea;  the  east,  the  southe-ast,  the 
southwest,  and  the  west  winds  can  all  blow  fi-eely  upon 
this  promontory.  But  it  is  well  protected  b}'  mountains 
to  the  north,  northeast,  and  northwest,  whence  the  cold- 
est winds  come.  Jloreover,  it  must  be  remembered  that 
all  the  winds  that  reach  it  must,  on  account  of  its  posi- 
tion, come  to  it  from  the  sea,  and  impregnated  with  saline 
emanations.  And  this  is  the  sole  distinguishing  charac- 
teristic of  the  climate  of  Bordighera  as  compared  with 
that  of  neighboring  stations ;  the  pi-edominating  influence 
of  sea  air  rendering  it  essentially  bracing  and  tonic " 
(Burney  Yeo). 

Bordighera  is  a  small  town  of  3,500  inhabitants,  and  the 
portion  devoted  to  invalids  is  called  the  "new  town,"  or 
English  quarter,  and  is  on  V-yeX  ground  to  the  west  of 
the  promontory.  The  hotels  and  villas  are  surrounded 
by  groves  of  olive,  lemon,  and  palm  trees.  The  latter 
grow  to  a  great  height  and  are  said  to  be  more  plentiful 
than  in  any  other  pait  of  the  Italian  Riviera.  "  It  is  said 
that  there  are  more  palms  in  the  neighborhood  of  Bordi- 
ghera than  in  the  whole  of  Palestine  "  { Dean  Alford).  The 
natives  have  a  monopoly  of  sup])lying  the  Vatican  with 
palm  leaves  for  Palm  Sunday.  Dense  olive  groves  also 
cover  the  plain  upon  which  the  new  town  is  situated. 
The  drainage  of  the  town  is  primitive,  but  the  place  is 
said  to  be  healthy,  and  the  hygienic  conditions  are  con- 
sidered good.  The  water  supply  is  obtained  from  wells, 
and  from  a  .spring  in  the  flank  of  Monte  Nero  (Goodchild). 
During  a  residence  of  fifteen  years  Dr.  Goodchild  has  seen 
no  case  of  typhoid  fever  or  diphtheria  among  the  mem- 
bers of  the  English  colony. 

The  average  monthly  temperature  for  the  months  from 
October  to  May  inclusive  is  as  follows : 

Mean  Temperatures,  1876-79. 


October 63.5°  F. 

November 55.0°  F. 

December 49.0°  F. 

January 49.6°  F. 


February 49.1°  F. 

March .50.5°  F. 

April .53.1°  F. 

May 61.0°  F. 


The  temperature  averages  about  three  degrees  lower 
than  that  of  Mentone,  according  to  Dr.  Goodchild,  and 
the  range  is  smaller.  The  relative  humidity  approximates 
to  that  at  San  Remo,  which  lias  a  3'early  average  of  66.7 
per  cent.  The  rainfall  also  is  about  the  same  as  at  San 
Remo,  at  which  place  the  nmnber  of  days  on  which  rain 
falls  during  the  season  is  thirty.  "At  Bordighera  the 
mistral  is  the  west  wind,  being  turned  completely  in  that 
direction  by  the  mass  of  mountains  behind  Jlonaco,  and 
from  being  forced  to  blow  over  the  sea  it  loses  somewhat 
of  its  dry  and  cold  character"  (Burney  Yeo).  "The 
soil  upon  the  hillsides  is  limestone  and  conglomerate,  but 
upon  the  flat  it  is  composed  of  old  sandy  sea  beaches,  in 
which  the  water  rapidly  finds  the  sea  level.  About  a 
couple  of  acres  near  the  English  church  possesses  a  soil, 
however,  in  which  there  is  a  small  admixture  of  clay  and 
which  is  somewhat  damp  in  consequence  "  (J.  A.  Good- 
child,  M.D.). 
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The  climatic  characteristics  of  Bordighera  can  be  sum- 
marized as  those  of  a  MediteiTauean  health  resort,  afford- 
ing pure  sea  air,  a  mild  equable  winter  temperature,  a 
comparatively  low  relative  humiditj-,  aud,  in  common 
with  the  other  resorts  of  the  Riviera,  a  large  amount  of 
sunshine.  Thus,  an  outdoor  life  in  a  mild  bracing  sea 
air  is  afforded.  The  varietv  of  level  shad.v  walks  among 
the  palms  aud  olive  trees,  and  the  attractive  excursions 
in  the  neighborhood  add  a  charm  and  interest  to  the  in- 
valid's life  there. 

The  class  of  diseases  which  are  likely  to  be  benefited 
by  this  climate  are  those  requiring  a  warm,  moderately 
moist  sea  climate.  As  has  been  said  before  ( ride  note 
upon  Algicn>).  a  climate  of  this  cliaracter  is  not  an  espe- 
cially curative  one  for  phthisis,  and  all  that  can  generally 
be  expected  of  it  in  this  disease  is  to  ameliorate  symp- 
toms and  prolong  life.  Strunious  cases,  especially  in 
children;  patients  with  anisemia,  diabetes,  or  albuminuria; 
convalescents  from  acute  diseases;  the  weak  and  debili- 
tated; sufferers  from  chronic  bronchial  catarrh,  from 
catarrh  of  the  stomach  and  intestines,  and  from  various 
other  conditions  of  constitutional  feebleness,  find  here  a 
suitable  climate — "  cheering  to  the  mind  and  invigorating 
to  the  body. " 

Boi'dighera  is  not  suitable  for  the  febrile  and  for  those 
who  are  very  nervous  and  sensitive.  The  accommoda- 
tions are  said  to  be  ver}' comforUible,  although  somewhat 
limited.  "English  tastes  are  consulted,  as  nearly  all  the 
visitors  are  English  or  Americans  "  (Ball). 

Bordighera  may  be  reached  via  Marseilles,  or  by  way 
of  Turin  and  Savona.  By  the  former  rout<^  it  is  tliirty- 
three  and  a  quarter  hours  distant  from  London. 

Edicaid  0.  Otis. 

BORIC  ACID.— Boric  acid  (HaBOa),  often  called  by 
the  older  liut  less  correct  name  of  boracic  acid,  is  official 
•n  the  United  States  Pharmacopceia  under  the  title  Acidum 
Boricum,  Boric  Acid.  It  is  described  as  "transparent, 
colorless  scales,  of  a  somewhat  pearh-  lustre,  or,  when  in 
perfect  crystals,  six-sided,  triclinic  [dates,  slightly  unctu- 
ous to  the  touch,  odorless,  having  a  faintly  bitterish  taste, 
and  permanent  in  the  air.  Soluble,  at  15'  C.  (59'  F. ),  in 
25.0  parts  of  water,  and  in  15  parts  of  alcohol;  also  solu- 
ble in  10  parts  of  glycerin.  Addition  of  hydrochloric 
acid  increases  its  solubility  in  water.  An  aqueous  solu- 
tion ( 1  in  50)  of  boric  acid  colors  blue  litmus  paper  red  " 
(IT.  S.  P.). 

Boric  acid  is  a  very  feeble  acid  chemically,  and 
physiologically  lacks  the  ordinary  acid  qualities  of  sour 
taste  and  tendency  to  irritate.  Even  a  saturated  aqueous 
solution  is  tasteless,  and  without  irritant  action  on  even 
so  sensitive  a  part  as  the  conjunctiva.  Constitutionally, 
also,  in  all  ordinary  applications,  the  drug  is  harmless; 
but  yet  poisoning  and  even  death  have  followed,  in  a  few 
cases,  a  very  exteusi\e  use  of  the  acid.  The  essential 
symptoms  in  such  cases  were  nausea,  vomiting,  hiccough, 
feeble  heart  action,  and  fall  of  temperature,  with  the 
development  of  an  ei  aiematous  rash,  affecting  particu- 
larly the  legs. 

Boric  acid  is  useful  in  medicine  by  reason  of  its  power 
to  arrest  the  multiplication  of  microbes.  But  j-et  this 
same  power  has  been  overrated.  The  experiments  of 
Sternberg,*  the  most  precipe  with  which  the  writer  is 
ac<iuainted,  assign  to  the  acid  the  power  of  preventing 
the  development  of  the  micrococcus  of  pus  in  a  one-half 
per  cent,  solution;  but  in  the  matter  of  permanently 
gterilizing  such  organisms — qinte  another  story — the  ex- 
periments record  complete  and  repeated  failure  even  in 
saturated  (four-per-ceut.)  aqueous  solution,  and  this  not 
only  in  the  cases  of  the  micrococcus  of  pus  and  that 
of  septicoemia,  but  also  in  the  case  of  the  common  bacte- 
rium tenno. 

Boric  acid,  therefore,  must  be  regarded,  in  the  present 
state  of  knowledge,  as  a  fairly  efficient  antiseptic — con- 
venient withal,  because  odorless,  tasteless,  unirritating, 
and  non-poisonous  in  ordinary  application— but  must  not 
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be  relied  upon  as  a  germicide  in  the  proper  understand- 
ing of  the  term.  Probably  because  of  its  antiseptic  ac- 
tion, boric  acid,  locally  applied,  tends  to  abate  the  ca- 
tarrhal process,  and  is,  for  such  application,  peculiarly- 
agreeable  because  non-irritatiug.  As  a  collyrium  in 
conjunctivitis,  a  gargle  in  pharyngitis,  or  an  injection  in 
cj"stilis,  solutions  of  boric  acid  are,  therefore,  often  effica- 
cious, and  at  least  innocent  of  harm.  For  an  application 
to  catarrhal  surfaces,  or  for  antiseptic  purposes  to  wound 
surfaces,  boric  acid  may  be  used  in  acjueous  solution  rang- 
ing from  one  to  four  per  cent,  in  strength — the  latter  being, 
indeed,  at  ordinary  temperatures,  a  saturated  solution. 

A  stronger  solution,  if  wanted,  is  obtainable  by  using 
a  mixture  of  equal  parts  of  boric  acid  and  borax,  which 
dissolves  to  the  extent  of  sixteen  per  cent,  of  water  at 
ordinarj-  temperatures.  A  convenient  and  efficient  wound 
dressing  may  be  made  by  soaking  lint  in  a  hot  saturated 
aqueous  solution  of  boric  acid,  and  then  allowing  it  to 
dry.  A  boric-acid  ointment  also  has  been  recommended, 
where,  to  a  melted  mixture  of  one  part  each  of  white 
wax  and  spermaceti  and  six  parts  of  vaseline,  is  added  a 
proportion  of  from  two  to  four  parts  of  a  saturated  solu- 
tion of  boric  acid  in  glycerin.  Also  the  substance  boro- 
glyceride  (see  Boroglyceridt)  affords  a  means  of  applj'ing 
boric  acid  in  strong  solution.  Boric  acid  has  also  been 
given  internallv  in  doses  of  2  gm.  (gr.  xxx.)  frequently 
repeated,  with  no  poisonous  effect,  and  with  asserted 
benefit  in  dyspepsia  with  fermentation  of  the  ingesta,  ia 
chronic  cystitis,  in  diphtheria,  and  in  other  diseases  prob- 
ably determined  b)'  the  multiplication,  within  the  system, 
of  microzymes.  Edward  Curtis. 

BORLAND  MINERAL  WELL.— Pleasants  County,  West 

Virgiuia.  The  v.ell  frtim  which  the  Borland  Jlineial 
w'ater  flows  is  situated  on  the  bank  of  Blue  Creek,  6 
miles  from  Salama,  on  the  Ohio  River  Railroad,  and  30 
miles  northeast  of  Parkersburg.  At  present  there  is  no 
hotel  in  the  vicinity,  Ijut  nearby  farmhouses  accommo- 
date a  limited  number  of  guests  who  wish  to  use  the 
water  from  the  well.  The  surrounding  hills  and  valleys 
present  some  very  pleasing  landscapes.  The  water  rises 
from  a  flowing  well,  being  forced  upward  by  the  natural- 
gas  pressure  from  a  depth  of  three  hundred  feet.  An 
analysis  by  Prof.  T.  G.  Wormley,  of  Philadelphia,  showed 
the  following  mineral  ingredients- 

O.NE  u.siTED  States  Gallo.v  Contains  : 

Solids.  Grains. 

Sodium  chloride 240.07 

Sodium  bicart)onate 113.16 

Sodiuni  sulphate 37.84 

Magnesium  bromide 28 

Potassium  sulpliate 22.63 

Magnesium  iodide OC 

Magnesiimi  chloride 2.13 

Calcium  Iticarlronate 12.59 

Magnesium  bicarlK>nate 3.12 

Aluminum  phosphate 23 

Aluminum  and  iron  cartK>nate 64 

Manganese Trace. 

Silica 58 

Organic  matter Trace. 

Total 432.28 

Sujphureted  hydrogen A  perceptible  quantit.y. 

This  water  Is  quite  a  strong  muriated,  alkaline  saline. 
It  is  a  very  efficient  antacid  laxative,  with  diuretic  and 
diaphoretic  properties.  It  also  derives  a  certain  tonic 
aud  restorative  influence  from  the  presence  of  iron,  phos- 
phorus, and  manganese.  In  addition  to  its  table  value  it 
has  been  found  to  possess  excellent  therapeutic  properties 
in  chronic  affections  of  the  stomach,  bowels,  liver,  and 
kidneys.     It  acts  with  great  efficacy  in  renal  dropsy. 

James  K.  Crook. 

BOROGLYCERIDE.— Under  this  title  there  has  been 
introduced  into  medicine  a  compound  formed  by  direct 
reaction  of  boric  acid  upon  hot  glj'ceriu.  In  this  reac- 
tion tribasic  boric  acid  replaces  the  three  hydroxy!  equiva- 
lents of  the  molecule  of  glycerin,  forming  glyceryl  borate. 
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Tlie  cold  season  begins  in  November,  although  it  is 
occasionally  mild  even  to  Christmas,  and  continues 
nntil  April ;  snow  is  for  a  great  part  of  this  time  upon 
the  ground,  although  not  always  continuously.  March, 
on  account  of  the  high  cold  winds,  is  one  of  the  most 
disagreeable  months  of  the  year,  and  June  one  of  the 
most  delightful,  although  the  latter  part  of  the  month 
may  be  uncomfortably  hot.  In  tlie  summer,  the  heat, 
oppressive  at  times  on  account  of  the  dampness,  is  not 
continuous,  and  in  the  writer's  experience,  from  a  climatic 
point  of  view,  the  spring  and  summer  are  the  best  seasons 
to  spend  in  the  city,  and  January.  February  and  March, 
the  months  to  be  avoided  by  a  change  to  a  milder  climate. 
Fashion,  however,  has  it  otherwise.  The  writer  recalls 
the  case  of  a  family  whose  members  had  come  on  from 
St.  Louis,  in  search  of  an  Eastern  seaside  resort,  but  who, 
on  arriving  in  Boston,  had  found  the  place  so  comfort- 
able that  they  decided  to  remain  there  the  whole  summer. 

The  excursions  by  water  are  numerous  and  very  de- 
lightful, and  the  country  around  is  easily  accessible  and 
attractive.     Boston  is  noted  for  its  beautiful  suburbs. 

Edward  0.  Otis. 

BOSWELL  SPRINGS.— Douglas  County,  Oregon. 

Post-Okfic  E. — Boswell.     Hotel. 

Access. — Boswell  is  a  flag  station  on  the  Southern 
Pacific  Railroad  (Shasta  Route),  163  miles  south  of  Port- 
land. The  location  of  the  hotel  is  one  hundred  feet  from 
the  railroad. 

The  situation  is  on  Elk  Creek,  about  45  miles  from  the 
coast  and  350  feet  above  tide  water.  The  surrounding 
country  is  made  up  of  hills  and  valleys.  There  are  two 
springs  at  the  resort. 

A  partial  anahsis  of  the  stronger  spring,  made  at  the 
University  of  California,  showed  the  presence  of  two 
thousand  grains  of  solid  matter  to  the  Unified  States  gal- 
lon, made  up  chiefly  of  the  following  ingredients:  Iron, 
bromine,  potassium,  calcium,  magnesium,  sodium. 

The  weaker  spring  was  analyzed  by  Philip  Harvey,  of 
Portland,  Ore.,  who  gave  its  contents  as  follows: 

OxE  United  States  Gallon  Contains  : 
Solids.  Grains. 

Sodium  chloride 173.00 

Magnesium  chloride 145.00 

Calcium  chloride 115.00 

cScium'""""'' I' Small  quantities. 

Total ; 433.00 

Both  springs  are  heavily  charged  with  carbonic  acid 
and  svilphureted  hydrogen  gas.  The  waters  are  evidently 
of  the  muriated-saline-chalybeate  variety.  They  have 
been  found  useful  in  constipation,  chronic  malarial  infec- 
tion, dyspepsia,  functional  liver  complaints,  and  other 
disorders.  J.  K.  Orook. 

BOTHRIOCEPHALUS  LATUS.     See  Cestoda. 

BOULDER.— Colorado.  A  town  of  4,000  mhabitants, 
situated  at  an  elevation  of  5,800  feet  above  sea  level,  in 
the  heart  of  the  Rocky  Mountains,  30  miles  northwest 
from  Denver.  "The  town  is  situated  close  to  the  foot 
hills  near  the  entrance  to  the  Boulder  Cafion  "  (Solly). 
The  soil  is  dry  and  porous,  except  in  areas  of  clavey  soil. 
The  water  supply  comes  from  a  reservoir  on  Boulder 
Creek,  five  miles  above  the  town,  and  also  from  wells, 
springs,  and  the  creek  itself.  The  hotels  are  said  to  be 
fair  (Solly). 

Althoiigh  the  meteorological  data  for  Boulder  itself  are 
very  incomplete,  so  far  as  the  writer  has  been  able  to 
learn,  they  cannot  be  very  different  from  those  at  Denver. 
thirty  miles  away  (see  article  on  Denver).  Solly  gives 
the  mean  monthly  temperature  for  Boulder,  from  obser- 
vations extending  over  a  peiiod  of  one  year  and  a  half, 
as  follows:  Winter,  30^  F. ;  spring,  49^  F.  ;  summer,  65' 
F. ;  autumn  is  not  obtainable.  The  average  number  of 
cloudy  days  during  the  winter  is  13. 


Boulder  is  one  of  the  many  representative  places  in  the 
great  high-altitude,  health-resort  belt  of  the  Rocky  Moun- 
tains, extending  from  Wyoming  south  along  the"  eastern 
base  of  the  Rock\-  Mountains,  through  Colorado  into  New 
Mexico,  and  then  turning  southwest  into  Arizona.  "In 
this  belt  no  particular  spot  is  materially  better  than  an- 
other, so  far  as  climatic  conditions  are  concerned''  (Re- 
port of  the  Committee  on  Health  Resorts.  Transactions 
of  the  American  Climatological  Association.  1895). 

Boulder,  like  many  other  localities  in  this  lielt,  would 
seem  to  offer  an  almost  ideal  climate  for  the  high-altitude 
treatment  of  phthisis:  almost  constant  sunshine — but 
thirteen  cloudy  days  on  an  average  during  the  winter, 
clear  bracing  air,  low  relative  humidity,  nights  that  give 
invigorating  sleep  and  rest,  and  grand  mountain  scenery. 
But  it  is  well  to  repeat  what  has  been  before  said,  that 
climate  is  but  one  factor,  although  an  exceedingly  im- 
portant one,  in  the  treatment  of  phthisis,  and  in  order  to 
obtain  the  greatest  advantage  from  any  climate,  however 
ideal,  there  must  be  at  hand  proper  hygienic  conditions 
and  wise  medical  supervision.  Phthisical  patients  in 
health  resorts  require,  as  a  rule,  constant  guidance  and 
restraint;  they  must  know  when  to  practise  the  7'est  cure, 
and  when  it  is  safe  to  take  exercise  and  how  much. 

Edward  0.  Otis. 

BOULDER  HOT  SPRINGS.— Jefferson  County,  Mon- 
tana. 

Post-Office. — Boulder.     Hotel  and  cottages. 

These  springs  are  located  within  two  miles  of  the  town  of 
Boulder,  about  midway  between  Butle  and  Helena.  They 
are  reached  by  both  the  Northern  Pacific  and  the  Great 
Northern  Railroad.  The  springs  are  numerous,  and  some 
of  them  have  a  large  outflow  of  water.  The  surrounding 
country  is  of  a  rugged,  mountainous  character,  the  loca- 
tion of  the  springs  being  4.904  feet  above  the  sea  level. 
The  following  analysis,  supplied  by  Mr.  George  B.  Beck- 
with.  manager  of  the  springs,  was  made  at  the  Columbia 
School  of  Mines,  New  York  City : 

One  Tnited  States  Gallon  Contains  : 

Solids.  Grains. 

Sodium  chloride 4.70 

Sodium  sulphate 4.30 

Sodium  carbonato 2.60 

Calcium  rarl->i>nale 1.30 

Maimesium  carlnmate 3.60 

Sulphur 4.S0 

Iron 2.90 

Total 24.20 

The  temiierature  of  the  springs  ranges  from  125°  to 
187'  F.  The  water  is  said  to  be  very  palatable  as  a 
beverage.  The  hotel  is  heated  by  the  water  of  the 
springs,  and  bathing  facilities  are  abundant.  The  dis- 
casescspecially  benefited  here  are  rheumatism,  indiges- 
tion, chronic  constipation,  renal,  cutaneous,  and  hepatic 
diseases,  and  metallic  poisoning.  J.  K.  Crook. 

BOURNEMOUTH,  England,  is  a  city  of  17,000  or  more 
inhabitants,  and  is  situated  on  the  south  coast  of  Eng- 
land, in  Hampshire,  37|  miles  from  Southampton.  "  It 
is  built  on  a  flat,  pine-covered  heath  which  abuts  abruptly 
on  the  sea  in  the  form  of  sjreat  Virown  sandv  cliffs." 
"  The  Ea.st  CHff.  the  "n'est  Cliii',  the  Valley,  and  the  Coast 
are  the  four  natural  divisions  of  Bournemouth."  The 
East  Cliff,  over  a  great  part  of  its  extent,  slopes  land- 
ward and  thus  has  a  westerly  and  southwesterlj-  as  well 
as  a  southerly  aspect;  it  is  the  older  residential  quarter 
of  Bournemouth.  The  West  Cliff  is  more  elevated  and 
exposed  than  the  East,  and  is  the  newer  part  of  Bourne- 
mouth; it  contains  the  larger  number  of  boarding  houses. 
The  Valley  of  the  Bourne  affords  the  maximum  of  natural 
protection  from  the  wind  which  the  place  can  claim.  The 
lower  part  is  an  attractive  p\iblic  garden,  and  the  eastern 
slope,  which  is  covered  with  pines,  affords  a  perfectly 
sheltered,  sunny  and  quiet  promenade  and  resting  place; 
the  well-known  "  Invalids'  Walk  "  is  to  be  found  here. 
The  Coast  is  in  the  form  of  rugged  high  cliffs,  bright 
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with  green  and  yelknv  gorse,  and  broken  by  deep  irregu- 
lar chines.  Pines,  much  resembling  those  in  our  South- 
ern States,  are  everywhere  to  be  seen.     On  the  East  Clill 


of  rain  or  occasional  cold  winds  or  dust.  The  town 
possesses  a  good  drainage  system,  and  the  water  supply 
is  above  suspicion. 


Fig.  B'O.— Invalltis'  W;  :':.  Donrnemouth,  England. 


they  are  so  abundant,  fringing  the  streetsand  level  walks 
and  sheltering  the  houses,  "  that  this  portion  of  the  city 
hsis  been  well  described  as  a  town  in  the  wood."  The 
heath  all  around  Bournemouth  is  also  covered  with  pine 
woods.  The  aromatic  emanations  from  the  pines  are  sup- 
posed to  impart  salubrious  projierties  to  the  atmosphere. 
I5eneath  and  about  the  pine  trees  the  furze,  rhododen- 
dron, and  holly  flourish  in  great  luxtu-iance. 

The  sea  lies  full  to  the  soutli,  and  on  the  eastern  horizon 
are  the  Needles  and  Alum  Bay,  in  the  Isle  of  Wight.  A 
pier  838  feet  long  extends  into  the  sea  and  has  specially 
constructed  shelters  for  invalids.  The  soil,  consisting  of 
a  greenish  sand,  is  highl}'  absorbent  and  very  dry. 

The  principal  facts  relating  to  the  meteorology  of 
Bournemouth  are  exhibited  in  the  following  table; 


The  general  opinion  of  local  practitioners,  as  expressed 
broadly,  is  that  "most  cases  of  pulmonary  tuberculosis 
improve  at  Bournemouth. "  At  the  same  time  the  climate 
of  Bt)iirnemouth  cannot  be  represented  as  equal  to  the 
best  of  the  foreign  climates,  such  as  the  Riviera  or  the 
Alpine  stations.  Dr.  C.  Theodore  AVilliams'  results  are: 
"Twenty  patients,  each  one  winter  at  Bournemouth;  six 
much  improved,  seven  improved,  two  stationary,  and 
five  worse." 

The  special  features  of  Bournemouth  as  a  health  resort, 
as  summarized  by  the  report  of  a  committee  of  the  Royal 
iledical  and  Chirurgical  Society  of  Loudon,  189.5,  to 
which  the  writer  is  indebted  for  the  above  account,  are 
as  follows: 

"  Bournemouth  is  distinguished  by  the  general  beauty 


Meteorological  Me.\xs  for  Ten  Years,  1881-1890. 


Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

AUR. 

Sept. 

Oct. 

Nov. 

Dec. 

Tear. 

Mean  temperature  (Fahrenheit)  at  9  A.M  . . . 
Mean  minimum  U-raperature 

40.30° 
34.40 
44.70 
8.5.00 
2.47 
14.30 

40.70° 
34.50 
4.5.80 
89.00 
1..S5 
10.50 

42.80° 
34.110 
48.50 
ai.lHl 
1.83 
11..50 

49.80° 
38.50 
44.90 
a8.(KJ 
l.HI 
8.70 

56.10° 
44.60 
62.00 
69.00 
2.13 
10.:io 

61.30° 
.50.30 
6H.20 
69.00 
1.17 
ll.W 

84.80° 
54.20 
71.00 
09.00 
2.07 
14.30 

63.60° 
52.60 
70.90 
70.00 
1.84 
15.00 

58.80° 
49.70 
65.80 
81.00 
2.46 
11.5(J 

51.00° 
42.90 
.56.30 
81.00 
3.14 
18.80 

,C.30° 
39.80 
51.00 
87.00 
3.:36 
17.20 

41,00° 
34.60 
4.5.0O 
85.00 

2..5:3 

14.70 

51.40° 
42.60 
.57.10 

Mean  relati\e  humidity 

Mean  rainfall 

Mean  number  oE  rainy  days 

77.70 
27.26 
138.30 

From  the  above  we  see  that  the  n 
the  whole  year  is  49.7°  F.,  or,  at  9 
mean  minimum  temperattire  is  42 
maximum  57.1°   F.     The  mean  rel 
A.M.  is  77.7,  the  lowest  recorded  in 
total  rainfall  is  27.26  inches,  and 
rainy  days  158.3.     On  an  average  i 
that  there  are  about  two  days  a  we 
season  when  patients  cannot'go  out  s 
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ous  trees  and  shrubs.  The  town  area  is  very  large  in  re- 
lation to  the  number  of  houses  and  inhabitants."  On  the 
other  hand,  "like  other  places  on  the  south  coast,  it  is 
subject  to  frequent  and  uncertain  spells  of  bad  weather, 
in  the  form  of  wet,  cold,  or  both  combined,  and  to  even 
more  dangerous,  because  deceptive,  visitations  of  high 
east  winds  in  the  early  spring." 

"  The  kinds  of  cases  which  have  been  benefited  by  a 
residence  at  Bournemouth  are  chiefly  as  follows: 

"(1)  Cases  of  pulmonary  tuberculosis  which  would  do 
well  at  any  good  health  resort,  (2)  Pulmonary  tubercu- 
losis in  the  incipient  stage.  (3)  Quiescent  pulmonary 
tuberculosis  when  the  patient  can  spend  a  number  of 
hours  continuously  in  the  open  air.  (4)  Patients  in  the 
last  stage  of  phthisis  often  enjoy  an  extension  of  life 
here.  In  general,  cases  that  can  take  advantage  of  out- 
door life  do  well,  while  those  who  are  confined  to  the 
house  do  badly.  (5)  Chronic  bronchitis  without  fever, 
and  particularly  recurrent  bronchial  catarrh  with  a  mod- 
crate  amotmt  of  expectoration,  asthma,  whether  neurotic 
or  catarrhal,  the  different  jjarts  of  the  town  being  tried 
if  necessary.  (6)  Chronic  Bright's  disease,  particularlj- 
of  iuflanmiatory  origin.  (7)  The  subjects  of  chronic  ma- 
laria. (8)  Sufferers  from  chronic  gastric  catarrh  with 
emaciation.  (9)  The  victims  of  nervous  over-work, 
particularly  with  insomnia,  provided  the}'  do  not  settle 
too  close  to  the  sea.  (10)  Delicate  persons  generally,  in- 
cluding more  especially  elderly  and  aged  people,  and 
feeble  and  rickety  children." 

"  The  cases,  on  the  other  hand,  which  do  not  do  well 
or  even  badly,  are;  (1)  Persons  couflucd  to  the  house, 
applying  chiefly  to  consumijtives.  (2)  The  subjects  of 
pulmonary  tul^erculosis  in  its  active  stage,  especially 
when  attended  with  much  fever  and  profuse  expectora- 
tion (3)  Those  sulferiug  with  dry  irritable  catarrh  of 
the  larynx  and  bronchi.     (4)  Sufferers  from  neuralgia." 

The  accommodations  are  good  and  abtindant  and  of 
every  variet_v.  From  a  personal  visit  the  writer  was  im- 
pressed with  the  beauty  of  the  place,  its  clear,  bright 
atmosphere,  the  abundant  sunshine,  its  luxuriant  vegeta- 
tion, and  the  striking  effect  of  the  great  number  of  pines 
everywhere.  The  sea  view  from  the  cliffs  is  most  attrac- 
tive, and  there  are  many  pleasing  excursions  inland  over 
the  thickly  W'ooded  heath.  For  an  outdoor  life  one  can 
hardly  imagine  a  more  attractive  place  of  residence. 

Edicard  0.  Otis. 

BOWDEN  LITHIA  SPRINGS.— Douglas  County,  Geor- 
gia. 

Post-Office. — Lithia  Springs.  Sweetwater  Park  Ho- 
tel. 

Access. — Via  Georgia  Pacific  Division  of  the  Piedmont 
Air-Line.  These  springs  are  located  in  Douglas  County, 
17  miles  west  of  Atlanta,  300  miles  distant  from  the 
Atlantic  coast  and  at  an  altitude  of  1.200  feet  above 
the  sea  level.  The  surrounding  country  is  of  a  some- 
what rugged,  broken  character,  interspersed  with  forests 
of  pine,  oak,  maple,  and  cypress  and  watered  by  streams 
skirted  by  haw  and  liolly.  The  temperature  rarely 
reaches  90°  F.  in  summer  or  extends  below  40"  above 
zero  in  winter,  while  the  nights  are  proverbially  pleas- 
ant. The  surrovmdings  of  the  place  are  exceptionally 
charming,  the  Shoals,"the  Ruined  Mill,  Chapel  Hill,  anil 
the  Dome  Rock,  showing  the  mighty  action  of  some 
great  sea  in  prehistoric  times,  the  Mill  in  the  Glen,  the  Old 
Distillery,  and  the  Sweetwater  Creek  being  also  among 
the  numerous  features  of  interest.  The  hotel  is  a  first- 
class  modern  structure,  capable  of  accommodating  five 
hundred  guests,  and  all  of  the  appointments  are  of  a 
superior  order.  While  people  have  resorted  to  these 
springs  for  about  sixty  years,  only  recently  have  they 
become  very  extensively  known. 

The  use  of  the  Bowden  lithia  waters  is  particularly 
recommended  in  kidney  and  bladder  affections,  calculi, 
gravel,  cystitis,  etc. ,  and  in  gout  and  rheumatism.  The 
external  use  of  the  water  in  bathing,  for  which  there  are 
excellent  facilities,  is  said  to  he  beneficial  in  skin  affec- 
tions, chronic  ulcers,  glandular  enlargements,  etc.     The 


waters  are  used  commercially,  and  may  be  found  in  most 
of  the  principal  cities  of  the  East  and  South. 
Following  are  analyses  of  the  waters; 

O.vE  United  States  Gallon  Contains: 


SoUds. 


Carbonic  acid  as  bicarbonates 

Lilhium  bicarbonate 

Potassium  bromide 

Potassium  sulphate 

Potassium  liicarbonate 

MagfDcsium  bromide 

Magnesium  bicarbonate 

Magnesium  sulphate 

Magnesium  iodide  tiodlne; 

Calcium  bicarb.mate 

Calcium  sulphate 

Calcium  phosphate 

Strontium  sulphate 

Ferrous  bicarbonate 

Sodium  sulphate 

Sodium  chloride 

Sodium  phosphate 

Aluminum  sulphate 

Silicic  acid  (soluble) 

Boric  acid 

Manganese 

Phosphoric  acid 

Rubidium  (spectroscopic  analysis).. 

Fluorine 

Loss  on  ignition 

Total 


(Upper 
Spring.) 
Pratt, 

1887. 


Grains. 

9.85 
3.83 


3.36 
1.69 

10.32 

4.41 

Traces. 

14.18 


.64 

1.03 

.21 

16.3.5 

133.71 

' '  1.33 
1.13 

Traces. 


Traces. 
Traces. 


300.94 


(Lower 

Spring.) 

Pratt, 


Grains. 


1.67 
5.29 


15.23 
"".73 

'  abii 


.38 


134.49 

.89 

3.61 

1.96 


173.36 


Doremus- 
1890. 


Grains. 

9.91 
4.45 


1.73 

'  i'.47 


Traces. 
17.25 
12.15 


1.22 
.21 

8.03 
131.78 


..53 

1.36 

Traces. 

Traces. 


185.74 


Jnmen  K.  Crook. 

BOW  LEG. — ^(Synouym:  Genu  Varum.)  In  the  pop- 
ular sense  bow  leg  includes  all  the  deformities  which 
cause  separation  of  the  knees  when  the  ankles  are  in 
contact  with  each  other;  but,  strictly  speaking,  bow  leg 
implies  an  outward  bending  of  the  tibia  and  fibula,  and 
genu  varum  a  deformity  in  which  the  greatest  distortion 
is  at  the  knee,  the  opposite  of  genu  valgum.  In  most 
instances  simple  bow  leg  is  associated  with  slight  out- 
ward deviation  of  the  knee,  and  genu  varum  with  a  cer- 
tain degree  of  bending  of  the  bones  of  the  leg,  so  that  the 
two  terms  are  ])roi)erly  synonymous. 

Etiology. — Bow  leg  is  the  most  common  of  all  dis- 
tortions, constituting  about  ten  per  cent,  of  the  cases 
treated  in  orthopedic  clinics.  It  is  essentially  a  deform- 
ity of  childhood.  It  may  be  congenital,  and  it  is  not  un- 
common in  vigorous  infants  who  st«nd  at  an  early  age. 
But  in  most  instances  it  is  an  effect  of  rachitis,  usually 
of  a  mild  type,  and  it  develops  therefore  soon  after  the 
child  begins  to  walk,  although  the  tendency  to  deformity 
inay  have  been  acquired  before  this  time.  It  may  be  ac- 
quired in  later  life,  as  an  elTect  of  occupation,  or  injury 
or  disease,  but  this  type  is  comparatively  uncommon. 

Symptoms. — The  essential  symptom  of  bow  legs  is  the 
deformity.  In  the  genu  varum  type,  the  femur  is  ab- 
ducted and  rotated  outward  while  the  tibia  is  rotated  in- 
ward ;  and  in  simple  bow  leg  also  there  may  be  a  spiral 
inward  twist  of  the  tibia,  so  that  in-toeing,  "pigeon  toe," 
may  be  one  of  the  effects  of  the  deformit}'. 

In  the  more  extreme  cases,  in  which  there  is  laxity  of 
the  ligaments  at  the  knee  joint,  the  patient  may  suffer 
from  discomfort  and  weakness,  but  this  is  unusual  except 
during  the  stage  of  active  rachitis. 

Tre.\tmext. — There  is  a  strong  tendency  toward  spon- 
taneous recovery,  the  "outgrowth"  of  deformity.  But 
although  the  distortion  may  be  entirely  cured  by  the 
natural  process,  it  is  far  more  often  simply  modified  and 
made  less  noticeable.  This  may  be  inferred  from  the 
fact  that  bow  leg  in  the  slighter  degree  is  so  common  in 
later  life.  According  to  the  writer's  observations,  about 
one  adult  male  in  five  has  noticeable  defcirmity  of  this 
character,  a  proportion  that  is  apparently  not  exceeded 
among  children.  Thus,  although  bow  leg  may  cause  no 
physical  discomfort,  it  is,  from  the  sesthetic  standpoint, 
of  sufficient  importance  to  merit  treatment  in  all  cases. 
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It  may  be  easily 
overcome  in  iufaucy 
by  systematif  mau- 
mil  coiToetiou.  It 
may  be  prevented  in 
raeliitic  cliildreu  by 
the  avoidance  of  at- 
titudes that  induce 
the  deformity,  espe- 
cially standing  when 
the  bones  are  weak. 
In  the  sl!j;ht  degree 
of  deformity  in  walk- 
ing children,  the 
teudeucy  toward  dis- 
tortion may  be  coun- 
teracted somewhat 
by  making  the  sole 
of  the  shoe  slightly 
thicker  on  the  outer 
border.  If  the  de- 
form i  t  y  i  s  more 
marked,  or  if  it  is  in- 
creasing, or  if  the 
bones  are  abnormally 
fle  .xible,  a  brace 
should  be  applied. 
This  consists  essen- 
tially of  a  light  bar 
(if  steel,  reaching 
from  the  internal 
condyle  of  the  femur 
to  the  sole  of  the  shoe. 
This  is  suitabl.Y  pad- 
ded at  the  points  of 
pressure  and  is  pro- 
vided with  a  laced 
band  which  is  passed 
:iiound  the  limb  at 
the  point  of  greatest 
deformity,  thus  sup- 
porting it  and  exer- 
cising slight  correct- 
ive force.  If  the 
distortion  is  most  marked  at  the  knee,  the  bar  should  be 
prolonged  to  the  upper  third  of  the  thigh,  and  a  second 
band  should  l)e  apjilied  about  the  knee.  A  jointed  brace 
is  less  effective  than  is  the  simple  form 
that  has  been  described. 

The  function  of  a  brace  is  principally 
support.  The  con-ection  of  the  deform- 
ity is  hastened  by  daily  systematic 
manual  straightening,  and  cure  is  accom- 
plished by  the  natural  transformation 
of  the  internal  structure  of  the  deformed 
part  which  begins  when  the  static  con- 
ditions are  changed.  In  older  subjects, 
when  the  bones  are  more  unyielding, 
operative  treatment  is  indicated. 

Osteoclasis  or  osteotoni}-  may  be  em- 
ployed. As  a  rule  it  is  sutlicient  to 
straighten  the  tibia  at  the  point  of  great- 
est deformity,  but  in  exceptional  cases 
both  the  tibia  and  femur  may  require 
treatment.  By  far  the  most  satisfactory 
method  is  partial  osteotomy,  combined 
with  forcible  correction,  i^  small  sharp 
osteotome  is  inserted  directly  over  the 
point  of  greatest  deformity  on  the  con- 
cave side  of  the  tibia,  and  when  the 
cortex  on  its  inner  surface  has  been  di- 
vided the  fracture  is  completed  by  man- 
ual force.  The  tibula  may  be  bent  or 
broken  as  it  is  more  or  less  resistant.  In 
all  cases  the  distortion  should  be  slightly 
overcorrected,  and  the  limb  fixed  in  this 
position  until  union  is  complete. 

Other    Varieties    of   Deformity. — Bow 


Fig.  6U0.- 


-Bow  I.e^s  of  tlie  Genu  Varum 
Type. 


leg  may  be  tmi- 
lateral,  or  it  may 
be  combined 
with  knock- 
knee. 

Anterior  Bow 
Leg.  —  Anterior 
bow  leg  is  a  de- 
formityin  which 
the  tibia  is  bow- 
ed with  the  con- 
vexity forward. 
Thisdistortionis 
usually  symp- 
tomatic of  pro- 
nounced rachit- 
is; it  is  often 
combined  with 
knock-knee,  or 
with  general  dis- 
tortions of  the 
1  i  111  b  s,  "  cork- 
screw" deform- 
ity. The  antero- 
posterior diam- 
eter of  the  tibia 
is  increased  and 
its  crest  is  prom- 
inent and  pro- 
jects sharply  be- 
neath the  skin. 
As  the  weight  is 
thrown  upon  the 
anterior  part  of 
the  foot,  the  heel 
projects  and  the 
gait  is  awkward 
and  shutHing. 
The  distortion  is 
not  usually 
amenable  to 
treatment  by 
braces,  and  in 
the  more  ex- 
treme cases  a 
cuneiform  oste- 
otomy   may    be 


FIG.  661.- 


% 


-Bijvv  Li'ns  111  Wliic-U  tlie  PriiK-ipal  Dis- 
tortion is  Below  tbe  Knees. 


Fig.  663.— Braces  for  Bow  LejTs. 
(Bradford  and  Lovett.) 


required  to  restore  the  normal  contour. 
lioi/iil  Whitman. 

BOX. — The  leafy  twigs  of  Bu.r>is  sern- 
pcreirens  L.  (fain.  Biu-aee^v).  The  box  is 
a  slow -growing  evergreen  shrub,  rather 
variable  in  habit,  but  usually  compact, 
with  a  veiy  short  trunk,  and  numerous 
leafy  branches.  The  leaves  are  opposite 
and  crowded,  3  or  3  cm.  long,  elliptical  or 
oval.  They  are  dark  green  and  shining 
above,  pale  beneath,  thick  and  leathery. 
The  bark  of  the  younger  twigs  is  green, 
that  of  the  old  trunks  gray  and  tulsercu- 
jated. 

Box  is  a  native  of  the  southern  part  of 
Europe  and  the  East.  It  is  frequently 
cultivated  for  ornament  there,  and  has 
been  a  favorite  bordering  plant  for  flower 
gardens  in  the  United  States,  where  it 
grows  fairly,  but  very  slowly.  It  sel- 
dom blossoms  in  New  England.  All 
parts  of  the  plant  are  bitter;  the  leaves 
and  twigs  are  the  most  available  for 
medicinal  use.  By  far  the  most  impor- 
tant product  of  this  valuable  shrub  is 
its  wood,  which  for  many  purposes  is 
unequalled. 

The  bitterness  of  box  is  due  to  the 
alkaloid  biixine,  discovered  by  Faure  in 
1830.     It  is  a  white,  amorphous  powder 
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of  a  persistent  bitter  taste.  It  is  very  insoluble  in  'water 
(■Fm):  t)"'  dissolves  ratlier  freely  iii  alcobol,  and  more 
freely  in  chloroform.  A  second  alkaloid.  parahH.rin,  was 
found  by  Pavia  to  accompany  the  bu.xine  in  box ;  and 
it  is  still  probable  that  some  other  principle  may  be 
found  to  explain  the  poisonous  qualities  it  has  been 
occasionally  observed  to  have. 

Uses. — Box  has  had  some  reputation  as  a  febrifuge  and 
tonig;  in  large  doses  it  is  purgative  and  emetic.  It  is 
suspected  of  being  sometimes  used  to  replace  hops  in 
beer;  but  it  is  little  employed  in  medicine  to-day.  The 
alkaloid  bnxine  (bcbeerine),  either  from  box  or  bibiru, 
has  been  Offered  as  a  substitute  for  quinine  in  intermit- 
tents,  but  is  much  inferior;  in  the  same  large  doses  it 
deranges  the  stomach  and  digestion ;  in  small  doses  it, 
however,  is  an  excellent  tonic.  Btixine  has  been  found 
in  several  plants  of  entirely  different  orders,  and  is  prob- 
ably, like  berberine,  a  rather  extensively  distributed 
alkaloid.  The  bebeerine  of  bibiru  (2i^ectandra  Rhudiai 
Schomb.),  the  pelosine  of  pareira  (Ghondodendmn  tomen- 
tfsvm  R.  et  P.),  as  well  as  of  the  false  pareira,  have 
been  shown  by  Fliiekiger  and  others  to  be  identical  with 
this  alkaloid,  although  it  is  not  quite  certain  that  the 
physiological  efEects  of  buxine  from  all  these  sources  are 
the  same.  The  sulphate  and  Jii/ilrocMornte  of  buxine 
are  in  the  market.  Dose,  as  a  tonic,  from  5  to  10  cgm. 
(0.0.5-0. 10  =  gr.  i.  ad  ij.);  as  a  febrifuge,  eight  or  ten 
times  as  much  (0..5-1  =  gr.  viii.  ad  xvi. ). 

W.  P.  Bolles. 

BRADFORD  MINERAL  SPRINGS.— Merrimac County, 
N.  H. 

Post-Office. — East  Washington.     Hotel. 

Access. — From  Boston  via  the  Lowell  Railroad  to  East 
Washington :  thence  one  mile  to  hotel  at  springs.  Stages 
await  trains  during  the  season  from  May  15th  to  October 
1.5th. 

This  spring  became  known  to  the  white  settlers  in  17T0, 
and  since  early  in  the  present  century  its  waters  have 


chloride,  sodium  carbonate,  calcium  carbonate,  magne- 
sium carbonate,  calcium  phosphate,  iron  oxide,  aluminmn 
oxide,  organic  matter,  sulphur,  carbonic  acid  gas. 

We  are  unable  from  this  analysis  to  assign  the  water 
to  its  proper  class,  although  it  is  probably  a  sulphureted 
chalybeate.  The  spring  yields  twenty-one  hundred  gal- 
lons hourly.  The  water  is  clear  and  sparkling,  and  emits 
an  odor  of  stilphureted  h_vdrogen  gas.  It  has  been  suc- 
cessfully used  by  the  residents  of  the  neighborhood  in  the 
treatment  of  certain  cutaneous  diseases,  especially  eczema. 
It  is  said  to  be  a  very  efficient  diuretic  and  tonic,  and 
seems  to  be  well  adapted  for  rheumatism  and  diseases  of 
the  alimentary  tract,  and  for  conditions  in  which  the 
urine  is  scanty  and  high-colored.  As  a  douche  in  nasal 
catarrh  and  in  catarrhal  states  of  the  vagina  and  uterus 
it  has  been  found  useful.  There  are  bathing  facilities 
for  guests  who  wish  to  take  hot  or  cold  sulphur  baths. 
The  surrotmdings  of  the  place  are  very  attractive,  and 
ample  amusements  and  diversion  are  aiiorded  the  visitor 
in  the  way  of  bowling,  shooting,  fishing,  driving,  etc. 

James  K.  Crook. 

BRAIN.  (Anatomical.)  —  I.  Introduction.  §  1. 
Scope  of  this  Article. — The  development  of  the  brain,  its 
growth,  histology,  functions,  blood-vessels  and  surgery, 
and  tlie  methods  of  its  removal,  etc.,  are  presented  under 
appropriate  titles.  In  this  article  the  organ  will  be  con- 
sidered mainly  from  the  standpoint  of  normal  morphol- 
ogy, with  occasional  elucidations  from  embryology,  com- 
parative anatomy,  and  teratology. 

I  regret  that  so  many  points  remain  undetermined  and 
so  many  problems  unsolved.  These  relate  especially  to 
the  meninges  and  the  olfactory  region  of  the  brain. 

§  3.   Order  of  Treatment. — I.  Introduction,  §§1-13. 

II.  General  Constitution  of  the  Brain,  Segments,  etc., 
§§  14-69. 

III.  The  iletencephal  (postoblongata),  §§  70-90. 

rV.  The  Epeucephal  ( preoblongata,  cerebellum,  and 
pons).  §S  91-r2s. 


supercentral  f. 

precentral  f. 
superfronlal  f. 
medifruulal  f. 

subfronlal  f. 

subfrontal  g. 

presylrtan  f . 


meditemporal  f. 
postoblongata 


postcentral  i. 
paiietal  f. 

paroccipital  isthmus 

occipital  f. 

paroccipital  f . 

4 

esoccipital  f. 


cerebellum 


myel 


Fig.  663.— Left  Side  of  the  Brain  of  a  Male  Child  ,Ht  Birth ;  -ITS.  X  1.  The  brain  was  medisected  when  fresh,  and  the  hemicerebrum  spread 
and  flattened  oonsideralily  while  hardening.  The  specimen  is  really  the  right  half,  but  for  readier  comparison  with  other  specimens  and 
dgiires  a  diagram  wa.s  made  (by  Mrs.  Gage)  reversed  so  as  to  represent  the  left  half.  This  flgure  is  based  upon  a  photograph  of  the  diagram. 
The  cerebellum  is  correct  in  outline,  hut  no  details  are  shown.  Other  aspects  of  the  same  specimen  are  shown  in  Figs.  7(E,  7.56,  774,  775. 
Just  ventrad  of  the  naiTow-  isthmus,  between  the  overlapping  branches  of  the  subfrontal  and  precentral  Assures,  is  a  white  x ;  1, 2,  3, 4, 5, 6, 
undetermined  fissures ;  7.  an  isthmus  between  B  and  the  exoccipital  which  is  nearly  concealed  by  the  adjoining  gyres.    See  §  4. 


been  used  for  medicinal  purposes.  An  analysis  by  Dr. 
Jackson,  of  Boston,  subsequently  confirmed  by  Dr.  Rich- 
ards, of  Poughkeepsie,  New  York,  showed  the  presence 
of  the  following  ingredients:  Sodium  chloride,  potassium 


V.  The  Mesencephal  (gemina  and  crura),  §§  129-141. 

VI.  The  Dicncephal  (thalami),  §§  142-157. 

VII.  The    Prosencephal,   its    cavities,   parietes,   com- 
missures, lissures,  and  gyres,  g§  158-856. 
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VIII.  The  Rhinencephal  (olfactory  bulbs,  etc.),  §§ 
357-373. 

IX.  The  Meninges  (dura,  arachnoid,  pia),  §§  373^09. 

X.  Bibliography. 

^  3.  Mit/u'd. — The  text  consists  largely  of  commen- 
taries upon  the  points  illustrated  by  the  ligures.  What 
seem  to  me  the  more  important  facts  and  fundamental 
ideas  of  encephalic  morphology  are  embodied  in  concise 
propositions.  Unless  otherwise  stated  these  propositions 
apply  to  the  human  brain,  and  may  not  always  hold  good 
for  those  of  other  vertebrates,  or  even  other  members  of 
the  mammalian  class.* 

g  4.  Fig.  G6S  illustrates:  A.  The  general  aspect  of  a 
briiin  from  the  side;  its  continuity  with  the  myel  (spinal 
cord)  through  the  oblongata:  the  existence  of  a  smaller 
mass  (the  cerebellum)  and  a  larger  (the  cerebrum);  the 
overlapping  of  the  former  by  the  latter  more  extensive 
at  birth,  amfin  earlier  than  adult  brains;  the  existence  of 
other  parts,  the  olfactory  bulb,  the  pons,  and  the  oliva 
(the  elliptical  elevation  of  the  postoblougata  upon  which 
the  line  from  that  word  ends);  the  fissures  of  the  cere- 
brum; the  subdivisions  of  the  cerebellum  (foliums)  are 
not  indicated. 

(The  remaining  points  Illustrated  refer  to  the  cerebral 
fissures,  and  may  be  considered  more  advantageously  in 
connection  with  Part  VII.) 

B.  The  simple,  almost  schematic,  relations  of  the 
fissures  demarcating  the  several  operculums  (compare 
Fig.  7S4);  the  preoperculum  only  is  named.  The  sub- 
operculum  is  the  region  veutradof  the  subsylvian  fissure. 
The  operculum  is  between  the  presylvian  and  Sylvian 
fissures ;  and  the  postoperculum  is  the  overlapping  margin 
of  the  temporal  lobe,  the  region  on  which  is  the  word 
Sylrian  and  ventrad  of  it. 

C.  The  incomplete  covering  of  the  insula  (see  Fig.  788) 

D.  The  presence  of  a  distinct  medifrontal  fissure,  sub- 
dividing the  medifrontal  gyre. 

E.  The  independence  of  the  postcentral,  parietal,  and 
paroccipital  fissures. 

F.  The  presence  of  the  exoccipital  (the  "ape  fissure" 
of  some  writers). 

G.  The  frequency  of  the  zygal  or  H-shaped  form  of 
fissure — e.g..  paroccipital,  parietal,  postcentral,  sub- 
frontal,  orbital,  and  fissure  3;  see  g  307. 

§  0.  Tfie  Facts. — Most  of  the  statements  are  parts  of 
common  anatomical  knowledge,  and  special  references 
are  seldom  given  in  this  connection;  therefore  tlie  fol- 
lowing extract  from  the  preface  to  Huxley's  "Anatomy 
of  Vertebrated  Animals  "  may  be  ajipropriately  added: 

"The  reader,  while  he  is  justly  entitled  to  hold  me  re- 
sponsible for  any  errors  he  may  detect,  will  do  well  to 
give  me  no  credit  for  what  may  .seem  original,  unless  his 
knowledge  is  sufficient  to  render  him  a  competent  judge 
on  that  head." 

§  6.  The  Ideas. — Unfortunately,  the  facts  of  anatomy 
are  susceptible  of  various  interpretations  according  to 
the  relative  weight  assigned  to  them.  In  particular 
there  are  divergent  views  respecting  the  segmental  con- 
stitution of  the"  entire  brain  and  the  normal  pattern  of 
the  cerebral  fissures. 

§  7.  The  Illustrations. — Of  the  one  hundred  and  forty- 
five  figures,  one  hundred  represent  preparations  made 
by  me  for  the  museum  of  Cornell  University:  these 
preparations  are  designated  by  their  catalogue  numbers. 
The  drawings  have  been  executed,  from  the  specimens 
and  from  photographs,  bv  Prof.  E.  C.  Cleaves  (C), 
Mrs.  S.  H.  Gage(G.  or  S.  P.  G.),  and  Mrs.  Wilder.  The 
twenty-five  borrowed  figures  are  credited  to  their 
sources.  The  remaining  illustrations  are  original  dia- 
grams or  drawings,  or  direct  reproductions  of  photo- 
graphs. 

§  8.  Terminalogji. — The  general  subject  will  be  dis- 
cussed in  the  article  TermimAngg.  Anatomical,  in  another 
volume;  meantime  those  interested  are  referred  to  the 
article  under  that  title  in  Vol.  VIII.,  of  the  first  edi- 

•  The  uses  ol  certain  animal  brains  as  aids  In  the  study  of  the  hu- 
man organ  are  set  forth  In  the  article,  Brain:  Mettwch.  etc.,  and  in 
my  paper,  1896,  g. 


tion,  pp.  515-.587:  to  "  Anatomical  .Technology  "  (Wilder 
and  Gage,  1883) :  to  the  Reports,  during  the  last  ten  years, 
of  Committees  of  the  American  Association  for  the  Ad- 
vancement of  Science,  the  American  Neurological  Asso- 
ciation, the  Association  of  American  Anatomists,  and  the 
Anatomische  Ge-sellschaf t :  to  the  article,  "Anatomical 
Nomenclature,"  by  F.  H.  Gerrish,  in  "Progressive  Medi- 
cine," for  1899.  pp.  337-346;  to  G.  M.  Gould's  "Sugges- 
tions to  Medical  Writers,"  1900.  chap.  iv. :  and  to  my 
address,  "  Some  Misapprehensions  as  to  the  Simplified 
Nomenclature,"  Assn.  Amei\  Anat.,  Proceedings,  1898, 
pp.  l.>-o9.  and  Science.  April  31st,  1899.  The  principal 
publications  prior  to  1896  are  included  in  the  bibliography 
of  my  "Neural  Terms,  International  and  National,"  Jour. 
Comp.  Neurology,  December,  1896,  vol.  vi.  Here,  there- 
fore, it  is  necessary  only  to  comment  briefly  upon  the 
two  groups  of  terms  employed  in  this  article. 

§  9.  Terms  of  Position  and  Direction  (Toponyms). — In 
place  of  the  more  or  less  ambiguous  terms  upper,  lower, 
anterior,  posterior,  inner,  outer,  etc.,  will  be  employed 
terms  referring  to  the  regions  of  the  vertebrate  body  in 
whatever  attitude  it  may  be — viz.,  dorsal,  ventral,  cepha- 
lic, caudal,  mesal,  lateral,  ental,  ectal,  etc.,  constituting 
an  intrinsic  toponymy.  The  adverbial  forms  are  dorsad, 
me.iad,  ectad,  etc. 

^  10.  Terms  of  Bengnatioti  (Organonynu) . — Each  part 
is  designated  uniformly  by  one  and  the  same  name. 
W^here  two  or  more  names  are  already  in  use,  the  simpler 
or  shorter  has  been  chosen.  In  some  cases  simple  names 
have  been  formed  by  the  omission  of  unessential  words 
or  by  the  combination  of  two,  or  by  the  coinage  of  words 
from  the  Latin  or  Greek.  Where  the  English  form  (paro- 
nym) differs  from  the  classical  the  fonner  is  often  pre- 
ferred. For  examples,  "  pneumogastric  "  becomes  ragus  ; 
"pons  Varolii,"  pons;  "corpus  callosum,"  callosum ; 
"conrmissuni  anterior,"  prccommissure ;  "aquseductus 
Sylvii "  and  "  iter  a  tertio  ad  quartum  ventriculum " 
give  place  to  mesocalia  (the  cavity  of  the  mesencephal), 
Eng.  mewcele." 

§  11.  Fig.  GG4  illustrates :  A.  The  general  form  and 
appearance  of  the  cerebrum  of  an  educated  and  moral 
distinguished  man,  rapid  in  thought  and  movement. 

B.  The  general  symmetry  as  to  form  and  especially  as 
to  certain  fissures,  central,  occipital,  paroccipital,  in- 
flected, associated  with  some  decidedly  asymmetric  con- 
ditions— e.g.,  the  relations  of  the  postcentrals  to  the  para- 
centrals. 

C.  The  bifurcation  of  the  dorsal  end  of  both  central 
fissures  and  the  liifurcation  of  the  caudal  branch  on  each 
side. 

D.  The  coexistence  of  the  more  common  relation  of 
the  paracentral  to  the  postcentral  on  the  right  with  the 
inclusion,  on  the  left,  of  both  branches  of  the  postcentral 
within  the  ciu-ve  of  the  paracentral:  see  §  385  and  Fig. 
769. 

E.  The  great  depth  of  both  occipital  fissures:  this  is 
their  real  depth,  and  is  not  due  to  a  superficial  extension. 

F.  The  distinctne.ss  and  simplicity  of  the  paroccipital 
fissures,  and  the  existence  of  the  more  usual  combination 
— i.e.,  continuity  with  the  parietal  on  the  left  and  inde- 
pendence on  the  right ;  see  Fig.  778. 

G.  Neverthele.ss,  the  difficulty  of  deciding  how  this 
case  should  be  entered  upon  a  Table.  On  the  right  the 
isthmus  between  the  parietal  and  the  paroccipital  is  per- 
fectly distinct  and  visible  in  any  direct  view :  yet  it  is 
below  the  level  of  the  adjacent  gyres  and  might  perhaps 
be  regarded  as  a  vadum.  On  the  left  the  vadum  (at 
the  point  marked  13)  is  much  more  depressed,  and  hidden 
from  easy  view  by  the  overlapping  gyre  just  cephalad 
of  it. 

H.  The  unusual  complexity  of  the  fissures  represent- 
ing the  parietal  and  the  postcentral.  On  each  side  there 
are  recognizable  three  irregular  fissures  caudad  of  the 
central :  "the  most  dorsal  of  each  group  is  triradiate  and 

*  Orthographic  discrepancies  between  this  article  and  my  recent 
papers  (cy.,  in  the  retention  of  certain  diphthongs  and  of  the  ultima 
of  avatnmieal.  mnrphnlogicaU  etc.)  are  due  to  the  necessity  of  con- 
forming to  the  plan  of  the  entire  work. 
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perfectly  distinct,  and  is  marked  poslctntral  ;  on  the 
right  one  of  the  rays  (4)  cuts  the  margin  of  the  liemi- 
cerebrum  deeply.     The  most  ventral  (2  and  9)  joins  the 


superiroutal  (?) 
inflected  (?) 


superfrontal  (?) 


arietal 
iiracentral 


jiarorcipital 
occipital 


Fig.  66i.— Dorsum  of  the  Cerebrum  of  James  Edward  Oliver,  Professor  of  Mathematics  in  Cornell 
University;  aged  sixty-six;  3,334.  •:  .57.  When  removed  the  brain  was  Arm  in  texture  and 
weighed  (with  the  piarachnoid  but  without  the  dura)  1.410  srm.  (49.94  ouncesj.  approximately  5<) 
ounces.  It  was  transected  at  the  meseucephal ;  the  cerebrum  was  medisected  and  each  half 
hardened  while  resting  in  a  mixture  of  almlidl.  fnrijial.  zinc  chloride  and  water,  of  specific  gravity 
equal  to  that  of  the  brain ;  later  it  was  tniu^ferrrd  to  increasing  strengths  of  alcohol.  The  cere- 
brum is  believed  to  retain  very  nearly  its  uaiural  fnnn.  The  diacele  ("third  ventricle")  was 
unusually  wide  and  the  metlicommissure  wholly  absent  (see  §  1.52).  There  were  nonbvinus  signs 
of  diseased  conditions  beyoud  a  shght  opacity  of  the  piarachnoid  about  the  dorsal  ends  nf  both 
central  Assures.  Professor  Ohver  was  a  man  of  the  purest  character  and  a  philosoi'liic  tliinkcr, 
in  not  only  the  higher  mathematics,  but  other  sciences  and  ethics.  He  was  left-handed  and 
absent-minded,  but  rapid  in  thought  and  action.  For  an  account  of  his  life  and  a  list  of  his 
writings,  see  the  memoir  liv  G.  W.  Hill,  read  before  the  National  Academy  of  Sciences.  April.  ISiKi ; 
also.Soif)icf,  .\pril,  ls!)."i,  aiid  the  Ithaca  Joiirmif,  March  2Sth,  189.5.  1  (right)  and  S  (left),  Assures 
parallel  with  the  ceutfals  and  rfprcsHutiuL'.  piThaps,  both  precentrals  and  supereentrals ;  they 
unite  with  the  longitudinal  Assines  (siipcrfi-ontais  ?);  but  a  vadum exists  on  each  side;  2  (right) 
and  9  (left),  the  most  ventral  of  the  postcentral  groups;  3  and  10,  the  middle  of  each  group  (sub- 
central  ?) ;  4,  a  ray  of  the  postcentral  cutting  the  margin  of  the  precuneus :  5,  the  right  paroc- 
cipital  isthmus ;  (i,  an  incision ;  7,  a  distinct  diagonal  Assure  ;  8,  see  1 ;  9,  see  2 ;  10,  see  3 ;  12,  a 
Assure  cutting  the  margin  of  the  precuneus  deeply  but  connected  with  neither  the  paracentral 
nor  the  posti-entral ;  13,  location  of  the  paroccipital  vadum.  Inadvertently  no  guide  lines  indicate 
the  parietal  tlssures,  but  they  may  be  recognized  from  their  relations  to  the  paroccipitals.    See  g  11. 


Sylvian  fissure.  The  middle  one  (3  and  10)  is  continuous 
with  the  parietal  on  the  right,  but  ou  the  left  a  vadum 
may  be  recognized. 

I.  The  unusual  location,  dei>tb,  and  symmetry  of  the 
inflected  (?)  tissuros. 

g  12.  Jieferenecs. — In  the  Bibliography  at  tlie  close  of 
this  article  the  names  of  authors  and  editors  are  arranged 
alphabetically.  The  date  after  the  name  is  the  year  of 
publication,  and  the  following  letter,  if  there  is  one, 
designates  a  particular  paper  or  book  out  of  two  or  more 
published  within  a  single  year.  Jly  own  name  is  abbre- 
viated in  the  text  to  "\V.  My  papers  on  the  structure  and 
nomenclature  of  the  brain  prior  to  1897  are  enumerated 
in  the  Bibliography  of  "Neural  Terms,"  1896,  h,  which  is 
probably  accessible  to  most  anatomists  either  as  a  reprint 
or  in  the  Journal  of  Conrparutii-e  Jfeurolvgy. 

%  13.  Acknoirledginents. — For  assistance  in  the  making 
of  preparations  or  photographs,  for  suggestions  as  to 
methods,  for  helpful  criticism  of  the  former  edition,  or 
for  the  loan  of  figures,  I  am  indebted  to  the  following 
former  students,  of  whom  several  are  present  colleagues: 
P.  A.  Fish.  S.  PI.  Gage,  Mrs.  Gage.  G.  S.  Hopkiris,  O. 
D.  Humphrey,  B.  F.  "Kingsbury,  W.  C.  Krauss,  B.  D. 
Myers,  and  B.  B.  Stroud. 


II.  General  Constitution  of  the  Brain. — §  14, 
Dtfinition. — The  brain  (Gr.,  iyiii(fialui;;  Lat.,  cerebrum; 
late  Lat.,  encephalon  ;  It.,  eerrello,  cerebro  ;  Sp.,  cerebro ; 
Fr.,  cerveau  ;  Ger.,  Gehirn  ; 
Eng.,  encep/udoii ,  encephal)  is 
the  enlarged,  segmented,  ce- 
phalic ("anterior")  portion  of 
the  neuron  or  cerebro -spinal 
axis. 

§  1.5.  The  neuron*  is  that 
one  of  the  great  mesal  (me- 
dian) organs  which  is  nearest 
the  dorsal  surface  of  the  body, 
and  farthest  from  the  heart 
(Fig.  665).  The  other  two  are 
the  enteron  (alimentary  canal), 
and  the  axon  (skeletal  or  body 
axis;  uotochord  in  early  em- 
bryos, but  in  later  stages  and 
adults  the  series  of  centrums  or 
bodies  of  tlie  vertebrae).  Fig. 
670.  odontoid  process,  etc.  The 
enteron  is  in  the  ventral  (he- 
mal)  cavity;  the  neuron  oc- 
cupies the  dorsal  (neural  or 
cerebrospinal)  cavity ;  the  ax- 
on forms  a  partition  between 
the  two. 

^  16.  Fig.  665  illustrates:  A. 
The  existence,  in  man  as  in 
other  vertebrates,  of  two  par- 
allel body  caTities,  a  dorsal  or 
neural,  and  a  ventral  or  hemal, 
separated  by  the  axon,  the 
skeletal  axis. 

B.  The  pi'esence,  in  the  ven- 
tral cavity,  of  the  /leari.  a  hol- 
low muscular  organ,  rhythmi- 
cally contractile  during  life. 

C.  The  presence,  in  the  ven- 
tral eavit3^  of  a  muscular 
tube,  the  enteron  (alimentary 
canal). 

D.  The  presence,  in  the  dor- 
sal cavity,  of  a  subcylindrical 
rod.  the  neuron  (cerebro-spinal 
axis),  itself  containing  a  cav- 
itj-,  the  neurocele  ("central 
canal  "  and  "  ventricles  "). 

§  17.  Excepting  at  its  first 
formation   (when   it   is    a   rod 
with  a  dorsal  furrow)  the  en- 
tire neuron  is  a   tube,  a   sub- 
cylindrical    mass    enclosing  a 
cavity.     This  cavity  is  the  neurocele,  and  the  enclosing 
material  constitutes  the  celian  parietes.    The  existence  of 
the  neurocele  ma)'  be  demonstrated  by  the  transection 

*  Certain  points  relating  to  this  word  will  be  discussed  in  the  article 
Tcrmimiloiiil,  Anatiimii;aL  The  following  brief  statement  is  theab- 
stract  of  my  paper.  1899,  (i,  as  printed  iu  .SVi^Hcc,  March  Kith,  1900, 
i'M) :  "  Is  neuriiu  aniihihjc  «.s  a  designothat  of  the  central  uen'ons 
siistcm  ;?  Ncurnu  (from  to  (cOpoc)  was  proposed  by  me  in  this  sense 
in  1884  (IC.  Y.  Mcil.  Jcurn.,  August  3d,  p.  114),  and  employed  in  the 
same  journal,  March  28th,  1*8.5,  p.  :i5i! ;  in  addresses  before  the  Amer. 
Neurol.  Assn.  {Joiirn.  Xcrr.  ami  Mint.  £>!«.,  July,  1885)  ;  Amer. 
Assn.  Adv.  Sci,  Proceedings,  1885,  and  in  the  second  edition  of 
'  Anatomical  Technology,'  1886.  It  has  been  employed  by  McClure, 
Minot,  Waters,  and  others.  The  reasons  for  its  abandonment  in  1889 
for  HI  iini.i  iv.  as  stated  in  the  Proceedings  of  the  Assn.  Amer.  Anat- 
oniist.s'for  189.5.  p.  44.  and  Rkf.  Hanpuook  of  Med.  Sci.,  ix.,  100, 
now  seem  to  me  inadequate.  Xeurint  is  the  basis  of  neiwal  (as  ap- 
plied to  aspect,  folds,  furrow,  and  canal)  and  of  uiurentc7'ic  and 
other  compounds,  and  it  is  the  natural  correlative  of  enleritn  (entire 
alimentary  canal)  and  of  a.ron  (notochord  or  iiriiuilive  skeletal  axis) . 
Not  until  1891  did  Waldeyer  propose  hckcoii  for  the  nerve  cell  and  its 
processes ;  not  until  1893  did  Shafer  apply  it  to  the  axis-cylinder 
process.  As  with  tardus  and  C)7iio)i,the  context  would  coinmonly 
avert  confusiijn  between  the  macniscopic  and  microscopic  signiAca- 
lions  of  ilie  wi;>rd  in  a  given  case.  The  compounds  macroncuron  and 
micromurnn  might  be  employed  if  necessary,  or  (as  suggested  by 
Barker,  189i),  p.  4(J),  the  histologic  element  might  be  designated  by 
rieurane,  as  if  from  yfvp^t:  The  question  is  now  further  complicated 
by  Van  Gehuchten's  adoption  of  jS'eurdxe  as  the  title  of  a  new  jour- 
nal of  neurology." 
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of  any  part  of  the  nounm  in  any  other  verteliratc.  and 
iu  an  immature  human  lieinLr;  Init  with  the  adult,  in 
certain  regions,  tlie  olfactory  bulbs  (Fig.  672)  and  most 
of  the  niyel  {s]iinal  cord.  Fig.  670),  the  cavity  is  more 
or  less  completely'  obliterated. 

g  ly.  Lnciitiiin. — The  brain  is  contained  mainly  within 
the  cranium,  although  part  of  the  postoblougatii  or  even, 


esopUagus 
aorta 


iieurucele 


axon    lung 


riG.  6ft5.— Caudal  Aspect  of  a  Thoniric  Transection  of  a  Fetus  About 
3.9  cm.  from  Nates  to  Bregma,  anil  Estiiiialed  at  Ten  Weeks  ;  2,139. 
X  4,  1,  Thora.x,  part  of  tlie  ventral  or  liemal  cavity ;  3,  spinal 
canal,  part  of  the  dorsal  or  neural  cavity  ;  :{.  ?:capula. 

Defects. — The  fetus  was  hadly  shrunken  by  immersion  in  too 
strorie  alcohol,  and  the  parts  here  shoun  dried  somewhat  while 
photographing.  Certain  details  as  to  the  pleura,  spinal  nerves,  and 
arachnoid  are  omitted,  the  object  of  the  figure  being  mainly  dia- 
grammatic.   See  §  Hi. 

as  appears  in  Fig.  670.  a  little  of  the  cerebellum,  may  ex- 
tend beyond  the  limits  of  ihe  fumnien.  ?naffnum.  It  is 
remarkably  sheltered  and  clothed  by  the  cranial  bones 
and  by  the  soft  parts  ectad  and  entad  of  them,  the  scalp 
and  tiic  meninges  (dura,  arachnoid,  and  pia)  (Fig's.  795, 
796,  798). 

§  19.  The  Brain  a  Modified  Tube. — In  its  simplest  ex- 
pression the  brain,  like  the  remainder  of  the  neuron,  may 
be  represented  as  a  tulje  of  nervous  tissue  lined  by  a  non- 
vascular, ciliated*  epithelium,  theendyma("ependyma"), 
and  covered  b}'  a  vascidar  membrane,  the  jiia  ("pia 
mater  "). 

§  20.  In  what  may  be  regarded  as  an  approximately 
typical  condition,  the  parietes  consist  of  three  layers  or 
strata,  viz.,  an  ental,  mainlv  cellular,  adjoining  the 
endyma,  the  entdeiiiercn  ^" central  tubular  gray");  an 
ectal,  mainly  cellular,  ailjoining  the  pia,  the  ectoeinerea 
(cortex) ;  an  intermediate,  tibrous,  between  the  other  two, 
the  ulbn  or  medidla;  see  Fig.  666.  In  sotiie  regions, 
particularly  the  epicelian  and  paracelian  roofs,  the  ento- 
cinerea  is  dislocated  or  crowded  as  it  were  from  its  nor- 
mal position  next  the  endyma  by  albal  or  fibrous  intru- 
sions, conmiissurcs,  especially  the  callosum.  Parts  of 
the  ectocinerea  (f.;i..  claustrum  and  lenticula,  Fig.  781) 
are  also  separated  more  or  less  completely  from  the  rest. 

§  31.    Unequal  Thiekitessvf  the Parietc.t. — In  the  earliest 

*  There  is  considerable  divergence  of  statement  among  authors  as 
to  the  presence  of  cilia,  especially  in  adults.  P.  A.  Fisli  ha.s  dcscrilH-.i 
(1890,  2.56)  the  ciliated  cHiisiTi  tlir  rncr|.lialic  raviti.s  .if  iln- .at.  l...th 
oldand  young.  He  urges  the  iiiipnrtaucv  ..f  thorough  iircservation  liv 
the  iniection  of  the  preservative  inii  ■  tlie  cavities ;  states  that  a  masrnili- 
cation  of  not  less  than  six  hunilred  diameters  nuist  be  employed,  and 
intimates  that  the  failure  t<i  recognize  them  in  man  may  be  due  to  de- 
fective methods  of  preparation  or  e.xaTuination.  See  also  the  recent 
paper  of  studnieka  :  "  Ueber  das  F.peudvm  des  Centrajnervensvstems 
Wirbeltiere,"  SUzunysher.  K.  lliiluii.  (;..<.  ll'iw..  Math.  Nat.  CI., 
WW),  xlv.,  p.  7. 


stages  the  cclian  parietes  are  of  approximately  equal 
thickness  throughout,  although  certain  portions  of  the 
roof,  e.g.,  of  the  inetacele,  are  never  so  thick  as  portions 
of  the  floor.  With  .some  low  or  generalized  vertebrates 
— e.g.,  Scymnxs.  a  shark  (T.  J.  PaVker);  Xertunis,  a  sala- 
mander (W..  1884.  a.  Fig.  16);  Ccratadiis.  a  Dipnoan  (W., 
1887,  a) — this  condition  prevails  throughout  life,  at  least 
with  certain  regions. 

With  man,  until  the  fetus  attains  a  length  of  at  least  6 
cm.,  and  an  estimated  age  of  twelve  weeks  (see  Fig.  667), 
the  cerebral  parietes  are  almost  uniformly  thin;  when 
24  cm.  long,  and  aliout  twentv  weeks  oUl.  certain  regions 
are  considerably  thicker  than  others,  as  seen  in  Fig.  716; 
iu  the  adult  brain  of  man,  and  indeed  of  mammals  gen- 
erally (Figs.  686  and  73.5),  the  difference  between  even 
closely  adjacent  portions  of  the  parietes  is  simply  enor- 
mous; compare,  e.g..  the  mesencephalic  floor  (crura)  with 
the  caudal  part  of  its  roof,  valvula  (Figs.  670  and  687); 
the  two  divisions  of  the  epicelian  roof,  cerebellum  anrl 
lingula  (Figs.  670,  687,  702);  the  diacelian  sides,  tlialami. 
with  the  floor,  tuber  or  terma  (Figs.  670  and  687) ;  the  thin 
or  membranous  parts  (fimbria,  tenia,  pala,  etc. )  ad  join- 
ing the  rima  with  the  adjoining  hippocamp  antl  caudatum 
(Figs.  716  and  732). 

§  22.  Telas. — Where  the  proper  nervous  constituent  of 
the  parietes  is  wanting  the  endyma  and  the  [jia  are  in 
contact  and  constitute  a  membranous  area  or  zone,  a  tela. 
Among  vertebrates  the  most  constant  and  extensive  of 
these  is  the  roof  of  the  metacele,  the  caudal  jiortion  of 
the  "fourth  ventricle,"  here  called  metatela  (Figs.  675, 
680.  686). 

A  similar  portion  of  the  roof  of  the  "third  ventricle" 
is  the  diatela  (Figs.  675,  681,  682);  its  cephalic  continua- 
tion as  the  roof  of  the  aula  is  the  autatela;  finally,  in 
man  and  apes,  a  part  of  the  floor  of  the  paracele  ("  lat- 
eral ventricle  ")  is  a  membranous  zone,  the  paratela  (Figs. 
733,  735). 

§  23.  Fig.  667  illustrates :  A. — The  large  size  of  the 
pai-acele,  the  thinness  of  the  parietes  and  their  nearly 
uniform  thickness. 

B.  The  extent  of  the  paraplexus.  and  its  fulness  as 
compared  with  that  in  the  adult.     Pcjssibly  when  fresh  it 


endyni 


Fig.  6ii6.— Schematic  Transection  of  tlie  Brain,  representing  the 
topographical  relations  of  Ilie  two  kinds  of  nervous  substance,  the 
wliite,  which  is  fibrous  and  conduiting,  and  the  gray,  which  is  cel- 
lular as  well  as  fibrous,  and  dynamic  in  function.  The  entocinerea 
is  primary,  and  alone  exists  in  the  niyel :  the  ectocinerea  is  second- 
ary ;  it  constitutes  the  mesencephalic  cappa,  and  the  cortex  of  the 
cerebrum  and  cerebellum.    The  cilia  are  omitted. 

more  nearly  filled  the  paracele,  but  was  contracted  by 
the  alcohol  (compare  Figs.  716  and  735). 

C.  The  similarity  of  the  precornu  and  medicornu. 

D.  The  absence  of  distinct  indication  of  the  postcornu, 
indicating  that  this  may  be  formed  eventually  not  by  a 
special  protrusion  caudad,  but  by  the  thickening  of  the 
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parietes  in  such  a  way  as  to  leave  an  occipital  space  of 
variable  size. 

E.  The  commencing  formation  of  the  hippocamp  as  a 
corrugation  of  the  mesal  wall  of  the  medicornu. 


paraplexos. 


BylTian  fossa 

9         hippocamp 

Fig.  667.— The  Left  Hemicerebnim  of  a  Fetus  (Measuring  6  cm.  from 
Bregma  to  Heel,  and  Estimated  at  Twelve  Weeks),  upened  Irom  the 
Lateral  Aspect ;  340.    X  3.    1,  A  Assure;  2,  tip  of  temporal  lobe. 

F.  The  non-extension  of  the  paraplexus  and  thus  of 
the  rima  to  the  extremity  of  the  medicornu. 

G.  The  presence  of  at  least  one  distinct  transitory  fis- 
sure (1). 

H.  The  evidences  of  some  mesal  fissures  as  slight 
corrugations  just  cephalad  of  the  plexus. 

I.  The  formation  of  the  Sylvian  fossa,  with  as  yet  no 
trace  of  the  insula. 

§  24.  Plexuses. — As  already  stated  the  endyma  is  non- 
vascular ;  but  provision  is  made  for  the  practical  intro- 
duction of  blood-vessels  into  the  encephalic  cavities  by 


fornix 


rtiplexus 


thalamus 


Fig.  668.— Schematic  Representations  of  Four  Stages  in  the  Formation 
of  the  Portiplexus.  as  a  Type  of  Plexuses.  At  \  the  porta  is  seen  to 
have  the  following  boundaries :  cephalad.  the  fornix ;  caudad.  the 
thalamus  :  ventrad.  the  junction  of  the  two :  dorsad,  however,  there 
is  merely  the  endyma  passing  from  fornix  to  thalamus,  and  the 
ectal  piai  fold,  fine  (.'f  its  lamina?  being  fomical  and  the  other  thal- 
amic. The  first  step  in  the  formation  of  any  entocelian  plexus  is 
represented  at  B,  where  the  pial  fold  (or  vessels  therefrom )  pushes 
the  endyma  before  it  into  the  ca\ity.  At  C  the  process  is  carried  a 
step  farther,  and  at  D  the  parts  are  represented  as  in  the  adult,  with 
the  plexus  apparently  inside  the  porta,  and  yet  really  excluded  from 
the  cavity  by  the  unbroken  covering  of  endyma. 

the  formation  of  plexuses  at  various  points.  A  plexus 
is  an  apparent  intrusion  of  a  fold  of  pia,  or  of  vessels 
from  the  pia,  into  one  of  the  cavities;  but  the  endyma  is 
carried  before  the  intruded  portion,  and  covers  it  com- 
pletely so  that,  strictly  speaking,  neither  the  pia  nor  its 
vessels  are  in  tlie  cavity.     The  conditions  are  comparable 


with  the  relations  of  the  abdominal  viscera  to  the  peri- 
toneum. If  one  takes  a  closed  sack  of  flexible  material 
and  pushes  the  fist  against  one  side  it  may  be  carried  so 
far  as  apijareutly  to  be  within  the  sack;  yet  all  the 
while  it  is  covered  by  the  material  of  the  sack  and  strictly 
excluded  from  the  true  cavity.  Simple  examples  of  the 
plexus  formation  are  presented  by  the  epiplexus  (Fig. 
695).  and  portiplexus  (Fig.  668).  The  metaplexus  is  seen 
in  Fig.  686;  the  diaplexus  in  Figs.  686  and  732;  and  the 
paraplexus  in  Figs.  718,  726,  and  732.  The  dispropor- 
tionate size  of  the  paraplexus  at  early  stages  (Figs.  667 
and  747)  indicates  that  it  is  intimately  related  "to  the 
growth  of  the  cerebrum.  The  structure  and  diseases  of 
the  paraplexuses  are  discussed  by  Findlay,  1889. 

§  2.5.  Sipa. — Where  the  end.yma  leaves  the  nervous 
parietes  either  at  the  margin  of  a  tela  or  for  reflexion 
upon  a  plexus,  there  is  a  sort  of  shore  line  which  I  have 
called  ripa.  The  name  was  originally  given  to  the  ragged 
edge  left  when  a  tela  or  plexus  is  torn  from  the  nervous 
parietes  (see  Figs.  692,  699). 

§  26.  Fig.  6€9  illustrates:  A.  The  effect  of  the  cranial 
flexure  (§  36),  the  two  segments,  mesencephal  and  epeo- 
cephal,  with  their 
cavities,     appear- 
ing upon  the  same 
section  surface. 

B.  The  triplic- 
ity  of  the  epicele, 
consisting  as  it 
does  of  a  mesal 
portion  and  two 
lateral  extensions, 
the  lateral  recesses 
(§60).  In  Fig.  69.5 
the  lower  part  of 
the  figure  is  still 
more  enlarged, 
and  commented 
upon. 

§27.  TJie  Brain 
as  a  House. — 
Within  certain 
limits  the  brain  may  be  likened  to  an  edifice,  and  the 
comparison  has  been  carried  out  in  some  detail  on  p. 
413  of  AVilder  and  Gage,  1882.  Architectural  terms, 
flmr,  roijf,  sides,  may  be  employed  appropriately  to  in- 
dicate the  general  locations  of  the  parts  relatively  to  each 
other  and  to  the  common  cavity,  and  I  have  proposed 
two  specific  terms,  aula  (a  hall)  and  porta  (a  doorway), 
for  the  designation  of  certain  portions  of  the  cavity. 

§  28.  Irregularities  of  Contour. — In  the  brain  sl^raight 
lines  and  plane  surfaces  are  infrequent,  and  the  spiral 
form  is  not  uncommon ;  hence  dissections  are  often  more 
instructive  than  mechanical  sections,  and  normalization, 
actual  or  ideal  (§  38),  is  sometimes  desirable. 

§  29.  Commissures,  etc. — Of  the  parts  connecting  lateral 
masses  across  the  meson,  whether  cellular  or  ^brous, 
whether  direct  (true  commissures)  or  oblique  (decussa- 
tions), some  are  merely  specializations  of  pre-existing 
floors  or  roofs;  e.g.,  precommissure,  post  commissure, 
supracommissme,  pons;  others,  the  callosum  and  com- 
missure of  the  fornix,  are  marked  extensions  of  pre- 
existing lines  or  areas  of  conjunction  (Fig.  741).  The 
medicommissure,  finally,  as  well  remarked  by  Spitzka, 
is  rather  a  fusion  of  contiguous  surfaces  than  a  com- 
missure in  the  usual  sense  of  the  word. 

§  30.  Atrophic  Parts. — Certain  parts  (terma,  hemi- 
septum.  valvula,  tuber)  which  are  very  thin  and  ap- 
parently functionless,  nevertheless  serve  to  contain  the 
neurolymph  (cerebrospinal  liquid),  and  may  have  a 
morphological  significance  as  representing  parts  more 
developed  in  other  forms.  Two  other  parts,  the  epiphy- 
sis ("  pineal  body ")  and  the  hj'pophysis  ("  pituitary 
body  ")  are  rather  thick  than  thin,  but  are  not  known  to 
have  definite  functions :  their  peculiarities  will  be  con- 
sidered in  connection  with  the  diencephal  (§§  146,  154), 
of  which  they  are  appendages. 

§  31.  Riparian  Parts. — Along  the  ripas,  or  lines  of  re- 


preoblongata 


Fig.  669.— Transection  of  the  Brain  of  an  Em. 
bryo  Rabbit,  Sixteen  Days  Old.  X  9.  (From 
KOlIiker.  t 
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flection  of  the  endyma  upon  telas  or  plexuses,  the  sub- 
stantial nervous  paiietes  are  commouly  reduced  in  thick- 
ness, so  as  to  resemble  the  ternia,  valvula,  and  tuber  in 
some  degree.     Such  are  the  obex  at  the  end  of  the 


hresnna 


metacele  (Fig.  702);  the  fimbria  .along  the  hippocampal 
margin  of  tlie  rima,  the  tenia  along  its  caudatal  margin, 
and  the  pala  at  its  extremity  (Figs.  730,  732,  and  73.i). 
^  32.   Tlic  riparian  condition  may  not  be  incompatible 


ri«.  6/0.— Mesal  Aspect  of  the  Right  Half  of  an  .\(iul*  Head,  the  lirain  hardened  in  place  by  continuous  allnjection ;  811.  X  .7.  fThis  was  the 
head  of  William  Meiitii-n,  wlm  wa.s  liantrcd  for  nuirdrr  in  .Uilv,  l.ss.") ;  the  specimen  was  shown  at  the  .•\!iiiTi('an  Xourolofrical  Association  in 
1886,  and  at  the  Aiiirniau  l.arvnL'oloL'ic-^il  A.ssnriiilion  in  Isns  |si'p  arlirle  by  Dr.  Harrison  Allen,  in  Xi  ir  l'..i;,  Mrtliinl  Juiininl,  February 
2, 1889];  the  mode  "f  piviiiinitiou  is  dfs.iiliHd  in  tli.-  ariicli-  Bmin:  M(  thnrls.  etc).  1,  The  star  upon  the  mouth  'jf  a  vein  ..|ii-nintr  into  the 
longitudinal  .sums indicates  tin-  locatinii  of  tlicil<Msal  oTid  of  the  central  flssuro;  2.  caudal  part  of  iljc paracentral  tissure;  .i,  iiilleeted  fissure; 
4,  supercallosal  ns.surc :  5,  callosal  iiiarfrin  of  tlie  faL\,  imhcated  by  the  inlerrupte.]  line ;  ti,  occi]iital  tissure ;  7,  calcariue  llssure  ;  8,  in  the 
longitudinal  sinus  just  dorsad  ■■f  the  torcular:  '.i.  tentorial  sinus;  10,  a  splieiioidal  sinus  inot  vascular,  but  a  cavity  in  the  splienoid  bone); 
11,  a  frontal  sinus;  V2,  naso-jialatine  canal ;  13,  basioccipital  bone:  the  basisjihenoid  lias  ]o  upon  it.  but  the  two  bones  are  continuous:  14, 
naso-pharynx  ;  15,  oro-pharyn.x  :  111,  soft  palate.    The  heavy  black  hue  boundint:  the  shaded  nn-sal  cavities  is  tlie  endyma. 

Defects.— The  planes  of  section  of  the  brain  and  of  the  other  parts  are  not  absolutely  identical,  allliou^di  perhaps  nearly  enough  so  for 
most  purjioses.  Many  of  tlie  boundary  lines  are  too  faintly  indicated,  e.rj..  that  of  these<tion  of  tlie  cliiasma.  A  continuous  line  represent- 
ing the  pia  sliould  have  stirrimnded  all  the  cut  surfaces  in  close  contact  therewith.  Another  line  representing  the  arachnoid  should  follow 
the  general  contours,  as  stated  more  fully  in  connection  with  Fig.  801.    The  segmental  name  dinirri/hul,  hides  most  of  the  oval  area  indicat- 

Ingthe  medi iraissinv ;  this  last  siioul/l  have  been  named  and  sh'iuld  not  be  dotted.    The  heavy  black  line  representing  the  endyma  should 

extend  farther  into  the  stem  i  jrifiiinhbuluint  of  the  hvp"idivsis,  and  into  the  epipiivsis,  as  in  Fig.  <4s7.  .\t  the  second  e  of  the  abbreviation 
MESF,.N"  the  eiidyinal  line  should  not  be  intemipted.  The  inteiTuplion  opposite  the  ii  of  the  abbrenation  METEN  represents  the  metapore 
{foramen  of  Magendie).  and  should  have  been  so  designated  a.s  in  I^g.  t)87.  Notwithstanding  the  minuteness  of  the  myelocele  ("central 
canal  of  the  cord  "  )  in  the  human  adult  its  location  should  have  lieen  indicated  bv  the  continuation  of  the  endymal  line.  The  neck,  scalp, 
features,  and  all  the  soft,  vascular  parts  are  swollen  bv  the  ahn.iection;  the  margins  of  the  tongue  are  moulded  upon  the  teeth:  the  soft 
palate  and  dorsal  wall  of  the  phamix  are  ohviouslv  thickened,  and  the  snhturhinal  projects  bevond  the  true  margin  of  the  septum  into  the 
naso-pharynx,  as  is  perhaps  the  ca,sc  temporarilv  diiring  the  congestion  attending  a  severe  "coid  in  the  head."    No  attempt  has  been  made 

•     to  indicate  the  blood-vessels,  the  structure  of  the  skin,  the  exact  direction  of  the  lingual  muscles,  or  the  details  of  the  nuchal  region. 
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with  distinct  and  even  important  functions.  The  supra- 
commissure  and  the  habcna  (Fig.  TOT),  for  example,  are, 
in  one  sense,  parts  of  tran.sition  from  substantial  to  mem- 
branous jjarietes;  hut  they  doubtless,  like  the  fimbria, 
have  some  distinct  use. 

§  33.  MiirgiiKil  Ciiierea. — The  riparian  parts  mentioned 
in  J?  31  consist  of  alba;  but  ivith  the  cerebrum  and  cere- 
bellum the  cortical  margins  Iiave  a  special  morphological 
interest,  and  are  but  little  known. 

§  34.  Phj'siologicall}'  the  intermediate  portions  of 
organs  are  commonly  most  important,  as  well  as  most 
easily  recognized  and  examined ;  but  morphologically 
the  extremes  have  great  significance,  and  present  un- 
solved problems  for  future  investigators. 

§  3.1.  Fi;/.  670  Illustrates :  A.  The  relative  location  and 
extent  of  the  cranial  and  facial  regions  of  the  head  so  far 
as  they  appear  at  the  meson. 

B.  The  continuity  of  the  two  portions  of  the  neuron, 
the  myel  ("spinal  cord  "),  and  the  brain  (eucephal),  at  or 
near  the  junction  of  the  cranium  with  the  spine. 

C.  The  obvious  subdivision  of  the  brain  into  several 
regions,  represented,  for  example,  by  the  cerebellum,  the 
cerebrum,  and  the  intervening  narrower  part,  which  is 
sometimes  called  isthiinis  cerebri. 

T>.  The  possibility  of  recognizing  in  the  adult  brain 
smaller  divisions  or  definitive  segments,  corresponding 
with  the  divisions  of  more  nearly  equal 
size  in  certain  otlier  vertebrates. 

E.  The  dilliculty  of  assigning  exact  lim- 
its to  the  brain  and  myel  or  to  the  regions 
of  the  brain,  since  they  are  continuous  and 
do  not  present  arthra  (articulations  or 
joints)  as  with  the  skeletal  segments. 

F.  The  representation  of  each  segment 
at  or  near  the  meson  by  sonic  well-known 
part :  the  metencephal  by  the  postoblou- 
gata;  the  epencephal  by  the  cerebellum 
and  pons;  the  mesencephal  by  the  crura 
and  geminal  lobes;  tlic  diencephal  by  the 
thalanii;  the  prosencephal  by  the  cere- 
brum; and  the  rhinencephal  by  the  olfac- 
tory bulbs. 

G.  The  existence  of  a  mesiil  series  of 
communicating  cavities  surrounded  by 
the  endyma. 

H.  The  insignificance  of  the  aula,  the 
mesal  cavity  of  the  prosencephal.  as  com- 
pared witli  not  only  the  other  cavities  but 
the  cerebrum  itself. 

I.  The  presence  of  an  orifice,  the  porta 
("foramen  of  jMonro"),  evidently  leading 
laterad  from  the  mesal  aula  into  a  cavity 
within  the  right  hemicerebrum. 

J.  The  relations  of  the  masses  to  the  cav- 
ities, as  are  related  the  floors,  roofs,  and 
side  walls  of  an  edifice  to  the  apartments. 

K.  The  great  difference  in  the  thickness 
of  the  roofs  and  floors  at  different  points. 

L.  The  continuity  of  the  side  walls,  floors,  and  (ex- 
cepting at  one  point)  of  the  roofs. 

JI.  The  existence  of  certain  fibrous  masses,  commis- 
sures, extending  across  the  meson,  and  therefore  divided 
in  this  preparation. 

N.  The  lodgment  of  a  subspherical  appendage  of  the 
base  of  the  brain  (the  hypophysis)  in  a  deep  pit  in  the 
floor  of  the  cranium  (the  "pituitary"  or  hypophysial 
fossa). 

O.  The  change  in  direction  of  the  cranial  floor  at 
about  this  point,  the  remnant  of  the  embryonic  cranial 
flexure. 

P.  The  similar  angle  formed  by  the  base  of  the 
brain. 

Q.  The  still  more  decided  angle  formed  by  the  general 
outlines  of  the  floors  of  the  encephalic  cavities  at  a  point 
nearly  corresponding  with  the  cephalic  orifice  of  the 
mesencephalic  cavity. 

R.  The  liability  of  misapprehension  from  the  employ- 
ment of  the  ordinary  descriptive  terms,  vertical,    hori- 


zontal, anterior,  posterior,  tipper,  and  loicer,  since  each  of 
these  words  would  have  one  meaning  for  the  myel  and 
postoblongata,  and  another  for  the  diencephal.  "  It  is  as 
if  two  adjoining  houses  faced,  one  to  the  east  and  the 
other  to  the  soutli.  The  employment  of  eastern  and  south- 
ern as  designating  structural  features  common  to  the 
two  would  be  likely  to  cause  misapprehension. 

S.  The  convenience  of  regarding  the  entire  floor  as 
ventral,  the  entire  roof  as  dorsal,  any  region  of  the  brain 
nearer  the  myel  as  relatively  caudal,  "and  any  region 
farther  therefrom  as  relativel}'  cephalic. 

T.  The  dorsal  expansion  of  most  of  the  segments. 
The  wedge  like  shape  of  the  mesencephal  is  easily  recog- 
nized ;  the  thalami  are  not  wholly  exposetl.  but  the  region 
is  more  extended  dorsally  than  ventrally ;  the  cerebellum 
is  much  larger  than  the  "pons,  while  the  disproportion  of 
the  cerebral  hemispheres  to  their  strictly  basal,  mesal 
part,  the  aula,  is  one  of  the  many  remarkable  features 
of  the  adult  human  brain. 

U.  The  tendency  of  certain  segments  to  overlap  ad- 
joining parts,  especially  in  the  caudal  direction. 

V.  The  lack  of  exact  collocation  between  the  en- 
cephalic regions  and  the  cranial  bones ;  the  cerebellum 
corresponds  to  less  than  half  of  the  superoccipital  bone, 
and  extends  a  little  beyond  its  margin  at  the  foramen 
magnum. 


cephalic  neck. 


epiphysis 


optic  nerve 
eye 


mm.  Long  and  Estimated  at 


Fig.  671.-  Right   Side  of  the  Brain  of  an  Embrvo 
Eight  Weelis :  2.IS52.    X  T.    Prepared  and  drawn  by  B.  B.  Stroud  ri899,  a).    1,  Cranial 
flexure ;  2,  torn  edge  of  the  metatela ;  3,  pons  flexure.    The  olfactory  bulbs  are  not 
shown.    See  i  37. 


W.  The  collocation  of  the  lambdoidal  suture  with  the 
dorsal  end  of  the  occipital  fissure. 

X.  The  location  of  the  mesal  craniometric  points, 
nasion,  bregma,  lambda,  and  inion. 

§  36.  The  Encephalic  Flexures. — These  are  commonly 
described  as  three,  the  cranial,  the  pons,  and  the  neck. 
The  second  and  tliird  are  temporary  in  man,  respectivelj^ 
indicating  the  junction  of  the  myel  with  the  postoblon- 
gata and  of  the  latter  with  tlie  preoblongata.  The  cranial 
or  mesencephalic  flexure  is  a  permanent  feature  of  the 
human  brain,  as  seen  in  Figs.  670  and  687.  Tliere  is,  in 
addition,  a  flexure,  likewise  pennanent,  in  the  diencephal 
so  that  the  prosencephal  is  dorsad  instead  of  cephalad  of 
it;  this  persists  in  man  and  other  Mammals,  and  in  Birds 
and  Reptiles,  but  with  Amphibia  and  "  fishes  "  the  pro- 
socele  and  diacele  are  on  approximately  the  same  level : 
see  my  papers,  1887,  b.  and  1896,  d. 

The  relative  positions  of  the  several  encephalic  flexures, 
although  not  their  relative  sharpness  or  the  length  of  the 
intervening  parts  of  the  brain,  may  be  indicated  to  the 
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eye  approximately  by  a  capital  W,  with  an  oblique  line 
(half  of  a  V)  for  the  mj'el.     In  the  accompanying  diagram 
the     three     flexures 
commonlv  named  are       Pr-  Cranial  Neck 


ndicated'     li  y     the       \  A  A 

S'ords  cranial,  pons,         \  /  \  /  \ 

ind  neck ;  Pr.  stands  \  /      \  /      \ 

'or  the  prosencephal-  \      /  \      /  \ 

c  region,  and  D.  for  \  /  \  /  \ 

he  diencephalic  flex-  V  V  \ 

ire.   In  this  diagram,  ^-  i'"^^  Myel 

in    accordance    with 

my  custom,  the  cephalic  ("anterior")  end  is  at  the  left. 
Unfortunately,    however,  the  two  figures  which  illus- 


D.  The  presence  of  corrugations  on  both  the  mesen- 
cephal  and  the  cerebrum.  The  former  appear  in  many 
of  our  preparations;  the  latter  may  be  artifacts. 

§  38.  NiiriiiitUzdIion. — This  term  is  used  to  include  all 
processes  by  which  modified  or  mor])holf)gically  ab- 
normal forms  and  relations  may  be  reduced,  either  ae- 
tuallj-  or  ideally,  to  their  known  primitive  and  presumed 
normal  eontlitious.  Reetificution  would  have  nearly  the 
same  significance ;  it  denotes  the  reduction  of  complex 
structures  to  simple,  of  irregular  to  regular,  of  crooked 
to  straight,  and  of  rough  to  plain.  Examples  of  this 
process  are  the  representation  of  the  segments  assubequal 
in  size  and  on  the  same  plane  (Figs.  674  and  675) ;  the 
lateral  extension  of  the  various  outgrowths  of  the  mesal 
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Fig.  672.— Base  (Ventral  Aspect)  of  the  Brain.  From  Henle,  Edinger,  and  nature.  X  .7.  1,  Ventral  ("anterior")  column;  3,  line  between 
the  ventral  and  lateral  column  ;  3,  ventrimesal  Bssnre. 

ProiJnr«(icii?.— The  cerebellum  has  been  iillcjweil  to  fall  dorsad  hv  its  own  weiffht;  thercliv  tlic  mclpilal  lolii/s  are  divaricated  somewhat, 
the  encephalic  curvature  is  reduced,  and  tin-  crura  air  nion-  fully  exposed.  The  livpnphysis  ami  iiifundiliuluni  have  been  severed  from  the 
tuber,  and  the  pia  n-moved,  together  with  the  i-ranial  iici-\i'  roots,  excepting  the  optic.  Tiie  riL'lit  olfartorv  nus  has  been  divided  near  its 
attachment.    On  the  left  the  openulunis  are  divaricateil  souiewliut,  so  as  to  expose  the  veiitio-hiteral  aspect  <rf  the  insula. 

De/cf(s.— As  may  be  seen  from  prorile  views  of  the  brain  t  Fisrs.  870  and  ('«),  in  the  iioniial  condition  of  the  orsan  the  pons  and  the 
chlasma  are  naturally  nearlv  in  <  ontaet.  and  the  inierveuiii!.'  reiiions,  cmra,  etc..  are  praeticallv  iuvisilile  i  Ibe  venti-al  surface  of  the  met- 
epencephal  also  forms  little  more  than  a  riirht  ansrle  wiili  iliat  of  tlie  piosodienieiibal :   ioiise.|uently  in  a  direct  riew  of  either  region  the 

other  is  greatly  foiesh.irtened,  and  even  tli |ual  ilivisioii  of  the  obliquiiv  hetwien  ttiem  siiows  neither  to  advantage.    The  fresh  or 

Imperfectly  preserved  brain,  when  re.sting  upon  tlie  doisiii  a.sjieit,  will,  however,  stiaiirliten  itself,  as  it  is  commonly  represented.  To 
Include  so  large  a  surface  within  a  figure  of  moderate  size  certain  deciifs  must  lie  inailei|iiatelv  )iresented  or  omitted  altogether.  The 
Assures  in  the  present  figure,  substantially  as  given  liv  Henle,  need  not  be  n-eaided  as  sieiiilviiiL'  aiivthim,'  more  tlniii  the  general  aspect  of 
the  cerebrum.    The  two  crura  should  be  equal  in  width.    The  pj-raiuid  decussation  is  iiiade.|uaielv  indiiated  isee  Fig.  U.s;i).    See  §41. 


trate  the  flexvtres  most  perfectly  (671  and  676)  have  the 
reversed  position,  so  that  comparison  with  the  diagram 
is  less  readily  made. 

§37.  Fig.  67 1  illustrates  :  A.  The  general  form  of  tlie 
brain  at  this  stage,  especially  the  sharpness  of  the  several 
flexures. 

B.  The  size  and  prominence  of  the  mesencephal  and 
its  extension  over  the  adjoining  regions. 

C.  The  distinctness  of  the  constriction  cephalad  of  the 
mesencephal  as  compared  with  that  caudad,  and  the 
apparent  absence  of  reason  why  the  latter  should  be  re- 
garded as  a  definitive  segment  anymore  than  the  former. 


parts  (Figs.  683  and  714);  the  straightening  of  the  medi- 
cornu  (Fig.  739) ;  the  schematic  representation  of  the 
fissures  (Figs.  757  and  758),  and  the  designation  of  the 
human  geniculums  as  pre  and  post  rather  than  external 
and  internal  (g  G2,  K). 

g  39.  T/ie  Bruin  a  Sfgmented  Organ. — A  fundamental 
morphological  idea  *  of  the  brain  is  that  it  consists  of  a 
scries  of  segments,  comparable,  although  not,   probably, 

*  Like  other  symmetrical  organs  it  consists  of  right  and  left  halves, 
approximately  identical.  It  is  also  regarded  by  some  as  divisible  into 
dorsal  and  ventral  zones;  but  this  has  not,  I  think,  been  demonstrated 
for  the  entire  bi-ain. 
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strictly  equivalent.  The  development  and  comparative 
anatom_v  of  the  organ  can  hardly  be  treated  upon  any 
other  basis;  it  is  recognized  in  the  discussion  of  en- 
cephalic physiology  and  of  psychology,  and  the  descrip- 
tive anatomy  of  the  organ 'is  most  conveniently  based 
thereon. 

§  40.  The  segmental  constitution  of  the  human  brain 
is  invisible  from  the  dorsal  aspect  (Fig.  664) :  hardly  sug- 
gested when  the  cerebellum  as  well  as  the  cerebrum  is  in 
view ;  more  obvious  from  the  lateral  aspect  (Fig.  663) ; 
still  more  so  fiom  the  ventral  side  (Fig.  672) ;  clearer  still 
from  the  mesal  aspect  (Figs.  670,  687,  and  756),  and  unrais- 
takal.ile  with  early  embr3'os  (Figs.  671.  673,  and  679), 
which  therefore,  but  for  practical  difficulties  as  to  procur- 
ing, preserving,  and  dissecting,  would  form  a  natural 
introduction  to  human  encephalic  raoriihologj-. 

§  41.  Fir;.  672  illvstrntcs  :  A.  The  enormous  prepon- 
derance of  the  visible  parts  of  the  prosencephal  and  epen- 
cephal  over  the  other  segments,  thereby  occasioning  the 
common  and  not  unnatural  though  very  iniphilosophica! 
division  of  tlie  entire  brain  into  cerebrum  (cerebrum 
proper,  olfactory  bulbs,  and  thalami)  and  cerebellum 
(with  pons  and  postoblongata),  the  intervening  narrow 
region,  the  crura  and  the  quadrigeminum,  being  regarded 
as  merely  an  isthmus.*  From  the  morphological  stand- 
point, however,  the  statement  would  be  nearly  reversed. 
The  mesencephal  is  at  one  period  the  most  ]irominent 
and  distinct  region  (Figs.  671  and  676).  The  cerebellum 
may  be  characterized  as  an  hypertrophied  bridge  over  the 
"fourth  ventricle,"  and  there  are  some  groimds  for  re- 
garding the 
DiENCEPRAL  olfactory 
thalami  bulbs  a  S 
[concealed]  primary, 
and  the  cer- 
ebral hemispheres  as 
their  secondary  ap- 
pendages (see  my  pa- 
per, 1H87,  a). 
A^'V^  f  "-  olfactory  bulb  B.  The  extension  of 
l^^    \  i  ^        cerebrum    beyond 

Y  ^  all  other  parts  of  the  brain"  the 

/        '^      '^  J  occipital    lobes    overlapping    the 

(>"-'/  cerebellum  even  when  the  latter 

r~s         ^  is  allowed  to  displace  the  former. 

For  the  relations  of  these  parts 
in  the  anthropoid  apes,  see  my 
paper,  1884.  g. 

C.  The  lapping  of  the  temporal 
lobe  over  the  optic  tract,  as  shown 
by  the  two  interrupted,  curved 
lines  on  the  right  (left  of  the  fig- 
ure). . 

§  42.   Fig.    673   ilhistrates:    A. 
alcohol,  still  enclosed  by   The  general  form  of  the  body  and 
the  membranes.    After    ii„,K„  „f  this  npHorl 
removal  it  was  pinned    "™'^^Ji|  ^"'?  .P5"°"-   ^     „     , 
-  B.  The  visibility  of  all  the  en- 
cephalic segments,  excepting  the 
diencephal ;  even  this  may  be  re- 
garded as  represented  by  the  op- 
tic nerve,  dimly  seen  through  the 
indentation  at  the  ventral  margin 
of  the  cerebrum. 

C.  The  marked  preponderance 
of  the  cerebrum. 

D.  The  absence  of  the  transi- 
tory fissures;  compare,  however, 
the  right  hemicerebrum,  as  shown 
in  Fig.  746. 

E.  The  simplicity  of  the  other  regions,  better  shown 
in  Fig.  746;  the  cerebellum  is  a  narrow  and  undi- 
vided mass;  the  mesencephal  presents  a  slight  trans- 
verse depression  between  the  pregeminum  and  post- 
geminum. 

§  43.  The  recognition  of  the  brain  as  a  segmented 

•This,  the  "isthmus  cerebri"  of  some  writers,  must  not  be  con- 
founded with  the  "  isthmus  rhombencephall "  of  others,  which  in- 
cludes a  portion  only  of  the  mesencephalon  (see  Table  I.), 


PROSENCEPHAL 

cerebrum 

.MESENCEPHAL 

gemina 

EPENCEPHAL 

-.cerebellum 

METENCEPHAL 

postoblongata 

MYEL 

RHI.VENCEPHAL 

olfactory  bulb 


riG.  67.!.— Fetus  Measur- 
ing 4!l  mm.  from  Nates 
to  Bregma,  and  Esti- 
mated at  Twelve  Weeks; 
1828.  X  1.  The  speci- 
men  was    received 


to  loaded  cork  and  kept 
under  alcohol  during 
the  exposure  of  the 
brain.  The  attitude  and 
expression  are  note- 
worthy, and  have  been 
faithfully  reprod  u  c  e  d 
by  the  photograph  and 
drawing :  the  right  side 
of  the  brain  is  shown  in 
Fig.  740,  and  the  dorsal 
aspect  wa.s  published  in 
the  Xcir  Ynrh  Medi- 
cal Joiirnal,  February 
16th,  1884,  p.  177. 
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DIENCEPHAL 

dlacele 

MESENCEPHAL 
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epicele 

METENCEPHAL 
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organ  is  not  dependent  upon  the  determination  of  the 
exact  number  of  segments,  their  equivalency,  or  their 
boundaries.  The  postoblongata  represents  several  poten- 
tial segments  or  neuromeres,  but  practically  it  may  be 
regarded  as  one.  Some  even  regard  the  entire  oblongata 
together  with  the  cerebellum  and  pons  as  a  single  seg- 
ment. 

§  44.  Some  idea  of  the  diversity  of  opinion  and  usage 
among  anatomists  with  respect  to  the  number  and  desig- 
nations of  the  definitive 
segments  may  be  gained 
from  the  table  published  in 
the  first  edition  of  this  work 
(viii.,  114),  which  is  sub- 
stantially the  same  as  in 
mv  paper,  1885,  b.  and  in 
Wilder  and  Gage,  1882,  405. 
The  appended  Table  I.  in- 
dicates the  difference  be- 
tween the  verbal  sehemas 
adopted  by  the  Anatom- 
ische  Gesellschaft  in  1895, 
and  by  the  Association  of 
American  Anatomists  in 
1897;  the  second  is  follow- 
ed in  the  present  article. 

§  45.  Commentiiriesonthe 
Schematic  Medisected  Brain, 
Fig.  675. — A.  No  two  orig- 
inal workers  in  compara- 
tive neurology  would  be 
likely  to  construct  sehemas 
identical  in  all  respects ;  the 
one  here  presented  is  not 
satisfactory  to  me  and  I  can 
hardly  expect  it  to  suit 
others.  But  with  all  its  de- 
fects I  believe  it  may  serve 
three  useful  end.s — viz. :  (a) 
indicate  the  relative  posi- 
tion of  certain  parts  in  the 
floor  or  the  roof  of  the  gen- 
eral cavity ;  (h)  facilitate  the 
recognition  of  the  essential 
identity  of  the  brains  of  all 
vertebrates  with  that  of 
man;  (<•)  stimulate  efforts 
toward  the  construction  of 
a  more  perfect  schema. 

B.  Only  mesal  parts  are 
presented,  i.e..  such  as  are 

divided  in  a  medi.section.*  This  excludes  the  cerebral 
hemis]iheres  and  olfactory  bulbs,  the  lateral  lobes  of  the 
cerebellum,  and  the  elevations  of  the  crura  and  quad- 
rigeminum at  the  side  of  the  ventral  and  dorsal  mesal 
furrows. 

C.  The  parietes  present  four  degrees  of  thickness,  viz. : 
(«)  thin,  e.g.,  the  terma  and  the  tuber  in  the  floor,  and  in 
the  roof  the  valvula  and  the  lingula  between  the  thick- 
ened quadrigeminum  and  cerebellum;  (h)  thick,  e.g., 
the  two  just  mentioned,  the  crura,  and  the  oblongata 
caudad  of  the  ijons ;  (c)  reinforced,  e.g. ,  the  pons,  chiasma, 
and  precommissure ;  (d)  membranous,  consisting  only  of 
the  endyma  and  the  pia,  constituting  a  tela,  e.g.,  the 
roofs  of  the  metacele  (metatela),  of  the  diacele  (diatela), 
and  of  the  prosocele.  The  plexuses  (metaplexus,  etc.) 
are  special  modifications  of  the  telas  (§  24).  The  meta- 
pore  is  here  represented  as  an  interruption  of  the  meta- 
tela. If,  as  now  seems  probable  (§  83),  it  is  an  evagina- 
tion,  there  still  remains  the  difficulty  of  determining  its 
extent,  and  the  best  mode  of  representing  it. 

D.  For  the  sake  of  comprehensiveness  certain  features 
are  included  which  do  not  occur  in  all  vertebrates — e.g. : 
the  metapore  (in  man  and  a  few  others) ;  the  pons  (mam- 
mals only) ;   the  medicommissure  (mammals  and  some 


•  The  callosum  and  fornix  are  omitted  because  their  inclusion 
would  have  caused  undesirable  complicatious. 


rhombocele 


Fig.  674.— Schema  of  the  Neuron 
(Cerebro-Spinal  Axis),  as  if  the 
cavity  wei-e  exposed  by  the  re- 
moval of  the  roof.  The  six  en- 
cephalic segments  are  given  a 
conventional  spherical  form, 
but  without  intending  to  imply 
that  this  is  their  actual  shape  or 
that  all  are  separated  by  con- 
strictions. The  main  fibject  of 
the  diagram  is  to  assfx-iate  the 
encephalic  segments  with  their 
names  and  the  names  of  their 
cavities. 
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Table   I. — Comparative    View    of    the 
The    AifATOMisCHE  Gesellschaft  in  1895. 

Partes  ventraks.  Partes  dorsales. 

VI.  Telenxephalon. 
Pars      optica      h  y  p  o  -  j  Corpus  striatum  :  rhinenceph- 


thalami. 


(      alon  ;   pallium. 


V.    DlENCEPHALON. 

Pars    mamillaris    bj-po-  (  Thalamus;   metathalamus 
thalami.  "         ")      cpithalamus. 

IV.  Mesencephalon. 
Pedunruli  cerebri.  -{  Corpora  quadrigemiua. 

III.  Isthmus  Rhombencephali. 

(  Brachia   conjunctiva  ;    velum  , 
Pedunculi  cerebri.  j      medullare  anterius. 


Pons. 


Pars  ventralis. 


II.  Metencephalon. 

-J  Cerebellum. 

I.  Mtelencephalox. 
Jledulla  oblongata. 
Pars  dormlis. 


Segmental    Schemas    Adopted  by — 
The  Association  op  American  Anatomists  in  1897. 

I.  Ehinencephalon. 

Bulbi  olfactorii  with  their  tracts,  part  of  the  aula  and  of 
the  precommissure. 

II.  Prosencephalon. 

Palliums,  connected  bj^  part  of  the  aula  and  part  of  the 
precommissure. 

III.    DlENCEPHALON. 

Thalami.  including  the  chiasma;  genicula. 


IV.  Mesencephalon. 
Crura  and  quadrigemiuum. 

V.  Epencephalon. 
Cerebellum  :  pons  ;  preoblongata. 


VI.  Metencephalon. 


Postoblongata. 


reptiles);  the  paraphysis  (not  found  in  mammals*);  the 
chiasma  (absent  in  teleosts). 

E.  The  dotted  areas  represent  fibrous  parts  crossing 
the  meson  whether  directly  (precommissure)  or  oblique- 
ly (chiasma) ;  the  similar  representation  of  the  medicom- 
missure  is  not  warranted  by  its  cellular  structui-e  in 
mammals. 

F.  Other  differentiations  of  the  .  substance  of  the 
parietes  are  not  indicated,  e.g.,  into  the  alba  (white  sub- 
stance) and  the  cinerea  (gray). 

G.  The  hypophysis  is  notched  and  crossed  by  the 
broken  line  to  indicate  its  twofold  source,  neural  (n)  and 


J.  The  two  indentations  of  the  cerebellum,  ental  and 
ectal,  represent  respectively  the  fastigium  (§  9.5)  and  the 
furcal  sulcus  (§  117),  but  without  implying  their  exact 
collocation. 

K.  The  crista  has  been  observed  in  comparatively  few 
vertebrates  and  its  morphological  significance  is  undeter- 
mined (i?  366). 

L.  The  Absence  of  Flexures. — Granted  that  no  brain  is 
perfectly  straight  and  that  many  are  strongly  flexed  in 
one  or  more  places,  how  many  flexures  shall  be  repre- 
sented and  what  shall  be  their  extent?  The  only  impar- 
tial condition  of  the  axis  is  straight  (§  38). 


supracoramissure 


paraphysis 


^epiphysis 

postconimissure 

*  geminum  cerebellum 

dl. 


metacele 
nietatela 
meiaple.xiis 


toof 

dorsal  lone 
royel=  -  interzonal  snlnu 
-  ventral  zone 
i  floor 


prccorumissure 


oblongata 


rio.  67.5.— Provisional  and  Impertect  Schema  of  the  Brain  as  if  Medisected;  Intended  to  approximate  the  "least  common  multiple  "of  the 
brains  of  vertebnites  above  the  lancelet. 

A1ihrcriatiiiHs:—\'aX\i(i  floor,  at  the  sides  of  the  precommissure,  )i.  o.  desijinates  the  olfactory  division  [pars  (ilfactnria)  and  p.  f.  the 
cerebral  or  temporal  division  (j)flr.<  temporalis)  of  that  commissure.  In  the  hs-pophysis,  c.  designates  the  portion  derived  from  the 
enteron  (prehvpophvsisl,  anil  ii.  the  stiictly  nervous  portion  ipostlmn'plivsis).  In  the  roof,  s.tl.  designates  the  dorsal  sac  (saccws 
clorsn(fe),  and  if.  t.  the  tlecussation  of  tlie  trochlear  nerves  (dcou,«afio  truchUnris).  The  numerals  Indicate  the  six  definitive  segments 
beginning  with  the  most  cephalic  (compare  Fig.  680). 


enteric  (c)  §  146.  The  ectal  line  which  elsewhere  repre- 
sents the  pia  enveloping  the  brain  should  not  be  so  inter- 
preted for  the  enteric  portion. 

H.  The  indentation  of  the  precommissure  merely  em- 
phasizes the  relations  of  its  two  portions  to  the  rhinen- 
cephal  and  the  prosencephal  respectively  (§  364). 

I.  The  indentation  of  the  mesencephalic  roof  represents 
the  transverse  furrow  which — in  mammals  only — de- 
marcates the  quadrigemiuum  into  a  pregeminum  and  a 
post  geminum ;  the  former,  I  believe,  is  always  the  larger, 
but  the  ratio  is  not  known  to  me.  No  attempt  is  made 
to  indicate  the  intergcminum  ("  interoptic  lobes "  of 
Spitzka). 

'  See  the  turtle's  brain  Fig.  6R1.  The  part  is  briefly  discussed  by 
Mlnot,  1K92,  im.  and  bv  StudnlOka,  1895. 

Vol.  II.— 10 


M.  On  the  same  principle  the  dorsal  and  ventral  out- 
growths, paraphysis,  dorsal  sac  (s.d),  epiphysis,  and 
hypophysis,  are  made  to  project  nearly  at  right  angles 
with  the  brain  axis.  In  many  vertebrates  the  hypoph- 
ysis tends  caudad,  but  in  man  it  tends  rather  iu  the 
opposite  direction,  and  iu  the  goose-fish  (LopMus)  it  lies 
far  cephalad  of  the  rest  of  the  brain. 

N.  T/ie  Dorsal  and  Ventral  Zones. — It  is  conceded  that 
the  myel  is  demarcated  by  an  interzonal  sulcus  {^^  sulcus 
limitans  rentriculorum  "  of  His)  into  a  dorsal  zone  which 
is  sensory  and  a  ventral  which  is  motor;  also  that  the 
sulcus  and  zones  are  represented  more  or  less  distinctly 
in  the  caudal  half  of  the  brain.  On  the  figure  the  sulcus 
is  conventionally  indicated  by  the  segmental  names, 
mesenceplutl,  etc.,  and  by  the  three  lines connectiitg  them. 
But  I  have  as  yet  been  unable  to  satisfy  myself  of  the 
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continuance  of  these  features  in  the  cephalic  half  of  the 
brain  i.see  §  153V* 

O.  Conipjirisons  will  be  made  naturally  anil  justly 
with  (<t)  representations  of  the  primary  neural  segments 
or  true  neuromeres  like.  cc.  that  of  Charles  Hill  vlSt>9. 
1900):  iMthe  schema  of  Pn^f.  Wilhelm  His  U^'i'S)  which 
was  adopted  in  Iffiio  by  the  Anatomische  Gesellschaft 
(His.  l!*9o):  (f\  that  of  Huxley  (1^^1>:  (<f)  my  o'^n  suc- 
cessive attempts,  especially  that  in  the  lirst  etlirion  of 
this  work.  vol.  viii..  p.  11 -l,  which  was  substantially 
identical  with  that  in  the  last  four  editions  of  Quain"s 
"Anatomy."  From  all  four  it  differs  in  the  recognition 
of  the  oltactory  region  of  the  bnun  as  a  defiuirive  seg- 
ment: frvim  the  lirst  it  diifers  also  in  regarding  adult 
rather  than  early  embryonic  conditions — thus  in  recog- 
nizing the  linal.  actual,  or  delinirive  segments  rather  than 
the  primitiTe  or  potential  neurwmeres;  from  the  second, 
in  addition  to  minor  points  that  mar  be  mentioned  later, 
it  differs  also  in  ihe  greater  regard  for  the  conditions  in 
the  lower  vertebrates:  in  the  non-recognition  of  the 
"ij<?Ah*?;,<  rfio'  '-  "  ""  f.s  a  definitive  segment:  in  the 

methotl  of  niiv  _     .e  si'gmeiits  and  in  the  names  of 

some.     See  al>    ;...■   , ..:  irs,  1S07.  <-.  and  l^^JtS.  c 

P.  The  SumiYr  <;f  iypincnU. — On  this  point  the  differ- 
ences of  opinion  and  usage  are  wide  and  radical :  my  own 
views  have  changed  more  than  once  and  may  change 
again.  No  one  atlmils  more  fully  the  need  of  further 
information  and  of  more  logical  interpretation.  The 
practic3»l  question  that  now  confronts  us — investigators, 
teachers,  and  students  alike — is  this:  In  the  present  state 
of  our  knowledge,  ignoring  no  known  conditions  of  the 
brain,  adult  or  developmental,  and  assigning  at  least 
equal  weight  to  the  lampi^y  and  to  the  hag  as  to  man. 
what  numlier  of  transverse  divisions  shall  be  recognized, 
so  as  to  facilitate  the  exposition  and  comprehensicm  of 
the  main  features  of  a  highly  complex  organ  while  not 
hindering  the  elucidation  of  the  mysteries  as  yet  unsolved  ? 
Those  divisions  must  be  naniral.  not  necessarily  identical 
but  at  least  comparable,  and  neither  so  few  as  to  be  use- 
less nor  so  many  as  to  be  inconvenient.  The  practical 
requirements  are  met  by  the  numbers  five  and  sis.  Five 
definitive  segments  were  recognized  in  Quain  and  in  the 
first  e»lition  of  this  work.  Six  are  now  recognized  by 
both  His  and  myself:  but,  as  will  be  seen  later,  the  first 
of  mine  vrhineucephal)  is  not  admitteil  by  him.  while  I 
am  unable  to  see  a  definitive  segment  in  the  "  isthmus 
rhombence  phali. "+ 

Q.  In  T  _— -V"  -  the  olfactory  bulbs,  their  tracts  or 
crura,  t!.  -tftmti  of  the  precommissure.  and  the 

conesp^^:  .  -.  ;  ::ion  of  the  aula,  as  constituting  a 
definitive  segment,  the  rhinencephaL  1  may  be  unduly 
influenced  by  the  comlitions  in  certain  other  vertebrates 
(Figs.  6S0.  7St>.  791.  ami  7»i)  and  by  the  considerarions 
briefly  outline*!  in  l!?97.  f.  but  I  feel  that  scant  justice 
has  been  dealt  hitherto  to  this  prohablr  primitive  por- 
tion of  the  brain. 

R.   r*-    "'        '■?  and   :^rHftvrtil   IH*pitrifji  (f 

tke  •Sry  7  number  of  deinilive  ^gments 

any  ansi:       -  -    he  will  hardly  claim  that  they 

are  identical  in  either  stiucnire,  mode  of  development, 
or  relation  to  the  primitive  neuromeies^  According  to 
Charles  Hill  the  mesencepbal  represents  two  Deuromeres, 
and  there  certainly  are  several  in  the  oblongata. 

S.  Tie  Utiiitinf  «Sfe»<  tyf  tike  Sk^mtrsi*. — ^This  point  fe  an- 


'Bainriaiantt  Iia$  lefveseiuied  Ibe  aones  and  ottaer  feannes  Iqrui 

+ StiuuM  tlM  "  taluuas  riKiml!e««fiiiaIi  ~  be  i«s*i«l^  >s  a  deSniliic 
sejcnwt  ?  In  die  <njrl^  fieol  twain  e{  man.  Ibe  eal;  and  |K(iiM>s  ssnae 
odierBBBaiial^llKf^ea  nev&-Iilte  i«s>aB  JosKandad  of  tttemeaeo- 
cepial.  Prafissor  He  names  iMs  i«gim  ~&dia»s  itemtenceipfealf 
andauMparatUj-T^aids  itaseixw^UinalewiiliDgeaiter  lire  A'euMiiUs 
revtf^niiKd  by  Mot  a«aa  IZS-IU:  ISK.  Saiifil.  Bd..  laSTii.  Bol  flKse 
ame  speidateiK,  and  indeed  b«uqf  ot  Use  afrares  «f  Ftefessor  His. 
{««sent  an  eiioall;' dfeliiKt  «easneticiii  ceiDfaalad.  Evenif  Uaefonaer 
refwesenls  tla»  swood  «(  1^  nn>  ne«ivaa««s  wtaicii  Oniks  BSB 
«ediis  to  Uw  nKSHMefitaL  it  fe  iKiC  eoe^  to  see  tIit  oae  vt  tttess 
K^s>B&.  so  insiSDinunt  in  the  laKr  stages,  s^boold  te  lectoned  as  a 
di»oiilif«  setsoaent  latiMr  flan  Ok  oUkt.  "nis  isouit  Iebs  tp«eB  fonna- 
laKd  Indeinideiitllir  kgr  Or.  Straad  in  ike  litle  of  kfe  laper.  UHSL  a. 
"It  an  KtbBOS  KhOBtKiHS^feali.  Vlur  XM  an  lahms  Fras»- 
eectadS  ?"  trou 'siiictt  FSp.  isn  is  hminnred. 


alogous  to  that  respecting  the  direction  of  the  axis  of  the 
entire  br>vin  (Lt.  Even  were  the  preponderance  of  the 
cerebrum  in  man  and  other  mammals  to  be  indicated  the 
precise  ratio  would  not  be  easy  to  fix.  But  in  some 
sharks  the  cerebellum  is  very  large :  in  Teieosts  the  mes- 
encephalic lobes  are  most  conspicuous :  in  Cfiimaera  the 
dieucepluU  is  greatly  prolonged  (W..  1S77.  a) :  in  the  elec- 
tric ray  the  postoblongata  (metencephal)  equals  in  size  the 
remainder  of  the  brain.    Finally,  to  offset  the  relative  in- 

1  siguiiicance  of  the  olfactory  bulbs  in  the  IMmates  and 
their  total  absence  in  certain  Cetacea.  they  compare  favor- 

I  ably  with  the  other  segments  in  many  Reptiles  and  Am- 

I  phibia,  in  the  hags  (Fig.  790^  they  are  as  wide  as  the  cere- 
brtim.  and  in  the  lamprey  (Fig.  7S9)  they  surpass  it  in 
bulk.  There  seems  to  be  no  escape  from  the  conclusion 
esemplilieti  in  the  schema,  viz..  that  the  definitive  seg- 
ments ar*  potentially  equal  in  size. 

T.  Th<r  S'lm^rifal  Ikiigmititm  of  tJie  Seffinenti. — In  ac- 
cordance with  the  rule  (to  which  there  is.  so  far  as  I 
know,  but  a  single  exceprion*) — viz..  that  the  members 
of  any  cephalo-«iudal  series  of  similar  parts,  e.g. .  ribs  and 
vertebrie.  should  be  mmibered  beginning  with  the  one 
next  the  head — anatomists  have  hitheno  generally  desig- 
nated the  segment  nest  the  myel  as  lasf  and  the  one  at 
the  other  extreme  as  first.    That  plan  is  adhered  to  in  Fig. 

I  674.  and  throughout  this  article.  The  contrary  enumera- 
tion was  introduced  by  Pix>fe5sor  His  in  1S93.    It  has  been 

1  adopted  by  the  Anatomische  Gesellschaft.  and  there  is 
likely  to  result  conftision  such  as  would  attend  the  re- 

I  versal  of  the  universal  method  of  envunerating  the  cranial 

I  nerves. 

U.  Tif  Ajrw<r«/<?l  yitmtf. — As  may  be  seen  from  the 
table  of  His  reproduced  in  the  latter  part  of  the  article 
Brain,  XVorfo/Jmi-n/  of.  and  from  the  abstract  of  it  in 
Table  I.,  the  most  radical  differences  concern  the  two 
segments  next  the  myeL  The  Association  of  American 
Anatomists  follows  Quain  in  designating  the  most  caudal 
meteitcepialon  and  the  nest  epenefpAalon,  The  Anatom- 
ische Gesellschaft  follows  Huxley  in  applying  Hi«'/^n- 
e^pkabnt  to  the  penultimate  segment  and  designating  the 
tiltimate  by  m/f/ifneriAalonA 

§  46.  Ffg.  6".'»;  iliii'timie* :  A.  The  grcat  relative  bulk 
of  the  head,  constituting  about  one-half  of  the  entire 
body. 

B.  The  indications  of  encephalic  segmentation  by 
slight  furrows,  represiented  by  the  converging  lines  upon 
the  side  of  the  head. 

C.  The  prominence  of  the  mesencepbal  at  this  period, 
forming  the  "top  of  the  head" 

D.  The  sharpness  of  the  cranial  flexure,  whereby  two 
of  the  segments  appear  in  a  dorsal  view,  and  two  in  a 
ventral,  while  the  fifth  api^«ars  partly  in  both  views,  as 
shown  by  Figs,  677  and  671?. 

E.  The  conditions  of  the  eye  and  ear:  the  greater  dif- 
ferentiation of  the  manus  than  of  the  pes:  the  presence 
of  a  short  bat  distinct  taiL 

§  47.  Ffg.  e:7  iHuMmtf*  :  A.  The  distinctness  of  the 
myelocele  i,"  central  canal  ~>  even  to  the  root  of  the  tail. 

B.  The  sudden  and  great  expansion  to  constitute  the 
nietepicele  ('fourth  ventricle ^. 

C.  The  niaiked  constriction  betweai  the  mesocele  and 
ihe  metepicele. 

D.  The  existence,  on  the  contraiy,  of  the  greatest 
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ized  vertebrates,  e.g.,  the  turtle  (Fig.  680)  and  the  hag 
(Fig.  783),  and  even  in  mammals  where  the  cerebrum  is 
less  preponderant  than  in  man.  But  with  mammals  the 
other  segments  are  more  easily  recognized  if  the  cere- 
brum and  cerebellum  are  either  tilted  in  opposite  direc- 
tions as  in  the  rabbit  preparation  (Fig.  681),  or  the  former 
is  also  medisected  as  in  the  cat  (Fig.  682),  or  both  partly 
cut  away  as  in  the  sheep  (Fig.  T94). 

§  51.  Fig.  6S0  illustrates:  A.  The  availability  of  this 
reptilian  brain  for  the  exemplification  of  certain  features 
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Fig.  680.— Mesal  Aspect  of  the  Medisected  Brain  of  the  Green  Turtle,  Chelone  midas.  X  1.  From  nature 
and  from  the  paper  of  O.  D.  Humphrey.  1S94.  The  letters  R.,  P.,  D..  M.,  E..  and  Ml.,  designate  respec- 
tively the  six  segments,  rhinencephal.  prosencephal.  diencephal.  mesenopphal,  epencephal.  and  meten- 
cephal.  The  first  and  second  are  placed  on  the  pial  surfaces  of  the  olfactory  bulb  and  hemicerebrum ; 
the  other  four  are  within  the  cavities. 


of  the  organ ;  it  is  large  as  compared  with  that  of  am- 
phibia and  most  other  re|)tiles ;  the  cerebrum  and  cere- 
bellum do  not  overtop  the  other  parts  so  as  to  oljscure 
their  serial  relations ;  excepting  the  pons  and  callosuin 
most  of  the  commissures  are  represented;  and  the  cranial 
flexure  is  slight  (Fig.  671). 

B.  The  de]iarture  from  the  schematic  brain  in  two  re- 
spects: (n)  the  reduction  of  the  mesal  portion  of  the 
rhinoceleand  prosocele  to  a  slight  cavity,  tlie  aula,  open- 
ing laterad  by  the  porta ;  (i)  the  crowding  of  the  cephalic 
segments  caudad,  occasioning  the  diencephalic  flexure, 
and  bringing  tlie  aula  and  porta  dor.>ad  of  the  diacele  in- 
stead of  cephalad  of  it. 

C.  The  elongation  and  close  apposition  of  the  three  dor- 
sal outgrowths,  paraphysis,  dorsal  sack,  and  epiphysis. 

D.  The  relatively  large  size  of  the  olfactory  bulb,  and 
the  duplicity  of  the  olfactory  nerve. 

§  52.  Fig'.eSl  illnntrates:  A.  The  greater  obviovisncss 
of  the  segmental  constitution  than  with  the  adult  human 
brain  from  any  point  of  view. 

B.  The  smaller  relative  size  of  the  cerebrum  than  in 
man  or  the  cat  (Fig.  682). 

C.  The  inuch  less  extent  of  the  callosum  than  in  man 
or  the  cat,  making  it  possible  to  uncover  the  diencephal 
without  the  medisection  required  in  the  cat  (Fig.  682). 

D.  The  presence  of  a  distinct  roof  of  the  diacele,  the 
iuterthalamic  space,  notwithstanding  the  cerebrum  has 
been  tilted. 

E.  The  relation  of  this  roof,  the  diatela.  to  the  habenas, 
the  ridges  demarcating  the  dorsal  and  eetocelian  from  the 
mesal  or  entocelian  surfaces  of  the  thalami. 

F.  The  non-adhesion  of  the  thalamus  to  the  hemicere- 
brum in  any  way  such  as  to  indicate  that  the  former 
enters  into  tiie  composition  of  the  paracelian  floor. 

G.  The  more  nearly  equal  size  of  the  lateral  (pileums) 
and  mesal  (vermis)  lobes  of  the  cerebellum,  and  the  con- 
comitant absence  of  the  vallis  which  is  so  obvious  on  the 
caudal  aspect  of  the  adult  human  cerebellum  (Hgs.  673 
and  697). 

§  53.  Fig.  CSS  iJlustrntes :  A.  The  possibility,  even 
with  so  high  a  mammal  as  the  cat,  of  making  a  prepara- 
tion that,  without  disturbing  the  essential  morphological 
features  of  the  organ,  may  exhibit  portions  of  all  of 
the  encephalic  segments  excepting  the  last,  the  meten- 
cephal. 


B.  The  tendency  of  three  of  the  encephalic  segments 
to  overlap  those  caudad  of  them.  The  cerebelltim.  the 
epencephalic  roof,  partly  conceals  the  postoblongata, 
metencephal,  in  its  natural  attitude ;  in  the  present  figure 
it  is  tilted  caudad.  The  mesencephal  (gemina  or  optic 
lobes)  is  covered  partly  by  the  cerebellum  and  partly  by 
the  cerebrum,  and  also  at  the  sides  overlapped  somewhat 
by  the  postgeniculums.  elements  of  the  diencephal;  in 
the  figure  these  bodies  are  in  deep  shadow,  crossed  by 
the  line  3  on  the  right,  and  on  the  left  by  the  line  lead- 
ing to  the  postgeminum. 
Finally,  the  cerebrum  con- 
ceals the  diencephal  and 
mesencephal,  part  of  the 
rhinencephal,  and  even 
the  cephalic  slope  of  the 
cerebellum  in  the  cat, 
while  in  man  it  alone  is 
visible  when  the  brain  is 
viewed  from  the  dorsal 
aspect  (Fig.  664). 

C.  The  relations  of  the 
callosum  and  fornix  to 
the  two  hemicerebrums, 
as  lines  of  secondary  ad- 
hesion between  the  two, 
the  one  dorsal  and  the 
other  ventral. 

D.  That  the  triangular 
area,  hemiseptum.  is  real- 
ly only  a  portion  of  the 
mesal  wall  of  either  hemi- 
cerebrum, which  has  been 

intercepted  between  the  two  lines  of  junction  above 
named. 

E.  That  the  interval,  pseudocele  ("fifth  ventricle ") 
between  the  two  hemiseptums,  has  no  connection  with 
the  true  encejihalic  cavities. 

F.  That  the  callosum  and  fornix  are  in  no  sense  parts 
of  the  roof  of  the  diacele  (third  ventricle):  this  is  consti- 
tuted by  (1)  its  proper  endyma,  (2)  the  pia  covering  this, 
as  all  other  parts  of  the  brain.  (3)  the  pia  pertaining  to 
the  fornix,  which  layer  of  pia,  with  the  layer  (2)  and  the 
intervening  vessels,  constitutes  the  velum. 

G.  Incidentally  it  may  be  remarked  that  the  cruciate 
fissure  in  cats  and  dogs  constitutes,  as  it  were,  a  gash 
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Fie..  681.— Dorsal  Aspect  of  the  Brain  of  a  Toung  Rabbit,  the  Cere- 
brum and  Cerebellum  Pushed  in  Opposite  Directions. 

Preparatinn .— WhUe  fresh,  the  cerebellum  was  tilted  caudad  and 
the  hemispheres  cephalad,  and  the  velum  I'emoved  :  the  brain  was 
then  placed  in  strong  alcohol  so  as  to  retain  the  desired  shape.  The 
segmental  names  are  at  the  left,  the  names  of  parts  at  the  right. 
The  specimen  has  been  lost  or  destroyed. 

across  the  mesal  margin  near  the  cephalic  end  of  the 
hemicerebrum;  it  appears,  therefore,  upon  both  tlie  mesal 
and  the  dorso-lateral  aspects.  The  well-known  and  easily 
experimented-upon  motor  areas  of  the  limbs  occupy  the 
U-shaped  gyre  between  the  cruciate  and  coronal  fissures. 
It  does  not  follow,  however,  that  the  cruciate  fissure  and 
the  human  central  fissure  are  homologotis  (g  303) . 

p  .54.  Relative  Size  of  the  Segments  in  the  Einhn/oand  the 
Adult. — In  the  embryo  at  one  period  the  mesencephal  is 
the  most  prominent  region,  and  it  remains  the  largest  in 
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some  fishes;  in  the  adult  human  brain  it  is  one  of  the 
least  conspicuous. 

§  55.  Segmental  Overlapping.— Mihongii  originally 
subequal  in  size,  certain  segments  early  manifest  a  ten- 
dency to  extend  beyond  tlieir  neighbors  in  one  or  more 
directions.  In  mail  and  the  mammals  generally  this 
overlapping  is  in  inverse  ratio  to  the  original  size  of  the 
parts.  The  mesencephal,  at  one  period  most  jirominent, 
is  encroached  upon  by  the  dieucephal  at  the  sides,  by  the 
pons  veutrad,  the  cerebellum  dorsad,  and  all  are  eventu- 
ally covered  by  the  cerebrum,  primarily  a  comparatively 
insignificant  portion  of  the  brain. 

§"56.  This  segmental  overlapping  is,  upon  the  whole, 
greater  caudad  than  cephalad,  most  of  the  segments  pre- 
senting something  like  the  "  rake  "  of  the  mast  of  a  sliip. 
The  cerebellum,  "for  example,  not  only  extends  both 
cephalad  and  caudad  from  its  connections  with  the  epen- 
cephalic  floor,  but  is  tilted  distinctly  caudad  (Figs.  670, 
687,  and  693). 

§  57.  Transections  at  any  level  caudad  of  the  aula 
usually  aflfect  two  or  more  segments.  This  is  illustrated 
in  the  "following  diagrams  (Fig.  683). 

§  58.  The  Caiidaiii-thaUimic  Fusion.— Ihv  relations  of 
the  proscncephal  to  the  dienceplial  are  further  compli- 
cated by  the  intimate  fusion  of  the  sides  of  the  latter 
(thalami)  with  tlie  floors  of  the  fomier  (caudatums).  Al- 
though, therefore,  in  tlie  early  embryonic  stages  (Fig.  671) 
it  is  very  easy  to  distinguish  between  the  two  segments, 
there  is  some  difficulty'in  the  adult.  For  convenience, 
in  the  present  article,  the  capsula  (''internal  capsule  ")  is 


§  .59.  The.  Segments  Primilitel^  Mesal  and  Single. — This 
view  is  generally  accepted  with  regard  to  the  diencephal 
and  the  "parts  caudad  of  it  on  account  of  the  familiar 


Fig.  6S3.— Diagrams  Illustrating  tbe  Lateral  Overlappitig  of  the  Mesen- 
cepbal  by  tbe  Two  Segments  Cepbalad  of  It.  Tbe  transverse  axes  of 
tbe  prosenoephal,  diencephal.  and  mesenceiihal  are  indicated  by  the 
lines  1.  2,  3,  respectively;  in  .\  tbey  arc  din-c-tcd  lalfiad,  as  in  the 
early  embryonic  stages;  at  B  they  arc  inclined  caudud.  and  tran- 
sections at  a  or  h  would  cut  two  or  three  segments  instead  of  one, 

conditions  of  early  development.  The  proscncephal  like- 
wise, although  commonly  desciibed  as  a  pair  of  lateral 
masses,  is  single  in  " fishes"  (see  the  figures  and  state- 
ments in  connection  with  that  segment,  §§  158-163). 


Fio.  682.— The  Brain  of  a  Cat  from  the  Dorsal  Aspect, 
After  the  I'allosmn  and  Fornix  had  been  Divided  and 
the  Hcniiccr.-hrums  Divaricated ;  47i.  x  3.  1,  Ar- 
tery iprci  cn'iiral?!  :  2.  artery  joining  1,  perfoi-ating 
the  callosuin  from  the  velum';  3,  4,  lines  of  division 
of  the  arachnoid,  hetween  tbe  cerebrum  and  cerebel- 
lum ;  .5,  line  of  division  of  the  velum,  whic  h  is  partly 
removed  on  the  left  side  so  as  to  e.xpose  the  thala- 
mus and  geiniua  ttf  that  side. 

Pi-(i"ini(ion.— While  fresh  and  supported  by  the 
hd.vis  Lftuiii,  the  beniicere- 
hrums  were  carefully  separ- 
ated so  as  to  expose  tbe  cal- 
losiim ;  this  was  divided,  be- 
ginning with  the  spleninm; 
then  the  fi.i-ni.x  until  the  in- 
cision reached  the  pi.int  of 
attachment  of  the  velum. 
The  cerebellum  was  tilted 
caudad  and  tbe  arachnoid  be- 
tween it  and  tbe  pn.stgeiuinuui 
divided  ;  the  lelehelkn-  e.lge 
of  the  aracbnniil  is  represent- 
ed by  the  line  4.  The  vaivula 
is  shown  as  if  inflated  with 
air.  cm  the  left  side,  along 
a  line  '.V  e.\tending  obliquely 
caudo-inesail  from  under  the 
margin  of  the  fornLx.  the  two 
layers  of  jiia  coiistiuuing  the 
velum  were  divitled,  and  the 
part  at  the  left  removed  so  as 
to  expose  mni-i'  distinctly  tbe 
(lostL'eiiiiinnii.  preL'einininn, 
and  thalamus.  Tbe  I'erebral 
pia  was  removed.  A  siuular 
preparation  of  tbe  human 
braiu  is  very  desirable,  but 
dlQlcult  to  make,  on  account 
of  tbe  weight  of  the  cere- 
bnim. 

iJo/ccfs.  —  T h e   arteries 
should    have    been   injected 
with  a  red  mass,  for  the  bet- 
ter exposition  of  the  pia.  the  ple.xuses,  and  especially  the  mesal 
artery  (2)  which  penetrates  the  callosum.    No  attempt  has  been 
made  to  show  the  lines  of  reflection  of  the  arachnoid  between  the 
two  bemicerebrums,  along  a  line  corresponding  with  tbe  ventral 
margin  of  the  falx  an<l  indicated  approximately  in  the  transection 
I  Fig.  732).    Tbe  fornix  is  represented  too  thick  and  should  not  he 
dotted.    The  trochlearis  ner%-e  (N.  tr.)  stops  too  sharply  at  the  mar- 
gin of  the  vaivula,  from  which  it  arises.    The  convexity  of  the  vai- 
vula is  too  sharply  defined. 


adopted  provisionally  as  the  boundary,  so  far  as  regards 
the  thalamus  and  the  lenticula  (part  of  the  striatum). 
But  tlie  same  medullary  stratum  intervenes  between  the 
lenticula  and  the  caudatum,  both  prosencepalic  parts, 
and  the  whole  subject  requires  further  elucidation. 
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The  case  of  the  rhinencephal  is  less  readily  disposed  of, 
and  will  be  stated  in  connection  with  that  segment  (§  370). 
§  60.  Potential  Triplicili/ of  the  Encephalic  Segments. — 
Although  primarily  mesal  and  simple,  each  segment 
presents  at  some  period  and  in  some  vertebrates  a  dis- 
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tinctly  threefold  condition,  -with  one  mesal  and  two 
lateral  portions.  The  prosencephalic  triplicity  is  ex- 
hibited in  all  air-breathing  vertebrates  and  some  aquatic 


Fig.  684.— Cast  of  the  Encephalic  Caritles.  Ventral  Aspect ;  approxi- 
mately correct.     X  1  (?)     (From  Weisker,  modified.)    Thenamesat 
the  right,  doubly  underlined,  designate   dve  divisions  of  the  en- 
cephalocele.  together  with  the  slender  myelocele  (central  canal  of 
the  spinal  cordi.    The  metacele  and  cpicelc  togi'ther  constitute  the 
"fourth  ventricle  "  of  the  text-books  ;  the  iiiHsc.cele  cnrrcsiMinds  to 
the  aqueduct  or  iter;  the  diacele  equals  the  "  third  ventricle  "  less 
the  aula,  which  is  the  mesal  part  of  the  prosocele ;  pmsocele  in- 
cludes all  not  already  specified,  viz.,  the  mesal  aula,  the  lateral 
paraceles  ("  lateral  ventricles"),  and  the  two  portas  through  which 
they  are  continuous.    The  names  at  the  left  designate  the  parts 
of  the  paracele,  viz.,  the  cella,  extending  can  dad  from  the  iiorta ; 
the  pre^ornu.  extending  cephalad  :  the  medicomu,  extending  in 
a  spiral  direction  laterad,  ventrad,  cephalad,  and  mesad,  succes- 
sively :  and  the  postcornu  projecting  caudad  from  the  cella,  2  is 
placed  near  the  tip  of  the  right  lateral  recess  of  the  epicele.  The 
larger  part  of  the  figure  is  modified  from  a  photograph  of  the 
wax  model  made  by  Weisker.  of  Freiburg.    The  metacele,  my- 
elocele, and  part  of  the  epicele  are  from  a  cast  of  the  cavities  in 
a  child.    The  ventral  aspect  was  chosen  in  order  to  display  t^) 
better  advantage  the  uninterrupted  series  of  mesal  canities,  and 
the  portas. 

Defects.— 1  doubt  whether  any  part  represents  the  correspond- 
Ing'cavity  accurately.  The  portas  are  txxi  long  (compare  Fig.  718). 
The  diacele  presents  neither  the  oritlce  for  the  medicommissure 
(the  prt*su)iH'd  location  of  which  is  intlicated  by  the  dotted  circle 
(1)  just  raudad  uf  the  portas)  nor  the  marked  ventral  extension 
toward  the  hvpnphysis.    The  medicomua  are  not  sufficiently 
curved ;  in  reality  the  extremity  of  each  approaches  the  diacele 
within  about  2..5  cm.;    the  postcomua  are  too  short ;    the  bound- 
aries of  the  epicele  are  vaguely  and  perhaps  incorrectly  indicated, 
and  the  lateral  recesses  (3)  should  be  longer. 


forms  (Dipnoans,  etc.) ;  with  birds  and  frogs  the  mesen- 
cephal  is  markedly  tripartite  (Fig.  682) ;  with  man  and 
other  mammals,  and  likewise  with  some  other  verte- 
brates, the  epicele  presents  more  or  less  extensive  "lateral 
recesses "  (Figs.  669,    684,   698).     The  embryonic  dien- 


cephal  protrudes  at  either  side  an  optic  vesicle  that  be- 
comes the  retina  and  optic  nerve. 
§  61.   Fig.  6S4  iUiifiti-ates:  A.  The  continuity,  general 
form,  and  relative  size  of  the  several  divisions  of 
the  adult  human  encephalocele,  as  viewed  obliquely 
from  the  ventrodextral  aspect. 

B.  The  obvious  triplicity  of  the  prosocele,  and 
the  existence  of  lateral  extensions  of  the  epicele. 

C.  The  slenderness  of  the  mesocele  as  compared 
with  its  relative  size  in  the  embryo  (Fig.  680)  and 
in  the  adults  of  some  other  vertebrates  (Ftg.  68.")). 

D.  The  general  modifications  of  the  piimitive 
and  typical  condition  of  the  encephalic  cavity  which 
led  the  older  anatomists,  and  still  lead  some  of  their 
modern  successors,  to  regard  the  whole  as  compris- 
ing four  "ventricles."  a  first  and  second  (lateral), 
a  "third,"  and  a  "fourth."  the  aula  being  ignored 
and  the  mesocele  considered  merely  as  a  "  passage 
from  the  third  ventricle  to  the  fourth." 

§  63.  Fig.  GS6  illustrates :  A.  An  arrangement 
and  circumscription  of  the  encephalic  cavities  in 
the  adult  cat  (an  accessible  mammal),  essentially 
identical  witli  that  in  the  human  adult  (Fig.  735) 
and  fetus  (Fig.  716).  and  in  vertebrates  generally. 

B.  The  great  differences  in  size  and  shape  be- 
tween the  various  divisions  of  the  encephalocele; 
the  mesocele  is  little  larger  thau  the  mj-elocele.  and 
is  tubular;  the  diacele  is  narrow  but  high;  the  meta- 
cele wide  but  shallow;  the  epicele  is  very  irregular; 
the  myelocele  is  patent  throughout,  while  in  man  it 
is  nearly  obliterated.  The  epicelian  lateral  recesses 
are  not  exposed,  so  the  triple  constitution  of  a 
typical  segmental  cavity  is  exhibited  only  by  the 
prosocele,  with  its  mesal,  aula,  and  lateral  ijaraceles. 

C.  The  different  constitution  of  the  celian  pari- 
etes.  The  roofs  of  the  aula,  portas,  and  metacele 
are  membranous  telas,  with  plexuses  on  the  ental 
surface. 

D.  The  reduced  thickness  of  the  parietes  near  the 
rima.  constituting  the  fimbria,  one  of  the  riparian 
or  marginal  parts. 

E.  The  apparent  interruption  of  the  wall  of  the 
medicomu  at  the  rima  ("  great  transverse  tissurc"). 
On  close  exaiuination,  however,  although  the  pioper 
nervous  parietes  are  absent,  tlie  intruded  pial  fold 
(pai-aplexus)  is  seen  to  be  covered  by  the  endj-ma 
reflected  from  the  adjoining  parts,  so  that  the  in- 
jected alcohol  was  completely  confined. 

F.  The  not  very  obvious  relation  of  the  ectal  fuiTow, 
hippocampal  fissure,  to  the  ental  elevation  or  colliculus, 
hippocamp:  on  the  right  the  line  from  postgeniculmn 
crosses  the  end  of  the  fissure,  which  is  not  otherwise 
indicated. 

G.  The  relations  of  the  alba  (medulla)  to  the  ectocinerea 
(cortex)  and  tlie  eutocinerea  ("central  tubular  gray"); 
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Tk.  6S.5.— Left-hand  figure  :  Brain  of  Frog  Seen  from  the  Left  After 
Removal  of  Pans  of  the  Left  Side;  t»!.  x  L.5.  Eight-hand  fig- 
ure :  Enlargement  of  the  Geminum  (Mesencephal),  so  as  to  show 
more  distinctly  the  lateral  cavity  of  the  mesocele  and  the  orifice 
(comparable  with  the  porta)  by  which  it  communicates  with  the 
mesal  cavity. 


the  metepencephalic  entocinerea  has  been  removed  in  ex- 
posing the  cavities,  but  it  is  distinct  and  abtmdant  at  the 
sides  of  the  mesocele  (aqueduct),  of  the  diacele,  consti- 
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tuting  the  thalamus,  and  of  the  prosencephalic  precor- 
nu,  constitutiiis  the  caudatum  aud — uuexpectedh'— the 
hemiseptuiu  and  eohiinu  of  the  foruix.  all  which  were 
distinctly  gray  in  the  fresh  preparation. 

H.  The  caudal  exteu.sion  of  the  cerebrum  so  as  to 
reach  the  cerebellum,  aud  thus  conceal  the  lateral  aspect 
of  the  intervening  segments,  diencephal  and  mesencephal. 

I.  The  fusion  of  the  thalamus  with  the  caudatum.  of 
the  diacelian  side  wall  with  the  paraceliau  floor  The  line 
of  junction  of  the  two 
segments  may  be  regarded 
as  indicated  ai>proximate- 
ly  bj'  the  word  dien. 
'  J.  The  absence  or  in- 
conspicuousuess  of  the 
lenticula,  claustrum,  and 
insula  (compare  Fiir.  782). 

K.  The  less  width  of 
the  diencephal  than  in 
man,  so  that  the  genicu- 
lums  maintain  their  prop 
er  morphological  relation 
of  cephalic  (pre)  and  cau- 
dal (post),  rather  than  of 
lateral,  or  "external,"  and 
mesal,  or  "internal,"  as  in 
man. 

L.  The  extension  of  the 
paraceles,  the  proper  cav- 
ities of  the  liemicere- 
brums,  caudad  from  the 
aula  even  farther  than 
ce])halad,  thereby  war- 
ranting the  diagrammatic 
representation  of  the  par- 
aceles as  lateral  exten- 
sions, not  cephalic  only. 

M.  The  absence  of  a 
postcornu  iu  the  cat  as  in 
most  other  mammals,  the 
exceptions  being  man, 
monkeys,  seals,  porpoises, 
and  some  dogs. 

N,  The  distinctness  of 
the  crista  in  the  cat.  It 
is  not  named  on  the  fig- 
ure, but  may  be  seen  as  a 
conical  elevation  at  the 
cephalic  side  of  the  aula; 
the  line  from  aula  points 
.at  it. 

§  63.  Celian  Circum- 
scription.— The  facts  of 
development  and  compar- 
ative anatomy,  and  anal- 
ogy with  other  hollow- 
organs  warrant  the  pre- 
sumption that  the  ence- 
phalic cavities  commuui- 
•cate  only  with  one  another 
and  with  the  myelocele. 
Any  communication  with 
the  ectal  surface  is  pre- 
sumably artificial,  except- 


concomitant  completeness  of  tbe  celian  circumscrip- 
tion. 

C.  The  non-communication  of  the  pseudocele  with  the 
true  cavities.  (The  meninges  and  blood-vessels  are  con- 
sidered under  Fig.  801.) 

g  66.  In  tracing  the  continuity  of  the  endyma  at  the 
meson  it  is  best  to  begin  with  a  region  where  a  rupture 
could  hardly  occur  in  either  floor,  roof,  or  sides,  and 
vi-here  also  a  transection  is  most  readily  effected  when 


pseudocele 
precomu 
,.-  aula 

_  -  porta 


,  paracele  (cella) 


dlacele 


myelocele 


Fig,  686.— The  Encephalic  Cavities  of  a  Cat,  E.x|io.se(l  from  the  Ventral  Side;  479.  X  2.  1,  The  valvula, 
which  is  so  thin  in  the  cat  that  the  cerelielKir  toha  show  dimlv  throuffh  it  (the  line  is  Internipted  just 
above  the  L  of  EPK.\CKPH.\L);  -',  the  lianoH-  spu.o  hoUvprii  tho  hitnal  as|ii-.  t  of  the  liii-scll'ei.lial  and 
the  overlaijpint;  heniiccrehnim  ;  in  anthropotomy  iliis  is  r..iiiinoiiiv  icrkoni-<i  as  pail  of  iii.-  ■•  i,M>-at  trans- 
verse fissure  " ;  3,  obliquely  cut  surface,  left  by  the  reiuoyal  of  the  caudatum  aud  adjaceut  parts  of 
the  left  hemicerebrum. 

Picparafi'iH.— The  brain  was  exposed  from  the  ventral  side  and  left  in  the  calva  for  better  support, 
the  canties  were  aliujected  so  as  t'>  harden  llip  parietes  and  keep  them  apart.  Successive  sUces  were 
removed  until  the  portas  and  aquodu't  inics<"ri,M  and  niyt-lorflc  were  exposed.  With  a  narrow- 
bladed  knife  the  walls  of  the  iliaiclc  aipluihUL'  the  nii-ilicoiuiiiissurei,  epicele.  and  metacele  were  cut 
away  obhquely:  also  on  one  side  (the  riuht  of  the  preparali'-u,  but  the  figure  is  reversed  so  that  it 
appeal:^  on  the  left)  the  caudatum,  hippocamp,  and  part  of  the  thalamus,  so  as  to  expose  the  continuity 
of  the  precomu  and  medicorau.  The  olfactory  bulbs  were  removed  with  the  ventral  portion  of  the 
cerebrum.  The  boundanes  of  the  cinerea  (cortex,  et*:-.)  and  alba  (medulla)  were  ascertained  by  com- 
paring the  similarly  exposed  surfaci-  <  if  a  fresh  brain  ;  some  of  the  diHerences  between  the  two  sides  are 
due  to  a  slight  difference  of  the  scciiou-lfvels. 

Z>f/ccftf.—  The  brain  should  have  been  prepared  in  a  chromic-acid  solution,  or  injected  with  the  red 
mixture,  so  as  to  differentiate  the  alba  and  einerea. 


ing,  perhaps,  at  the  meta- 

pore  {"  foramen  of  Magendie  ")  and  the  lateral  recesses 

•(§§'?8,  98). 

§  64.  Endymal  Continuity. — The  endyma  is  the  essen- 
tial and  absolutely  constant  constituent  of  the  celian 
parietes;  hence  iu  all  figures  purporting  to  illustrate 
celian  circumscription  the  line  representing  the  endj'ma 
should  be  distinct  and  uninterrupted,  excepting  where 
discontinuitj'  has  been  demonstrated. 

§  65  Mg.  6S7  illustrates :  A.  The  sharpness  of  the 
cranial  or  mesencephalic  flexure  in  man.  Compare  the 
sheep  (Fig.  794)  aud  the  turtle  (Fig.  680). 

B  The  continuity  of  the  endyma  lining  the  mesal 
series  of  cavities  excepting  at  the  metapore,  and  the 


the  entire  brain  is  to  be  studied  in  two  parts,  a  cerebral 
and  a  cerebellar  portion.  This  "  place  of  election  "  is 
the  mesocele  ("aqueduct "  or  ''iter  a  tertio  ad  quartum 
ventriculym"). 

A.  The  endyma  covering  the  floor  of  the  mesocele  may 
be  traced  caudad  (actually  almost  directh'  veutrad)  with 
slight  depressions  and  elevations  through  the  oblongata 
to  the  mj'cl  where  it  lines  the  slender  myelocele,  the 
"canal  of  the  cord." 

B.  Recommencing  at  the  same  point  in  the  mesocele, 
the  floor  endyma  turns  quite  sharply  ventrad  over  the 
cephalic  curvature  of  the  crus,  passes  the  albicans,  and 
reaches  a  region  where  the  floor  is  thin  and  frequently 
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torn  in  removing  the  brain.  This  is  the  tuber,  commonly 
called  "titVer  cinercuin"  which  is  continuous  with  the 
infundibulum,  and  thus  with  the  hypophysis.  The 
cephalic  part  of  the  tuber  is  reinforced  by  the  chiasma, 


splenium 


prepennnum 

int-st  ict'le 

pi  istconimissure 

postgeminum 


precwebral  a. 
copula 


precommlssure 


optic  n 

chiasma ' 
hypophysis ' 

albicans  ' 


postcribrum 


valvula 


lingula 
^-'  epicele 


llDllulUS 


metat«la 


metapore 


myel ' 


myelocele 


Fig.  687.— The  Mcsal  Cavities  of  an  Adult  Brain  Exposed  from  the  Left,  with  Their  Immedi- 
ate Parietes.  '•  XA.  Fig.  801  represents  the  entire  meson  of  the  same  specimen  on  a 
smaller  scale,  and  its  mode  of  preparation  Ls  there  described. 

Defects.— Ill  adilitiun  tci  tli.iM-  speeiUed  under  Fig.  801,  the  most  serious  are:  (a)  the 
non-represent:itinn  i>f  the  postpoiitile  recess,  the  mesal  depression  just  caiidad  of  the 
pons,  shown  in  Fig.  T02,  3;  ((j)  the  presence  of  the  line  curving  dorso-caudad  from  the 
rostrum  of  the  callosum;  (c)  the  imperfect  indication  of  the  membranous  parietes  of 
the  dorsal  sac,  the  pouch  Iving  upon  the  epiphvsls ;  (<1)  the  non-designation  of  the  diacele. 


the  ental  margin  of  which  presents  a  marlied  transverse 
ridge,  sloping  caudad  into  the  tuber  and  cephalad  into 
the  optic  recess.  In  Figs.  689  and  708,  the  chiasma  and 
tuber  are  shown  with  the  hypophysis  attached ;  but  in 
Fig.  673  it  is  detached,  leaving  an  orifice,  the  lura. 

C.  Directly  dorsad  from  the  chiasma,  the  cephalic  wall 
of  the  diacele  is  the  terma  (lamina  terntinaUs,  or  I.  citie- 
rea),  so  thin  and  delicate  as  not  infrequently  to  be  rup- 
tured during  the  removal  or  manipulation  of  the  brain. 
The  proper  nervous  material  of  the  terma  seems  hardly 
more  substantial  than  the  lining  endj-ma  and  the  cover- 
ing pia,  here  represented  by  the  ental  and  ectal  lines. 
The  ectal  aspect  of  the  terma  is  shown  in  Fig.  711. 

D.  Suddenly  there  is  a  marked  thickening  of  the 
cephalic  wall,  from  the  reinforcement,  so  to  speak,  of 
the  terma  by  a  fibrous  cord,  oval  or  elliptical  in  section. 
This,  the  precommlssure,  connects  the  olfactory  bulbs  aitd 
portions  of  the  cerebrum  upon  opposite  sides,  and  hence 
belongs  to  both  the  rhinencephal  and  prosencephal ;  the 
cavity  just  caudad  and  dorsad  of  it  is  the  aula,  the  mesal 
portion  of  the  rhiuocele  and  prosocele ;  §§  362-364. 

E.  From  the  precommissure  caudad  to  the  roof  of  the 
mesocele  the  course  of  the  endyma  is  extremely  irregular, 
and  the  nature  and  shape  of  "the  roofs  are  very  diverse. 
The  immediate  roof  is  largely  membranous,  and  the  con- 
dition is  further  complicated  by  blood-vessels  large  and 
small,  and  by  plexuses.  Finally,  the  parts  living  directly 
upon  the  meson  differ  materially  from  those  just  laterad 
of  it,  and  as  the  chances  are  altogether  against  a  medi- 
section  being  exactly  mesal  in  the  whole  of  its  course, 


there  is  nearly  a  certainty  that  upon  the  first  inspection 
one  will  miss  anticipated  features  and  see  what  one  does 
not  understand. 
F.  The  recognition  and  comprehension  of  the  actual 
facts  in  a  given  preparation  will  be  fa- 
cilitated by  consulting  the  diagram 
(Fig.  735),  and  the  representations  of 
the  brains  of  the  cat  and  rabbit  (Figs. 
681  and  683).  The  important  point  to 
bear  in  mind  is  tliat  the  complete  cir- 
cumscription of  the  mesal  encephalic 
cavities  would  be  unaffected  were  the 
entire  cerebrum  removed,  including 
the  callosum,  hemiseptum  (the  lateral 
wall  of  the  pseudocele),  and  fornicom- 
missure  (the  mesal  continuity  of  the 
fornix),  down  to  the  point  where  the 
heavy  line  representing  the  endyma 
leaves  the  narrow,  white  area  repre- 
senting the  fornicommissure  to  cross 
the  convex  surface  of  the  fornicolunm 
and  be  reflected  upon  the  auliplexus. 
The  details  of  this,  the  aulic  and  portal 
region,  are  more  clearly  seen  in  the  en- 
larged figures  of  the  porta  (Figs.  721 
antl  719). 

G.  From  the  auliplexus  (at  or  very 
near  the  meson)  or  from  the  portiplexus 
(if  the  section  plane  passes  through  the 
right  or  left  porta  instead  of  the  mesal 
aula)  the  endyma  may  be  traced  caudad 
upon  the  ventral  surface  of  a  mem- 
branous fold,  the  velum.  Strictly 
speaking,  between  the  endyma  and  the 
velum,  which  is  a  fold  of  pia,  inter- 
venes the  remnant  of  the  primitive 
nervous  roof  of  the  diacele.  Tliis  may 
persist  in  some  animals,  but  iu  the  adult 
cat  and  in  man,  so  far  as  I  am  aware, 
there  is  practically  nothing  between 
the  pia  constituting  the  velum  and  the 
end_yma.  At  each  side  of  the  meson 
there  depends  a  more  or  less  distinct 
vascular  fringe,  the  diaplexus,  continu- 
ous with  the  auliplexus,  the  portiplex- 
us, and  thus  with  the  paraplexus, 
these  last  three  being  successive  mem- 
bers of  the  prosoplexus. 
H.  The  relations  of  the  endyma  to  the  velum  and  plex- 
tises  are  more  clearly  shown  in  Fig.  732,  representing  a 
transection  of  the  diacele.  There  also  are  shown  tlie  re- 
lations of  the  habena.  This  is  a  low  ridge  following  a 
curved  line  along  the  mesal  aspect  of  the  thalamus  from 
the  dorsal  end  of  the  porta  to  near  the  epiphysis;  it  is 
covered  by  endyma,  but  just  dorsad  of  it,  diml)'  seen  in 
the  figure^  is  a  shallow  furrow,  the  habenal  sulcus,  from 
which  the  endyma  is  reflected  first  dorsad,  and  then  me- 
sad,  upon  the  velum  and  the  diaplexuses.  The  habcua 
unites  with  its  opposite  (fellow  of  the  other  side)  at  the 
supracommissure.  The  endyma  line  is  seen  to  leave  the 
velum,  and  descend  to  the  dorsal  (really  cephalic)  surface 
of  the  epiphysis,  whence  it  extentls  cephalad  to  and  over 
the  margin  of  the  supracommissure,  then  into  and  out  of 
the  epiphyseal  recess,  and  over  the  convex  cephalic  sur- 
face of  the  postcommissure :  thence  it  enters  the  meso- 
cele, where  the  tracing  of  its  continuity  was  begun,  only 
it  is  now  the  lining  of  the  roof,  the  geminal  bodies,  in- 
stead of  the  floor. 

I.  Continuing  caudad,  there  is  but  slight  change  in  the 
direction  of  the  roof  of  the  mesocele ;  a  great  reduction  in 
its  thickness  occurs  in  the  transition  from  the  postgem- 
inum to  the  valvula.  The  succeeding  part,  the  lingula, 
is  somewhat  thicker  and  trends  slightly  dorsad,  to  become 
continuous  with  the  cerebellum  proper.  The  cavity 
here  resembles  a  gable  roof,  with  a  sharp  dorsal  angle. 
The  caudal  slope  is  formed  by  the  nodulus,  a  compara- 
tively massive  mesal  lobe;  but  from  its  margin,  common- 
ly more  rounded  than  appears  in  this  figure,  the  endyma 
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Table    II.— Provisional    Grouping    op   So^re  Neukal    Parts   According    to  Their  Segments  aito  Soub 

Other  Characters. 


I. 

II. 

III. 

IV. 

V. 
VI. 
VII. 


1.  Segment. 


Ehinenceph- 
alon. 

Prosencepha- 
lon. 


Diencepba- 
Ion. 

Mesenceplia- 
lon. 

Epenc  e  p  h  a  ■ 

Ion. 
Metencepba- 

]on. 
Myelon 


2.  Chief 
constituent. 


Bulbi     olfac- 

torii. 
Cerebrum 


Thalaml . 


Quadrige  m  i 
num. 

Cerebellum . . 

Pos  t  o  b  1  o  n 

pata. 
Myelon 


3.  Cavity. 


Ehinocoelia. . . . 

Prosocoelia  lin- 
cluding  the 
mesalaulaand 
lateral  para- 
coeliae). 

Diaccelia 


Mesocoelia . 


Epiccelia... 
Metacoelia . 


Myelocoelia 


4.  Membranous 
portion. 


Rhinotela  (in 
some  "fishes") 

Prosotela  (in- 
cluding the 
mesal  aulatela 
and  lateral 
paratela?). 

Diatela 


MesotelaCinthe 
lamprey). 


Metatela. , 


Myelotela  (in 
lumbar  en- 
largement of 
birds). 


5.  Plexuses. 


Prosoplexus 
(including  the 
mesal  auliplex- 
us  and  lateral 
paraplexus). 
Diaplexus 


Epiplexus . . 
Metaplexus . 


6.  Thin  and 
riparian  parts. 


Tjenia,  fimbria, 
pala,  terma. 


Habena  . 

Valvula ., 
Lingula. . 


Metaporus,  lig- 
ula,  obex. 


Commissures, 
etc. 


Prsecommissura 
(pars  olfactoria) 

Prieco  m  m  i  s  s  u  r  a 
(pars  temporalis), 
callosum,  fornix. 


Supracommlssu  r  a , 

medicommissura, 

chiasma. 
Postcommi  s  s  u  r  a . 

decussationes  teg- 

mentorum. 
Pons 


Decussatio  pyrami. 

dum. 
Commissura  ventra- 

lis,  c.  dorsalls. 


8.  Some  other  parts. 


Pnecribrum,  limen, 

crista. 
Pallium,  insula,   len- 

t  i  c  u  1  a,   caudatum, 

paraphysis. 


Postcribum,  tuber,  hy- 
pophysis, epiphysis, 
genicula. 

C  r  u  s ,  tegmentum, 
crusta,  lemniscus, 
intercalatum. 

Prceoblongata,  vermis, 
flocculus.  deu*,atum. 

Pyramis,  ohva,  trape- 
zium. 

Conus,  fllum. 


is  abruptly  reflected,  together 
with  tlie  pia  which  had  cov- 
ered its  caudal  surface;  these 
two  membranes,  closely  united, 
and  with  apparentlj'  little  or  no 
trace  of  the  primitive  nervous 
roof,  constitute  the  metatela. 
This  is  interrupted  or  modified 
at  the  orifice  here  called  nieta- 
pore,  but  commonly  known  as 
"  foramen  of  JIagendic  "  ;  in 
the  present  figure  it  is  at  the 
point  where  an  artery  ajipears. 
Later  observations  indicate 
that  the  above  accounts  of  the 
metatela  and  metapore  do  not 
applv  to  all  specimens;     see 

§  67.  Enceplialic  Variations. 
— Excepting  as  to  the  fissures 
and  gyres,  and  the  pyramidal 
decussation,  treatises  upon  an- 
atomy seldom  refer  to  varia- 
tions or  anomalies  of  the  sur- 
faces or  cutal  structures  of  the 
brain,*  yet  they  are  frequent, 
and  sometimes  significant,  mor- 
phologicall_v  if  not  physiologi- 
callj'.  So  far  as  I  can  deter- 
mine from  my  own  materials, 
and  from  figures  and  descrip- 
tions, there  is  hardly  a  feature 
of  the  human  brain  respecting 
which  it  can  be  stated  confi- 
dently what  is  normal,  or  how 
frequently  certain  peculiarities 
occur. 

§  68.  Classification  of  the 
Parts  of  the  Brain. — The  fore- 
going account  of  the  brain  as 
a  whole  constitutes  an  intro- 
duction to  the  description  of 
each  of  the  six  segments,  be- 
ginning with  that  immediately 
succeeding  the  myel. 

§  69.  Commentaries  iipon 
Table  II. — A.  It  is  substan- 
tially identical  with  Table 
VII.  in  my  paper,  1896,  h. 
Compare  the  tables  in  the  first 
edition  of  this  work  (1889,  a). 


*  The  subject  Is  treated  with  un- 
usual fulness  by  Krause,  1889,  192-195. 
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Fig.  688.— Brain  of  the  Sheep,  dissected  so  as  to  exemplify  the  segmental  constitution  of  the  organ  in 
mammals.  From  "  Physiology  Practicums."  1.  Ceplialic  slope  of  the  cut  surface  of  the  cerebrum  : 
3,  mesal  wall  of  the  paracele— at  a  higher  level  this  wi.uld  be  one  of  the  heiiiisi-pluiiis  ;  3,  horizontal 
cut  surface  of  cerebrum  ;  4.  the  mesal,  vertical  pnrlii-n  of  the  paracele  :  .'»,  iitdicatt^s  the  location  of 
the  ripa  between  the  thalamus  and  caudatum,  but  it  is  overhung  by  the  latter  so  as  nut  to  appear  in 
this  view ;  6,  mes<il  furrow  of  the  pregeminum. 

From  the  cerebellum  have  been  cut  both  caudal  and  dorsal  parts.  On  the  cut  dorsal  surface  are 
seen  the  central  alba  and  the  peripheral  cinerea,  but  the  outline  of  the  latter  is  diagrammatic  only. 
At  the  sides  are  the  tiers  of  foliums  constitutiti^^  tin-  flocculus. 

From  the  cephalic  end  of  the  cerebrum  have  been  cut  the  parts  projecting  over  the  olfactory 
tracts,  but  part  of  the  cephalic  slope  is  here  marked  1.  With  the  dorsal  portion  were  removed  the 
entire  callosum  and  the  fornix  excepting  the  cephalic  vertical  part.  This  and  the  mesal  walls  of 
the  paracele  are  really  cut  at  a  lower  level  than  the  larger  cut  surface  on  the  left.  On  the  right  the 
insula  has  been  exposed  by  pushing  up  and  breaking  off  the  overhanging  parts.  The  ectal  sur- 
faces, covered  by  pia,  are  indicated  by  irregular  lines  representing  the  blood-vessels. 

The  ental  surfaces,  covered  by  end5'ma,  are  those  of  the  caudatums  in  the  paraceles,  the  habenas, 
medicommlssure,  and  dorsal  pouch  ;  and  the  floor  of  the  aula  and  portas. 

The  irregular  Une  laterad  of  the  habena  and  extending  around  the  endymal  area  on  the  epiphysis 
represents  a  lipa  (shore  line).  It  consists  of  the  cut  or  torn  edges  of  the  pia  from  the  dorsum  of  the 
thalamus  and  of  the  endyma  from  the  habena  which  imited  to  form  a  membranous  root  of  the  dla- 
cele, the  diatela,  which  has  been  removed. 

Similarly  the  pial,  dorsal  surface  of  the  thalamus  is  demarcated  from  the  endymal  surface  of  tie 
caudatum  by  a  ripa  which  meets  the  other  at  the  porta. 

The  epiphysis,  although  a  constituent  of  the  dlencephal,  is  tilted  caudad  so  as  to  rest  upon  the 
pregeminum,  and  the  mesal  part  is  covered  by  the  dorsal  sack. 
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and  in  Wilder  and  Gage,  1882,  409.  From  the  tables 
of  Scbwalbe  (1881,  397)  and  His  (1893  and  1895)  it  differs 
especially  in  tbe  absence  of  any  attempt  to  indicate  the 
relative  "  values  "  of  tbe  several  segments  upon  embryo- 
logic  or  other  grounds. 

B.  Its  purpose  is  twofold:  (a)  To  indicate,  according 
to  my  present  information  and  belief,  tlie  number  and 
constitution  of  tlie  definitive  encephalic  segments,  (b) 
To  illustrate  tbe  verbal  correlations  between  the  names 
of  the  segments  themselves  (column  1).  and  those  of  (3) 
their  major  cavities,  (4)  their  membranous  parietes,  and 
(5)  their  vascular  plexuses. 

C.  The  Latin  form  of  the  names  is  employed  (see  §  10). 
III.  Metencephal. — §  TO.    Synonyms:    Metenccpha- 

lon,  after-brain,  myelencepbalon.  macromyelon. 

§  71.  Ti(hular Arrangement nf Ports. — Chiefpart:  post- 
oblougata  (caudal  portion  of  "medulla  oblongata"). 
Cavity:  metacele  (caudal  portion  of  "fourth  ventricle"). 
Floor:  postoblongata.  Sides:  restes  ("restiform  bodies") 
and  liffula.     Roof:  metatela and  obex.     Plexuses:  meta- 


rie.  689.— Ventral  Aspect  of  the  Entire  Brain  Stem.  X  I.  (From 
Quain.)  Compare  Fip.  673.  The  Roman  numerals  I.-XII.  designate 
the  twelve  ]>aii"s  of  cranial  nerves;  ii,  the  optic  tract,  more  com- 
pletely expusert  tlian  in  Fips.  673  and  728 ;  a,  albicans ;  c,  insula ; 
ca,  ventral  column ;  c  1,  first  cervical,  or  suboccipital  nerve ;  ce, 
cerebellum  :  c\,  lateral  column  ;  ci,  ventral  fissure  of  the  myel.  just 
cephalad  of  v\-hich  is  seen  the  decussation  of  the  pyramids  ;  c,  pre- 
genlculum ;  /,  lemniscus ;  fl,  flocculus :  7),  hypophysis :  i,  postge- 
niculum  ;  o,  ohva ;  P,  cms ;  pa,  pyramid  ;  PV,  pons ;  ?%  "  lateral 
tract  of  oblongata,"  direct  cerebellar  tract ;  Sii,  at  the  ventral  mar- 
gin of  the  insula,  indicates  where  the  basisylvian  fissure  begins  ;  te, 
tuber  ("  tuhcr  eincrcum  "),  between  which  and  the  hypophysis  Is 
the  infundibulum :  Th,  thalamus,  cut  surface:  X.  postcribrum 
("posterior  perforated  space")  ;  X  X,  precribrum  I "  anterior  per- 
forated space  ") ;  -f-,  motor  root  of  trifacial  nen-e. 

Preparation.— Tiie  entire  left  hemicerebrum  has  been  removed 
■by  an  incision  described  as  passing  (in  the  capsula?)  between  It 
aiid  the  thalamus :  on  the  right  side  are  left  the  insula,  the  adjacent 
part  of  tbe  frontal  lobe,  the  olfactory  tract,  and  the  precribrum. 

J3effc(.s.— Several  part.s,  notably  the  albicantia  (o)  and  the  floc- 
culus (ff),  are  rcinesenled  in  a  somewhat  conventional  way,  and 
thecimbia  {"traclu.^  ptituncularis  transrertnts^')  is  omitted.  The 
crura,  especially  the  left,  are  shaded  so  as  to  appear  twisted. 


plexuses.  Orifice  or  evagination:  metapore  ("foramen 
of  Magendie ").  Decussation:  Dec.  of  the  pyramids. 
Other  ectocelian  parts  and  features :  Ventral  sulcus:  ven- 
tral column:  pyramid;  oliva:  arciform  fibres;  lateral 
column;  funiculus  of  Rolando;  tubercle  of  Rolando; 
cuneate  funiculus;  funiculus  gracilis;  clava:  ligula; 
obex.  Other  entocelian  parts  and  features:  Mesal  sul- 
cus; nla  einerea  ;  postfovea;  eminentia  cineren. 

§  73.  The  postoblongata  (Figs.  G70.  688,  689,  etc.)  is  so 
obviously  a  continuation  of  the  myel  that  if  there  -were 
no  jiiirts  cephalad  of  it,  and  if  it  were  wholly  contained 
within  the  spinal  canal,  it  would  probably  be  regarded  as 
merely  a  somewhat  modified  regiou  of  tlie  myel,  compar- 
able with  Ihe  lumbar  enlargement  near  its  other  extrem- 
ity, which  also  in  birds  contains  a  distinct  and  thiu-roofed 
dilatation,  the  rhomliocele.*  There  is,  therefore,  ample 
etymological  warrant  for  tbe  name  macromyelon  (large 
myel  region),  applied  by  Owen,  and  for  myelencephalon 
(myel-like  brain  region),  employed  by  Huxley,  His,  and 
others.  On  account,  however,  of  its  equally  obvious 
continuity  with  the  preoblnngata  (especially  in  animals 
lacking  tlie  pons.  e.g..  the  turtle.  Fig.  680);"  its  location, 
mostly  within  tlie  cranium;  and  the  number,  peculiarity, 
and  vital  importance  of  the  nerves  connected  with  it.  the 
postoblongata  is  conveniently  regarded  as  a  definitive 
segment!  "f  the  brain  under  the  title,  metenceplial. 

§  73.  Nevertheless  both  tlie  macroscopic  and  the  mi- 
croscopic structure  of  the  postoblongata  are  much  better 
understood  in  connection  with  those  of  the  myel.  For 
more  details  the  reader  is  referred  to  the  articles  Spinal 
Cord  &iiA  Brain.  Histology  of  tlie. 

§  74.  Fig.  6S'J  illustrates  :  A.  The  ectal  origins  of  the 
cranial  nerves. 

B.  The  ventral  aspect  of  the  adult  insula  (comp.  Figs. 
67-3  and  781). 

C.  Tbe  continuity  of  the  optic  tract  with  both  genicu- 
lums. 

D.  The  decussation  of  the  pyramids  (see  under  Fig. 
672). 

E.  The  representation  of  all  six  segments  upon  the 
ventral  aspect  of  such  a  preparation,  including  the  parts 
of  what  is  commonly  called  the  "brain  stem." 

§  7.5.  The  postoblongata  differs  from  a  corresponding 
length  of  the  myel  in  size,  shape,  amount  of  alba, 
amount  and  arrangement  of  einerea,  the  extent  and  form 
of  the  cavity,  and  the  nature  of  its  roof. 

g  76.  In  the  myel  the  two  halves  dorsad  of  the  com- 
missures are  in  contact;  this  is  the  case  also  with  the 
caudal  extremity  of  the  postoblongata;  but  for  most  of 
its  lengtli  the  originally  mesal  surfaces  are  separated  by 
a  rapidly  widening  interval,  so  that  what  was  mesal  be- 
comes successively  dorsal,  and  finally  lateral,  while  what 
was  lateral  becomes  approximately  ventral.  These 
changes  materially  increase  the  width  of  the  segment. 

§  77.  Metacele. — The  cavity,  a  tube  in  the  myel  and 
caudal  part  of  the  postoblongata,  is  expanded  into  an 
irregular  triangular  fossa,  tlie  metacele  or  caudal  part  of 
the  "fourth  ventricle."  The  roof  of  this  cavity  consists 
of  only  the  lining  endyma  and  the  covering  pia,  consti- 
tuting the  metatela. 

§  78.  Metapore  {foramen  of  Magendie).— In  1826-27  Ma- 
gendie described  (1827,  1-29)  an- orifice  in  the  roof  of  the 
"  fourth  ventricle  "  by  which  that  cavity  communicates 
with  the  subarachnoid  space.  Magendie  designated  the 
orifice  as  entree  des  carites  du  cerreau  or  entree  des  rentri- 
cules  cerebran.r.  In  1855  Luschka  published  a  description 
and  figure  of  the  orifice,  which  he  renamed /or«»*cn  Ma- 
gendii.  In  the  present  article  these  and  various  other 
polyonyms  are  replaced  by  the  mononvm  metapore.  Lat- 
in metaporus,  signifying  an  orifice  in  the  metatela,  the 
membranous  roof  of  the  metacele,  the  cavity  of  the  me- 
tencephal. 

*  This  dilatation  of  the  myelocele  has  also  been  called  mmm  rhom- 
linidalis :  and  this  name  has  Ukewise  unfortunately  been  appUed  to 
the  "  fourth  ventricle,"  the  continuous  cavity  of  the  metcncephal  and 
epencpphal :  furthermore,  there  have  come  into  use  derivatives  like 
"  rhcnibnjdal  lip"  and  "secondary  rhomboidal  lip." 

+  .\s  stated  in  8  4;),  this  region  represents  several  potential  segments 
or  ueuromeres. 
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§  79.  Most  later  anatomical  writers  have  admitted  the 
existence  of  the  metajjore,  but  tlie  descriptions  are  com- 
monly brief  and  the  tiguivs  vinsatisfactorj-.  That  by 
Key  and  Retzius  is  suspiciously  symmetrical,  although 


Fifi.  690. -Till'  Metapon-  iF..ra n  .if  Miifiiiulie)  as  Exposed  by  the 

Divancati..Ti  of  tlii'  r.T.'lii-lIuin  and  i 'lilnnmita  :  318.     x  1. 

/'nj«rc,((iiiH.— Tla- hrain  of  an  ailult  Swi'dish  carpenter  was  re- 
moved with  great  care,  by  dlTldln!.'  the  calva  safrittally  at  tbe  left  of 
the  meson,  S'j  a.-*  to  avuid  tearijiir  nicniln-annus  ailhe.siitns.  The 
brain  was  snpported  nn  a  bed  ..f  nittim  ;  the  arteries  ami  the  arach- 
noid e.xlenilinir  freni  the  eerebelluiii  t'l  thentil. iHL'ata  were  cut  away 
and  the  twn  parts  iieid  asninler  with  Iliiirers  so  as  to  e.\pose  the  re- 
gion of  the  nietapore.  A  iihototrraph  was  then  taken,  upon  which 
the  drawing  is  based.  After  liaideTiin'j-.  Iiowever.  most  of  the  cere- 
belluin  was  cut  away  and  aiiotliei  j.hotoL'iaph  taken  of  the  reduced 
mass.  The  specimen  and  lioth  photograplis  were  shown  at  the 
meeting  ol  the  Association  of  American  Anatomists,  December  28th, 
1893. 

JDc/cc(,s'.— The  right  side  of  the  cerebellum  was  displaced  more 
than  the  left,  giving  rise  to  tlie  niarked  obli(|uitv.  The  inetapore 
Itself  should  be  shown  on  a  larger  .M-ale.  Tlie  iiosteerebellar  aileries 
are  omitted;  they  do  not  ap]iear  distinctly  in  the  lli-st  iihotograph, 
and  no  record  was  tiiade  of  their  locations.  This  is  iiiifnrinnate, 
since  in  all  the  cases  in  which  they  are  preserved  their  relations  to 
the  metapore  are  close.  Had  more  of  the  caudal  as] t  of  the  cere- 
bellum been  Included,  there  might  have  lieen  shown  the  line  of  at- 
tachment of  the  arachnoid  at  the  boundaries  of  the  i.o.steislerna. 
The  wavy  lines  on  the  dorsum  of  the  oblongata  hardly  do  justice  to 
the  yascularity  of  the  pia  covering  that  region. 


it  is  copied  by  Sclnvalbe;  Heulc's  (Fig.  691)  is  more  nat- 
ural. The  Itest  figures  and  tlie  fullest  description  are 
those  of  Carl  Hess,  1S85,  but  few  figures  have  the  ap- 
pearance of  having  been  based  upon  photographs. 

§  80.  My  own  earlier  scepticism  was  based  partly 
upon  the  absence  of  any  such  in-ifice  in  the  cat  and  sheep, 
and  upon  the  presumption  in  favor  of  endymal  continuitj- 
and  celian  circumscription.  The  steps  of  my  conversion 
to  the  more  common  view  are  stated  in  thefirst  edition 
of  the  Refekence  Handbook  and  in  the  papers  there 
referred  to.  Tlie  examination  of  specimens  carefnllv 
prepared  for  the  purpose  showed  that : 

(1)  Tlie  metapore  is  a  normal  and  nearly  constant  fea- 
ture of  the  human  brain  at  and  after  birth. 

(2)  It  exists  also  in  apes  and  some  monkeys. 

(3)  There  are  two  human  tvpes.  viz. :  (</)  definite,  as 
shown  in  Fig.  690;  (*)  indefinite,  Fig.  691.  The  latter  is 
the  more  common. 


§81.  Fig.690iUmtra(es:  A.  Theexistence  of  a  natural 
orifice  in  the  membranous  roof  of  the  "  fourth  ventricle." 

B.  Tlie  simplicity  of  the  form  and  relations  of  the  met- 
apore in  this  specimen.  It  is  mcsal,  symmetrical,  and 
oval. 

C.  The  appearance  of  the  metaplexuses  just  within  the 
ceplialic  margin  of  the  metapore  with  no  such  extension 
upon  the  cerebellum  as  is  shown  in  Fig.  691. 

§82.  Ftg.  691  illustrates:  A.  The  admission  of  the  nor- 
mal existence  of  the  metapore  in  the  adult  by  so  expert 
an  anatomist  as  Hcule. 

B.  The  attachment  of  an  extension  of  the  metatela  from 
tlie  cephalic  border  of  the  metapore  upon  the  uvula  and 
pvramis  of  tlie  cerebellum. 

C.  The  extension  of  the  metaplexuses  upon  the  thus 
everted  enlal  aspect  of  the  metatela,  wliereas  in  the  sjieci- 
men  represented  in  Fig.  690  they  barely  appeared  at  the 
margin. 

D.  The  topographical  relation  of  the  contorted  post- 
ccrclielliir  arteries  to  the  metajiore. 

E.  The  relation  of  the  flocculus  to  the  lateral  recess 
(Fig.  698), 

§83.  7'/te  Metapore  the  Outlet  of  an  Emgination.—ln 
accordance  with  the  general  morphological  relations  of 
the  germ  layers  Minot  publislied  (1892,  676)  this  passage: 

"Several  writers  have  tliouglit  that  the  membrane  [en- 
dyma]  was  brolven  through  at  certain  points,  but  it  prob- 


vallicula 

arachnoid 


pyramis 


vertebral 
artery 


Fifi.  691.— The  Metapore  (Foramen  of  Magendie)  and  Adjacent  Parts 
Nearly  as  Represented  by  Henle  (  "Anatomic,"  ill..  Fig.  %&. 

PieiHinitiaii. —In  the  absence  of  statement  bv  the  author,  it  may 
be  said  that  the  brain  was  piobably  reiiiovi'd  in  the  usual  way,  and 
the  eerebidlum  tilted  eeplialad  so  as  to  .'xpose  its  caudal  aspect  and 
the  doi-siiiii  of  tl blongata.  The  left  tonsllla  was  then  cut  out,  ex- 
posing on  that  side  the  parts  marked  I,  IX,  and  a  continuation  of  the 
postcerebellar  artery. 

I,  metatela  (ivIi/im  iiU'ilnUinr  /«l.^^  iih.si,  its  lateral  portion;  11, 

lateral  recess  ..f  the  ineti-pieele  Ifourth  ventrielel  o).eneil  by  the   r,.- 

moval  of  pan  of  the  metatela  ;  111,  lloeculus  ;  IV,  e|iiple.\iis  iph.iKx 
chofniilfus  /o/<  ro/isi. 

rVio/i(/i.s-.-The  boundary  line  of  the  tonsilla  has  been  made  more 
distinit  than  in  the  original.  In  the  upper  part  has  been  introduced 
a  line  U>  represent  approximately  the  hne  ot  attachment  of  the 
arachnoid,  constituting  the  dorsal  boundary  ot  the  posteistema 
(see  Fig,  806). 

Defccts.—Tbe  margins  of  the  nietai>ore  are  too  sharjily  defined  ; 
this  is,  perhaps,  iina\oid:dile  when  the  parts  are  upon  so  small  a 
scale  :  it  cannot  be  said  to  bear  eiihi-r  way  upon  the  C|uestion  of  the 
naturalness  ot  the  oritlee.  for  the  eiTeit  of  tearing  a  tough  mem- 
brane like  the  metatida  would  be  to  leave  ragged  edges.  The  rela- 
tions ot  the  plexuses  and  ac'ianpaiivitig  strip  of  metatela  are  inacle- 
quatelv  indicated,  and  the  writer  regrets  his  present  inability  to 
elueidaie  them.  The  posi<'erebeiiai'  arteries  are  repre.sented  as  it 
distril tilted  only  lietween  the  oliiongata  and  cerebellum,  and  between 
the  lobes  of  the  latter  (compare  Fig.  8tJ6). 

ably  is  really  continuous  throughout  life.     The  fourth 
ventricle  is  to  be  regarded,  then,  as  an  expansion  of  the 
central  canal  permanently  bounded  by  the  original  med- 
ullary walls." 
In  the  following  year,  in  a  letter  which  he  authorized 
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me  to  publish  in  my  paper  (1893,  cl).  Minot  made  the  im- 
portant suggestion  that  the  metapore  represented  the 
moutli  (proximal  orilice)  of  an  evagination  of  the  endy- 
ma.  Mrs.  Gage  found  (1893)  an  evagination  in  Amia,  and 
in  Diemyctylm  a  distal  orifice.  Recently  J.  A.  Blake 
has  gone  over  the  whole  subject  and  shown  (1898,  1900) 
by  an  admirable  series  of  sections  that  in  cats  and  dogs 
and  other  mammals  there  is  a  caudal  protrusion  of  the 
metatela  in  the  form  of  a  closed  sac.  but  that  in  man 
and  apes,  and  (with  modifications)  in  other  primates,  the 
larger  part  of  the  sac  disajipears  so  as  to  leave  a  free 
communication  between  the  "fourth  ventricle"  and  the 
postcisterna.  a  subarachnoid  space.  Blake's  paper  is  ac- 
cessible to  American  anatomists,  and  the  bibliography  is 
very  complete;  much,  however,  remains  to  be  done. 

§  84.  The  increased  cinerea  of  the  postoblongata  con- 
sists of  (1)  the  continuous  expanded  masses  of  the  ven- 
tral and  dorsal  cornua.  especially  the  latter,  which,  with 
the  modified  ventral  commissures,  constitute  the  metace- 
lian  floor;  (2)  special  masses  of  cinerea,  more  or  less 
completely  separate,  the  nidi  of  Spitzka,  the  niduli  of 
Herrick,  the  "nuclei"  of  most  writers,  constituting  the 
ental  or  deep  origin  of  certain  cranial  nerves,  and  pre- 
sumably representing  detachments  of  the  cornua  ;  (3)  the 
dsntatum  vlir(t,  or  olivary  nucleus,  a  capsule  of  cinerea 
within  the  oliva,  resembling  the  cerebellar  dentatum. 

§85.  Fig.  692  iUnstrntes :  A.  The  insensible  transition 
from  the  myel  to  the  postoblongata.  and  thus  from  the 
myel  as  a  whole  to  the  brain  as  a  whole. 

B.  The  apparently  sharp  demarcation  between  the 
epencephal,  represented  here  mainly  by  the  pons,  and  the 


prepeduncle       1[npila 


prepeduncular  fossa 
prepeduncle 


medipeduncle 
Dostpcd  uncle 


1     postpeiluucle      pyramid    oliva 


3   ripa 


Fig.  692.— Left  Side  of  the  Metepenceptial  (ifter  the  Removal  of  the 
Cerebellum) :  2,136.  x  1..5.  1,  Emergence  area  of  the  trifacial 
nen'e,  the  larjrer  the  sensory  r"Ol,  llie  smaller  the  motor ;  2,  the 
fibres  arciforntfv  partly  enciirlinir  the  oliva  :  8,  line  of  emergence 
Of  the  accessorius  and  uf  the  dni-sal  roots  of  the  spinal  nerves ;  4, 
continuation  of  the  lati'ral  ci  ilumn  of  the  myel :  5.  line  of  emergence 
of  the  ventral  roots  of  the  spinal  nerves ;  6,  ventral  column  ;  7,  ven- 
tral (niesall  flsstu-e:  8,  myelocele;  9,  dorsal  (mesall  tissure :  10, 
funiculus  gracilis,  the  oblongatal  continuation  of  the  myeUc  dorso- 
mesal  ("posterior  median'')  column,  enlarging  cephalad  into  the 
clava;  the  clava  and  fimiculus  together  are  sometimes  called  "pos- 
terior pyramid'';  11,  "posterior  median  fissure";  12,  funiculus 
cxincatus :  1'^.  the  shaded  band  represents  the  mesal  portion  of  the 
metacele  *  caudal  part  of  the  "  fourth  ventricle  " )  tvtween  the  restes 
("restiform  bodies")  of  the  two  sides;  14.  acoustic  tubercle,  over 
which  run  the  acoustic  striie,  which  are  not  sho^\'n ;  15,  tubercle  of 
Rolando,  the  continuation  of  the  unspecified  funiculus  of  Rolando, 
interpolated  between  the  /iiniciidis  cuncatus  and  the  emergence 
line  of  the  dorsal  roots. 

Df/ec(.5.— Although  good  in  general  form  and  showing  the  oliva 
and  its  arciform  fibres  (2)  with  unusual  distinctness,  the  specimen 
does  not  exhibit  the  several  columns  very  clearly,  and  the  Unes  of 
demarcation,  excepting  the  "  posterior  median  fissure,"  are  taken 
from  other  preparations  and  from  figures :  this  apphes  also  to  the 
lines  upon  the  pons  indicating  the  pa.ssage  of  the  caudal  fasciculi 
entad  of  the  cephalic.  The  dotted  lines  demarcating  the  sectional 
areas  of  the  peduncles  are  only  approximately  accurate.  The  facial 
and  acoustic  nerves  are  not  shown,  or  the  a'cousUe  striae  (see  Fig. 


adjoining  segment.  In  reality,  however,  not  only  do  the 
cephalic  and  caudal  margins  overhang  the  adjoining  sur- 
faces to  a  certain  extent  (see  Fig.  70'2,  1  and  2),  but  it  is 
by  no  means  certain  that  the  pons  covers  no  more  and  no 
less  than  the  epencephalic  portion  of  the  oblongata.     In 


the  sheep  and  cat,  for  example,  the  trapezium,  here  in- 
visible, is  exposed  (Fig.  794).  while  with  many  lower 
vertebrates  the  pons  is  rudimentary  or  absent  altogether, 
and  the  boundaries  between  metencephal  and  epencephal 
must  be  otherwise  determined;  e.a.,  the  turtle.  Fie 
680.  ^ 

C.  The  lapping  of  the  cephalic  portion  of  the  pons 
over  the  caudal,  giving  the  appeanmce  of  a  twist  or  rota- 
tion of  the  medipeduncle  upon  its  own  axis  to  the  extent 
of  the  fourth  of  a  circle. 

D.  The  relation  to  the  oliva  of  the  arciform  fibres  (2), 
which  appear  to  be  derived  from  the  pjramid  and  to  pass 
around  the  caudal  end  of  the  oliva  to  enter  into  the  com- 
position of  the  restis  and  postpeduncle. 

E.  The  projection  of  the  right  clava  be3-ond  the  left, 
a  marked  lack  of  symmetry  in  this  specimen. 

F.  The  ripa,  or  line  of  demarcation  between  the  gen- 
eral, pial  surface  of  the  myel  and  oblongata,  and  the  en- 
dvraal,  metaceliau  surface.  The  ripa  consists  of  the  pia 
and  endyma  with,  in  some  specimens  (Fig.  702),  a  thin 
intervening  lamina  of  nervous  substance. 

G.  The  prepeduncular  fossa,  a  shallow  depression  on 
the  dorsolateral  surface  of  the  prepeduncle,  near  the 
medipeduncle. 

§  86.  The  visible  longitudinal  divisions  of  the  postob- 
longata do  not  correspond  altogether  with  the  myelic 
columns.  The  ventral  column  (Fig.  672,  i.  Fig.  689,  ca. 
Fig.  692,  6)  continues  cephalad  partly  in  the  pyramid  of 
the  same  side,  as  would  naturally  be  expected,  but  mostly 
dips  entad  of  the  pyramid  and  oliva  and  forms  longitu- 
dinal fasciculi  near  the  meson  farther  dorsad. 

§  87.  Of  the  lateral  column  (Fig.  689,  el,  and  Fig,  692, 
I)  a  large  part  crosses  at  the  decussjition  (shown  in  Fig. 
689,  but  not  always  visible)  to  constitute  mainly  the 
pyramid  of  the  opposite  side.  Some  of  the  fibres  join  the 
restis  of  the  same  side,  constituting  the  "direct  lateral 
cerebellar  tract."  The  rest  of  the  lateral  column  dips  en- 
tad of  the  oliva  and  "  forms  the  longitudinal  fibres  of  the 
S'jhstiiiitia  rcticuliiris  ffriseii." 

§  88.  The  dorsal  column  of  the  larger  portion  of  the 
myel  is  displaced  in  the  cervical  region  by  the  dorse- 
mesal  ("posterior  median")  column  (Fig.  692,  10);  this, 
in  the  postoblongata,  is  called  funiculus  gracilis.  Near 
the  apex  of  the  metacele  it  presents  a  distinct  enlarge- 
ment, the  clava  (Fig.  692),  cephalad  of  which  the  funicu- 
lus is  no  longer  distinct.  Between  Xhe  fuiiicuhis  gracilis 
and  the  lateral  column  (Fig.  692,  4)  there  intervene,  in  the 
postoblongata,  two  funiculi,  of  which  the  more  lateral 
(l.">)  is  regarded  as  the  direct  continuation  of  the  dorsal 
column  of  the  myel,  but  is  commonly  called  funiculus  of 
Rolando,  sometimes  "lateral  cuneate";  between  it  and 
the  dorso-mesal  column  (funiculus  gracilis)  intervenes 
another  interpolated  funiculus,  the  cuneate  (12) ;  this  and 
the  funiculus  of  Rolando  appear  to  enter  into  the  com- 
position of  the  restis  ("restiform  bod}'")  which  is  con- 
tinued as  the  postpeduncle  into  the  cerebellum;  but,  ac- 
cording to  Quain,  this  relation  is  rather  apparent  than 
real,  the  components  of  the  restis  and  postpeduncle  being 
(«)  the  arciform  fibres  (Fig,  692,  2)  from  the  ventral 
column,  and  (6)  the  "  direct  cerebellar  tract "  of  the  lateral 
column. 

§  89.  The  increased  bulk  of  the  postoblongata  is  due 
also  in  part  to  the  entrance  (or  exit)  of  the  roots  of  the 
accessory,  hypoglossal,  vagus,  and  glosso-pharyngeal 
nerves,  which  are  more  numerous  than  the  spinal  nerve 
roots  tipon  a  similar  length  of  the  myel  (see  Figs,  672 
and  £89). 

g  90.  Fig.  693  illustrates  :  A.  The  general  topographic 
relation  of  the  cerebellum  to  the  segments  just  cephalad 
and  caudad,  and  to  the  ventral  portion  of  its  own  seg- 
ment, through  the  three  pairs  of  peduncles,  prepedimcle 
(.5),  postpeduncle  (3),  and  medipeduncle  (the  cut  area 
crossed  by  Une  5  on  the  right  and  by  lines  3,  4,  and  5  on 
the  left).  " 

B.  The  tendency  of  anatomical  writers  to  ignore  the 
existence  or  traces  or  morphological  significance  of  the 
thin  or  membranous  portions  of  the  encephalic  parietes 
(see  my  paper,  1891,  b). 
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IV.  Bpencephal. — g  91.  iSynonyms. — Epencephalon ; 
metencephalon :  cerebellar  segment :  hindbraiu. 

§  92.  Principal  Parts. — Floor:  preoblongata  and  pous. 
Roof;  cerebellum  and  liugula.  Sides:  peduncles. 
Cavity:  epicele  with  lateral  recesses.  Ectocinerea: 
cortex.  Entociuerea :  dentatum,  fastigattim.  embolus, 
globulus.  Cliief  cerebellar  divisions:  (me.sal)  vermis; 
(lateral)  pileums  C'liemispheres").  Flocculus  and  para- 
flocculus. 

§  93.  Boundaries. — The  epencephal  may  be  defined  as 
including  as  much  of  the  brain  tube  as  intervenes  be- 


FlG.  fi9.3.— Dissection  of  the 
pey.  iinii  Hirsclift'M  :tn(l 
themiddli'  of  tlic  wiiir  . 
sulcus  at  the  place  of  e 
duncle,  continuous  with 
is  crossed  by  the  line,  2 ; 
niculus  gracilis ;  .5,  prt'p 
thecrus;  8,  pregeniinui 

Preparation.— On  \\w 
right  half  of  tlie  cerclnll 
to  show  the  connectiuns 

Defect'*.— There  is  no  t 
endyma  in  exposing  the 
existence  of  the  valvula 


Peiliincles.  XII..').  (KroniOuain.  aftcrSap- 
I.evirlh:.)  1,  Mesalsiilms;  tlie  line  crosses 
■III  surface  of  the  incdiiieihuiclc:  2,  mesal 
nieri^ence  of  the  acouslic  stri-.e;  ;J.  postpe- 
the  i-esUs;  the  lut  end  iif  ihe  iiosipeduncle 
4,  the  clavn.  liie  swollen  jioilion  of  the  fu- 
edunrl'-;  ll.  Iriimisriiv :  7.  hileial  sulcus  of 
II.  tile  ]ioslL'>'ninitiIM  jii^t  i-;iu<iad. 

Icri,  the  Hire- i.eclun.ies  arc  cut  short;  the 
uni  Is  <iU  ohliipielv.  anil  tilti-d  laterad,  so  as 
of  the  propeiluiale  and  posti»-duncle. 
evidence  of  the  lines  of  division,  ripas.  of  the 
metepicele  ("founh  ventricle  "J,  or  of  the 
and  lingula  between  the  prepeduucles. 


tween  the  membranous  portion  of  the  roof  (metatela)  and 
the  decussation  of  the  trochlearis  nerve,  together  with 
the  corresponding  regions  of  the  floor  and  sides  and  the 
encompassed  cavity,  the  epicele. 

§  94.  Fig.  COii/hislriitcs:  A.  The  general  aspect  of  the 
adult  cerebellum  from  the  side. 

B.  The  location  of  three  main  sulci,  furcal,  cacuminal, 
and  peduncular. 

§  95.  Epicele. — The  epeucephalic  cavity  includes  the 
cephalic  ("  anterior  ")  portion  of  the  "  fourth  ventricle  " 
together  with  its  dorsal  extension  (fastigitim)  into  the 
cerebellum,  more  or  less  triangular  in  form.  According 
to  Blake  (1898-1900,  89-90)  the  cavity  of  the  cerebellum 
has  at  first  a  greater  dorso-ventral  extension  which  is 
reduced  by  the  fusion  of  the  opjiosed  walls. 

§  96.  Lateral  lliccsses. — By  this  name  are  commonly 
known  the  pair  of  extensions  of  the  "fourth  ventricle" 
laterad  and  ventrad  (Figs.  684,  69.5,  and  698).  Their  walls 
are  partly  membranous  (metatela)  and  partly  substantial 
(sides  of  oblongata,  peduncles  of  flocculus,  and  certain 
nerve  roots).  They  might  with  equal  appropriateness, 
perhaps,  be  described  under  the  metencephal,  and  the 
difficulty  in  determining  the  segmental  assignment  is 
very  naturally  included  by  Blake  (1898,  104)  among  the 
reasons  for  the  non-recognition  of  two  segments  in  this 
region. 

§  97.  Fig.  695  illustrates :  A.  The  embryonic  continuity 
of  the  endyma  and  more  substantial  elements  of  the 
parietes  around  the  lateral  recesses  at  this  stage  (see  §  98). 

B.  The  corrugation  of  the  thin  portion  of  the  par- 
epicelian  parietes  preparatory  to  the  formation  of  the 
epiplexus. 

§  98.  Outlets  of  the  Lateral  Eeeesses. — Although  closed 
in  the  embryo  (Fig.  695)  the  ventral  ends  of  the  recesses 


are  commonly  described  as  open,  ctfnstituting  communi- 
cations with  the  subarachnoid  space  even  when  the  meta- 
pore  does  not  exist.     I  ha  ve  been  disposed  to  regard  these 


cacuminal  s. 
furcal  sulcus 


peiiuncular  sulcus 

/ : 


Fig.  694.— Left  Side  of  the  Cerebellum  of  an  Aged  White  Man  ;  3.434. 
X  1.  (From  Stroud,  1897,  o.)  The  outhnes  were  drawn  with  the 
camera  lucida. 

orifices  as  artifacts  from  the  readiness  with  which  the 
membranous  adhesions  of  that  region  are  torn  during  the 
removal  and  examination  of  the  brain  according  to  cus- 
tomary methods.  But  the  histological  and  embryological 
researches  of  Blake  seem  to  show  that  in  man  and  in  mam- 


FIG.  693.— Transection    of  the  Brain  of  an  Embryo  Rabbit,  Sixteen 
Days  Old.    (From  KoUUier.)    x  6.5 ;  enlargement  of  part  of  Fig.  iIirI. 

mals  generally  the  ends  of  the  recesses  are  opened  by  the 
more  or  less  extensive  disappearance  of  the  tnembranous 
parietes. 

§  99.  Fig.  696  illusirntes,  in  addition  to  points  also  shoicn 
in'Fig.  604  ■  A.  The  great  depth  of  the  furcal  sulcus. 

B.  The  absence  of  the  lingular  foliums  (g  119). 

§  100.  Preoblongata.— Thf  floor  of  the  epicele  is  the 
preoblongata.  continuous  with  the  jiostoblongata  and 
with  the  crura.  In  the  turtle  (Fig.  680)  and  other  non- 
mammals  there  is  no  obvious  line  of  demarcation. 
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§  101.  Pons. — In  mammals  the  preoblongata  is  so 
markedly  reinforced  by  a  transverse  fibrous  mass,  the 
pons,  that  it  is  easily  recognized ;  but  the  width  of  the 


furcal  s. 


peduncular  sulcus 
cacuminal  s.  ' 


Fig.  696.-Mesal  .Aspect  of  the  Cerebellum  of  an  Adult  Male  Negro;  3,118. 
X  1.    Traced  from  a  photograph.     (From  Stroud,  1897,  a.) 


pons  varies  so  greatly  that  its  margins  can  hardly  be  ac- 
cepted as  the  boundaries  of  the  entire  segment.  Compare 
the  turtle  (Fig.  680)  with  the  sheep  (Fig.  794)  and  man 
(Figs.  672  and'eSQ). 

§  103.  Peduncles. — At  and  near  the  meson  the  connec- 
tions of  the  cerebellum  with  the  adjoining  segments  are 
thin ;  the  lingula  is  relatively  atrophied  (Fig.  702)  and  the 
metatela  wholly  membranous  (Figs.  670  and  687);  but 
laterally  the  cerebellum  has  massive 
continuations,  constituting  three  pairs 
of  peduncles:  a  cephalic  (prepedun- 
cles)  to  the  mesencephal ;  a  caudal 
(postpeduncles)  to  the  metencephal 
and  myel,  and  an  intermediate  (raedi- 
peduncles)  to  the  pons,  part  of  the 
same  segment. 

§  103.  The  peduncles  constitute  a 
continuous  mass  of  alba  at  either  side, 
but  their  relative  positions  and  extent 
are  pretty  well  determined  by  various 
methods,  anatomical,  microscopical, 
and  experimental.  The  medipeduncle 
is  the  largest  and  most  lateral;  it  is 
mainly  continued  from  the  lateral  lobe 
of  the  cerebellum  to  the  pons,  where 
the  fibres  cross  the  meson,  interdigi- 
tating  with  their  opposites,  and  form- 
ing a  relation  with  the  cinerea.  The 
postpeduncle  mainly  connects  the  ver- 
mis with  the  rcstis,  while  the  prepe- 
duncle  connects  chieflj-  the  dentatum 
with  the  mesencephal  and  parts  far- 
ther cephalad.  The  dorso-lateral  as- 
pect of  the  prepeduncle  presents  a 
distinct  shallow  depression,  the  prepe- 
duncular  fossa  (Fig.  692). 

§  104.  The  relative  location  and  di- 
rection of  the  three  peduncles  on  the 
right  side  may  be  illustrated  by  the 
digits  of  the  right  hand.  Hold  the 
ha^d  with  the  fingers  down,  the  thumb 
pointing  backward,  the  index  forward, 
and  the  other  three  fingers,  slightly 
overlapping,  outward  between  them. 
The  palm  may  then  represent  the  cere- 


bellum, the  pollex  the  short  and  sharply  curved  post- 
peduncle,  the  index  the  longer  and  less  curved  prepe- 
duncle. and  the  other  three  fingers  the  intermediate  and 
thickest  medipeduncle,  continuous  with  its  oppo- 
site through  tlje  pons. 

§  10.5.  F/ff.  097  illustrates :  A.  The  lapping  of  the 
tonsilliie  over  the  uvula. 

B.  The  location  of  the  flocculus  and  the  com- 
mencement of  the  peduncular  sulcus. 

C.  The  relative  position  and  size  of  the  three  pe- 
duncles. 

§  106.  Flocculus  and  Paraflocculiis. — Attached  to 
the  medipeduncle  by  short  peduncles  of  their  own 
are  small  foliated  masses,  the  flocculus  (in  two 
lobes)  and  the  paraflocculus  (in  one)  (Figs.  698  and 
701).  Contrary  to  the  implication  of  the  names,  the 
paraflocculus  is  really  attached  mesad  of  the  floccu- 
lus; in  Fig.  698  they  are  twisted  so  that  the  reverse 
appears  to  be  the  case.  The  peduncle  of  the  floc- 
culus forms  part  of  the  wall  of  the  "lateral  recess" 
(Fig.  698).  Little  is  known  of  the  functions  of 
these  parts  or  of  their  homologues  in  other  animals. 
According  to  Stroud  (p.  96)  the  paraflocculus  is 
much  larger  in  the  cat  and  capable  of  division  inta 
a  supraflocculus  and  mediflocculus. 

§  1(17.  Fig.  G'JS  iUustnittii :  A.  The  location  and 
form  of  the  flocculus,  with  its  two  divisions  and 
rounded  folia,  and  of  the  smaller  paraflocculus, 
presenting  but  slight  traces  of  foliation.  All  are 
attached  to  the  medipeduncle,  and  the  flocculus  is 
sometimes  called  the  peduncular  lobe. 

B.  The  general  location  of  the  lateral  recess- 
(2),  or  parepicele,  between  the  peduncles  cephalad, 
the  restis  and  other  parts  of  the  postoblongata  mesad, 
and  the  flocculus  stem  laterad;  its  peculiar  relations 
with  the  glosso-pharyngeal  and  vagus  nerves  are  in- 
adequately shown  and  need  special  preparation  and 
study. 

C.  The  twisting  of  the  peduncles  of  the  flocculus  and 
paraflocculus  whereby  their  real  attachments  are  appar- 
ently reversed.     The  paraflocculus,  although  its  name 


peduncular  sulcus 
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Fig.  697.— Caudal  ("  Lower  "  or  "  Posterior  ")  Aspect  of  the  Adult  Cerebellum.  A  little  less- 
than  natural  size.  (From  Edinger,  inverted  and  slightly  modified.)  1.  Part  of  the  right 
quadrangular  lobe.  The  cut  ends  of  the  peduncles  are  dotted  ;  the  large  medipeduncle*- 
extend  Talero-dorsad  into  the  lateral  lobes ;  the  tlocculi  are  attached  to  the  medi- 
peduncles.  The  continuity  of  the  vermian  divisions  with  those  of  the  lateral  lobes  i» 
not  apparent  upon  this  aspect. 

-Dffcr(-«.— In  addition  to  the  general  remark  made  under  Fig.  700  the  following 
special  deficiencies  are  to  be  noted  :  ( 1 ) ,  There  is  no  line  to  represent  the  divided  endynia 
of  the  metatela  along  the  caudal  (here  upper)  side  of  the  cavity  ( epicele)  ;  all  this  region 
requires  elucidation  in  respectto  celian  circumscription  ;  (2),  the  omission  of  the  plex- 
uses and  nerve  roots  ;  (3),  the  postvermis  should  be  more  deeply  shaded  to  indicate  its. 
depth  below  the  level  of  the  tonsilht?,  which  also  are  really  almost  in  contact ;  (4),  on 
this,  or  on  Fig.  7(10,  the  vermis  should  present  a  line  indicating  the  reflexion  of  tl)& 
arachnoid. 
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suggests  a  lateral  position,  really  is  attached  mesad  of 
the  flocculus;  see  Fig.  701. 

g  108.  The  cerebdliim  is  essentially  an  arch  over  the 
epicele  (cephalic  part  of  the  "fourth  ventricle")  (Fig. 
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Fis.  698.— Caudal  Aspect  of  the  Right  Flocculus  and  Adjacent  Parts ; 
.'i.238.  X  3.  1,  Endyma  at  the  left  side  of  the  epicele ;  2,  right  lateral 
recess,  laid  open;  3,  oliva;  4,  pjTamid;  ■%  trifacial  nerve;  B,  ab- 
ducens ;  7,  facial ;  8,  acoustic ;  9,  glosso-pharyngeal ;  10,  recess 
latero-dorsad  of  oliva. 

Preparatinn.—The  cerebellum  was  removed  by  division  of  the 
peduncles  to  near  the  floor  of  the  epicele,  and  the  postohlongata  by 
a  transection  just  caudad  of  tlie  jmns;  the  lateral  recess  (31  had 
already  been  turn  open,  as  usual,  in  rcnioviuL'  Tlie  liraiii.  and  its  en- 
tire extent  and  e.^act  form  are  not  determinable  fr<jm  this  prepara- 
tion (see  Fig.  6(>1). 

699).  This  condition  exists  in  the  embryo,  and  per- 
sists in  many  of  the  lower  vertebrates.  The  adult 
huinau  organ,  however,  is  a  foliated  mass  of  corajilex 
fibrous  and  cellular  structure, 
well  meriting  the  adjective 
hiipertrophied.  applied  to  it  by 
E.  C.  Spitzka. 

§  109.    Fig.   699   ilhistrates : 
A.  The  large  size  of  the  epi- 
cele at  this  period,  as  compared 
with    the 
thickness    of 
the  piirietes. 
B.  The  ex- 
tensions   lat- 
ero  -  ventrad 
constituting 
the    parepi- 
celes  or  " lat- 
Figs.  384  and 


bellum  is  here  regarded  as  if  projecting  dorsad  at 
right  angles  with  its  supporting  portion  of  the  brain- 
axis,  the  oblongata  (Fig.  702).  The  two  main  surfaces 
become  therefore  cephalic  and  caudal,  but  they  are  not 
sharply  delimited. 

g  111.  PiUiiiiis  (Did  X'ermiD. — The  adult  cerebellum 
comprises  a  mesal  lobe,  the  wnnis,  and  two  lahral 
masses,  the  pileunis.  commonly  called  "hemispheres." 
On  the  cephalic  aspect,  the  vermis  (prevermis)  is  promi- 
nent (Fig.  700) ;  but  on  the  caudal  the  lateral  lobes  project 
decidedlj'  beyond  the  postvermis.  the  surface  of  which 
is  thus  at  the  bottom  of  a  deep  me.sal  crevice,  the  vallis 
("  vallecula  "')  (Fig.  697). 

g  113.  F'diumK,  Sulci,  and  Lobes. — The  entire  surface 
of  the  adult  cerebellum  presents  numerous  lines,  for  the 
most  part  pai'allel  and  having  a  generally-  transverse 
direction.  These  Hues  represent  crevices  of  gi'eater  or 
less  depth,  the  sulci,  and  the  intervening  thin  plates  are 
the  folia.  Certain  of  the  interfoliar  crevices  are  so  con- 
stant, deep,  or  distinct  as  to  warrant  the  recognition  of 
the  intervening  groups  of  folia  as  lobes. 

The  commonly  received  division  of  the  two  regions  of 
the  cerebellum  into  lobes  is  indicated  upon  the  figures. 
I  am  free  to  admit,  however,  that  1  am  by  no  means  fully 
satisfied  therewith. 

g  113.  Fiff.  700  illustrates :  A.  The  natural  tilt  caudad 
of  the  cerebellum,  so  that  its  normally  ce]ihalie  surface 
looks  dorso-cephalad,  even  when  the  oblongata  is  held  in 
the  cephalo-caudal  plane. 

B.  The  extension  of  the  cerebellum,  so  as  to  overhang 
the  postohlongata. 

C.  The  enormous  preponderance  of  the  pileums  (lateral 
lobes)  over  the  vermis  (mesal  lobe)  in  the  adult;  compare 
however,  Fig.  699. 

D.  The  slight  demarcation  between  the  vermis  and 
pileums  on  this  aspect. 

E.  The  appearance  of  part  of  the  postsemilimar  lobes, 
and  of  the  peduncular  sulcus,  both  these  appearing 
partly  also  upon  the  caudal  surface. 

F.  The  connection  of  the  two  cacuminal  (presemi- 
luuar)  lobes  by  means  of  a  single  folium,  the  cacumen. 

g  114.  6'()?'?('J' (ectocinerea). — Each  folium  consists  of  a 
central  lamina  of  allia  and  a  covering  of  cinerea  having 
a  peculiar  cellular  structure;  see  the  article  llistology  of 
the  Brain. 


Fig.  liViP.  —  Caudal  .\spect  of 
the  Cei'ebellum  and  (.»b](m- 
gata  of  a  Fetus.  (Size  and 
age  and  magniflcatii-n  un- 
certain, specimen  and  nntes 
having  been  Inst:  it  j.ri.l)a- 
bly  resenibleil  quite  nearly 
the  specimen  sliown  in  Fig. 
373.1    0,  The  kilns. 


eral  recesses"  (compare 
395). 

C  The  non-appearance  of  the  mesal 
lobe,  vermis,  at  this  period  and  the 
absence  of  sulci  upon  the  lateral 
masses,  pileums. 

D.  The  continuity  of  the  riparian 
part,  a,  the  kilos  ("posterior  velimi ''). 
along  the  line  of  junction  of  the  ectal 
pia  and  eutal  endyma.  they  not  being 
represented  distinctly;  if  their  torn 
edges  were  distinct  they  would  con- 
stitute the  cestus.  The  cestus  and 
kilos  indicate  the  line  of  attachment  of 
the  nietatela. 

§  110.  Aspects  of  the  Cerehellurn . — In 
the  natural  condition  of  the  adult  brain 
the  rounded  margin  of  the  cerebellum 
demarcates  two  surfaces  looking  re- 
spectively "upwai-d"  and  "down- 
ward." But  in  accordance  with  the 
general  principle  of  normalization 
(§  38)  and  bj'  analogy  with  the  simpler 
case  of  the  "epiphysis  (§  154)  the  cere- 


postsemilunar  lobe 
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Fig.  70O.  —  Cephalic  ("Upper"  or  "Anterior")  Aspect  of  the  Adult  Cerebellum.  From  Ed- 
inger,  inverted  and  slightly  modifled  ;  a  little  less  than  natural  size.  1,  The  ala  or  lateral 
poi'fion  of  the  central  lobe. 

Di'Vct.s.— The  original  figure  is  obviously  diagrammatic;  it  was  selected  as  more  clear 
than  usual,  and  as  representing  the  general  interpretation  of  the  foliar  arrangement  on 
this  a.spect  of  the  cerebellum  :  I  am  not.  however,  satisfled  in  all  respects,  and  regret  that 
I  cannot  determine  lertain  points  upon  my  own  preparations,  so  as  to  base  the  figures  upon 
them  entirely.   These  remarks  apply  equally  to  Fig.  007. 
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§  115.  Peduncular  Sulcus  ('' great  horizontal  fissure^'). 
— When  the  flocculus  and  paraflocculus  are  removed,  or 
the  overlapping  foliums  of  the  cerebeUum  are  separated 
from  them  and  from  one  another  by  the  removal  of  the 
pia.  the  non-foliated  lateral  surface  of  the  medipeduncle 
is  easily  seen  to  continue  laterad  and  dorsad  for  about  1 
cm.  between  the  tiers  of  foliums  on  the  cephalic  and  the 
caudal  aspects.  This  interval  is  the  beginning  or  stem 
of  what  iscommonlj'  called  the  "  great  horizontal  tissure," 
but  which,  from  its  obvious  relation  to  the  medipeduncle, 
I  have  called  peduncular.  By  most  writers  it  is  repre- 
sented as  continuing  along  the  dorsal  ("posterior")  mar- 
gin of  the  cerebellum  and  as  demarcating  the  cephalic 
and  caudal  aspects  of  the  entire  organ.  In  particular  it 
is  regarded  as  meeting  its  opposite  at  the  meson  just 
caudad  of  the  cacumen,  a  single  thin  folium  which,  at 
either  side  of  the  meson,  enlarges  and  becomes  a  subdi- 
vided cacuminal  ("  presemilunar  ")  lobe. 

§  116.  The  Peduncular  Sulcus  Incomplete  as  a  Land- 
mark.— But,  while  it  is  perfectly  possible,  with  most 
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Fig.  701.— Diagram  Sbowing  the  Divisions  ol  tlip  Human  Cerebellum  as  It  Extended  in  One 
Plane.  (From  Stroud,  1897,  ft,  108. )  The  line  hetwepn  the  cacuminal  lobe  and  the  tu- 
beral  lobe  should  be  designated  peduncular  xulcus  ("  borizontalis  magnus  ")■ 


specimens,  to  recognize  a  deep  sulcus  of  the  pileum  which 
passes  caudad  of  the  cacumen  and  trends  laterad  in  the 
direction  of  the  medipeduncle,  an  inspection  of  the  depths 
arouses  doubts  of  its  essential  continuity  and  morpho- 
logical signiticance. 

§  117.  Fureal  Sulcus. — On  various  grounds,  especially 
comparative  anatomy  and  development,  Stroud  has  con- 


cluded (1897,  a,  6)  that  the  primary  and  most  constant 
sulcus,  and  the  one  which  should  be  held  to  demarcate 
the  two  main  regions  of  the  cerebellum,  is  one  which 
leaves  the  stem  of  the  peduncular  sulcus  opposite  the  at- 
tachment of  the  paraflocculus  and  passes  at  right  angles 
across  the  cephalic  surface,  dipping  between  the  ad- 
jacent foliums  so  deeply  as  to  more  nearly  reach  the 
cavity  than  anj'  other  of  the  sulci.  As  seen  in  Table  III. 
the  fureal  is  the  preclival  sulcus  of  Schafer. 

§  118.  The  region  ceplialad  of  the  fureal  sulcus  is 
divided  by  the  culmiual  sulcus  (postcentral  of  Schiifer) 
into  the  culminal  lobe  and  the  central  lobe. 

§  119.  Lingula. — When  the  central  lobe  is  lifted  or 
removed  there  will  be  exposed  the  valvula,  the  thin 
zone  of  the  mesocelian  roof,  and  caudad  of  it,  completely 
overhung  and  concealed  by  the  adjacent  parts  of  the 
cerebellum,  a  series  of  three,  four,  or  live  transverse  di- 
minutive foliums;  see  tlie  mediscction  (Fig.  702).  At 
birth  the  lingular  folia  are  rounded  and  distinct,  but  in 
the  adult  they  are  relatively  smaller,  often  flattened  as  if 
by  pressure  of  the  overhanging  cere- 
bellum, and  sometimes  (at  least  in  cer- 
tain negro  and  insane  brains)  nearly  or 
completely  absent.*  The  cephalic  foli- 
um is  narrowest  and  has  a  rounded 
outline  (Fig.  700):  the  pia  adheres 
quite  firmly  to  these  folia,  so  that  they 
are  liable  to  be  torn  off. 

§  120.  Fig.  102  illustrates:  A.  The 
mesal  topography  of  the  cerebellum 
and  adjacent  parts  when  brought  into 
nearly  their  "normal  position,"  i.e., 
when  the  metepencephalic  floor  is 
nearly  horizontal  (cephalo-eaudal)  and 
when  the  longer  axis  of  the  cerebellum 
is  nearly  dorso-ventral ;  this  is  nearly 
their  condition  in  a  body  Ij'ing  prone, 
with  the  axon  and  longer  portion  of 
the  neuron  (myel)  approximately  hor- 
izontal, as  with  most  quadrupeds  and 
the  majority  of  walking  and  swim- 
ming vertebrates  (sec  §  9,  and  the  arti- 
cle on  Terminology.  Anatomical).  For 
comparison  with  Figs.  670,  687,  and 
7.56,  this  or  they  must  be  regarded  as 
turned  about  one-fourth  of  a  circle. 

B.  The  exact  number  and  form  of 
the  cerebellar  folia  and  subfolia  at 
birth,  so  far  as  they  appear  upon  an 
approximate  mcdisection. 

C.  The  combination  of  the  folia  to 
form  lobes,  more  or  less  well  defined. 

D.  The  arborifoim  arrangement, 
whence  the  name  arbor  i-itcf  (herein 
mouonymized  to  arbor). 

E.  The  topographical  relations  of 
the  mesal  lobe  (vermis)  to  the  lateral 
lobes:  caudad,  dorsad,  and  at  the  ven- 
tro-cephalic  region  the  lateral  lobes 
project  beyond  the  vermis,  but  the 
latter  is  the  more  prominent  with  the 
culmen  at  the  cephalic  side  and  with 
the  nodulus  at  the  caudo  -  ventral 
angle.  The  interval  between  the  lat- 
eral lobes  on  the  caudal  aspect  consti- 
tutes the  vallis. 

F.  The  enormous  size  of  the  cere- 
bellum as  compared  with  its  cavity, 
even  had  the  dorsal  part  of  the  latter 
been  maintained  at  its  natural  size  by 
alinjection. 

G.  The  projection  of  the  cerebellum  beyond  its  attach- 
ments and  proper  cavity.  Cephalad,  it  overhangs  not 
only  the  valvula,  but  the  postgeminum,  these  beiug  parts 
of  the  mesencephal;  caudad,  whatever  exact  limit  be  as- 

*  The  Ungula  has  not  been  recognized  in  the  apes,  but  Stroud  is  in- 
clined to  regard  as  its  homologuc  what  tie  desciHied  (1897,  h.  120)  as  a 
"cephaUc"  lobe  in  apes  and  in  certain  human  brains,  e.g..  Fig.  098. 
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cacuminal  lobe 


furcal sulcus  — 


furcal  sulcus 


culmen 


central  lobe 


signed  to  the  epicele, 
the  vermis  covers  the 
entire  "  fourth  ventri- 
cle." 

H.  The  distinctness 
of  the  four  lingular 
folia,  constituting  the 
transition  from  the 
massive  cerebellum  to 
the  atrophic  (?)  val- 
vula. 

I.  The  prominence 
of  the  cephalic  and 
caudal  margins  of  the 
pons,  and  the  concomi- 
tant depth  of  the  pre- 
pontile  and  postpontile 
recesses. 

J.  The  merging  of 
the  dorsal  commissure 
of  the  mj'cl  and  post- 
oblongata  into  the 
obex,  and  of  this  into 
theligula;  in  the  adult 
this  latter  seems  to  be 
hardly  more  than  the 
combined  pia  and  en- 
dyma  (see  Fig.  692), 
but  in  the  child's  brain 
from  which  this  fea- 
ture was  derived,  al- 
though the  meninges 
had  been  removed, 
there  was,  neverthe- 
less, a  distinct  lamina 
of  nervous  substance. 

§  121.  The  divisions 
of  the  cavidal  region 
of  the  cerebellum  can- 
not be  seen  complete- 
ly unless  the  post- 
oblongata  is  forciljly 
bent  ventrad  or  cut 
away:  indeed  the  en- 
tire oblongata  and  pons 
may  advantageously 
be  removed  by  tran- 
section of  the  pedim- 
<:les  ventrad  of  the  floc- 
culi  as  in  Fig.  697. 

§  122.  When  the  pil- 
■eums  are  divaricated 
the  postvermis  catidad 
of  the  cacumen  is  seen 
"to  be  at  first  narrow, 
"then  wider,  and  then 
•decidedly  compressed. 
The  wide  portion  is 
the  pyramis ;  the  short 
region  between  it  and  the  cacumen,  the  tuber;  the  longer 
portion  of  the  remainder  is  the  uvula  crowded  between 
subglobular  divisions  of  the  pileums,  the  tonsils.  Fi- 
nally, and  seen  with  some  difliculty,  is  the  nodulus.  a 
^roup  of  three  or  four  foliums,  connected  at  either  side 
by  the  kilos  with  the  flocculus.  The  relations  of  these 
parts  to  one  another  and  to  the  lateral  masses  and  to  the 
sulci  are  indicated  upon  Table  IV. 

Table  hi.— St.nonyms  of  the  Principal  Sulci  of  the  Cere- 
bellum :  STROUD.  1897,  o. 


peduncular  sulcus 


pvramidal  sulcus 


_ pyramis 


pyramis 


pyramis 


Fig.  702.-Tlie  Metepencephal  (Cerebellum,  Oblonsata,  and  Pons)  of  a  Child  at  Term,  Showing  the  Approxi- 
mately Mesal  Aspect  of  the  Ripht  Halt;  4TS.  x  ;J.  Traced  from  an  enlarged  photograph.  (This  is  the 
same  specimen  that  is  shown  in  Fig.  T.Vi.  where,  however,  no  attempt  was  made  to  represent  details,  and 

the  cerebellum  is  iiion' ii'-arly  in  ii.-i  "  iiaiin-al  attitude."    1.  Prepontile  recess:  :.*.  pi'sipuntilf  r< ssCo/a- 

m€n  ciTcum)  ;  :i.  iirt'suiufd  caudal  end  of  tiie  pyramid ;  between  3  and  4  thi-re  niiglit  Ite  but  were  not 
seen— indications  of  the  pvpaiiiid  d»Tus>.atii'n  i  Figs.  672  and  (i89) ;  .5.  slight  elevation  of  the  metacelian  floor; 
the  triangular  darker  area  Ju.st  veiitn  .repluilad  represents  the  postfovea ;  6,  the  doreal  e-xtension  of  the  epi- 
cele into  the  cerebellum  ;  Z\  metat<-Ia  oliaL'nouiiuitic). 

X<cffc(.«. -The  plane  of  section  pa,s,si-.l  sliLditlv  sintstrad  of  the  mesnn ;  hence  certain  features  are  not 
exactly  what  would  have  appeari-il  upon  a  pii'.ise  uiedisectii'n,  i  lu  tlie  <nt  uiiisliacbdi  surfaces  the  alha 
and  cinerea  are  not  distinguished,  tlw  latti-r  having  lieen  lilea.hid  bv  the  aliobiil.  Tb.'  pmis  section  does 
not  show  the  fibres  of  the  raplii'.  The  caviti.-s  were  not  aliujected  and  hence  are  unnaturally  small.  The 
meninges  were  removed  ;  so  there  is  no  indication  of  the  dorsal  attachment  of  the  arachnoid  to  limit  the 
subarachnoid  space,  and  the  obex,  ligula,  and  metatela  are  supphed  from  other  specimens,  but  the  extent  of 
the  metapore  (foramen  of  Magcndiei  is  not  shown. 

When  thodniwing  was  made,  the  sigiiillianie  of  the  furcal  sulcus  had  not  been  recognized.  Dr.  Stroud 
has  kiiidlv  rpvlst-d  the  identitlcatlons.  lb'  wouiil  limit  the  prevemiis  to  so  much  as  is  cephalad  of  the  fur- 
cal sulcus  ;  but  for  the  present  1  retain  the  oiiglnal  designations  of  the  two  regions  of  the  vermis.  The  sul- 
cus just  cephalad  of  the  cacumen  is  the  cacuminal ;  that  Just  caudad  is  the  peduncular,  deep  in  the  pileum 
(lateral  lobe)  but  shallow  at  the  meson.  The  tuber  Is  the  part  between  the  peduncular  and  tuberal  sulci. 
See  8 130. 


Table  IV.— St.xontms  of  the  Lobes  of  the  Cerebellu.m;  from 
Stroud,  1897,  a.  Slightly  Modified. 


Preferred. 
Central  sulcus, 
Culmiual  sulcus. 
Furcal  sulcus. 
Cacuminal  sulcus- 
Peduneular  sulcus. 


6.  Pyramidal  sulcus. 

7.  Uvular  sulcus. 
.8.  Nodular  sulcus. 

Vol,  II, -U 


Schafer. 

1.  Sulcus  precentralis. 

2.  Sulcus  postcentralis. 

3.  Sulcus  preclivalis. 

4.  Sulcus  postclivalis. 

5.  Sulcus  hohzontalis  magnus. 

a.  Sulcus  pi >stgracilis. 
h.  Sulcus  inlragracilis. 

6.  Sulcus  pregracilis.      I 

s.  postpyramidalis.  f 

7.  Sulcus  prepyramidaUs. 

8.  Sulcus  postnodularis. 


TERMS  Preferred. 

Schafer. 

Various 

AUTHORS, 

Vermis. 

Vermis 
and  pileum. 

Worm  and  hemi- 
sphere. 

Hemisphere. 

1.  (Llngu- 
la?).  Ceph- 
alic lobe, 
roridWe 

2.  Central 
lobe. 

3.  Culmen.. 

Furcal  sul- 
cus. 

4.  Clivus  . . . 

1.  Lingular  lobe., 

2.  Central  lobe  . . . 

3.  Culmlnal  lohe  . 

4.  CUval  lobe 

Lobus  Ungulce 

1.  Lobus  centralis, , 

2.  Not    recognized 

as    a    distUict 
lohe. 

3.  Lobus culminis.. 

4.  Ixjbus  cUvi 

Fnenulum  ling- 
ula?. 

Ala  lobuli  cen- 
tralis. 

Lobus lunatus  an- 
terior. 

Lobus    lunatus 
posterior. 
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Table  IV.— Synonyms  of  the  Lobes  or  the  Cerebellum  ; 

Stroud,  1897,  a.  Slightly  Modified.— CunM»«cd. 


TERMS  Preferred. 

Schafer. 

Various 
authors. 

Vermis 

Vermis. 

and  pileum. 

sphere. 

Hemisphere. 

6.  Cacumen 

5.  Cacuminal  lobe 

5.  Lobus  caeuminls. 

Lobus  postero-su- 

perior. 
Presemilunar 

lobe. 

6.  Tuber  . . . 

6.  Tuberallobe... 

6.  Lobus  tuberis.... 

Post  semilunar 

lobe. 
Lobus  postero-in- 

ferior. 

a.  pretuberal 

a.  L.  semilunaris 

lobe. 

inferior. 

b.  medltuberal 
lobe. 

L.  gracilis  pos- 

terior. 

C.  posttuberal 

c.  L.  p^cilis  ante- 

lobe. 

rior. 

7.  Pyramls.. 

7.  Pyramidal  lobe. 

7.  Lobus  pyramldis. 

Cuneiform  lobe. 
L.  biventralis. 
Tonsilla. 

8.  Uvula.... 

8.  Urularlobe 

8.  Lobus  uvuliB  — 

Amvgdala. 

9.  Nodulus . 

9.  T  h  e    nodulus 
does   not  ex- 
t  e  n  d  laterad 
Into   the    pil- 
eum. 

The  floccuUis  is 
a  separate  di- 
vision.    It    is 
not  a  part  of 
tlie  pileum  (or 
hemisphere). 

9.  Lobus  nodull 

Flocculus. 

§  123.  Fig.  703  illustrates:  A.  The  constitution  of  the 
dentatum  as  a  corrugated  capsule  of  cinerea,  open  cephalo- 
ventrad. 

B.  The  entrance  of  the  fibres  of  the  prepeduncle 
through  the  hilum  of  the  dentatum  to  connect  with  its 
cells. 

§  134.  Entocinerea. — Upon  a  medisection  of  the  organ 
there  would  appear  to  be  only  alba  and  ectocinerea,  the 


._  r  ,^-.--- gloliuli 
."  cinerea  of  the  dentatum 

,  fibres  of  the  dentatum 

_J.  rimula 


Fig.  703.— The  Dentatums  and  Prepeduncles.    (From  Stillinff,  somewhat  modined.)    X  2  — . 

Preparation .—'V\\^  plane  of  section  was  oblique,  so  as  to  coincide  with  the  general 
direction  of  the  prepeduncles  as  shown  in  Figs.  692  and  69:^. 

Defect.^.— By  an  ine.xcusable  oversight  the  prepeduncles  are  not  Indicated  by  a  line 
and  the  name  :  but  they  are  readily  recognized  as  the  fll)rous  tracts  at  the  sides  of  the  epi- 
cele,  converging  from  the  dentatums  to  the  geminuin.  There  Is  no  representation  of 
the  "fleece,"  the  layer  of  fibres  radiating  from  the  octal  surface  of  the  dentatum. 


former  branching  in  a  tree-like  manner,  whence  the  name 
arbor  (rita).  But  in  the  central  part  of  tlie  cerebelhim, 
near  tlie  apex  of  tlie  epicele,  are  four  pairs  of  masses  of 
cinerea  sometimes  called  roof-nuclei  or  tectal  nidi.  There 
are  reasons  for  thinking  that  the  primitive  cerebellar  ento- 


cinerea has  been  displaced,  and  is  represented  by  these 
masses  enumerated  in  their  order  from  the  meson  laterad: 
Fastigatum;  globulus;  embolus;  dentatum. 

§  135.  I'/te  Dentatum.— This  is  the  largest  and  most 
easily  recognized  of  the  four  masses ;  (see  Figs.  703  and 
704).     It  has  the   form  of  a  corrugated  capsule,  opea 


lingula 


commissure 

embolus 

globulus 

fastigatum 
dentatum 


Fig.  704.— The  Dentatum  and  ottier  Masses  of  Cinerea  in  the  Central 
Part  of  the  Cerebellum.  From  stilHntr.  scinewliat  modified.  X  2—. 
Preparation. — This  is  coiniii-'iily  iiesit:natcd  as  a  "horizontal" 
section.  Really.the  plauecanunt  In-  indiratt'd  in  such  simple  terms. 
The  central  part  of  the  figure,  iiirludiiiL'  the  cinereal  masses.  Is 
through  the  fastigium,  llu-  ri",f  of  tin-  apex  of  the  epicele. 

Befeet.'i.—So  attempt  has  l)een  made  to  represent  the  fibrous  con- 
stitution beyond  the  purely  diagrammatic  indication  of  the  cephallo 
(anterior)  decussating  commissure. 

meso-ventro-cephalad,  for  the  reception  of  the  fibres  of 
the  prepeduncle  (Fig.  7113).  In  any  cerebellum,  whether 
fresh,  or  hardened  in  chromic  acid  compounds,  or  even 
alcohol,  it  is  readily  recognized  upon  transections  or 
upon  sagittal  sections  begun  about  1  cm.  either  side  of 
the  meson  and  continued  laterad  for  3  or  3  cm.  The 
dentatum  has  received  the  following  additional  names, 
of  wliicli  the  last  only  is  used  witli  any  frequency: 
Xueleus  dehtatus  ;  corpus  denticulatum.  s.  jirabriatum,  a. 
lenticulatum,  s.  riliare  ;  Eng.,  ciliary  body. 

§  126.  T/ie  Fastifiatuni. — Tliis,  more  often  called 
"  fastigial  nucleus,"  is  close  to  the  meson,  directly  in  the 
roof  (fastigium)  of  the  epicele;  Fig. 
703.  It  is  rounded  cephalad,  but  the 
caudal  end  presents  two  or  three 
projections. 

§■  127.  The  Embolus  and  OloMilus. 
— Tliese  smaller  masses  of  cinerea  lie 
between  the  dentatum  and  the  fas- 
tigium, and  somewhat  dorsad  of  the 
latter.  Their  forms  are  indicated  by 
their  names,  and  are  well  sliown  in 
Stilling's  figure  as  reproduced  in 
Fig.  704.  Jlore  comnion  (and  cum- 
bersome) titles  are  nucleus  globosus  or 
f/lobuliformis,  and  micleus  emboli- 
fonii  is. 

§  128.  Fig.  704  illustrates:  A.  The 
existence,  near  the  apex  of  the  epi- 
cele, of  four  pair  of  cinereal  masses, 
representing,  perhajis.  dislocated  por- 
tions of  the  cerebellar  entocinerea. 

B.  The  lack  of  precise  symmetry 
in  the  forms  of  these  masses;  of  the 
globuli  there  are  three  on  the  left  and 
two  on  the  right,  the  more  cephalic 
probably  representing  two. 

V.  Mesencephal. — §    139.     Syn- 
onyms:    Mesencephalon;     midbrain. 
Tabular  arrangement  of  parts:   Chief 
parts:     quadrigeminuni    and    crura. 
Cavitj':    mesocele  (aqueduct  or  iter.) 
Floor:  crura.    Sides:  geniina.    Roof: 
gemina  and  valvula.     Ectocinerea:  cappa.     Entocinerea. 
("central   tubular  gray").     Commissures:    postcomniis- 
sure,  trochlear  decussation. 

§  130.  In  early  embryonic  stages  the  mesencephal  is. 
the  most  conspicuous  region  of  the  entire  brain,  but  con- 


geminum 
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sists  of  a  single,  thin-walled  vesicle,  with  a  relatively 
large  cavity  (Figs.  671  and  67T).  As  the  parietes  thicken, 
two  furrovvs  appear  upon  the  dorsal  aspect:  a  mesal. 
demarcating  the  left  elevation  from  the  right,  and  a 
transverse,  subdividing  each  of  these  into  a  cephalic  and 
a  caudal  portion  (Fig.  673);  there  results,  in  the  a<lult 
mammalian  brain,  the  formation  of  four  appro.ximatcly 
similar  elevations,  whence  the  names,  corpus  qumhi- 
geminum,  corpora  quadrigemina ,  optic  lobes,  etc.  In  the 
present  article  they  are  called  gemina  (twin  bodies),  pre- 
geminum  and  postgeminum  (Figs.  693  and  707).  Thej' 
constitute  the  larger  part  of  the  raesocelian  roof. 

§  131.  Valrula. — A  caudal  portion  of  the  mesocelian 
roof  retains  nearly  its  primiti\e  tenuity  as  a  transparent 
lamina,  the  valvula.  between  the  gemina  and  the  lingula 
(Tig.  702).  Its  cephalic  part  presents  some  slight  corru- 
gations, either  a  mesal  furrow  and  a  pair  of  lateral  ridges, 
the  frenulums  (Fig.  706),  or  a  mesal  ridge  in  addition. 

§  132.  The  fibres  of  the  trochlearis  nerve  decussate  in 
the  valvula.  It  is  practically  convenient,  although  not 
perhaps  quite  correct,  to  regard  the  trochlear  decussa- 
tion as  the  boimdary  between  the  mesocelian  valvula 
and  the  epicelian  lingula  (see  Fig.  67.5). 

§  133.  Mesoc<'h\—\n  all  mammals  what  Tiedemann 
picturesquel_v  described  as  a  "  vast  and  spacious  cavitj-  " 
becomes  relatively  an  insignificant  tubular  passage, 
which  has  been  called  "  aqueduct "  and  iter  a  tertio  ad 
quartion  eentriculum.  As  may  be  seen  from  Figs.  670.  687 
and  7.56.  it  is  e.\panded  or  trumpet-shaped  at  the  cephalic 
end,  and  irregular  in  form  at  the  caudal;  the  intermedi- 
ate, longer  part  varies  considcral)l_v  in  different  indi- 
viduals, being  sometimes  nearly  cylindrical,  but  usually 
a  transection  presents  points  in  two.  three,  or  four  direc- 
tions, lateral,  ventral,  dorsal;  the  departures  from  the 
cylindrical  shape  are  more  frequent  and  distinct  in  the 
postgemiual  and  valvular  portion  (see  Figs.  687,  706,  and 
708),  and  may  be  regarded  as  vestiges  or  suggestions  of 
the  potentially  tripartite  condition  which  is  actually  pres- 
ent with  birds  and  frogs  (Fig.  68.5). 

§  134.  Leinnisciis  aiid  Brachia. — The  lateral  slope  of 
the  mesencephal  presents  three  megascopic  features,  the 
lemniscus,  postbrachium,  and  prebrachium,  shown  in 
Fig.  706;  in  the  former  the  fibres  run  approximately 
cephalo-dorsad,  in  the  latter  obliquely 
dorso-ventrad ;  their  course  and  con- 
nections are  considered  in  the  article 
Brain.  Histology  of  the,  as  is  also  the 
e.xtent  of  the  ectocinereal  lamina  called 
cappa.  The  lemniscus  and  its  connec- 
tions have  been  discussed  at  consider- 
able length  by  E.  C.  Spitzka,  18.S4.  c. 

§  135.  Ent'ociiierea. — This  is  the  least 
modified  of  all  portions  of  the  ence- 
phalic "  central  tubular  gray  "  ;  it  forms 
a  layer  2  to  3  mm.  thick  surrounding 
the  mesocele. 

§  136.  The  Crura  {crura  or  pedunculi 
cerebri). — Excepting  the  parts  already 
named,  the  mesencephal  consists  mainly 
of  a  pair  of  fibrous  masses  (Figs.  672 
and  689)  containing  the  compacted  mo- 
tor and  sensory  conductors  between 
the  regions  caudad,  whose  relations  are 
mainly  with  the  body,  and  the  regions 
cephalad,  which  are  the  organs  of  the 
mind.  Each  cms  consists  of  two  re- 
gions, a  ventral,  the  crusta.  and  a  dor- 
sal, the  tegmentum  (Figs.  706  and  708). 

§  137.  Intercalatum  (siibstantia  ni- 
gra, locus  niger). — A  transection 
through  the  crus  at  almost  any  level 
reveals  a  dark  mass  (Figs.  706  and 
^08)_  of  crescentic  outline,  approximately  dividing  the 
section  into  a  ventral  third  and  a  dorsal  two-thirdsr  Its 
lateral  and  mesal  borders  correspond  to  the  furrows 
called  sulcus  lateralis  and  s.  oculomotorius.  The  name 
commonly  employed  refers  to  the  distinctly  dark  color 
(due  to  pigment  in  the  cells)  of  the  mass  "in  man  and 


some  apes ;  but  the  absence  of  color  fn  ot  her  mammals  has 
led  E.  C.  Spitzka  to  propose  a  name  referring  to  its  more 
constant  character  of  intercalation  between  the  ventral 
crusta  and  the  dorsal  tegmentum  ;  the  locative  mononym 
was  adopted  bj-  the  Association  of  American  Anatomists 
in  1897. 

§  138.  Fostcommissure. — The   ceiihalic  margin  of  the 
mesocelian  roof  is  of  moderate  thickness,  and  curved 


epiphysis 
■    supracoramissure 
epipliyseal  recess. 

\'  postcommissure 

-  mesocele 


-f—  tegmentum 
-  intercalatum 


\-  crusta 


Fig.  70.5. —The  Postcommissure  and  Adjacent  Parts ;  2.239.  X  1.5. 
Pr>i>nrat\int.—'Y\ii^  dicm-ephal  was  transected  just  cephalad  of 
the  pn^.t^■oMlllli^^ure:  the  ttiatela  was  turn  away  to  admit  more  light; 
the  spaci-  just  iiliove  the  epi['hysis  was  occupied  by  the  dorsal  sack. 
The  Ilgure  should  be  compared  with  the  medisections  (Figs.  670  and 
tiS7),  and  with  the  dorsal  aspect  of  the  region  (Figs.  707  and  708) . 

dorsad  so  sharply  as  to  present  a  cephalic  convexity 
(Fig.  70.5)  and  a  caudal  concavity  (Fig.  687).  Osborn  has 
suggested  that  it  is  intersegmental  like  the  trochlear  de- 
cussation (Fig.  675). 

§  139.  Fiy.  7u5  illustrates :  A.  The  appearance  of  this 
aspect  of  the  postcommissure  as  a  cylinder. 

B.  The  considerable  size  of  the  epiphyseal  recess ;  al- 
though a  mere  diverticulum  within  an  apparently  func- 
tioulcss  organ,  it  is  larger  than  the  cephalic  orifice  of 
the  mesocele  in  this  specimen. 

C.  The  distinctness  of  the  supracommissure  {commis- 
sura  habenarum). 


prebrachium 
postbrachium     i 


pregeminum 
1     postgeminum 


frenulum 
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I         aqueduct 
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pregeniculum 

postgeni  uluiu 

lemniscus 
optic  tract  - 

postcribrum 

Fig.  706.-Caudal  Aspect  of  the  M.'M-ii.v|ihaI  and  Part  of  the  Dienccphal :  2.;3i;0. 
Tenial  sulcus  :  2.  riirtii  ii-istu't'ui.uluni ;  :i  right  pregeniculum. 

Prcparatiiiu.—.\  w  cn-hardciicd.  alcoholic,  adult  brain  was  transected  just  cephalad  of 
the  pons,  at  a  level  iinljraicd  ncaity  by  the  line  from  crus  in  Fig.  707.  A  bioek'-ouiaining 
the  Ihalanii  and  adjacdU  parts  was  then  cut  out  by  incisions  in  various  dn-orrions.  the 
forni.x  peeled  oiT.  and  tin-  velum  and  rither  parts  of  the  pia  removed  ;  Ihi*  ink  lines  near 
the  sides  Hiaiked  rijui  indicate  the  lines  along  which  the  lateral  margins  ot  the  velum, 
the  parnple.xuses.  \\  ere  torn  away. 

/)f /(i(.s.-More  slK'ulil  have  been  left  at  the  sides  and  ventrad.  On  the  left. the 
roughly  indicated  curved  line  just  laierad  of  the  tenia  was  due  to  inadvertence,  and  may 
be  disregarded.    See  §  140. 


D.  The  location  of  the  dorsal  sac  upon  (morphologi- 
cally, cephalad  of)  the  epiphysis;  see  Fig.  687. 

E.  The  modified  relative  position  of  these  parts.  In  a 
less  modified  condition  of  things,  the  two  commissures 
and  the  epiphysis  should  all  lie  nearly  in  one  jjlane :  but 
the  pressure  of  the  superincumbent  cerebrum  has  made 
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the  long  axis  of  the  epiphysis  cephalo -caudal  instead  of 
dorso-ventral,  and  left  the  two  commissures  and  the  two 
orifices  in  a  dorso-ventral  series  instead  of  a  cephalo- 
caudal. 

§  140.  Fig.  706  illustrates :  A.  Segmental  overlapping. 
The  thalami  and  geniculums  project  caudad  beyond  the 
intersegmental  line,  and  the  caudatinn  is  here  directl.y 
laterad  of  the  thalamus  instead  of  cephalad :  consequently 
a  transection  through  the  pregeminuni  would  divide  not 
only  the  mesencephal,  but  also  both  the  diencephal  and 
the  prosencephal. 

B.  The  caudal  extension  of  the  thalamus  as  a  rounded 
eminence,  the  pulvinar,  on  which,  at  the  right,  the  word 
tfialamiis  is  placed. 

C.  The  existence  of  two  other  eminences  on  this  aspect 
of  the  diencephal,  the  postgeniculum,  mesad  and  more 
distinct,  and  the  pregeniculum,  laterad  and  less  distinct. 
With  lower  mammals  the  general  mass  of  the  thalamus 
is  less  developed  than  in  man.  and  the  pregeniculum  is  not 
only  still  less  prominent,  but  also  decidedl}'  cephalad,  so 
that  the  prefixes  pre  and  post  are  much  more  appro- 
priate. 

D.  The  continuity  of  the  optic  tract  with  both  the 
genicidums,  more  obviously  with  the  pregeniculum. 

E.  The  nearly  complete  concealment  of  the  pregemi- 
num,  in  this  view  of  the  parts,  by  the  postgeminum;  the 
former  is  seen  at  the  left  to  ]iroject  slightly. 

F.  The  location  and  forms  of  the  postbrachium  and 
prebrachiuni ;  the  former  is  between  the  two  geminunis, 
the  latter  just  cephalad  of  the  pregeminum :  as  they  pass 
ventrad  they  embrace,  as  it  were,  tlie  postgenicidum. 

G.  The  location  of  the  lemniscus,  just  caudad  of  the 
postbrachium. 

H.  The  Tshape  of  the  mesocele  in  this  specimen. 

I.  The  thinness  of  the  mesocelian  roof,  here  constituted 
by  the  valvula,  with  a  mesal  furrow  and  lateral  ridges, 
the  frenulums. 

J.  The  relatively  extreme  thickness  of  the  mesocelian 
floor,  constituted  by  the  crura. 

K.  The  division  of  each  cms  into  a  ventral  crusta  and 
a  dorsiil  tegmentum,  the  boimdary  between  these  two 
regions  being  defined  partly  by  the  lateral  furrow,  op- 
posite the  word  cnis.  on  the  left,  and  partly  by  a  pig- 
mented tract,  the  intercalatum,  not  here  seen,  but  shown 
in  Figs.  70.5  and  708. 

L.  The  deep  ventral  depression  between  the  crura, 
constituting  an  intercrural  area. 

M.  The  presence,  at  the  cephalic  end  of  this  area,  of 
several  rather  large  foramina  for  the  transmission  of 
arterial  branches,  whence  this  part  is  called  postcribrum 
("  posterior  perforated  space  "). 

N.  The  trefoil  outline  of  the  mesencephalic  transection 
due  to  the  mesal  and  tlie  two  lateral  depressions. 

O.  The  obviously  and  unquestionably  pial  and  ecto- 
celian  character  of  all  the  natural  mesocelian  surfaces. 

P.  The  equally  unquestionable  continuity  of  these  sur- 
faces over  the  geniculums  to  the  pulvinar. 

Q.  The  absence  of  anything  like  a  ripa  on  the  visible 
surface  of  the  thalamus  until  we  reach  the  sharp  and 
irregular  line  so  marked  at  the  left. 

R.  The  endymal  and  entocelian  character  of  the  slender 
natural  surface  of  tlie  caudatum. 

S.  The  continuation  of  this  endymal  surface  upon  the 
Tisible  length  of  the  tenia. 

T.  The  significance  of  the  ripa  as  not  only  a  boundary 
between  contiguotis  pial  and  endymal  surfaces,  but  as 
indicating  where  the  margin  of  the  paraplexus  or  some 
membranous  continuation  of  it  has  been  torn  away. 

§  141.  Fiff.  707  illustrates :  A.  The  segmental  overlap- 
ping of  the  diencejihal  at  the  side  of  the  mesencephal 
and  of  the  prosencephal  at  the  side  of  that  (see  §  ^5). 

B.  The  division  of  the  caudatimi  (the  entocelian  por- 
tion of  the  striatum)  into  a  cephalic,  enlarged  caput  and 
a  caudal,  slender  earida. 

C.  The  unlike  topographical  relations  of  these  two 
parts,  in  that  the  caput  is  uncomplicated,  while  the 
Cauda  has  a  slender,  marginal  (riparian)  band  at  its  mesal 
side,  the  tenia,  having  peculiar  relations  with  other  parts. 


D.  The  location  of  the  diacele  between  the  two  thalanH 
and  its  continuity  with  the  aula. 

E.  The  presence  of  the  medicommissure  (seen  somewhat 
better  in  Fig.  709). 

F.  The  relation  of  the  callosal  genu  to  the  intercerebral 
fissure  and  the  pseudocele;   but   for  the  callosum  the 
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Fig.  707.— Dorsal  Surfaces  of  the  Caudatum,  Thalamus,  and  Gemina. 
(From  Henle,  reduced  and  slightly  modified. i  1,  Tenial  sulcus;  2, 
flmbrial  sulcus:  3.  habenal  sulcus:  4,  trigonum ;  5,  "anterior  tu- 
bercle" of  the  thalamus. 

Prcparafinii.— The  dorsal  portion  of  the  cerebrum  has  been  re- 
moved, including  the  callosuiu.  fornix,  velum,  paraplexuses,  and 
dlatela;  also  the  pia  covering  tlie  epiphysis;  and  mesencephal. 

Dffccfs.— The  shading  is  t<KMii*ep  jiiiri  does  not  indicate  the  dis- 
tinction between  the  pial  and  the  endymal  surfaces.  The  caudal 
parts  of  the  thalami  are  crowded  mesad,  and  the  gemina  are-  not 
well  shaped. 

fissure  and  the  pseudocele  would  be  continuous,  as 
would  also  the  hemiseptum  with  the  general  mesal  wall 
of  the  precornu. 

G.  The  demarcation  of  the  mesal,  entocelian  surface 
of  the  thalamus  from  the  dorsal,  entocelian  surface  by  a 
rough  edge  just  dorsad  of  the  habena;  here  it  is  repre- 
sented b3'  the  narrow,  white  line  between  the  two  black 
ones,  and  designated  as  the  habena;  it  is  really  a  ripa 
along  the  dorsal  side  of  the  habena  (see  also  Figs.  687 
and  739). 

H.  The  presence  of  three  shallow  furrows  on  the  dor- 
sal surface  of  the  thalamus;  a  dorsomesal,  just  dorsad 
of  the  habena,  the  habenal  sulcus;  a  lateral,  correspond- 
ing nearly  with  the  mesal  edge  of  the  tenia,  the  tenial 
sulcus;  an  intermediate  and  oblique,  corresponding  with 
the  lateral  margin  of  the  fimbria  (removed),  the  fimbrial 
sulcus. 

I.  The  demarcation  of  the  dorsal  surface  of  the  thala- 
mus, which  is  pial  and  ectocelian,  from  the  adjoining 
surface  of  the  caudatum  and  tenia,  which  is  endymal  and 
entocelian,  by  a  sharp,  irregular  line  at  the  mesal  edge 
of  the  tenia,  constituting  a  ripa.  This  line  was  intro- 
duced into  the  figure;  it  is  absent  in  the  original,  as  in 
all  similar  figures  known  to  the  writer,  excepting  Fig. 
16,  in  Meynert's  "Psj'chiatrv,"  where  it  is  called  ''linea 
aspera.  "  without,  however,  any  reference  to  its  morpho- 
logical significance. 

J.  The  vague  and  unsatisfactory  representation  of  the 
parts  at  the  porta.  This  region  has  yet  to  be  cleared  up 
in  respect  to  the  relation  of  the  pial  and  endj'mal  surfaces; 
it  was  my  inability  to  show  these  relations  clearly  upon 
original  preparations  that  led  me  to  employ  the  present 
figure  provisionally. 
"K.  Incideutallj-  it  may  be  remarked  that  both  this  and 
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the  previous  ti.sure  exemplify  the  advantages  of  that 
feature  of  tlie  simplified  nomenclature  which  consists  in 
the  designation  of  members  of  natural  or  artificial  groups 
of  partsby  words  compoimded  of  the  generic  terms  and 
prefixes  indicating  relative  position;  e.g..  pregeminum 
and  postgeminum;  pregeniculum  and  postgenicnlum; 
precommissure,  medicommissure,  postcommissure.  and 
snpracomniissure. 

V.  DiENCEPiiAL. — §  143. — Synonyms;  Diencephalon. 
deutenccphalon,  thalamencephalon,  interbraiu,  'tween- 
brain.  Tabular  arrangement  of  parts;  Chief  parts; 
fhalami.  Cavity;  diacele.  Floor;  tuber,  chiasma,  and 
diaterma.  Sides;  thalami.  Roof:  diatela  (practically 
the  velum).  Plexuses;  diaplexuses.  Commissures  and 
decussations;  medicommissure,  supracommissure.  chi- 
asma. Ectal  elevations;  albican tia,  prcgeniculums,  and 
postgeniculums.  Perforated  areas;  prccribrums  and 
postcribrum.  Ental  elevations:  habena.  Ectal  de- 
pressions; trigonum,  habenal,  tcnial.  and  limbrial  sulci. 
Ental  depression ;  aulix  ("sulcus  of  Monro").  Append- 
ages: hypophysis,  epiphysis,  and  dorsal  sac. 

With"  the  adult  of  man  and  all  other  mammals  the 
primitively  thin  sides  of  the  diencephal  arc  greatly  thick- 
ened and  become  the  thahimi.  with  the  (lenicnhims  {\)re- 
and  post)  as  latero-caudal  elevations.  The  relations  of 
the  diencephal  to  the  entire  brain  are  well  indicated  in 
the  yoimg  rabbit  (Fig.  681). 

§  143.  The  pref/oiirnhiiii  and  postgeniculum  are  repre- 
sented in  Figs.  706  and  707,  and  described  in  connection 
therewith;  the  optic  tract  and  the  chiasma  are  shown  in 
Figs.  689  and  711,  and  considered  in  connection  with  the 
optic  nerves  in  the  article.  Cranial  jycrrcs. 

§  144.  Fiff.  70S  illustrates:   A.   The  form,  direction, 

prt-hypopliysls 
optic  n. 
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Fig.  708.— The  Tuber  (.tuher  cinereum')  and  Adjoining  Part,s :  706. 
X  1..5.  (The  same  region  is  shown  in  Figs.  m'Z  and  ()t<9,  upon  a 
smaller  scale.)  1,  E.xpinirlcd  pro.ximal  end  of  the  inf\ini1ibulum. 
covering  the  lura,  wlii.  h  is  cxpnsi-il  in  Fig.  672;  2,  a  slight  elevation 
between  the  tuber  and  tlie  ,j|iii,-  tract.  The  irregular  line  aen.ss 
the  tuber  and  <>iili<'  tracts  lepresents  the  cut  or  torn  ed«re  of  the  pia. 
which  adheres  c|uile  lliinly  h>  tlie  ehiasiiia.  The  black  sp.its  repre- 
sent the  foraniiiia  in  tlie  pnstc  TiliruiM  and  elsewhere  thrnusrli  which 
vessels  passed  ;  the  triantriilar  reL'i"ii  laterad  of  the  chla.sma  is  a 
part  of  the  iiivcrihniiii  ( "  anterit.r  jterforated  space  "). 

Prcponificiii.- The  brain  was  removed  with  great  care,  the  hv- 
pophvsis  beins.'  extricated  fiuiii  its  h  .ssa  by  dividing  the  dui-al  folcls 
in  several  ciiieciions  with  the  shai  p  pc.int  of  a  scalpel,  and  then  in- 
triMhlclliL'  the  hhint-pninieil  syriTiLrntniiie. 

/>/cc/.s.  The  natural  surfaces  uf  the  crura  should  have  presented 
a  more  tlbroiis  appearance  ismuewhat  as  in  Fig.  68fli,  and  another 
preservative  than  alcnhoi  w.uiid  have  differentiated  the  cinerea  on 
_  the  cut  surface.  The  alhicantia  have  perhaps  the  appearan<'e  of 
overhahLnui,'  the  iw.slcril.runi  tn,,  far.  hut  this  is  iicre  iiearlv  correct 
than  the  usual  representation,  as.  for  example,  in  FiL's.  i;T:.'  and  iWi). 
The  left  intercalatum  should  be  shown  more  nearly  like  the  right. 


and  complete  separation  of  the  albicantia;  they  are  usu- 
ally represented  (as  in  Figs.  672  an<l  689)  as  hemispherical 
elevations;  here  they  are  seen  to  be  elliptical  in  outline, 
their  longer  axes  converging  caudad,  and  the  caudal  ends^ 
overhanging  the  postcribrum;  in  the  sheep  (Fig.  794)  and 
in  mammals  generally  the  albicantial  sulcus  is  a  shallow 
depression  or  wholly  absent. 

B.  That  the  hypophysis  is  wider  than  long,  and  con- 
sists of  two  |)arts,  conveniently  called  jinhi/ju/phi/sis  and 
posthiipnphj/sis  ;  the  latter  is  the  smaller  and  partly  as  it 
were  let  into  an  emargination  of  the  foi-iner. 

C.  The  expanded  base  of  the  infundibulum  (1). 

D.  The  raised,  unnamed  area  (2)  at  either  side  of  the 
tuber. 

E.  The  demarcation  of  the  crusta  from  the  tegmentum 
by  the  intercalatum. 

F.  The  slight,  angular  extensions  of  the  mesocele, 
which  sometimes  is  almost  cii-cular  in  outline. 

§  14.5.  The  diaceliau  floor  is  various  in  direction  and 
composition.  Beginning  with  the  mesencephalic  floor, 
tlie  crura  (Fig.  687).  there  is  a  marked  decrease  in  thick- 
ness in  the  region  of  the  postcribrum  (which  may  really 
be  common  to  the  two  segments),  as  well  as  a  deflectitm  of 
the  floor  ventrad;  the  albicantia  (Figs.  672,  689,  and  708) 
constitute  lateral  thickenings,  and  then  the  floor  is  re- 
duced to  an  atrophied  lamina  comparable  with  the  val- 
vula;  this,  with  the  shorter,  thin  ptirt  just  ccplialad  of 
the  intervening  and  dependent  hypophysis,  cnustitutes 
the  tuber  (tuber  cinereum)  and  infundibulum.  The 
fusion  of  the  stems  of  the  primitive  optic  vesicles  to 
form  the  chiasma,  and  the  fusion  of  this  with  the  other- 
wise thin  diacelian  floor,  confers  upon  the  latter  in  this 
region  considei'able  thickness  and  firmness,  but  this  part 
is  again  succeeded  by  the  atroiihied  terma  (Figs.  687  and 
711),  strictly  the  diaterma,  in  distinction  from  the  proso- 
terina  dorsad  of  the  precommissure.  Althougli  the  diti- 
terma  has  a  nearly  dorso-ventral  direction,  it  should 
properly  be  regarded  as  part  of  the  floor,  since  the  tiula, 
the  mesal  division  of  the  prosocele,  is  constructively  ceph- 
alad  of  the  diacele,  although  actually  more  nearly  dorsad. 

§  146.  Ilypiqihyms  (pituitary  body  or  gland.  Figs.  670, 
687,  and  708). — This  has  a  twofold  origin,  viz.,  from  the 
neuron  (posthypophysis)  and  from  the  enteron  (]irchy- 
pophysis);  see  the  article  Brain,  Derelojimeiit  of.  Herd- 
man  thinks  it  may  have  been  an  ancestral  sense  organ 
(American  Katiiralist,  1888.  p.  1127).  At  present,  not- 
withstanding its  constancy  throughout  the  vertebrates, 
its  function  is  .still  in  doubt,  but  the  not  infreciuent  co- 
existence of  acromegaly  with  lesion  of  the  hypophysis 
merits  careful  consideration.* 

§  147.  In  marked  contrast  with  the  massive  sides  the 
diacelian  roof  is,  for  the  mo.st  piart,  vei'y  tliiii,  cnnsisting 
aijparently  of  the  endyma  only,  closel.y  attached  to  the 
ventral  or  diencephalic  layer  of  the  velum,  from  which 
are  developed  the  parallel  diaplexuses  (Figs.  716  and  733) 
dependent  at  either  side.  Cephalad,  the  diatela  is  con- 
tinuous with  the  aulatela,  or  perhaps  directly  with  the 
fornix  dorsad  of  the  aula  and  portas;  caudad,  it  extends 
for  some  distance  beyond  the  proper  diencephalic  bound- 
ar_y,  is  reflected  ventrad  upon  the  dorsal  (properly 
cephalic)  aspect  of  the  epiphysis  to  constitute  the  dorsal 
sac,  and  is  then  continuous  with  the  supracommissure, 
and  the  epiphysis  itself  (Fig.  687). 

§  148.  Fiff. '  709  ittust rates :  A.  The  size,  form,  and 
connections  of  the  medicommissure;  it  is  relatively 
smaller  than  in  other  mammals  (Fig.  688),  and  slightly 
constricted  about  its  middle;  if  isolated  it  would  have  the 
form  of  a  pulley -wheel  with  ii  shallow^  groove. 

B.  The  relations  of  the  mesal  aula  to  the  portas  and  to 
the  diacele  (see  §  163). 

C.  The  thinness  of  the  lamina  uniting  the  two  halves 
(colunms)  of  the  fornix.  This  lamina  must  be  regarded 
as  the  ]5i'imitive  prosocelian  terma  as  high  as  the  dorsal 
limits  of  the  porta,  and  may,  therefore,  be  called  the 
prosoterma. 


*  On  this  subject  articles  have  been  published  by  Woods  Hutchinson 
in  the  New  York  Medkal  Journal  for  July,  19(J0. 
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§  149.  Habena  (habenula) :  (Fig.  687).— At  the  dorsal 
margin  of  the  mesal  surface  is  the  habena,  a  slight  ridge, 
with  a  dorsal  convexity,  extending  from  the  porta  to 
the  supracommissure,  which  unites  it  with  its  opposite. 

pseuducele 
hemiseptum    I   precomu   caudatum 
—  '  '  •         '         endyma 

tomLx 


— medicommlssure 
tbalamus 

diacele 


riG.  709.— Tlie  Medlcommlssure  and  Adjacent  Parts ;  2032.  X  1.3. 
(Compare  Fig.  7(»r,  where  some  ol  the  same  parts  are  shown  on  a 
smaller  scale.) 

Preparatiiin.—The  brain  was  removed  with  care  so  as  not  to 
tear  the  medicommissure.  and  alcohol  was  injected  per  lurom  so  as 
to  harden  the  parietes  and  keep  them  apart.  The  prefronuil  lobes 
were  then  reiii'^'ed,  thus  openinjr  the  precomua  and  exposing  the 
caudatums:  with  these  as  guides  the  block  containing  the  medicom- 
missure was  safely  isolated ;  the  thalami  are  cut  away  almost  to  the 
level  of  the  commissure.    See  §  148. 

Along  the  dorsal  side  of  the  habena  is  the  habenal  sul- 
cus, and  the  two  represent  nearly  the  line  of  reflection  of 
the  endvma  from  the  mesal  surface  of  tlie  thalamus  upon 
the  roof  of  the  diacele  (see  Figs.  081,  687,  707.  and  733). 

§  1.50.  Fiff.  110  illiisti-ates :  A.  The  overlapping  of  the 
cerebrum  upon  the  diencephal,  so  that  the  transection  of 
one  includes  the  other. 

B.  The  folding  of  the  pia  covering  the  now  apposed 
dorsal  surface  of  the  thalami  and  the  ventral  surface  of 
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Fig.  710.— Diagrams  Illustrating  the  Relations  of  the  Callosum,  For- 
nix, and  the  Pseudticele.  the  C<institution  of  the  Velum,  and  the  Su- 
perposition of  the  rrn^encephal.  The  upi)er  figure  represents  the 
mesal  aspect  "f  the  rigliT  half  i)f  the  schematic  brain  :  the  lower,  a 
transection  ef  Imih  rigtit  ai^d  lefthalvesat  the  level  indicated  by  the 
line  A  in  tli'-  upiter.  In  the  lower  figure  the  thickening  of  the  black 
line  ri'iiresfnliiii:  the  fornix  may  indicate  the  hippocamp,  but 
strictly  it  ^liould  be  corrugated,  presenting  an  ectal  furrow— the 
hi|'pocaiii|ial  fissure.  The  relations  of  the  fornix  to  the  rest  of 
the  parietes  would  also  be  uiore  completely  shown  had  the  black 
hue  been  interruiited  a  little  laterad  of  the  hippocamps. 

I>c/ccf-s. —Ttie  anhi.  the  mesal  part  of  the  prosocele,  is  shown  of 
equal  size  witli  the  diacele.  and  on  the  same  level :  this  is  not  the 
case,  so  far  as  the  writer  is  aware,  with  any  vertebi-ate  in  which  the 
callosum  and  fornix  attain  dimensions  such  as  are  indicated  in  the 
figure  (see  Fig.  ~'^ ) ;  but  so  far  as  concerns  the  special  objects  of 
this  figure,  the  above  inconsistency  niay  be  ignored.  UnUke  most 
of  the  figures,  the  substantial  nervniis  parietes  are  represented  by 
the  heavy  black  line,  tlie  pia  and  endyma  by  Ughter  ones. 

the  cerebrum  so  as  to  constitute  the  velum  (see  Fig.  732): 
but  since  this  figure  does  not  represent  the  lapping  of 
the  prosencephal  upon  the  diencephal  at  the  sides,  or  the 


formation  of  the  rima  and  paraplexus.  the  pia  of  the  two 
segments  is  continued  independently  around  each. 

C.  The  theoretical  constitution  of  the  diacelian  roof 
by  (1)  the  possible,  though  not  alwa.ys  actual,  continua- 
tion of  the  thicker  nervous  material  at  the  sides,  (2)  the 
lining  endyma,  (3)  the  covering  pia.  one  or  both  layers 
according  to  the  closeness  of  their  adhesion. 

D.  The  relations  of  the  callosum,  fornix,  and  pseudo- 
cele;  the  two  former  represent  two  lines  of  extended 
junction  between  the  apposed  mesal  surfaces  of  the 
hemicerebrums;  they  are  continuous  at  the  splcnium 
and  likewise  in  man  at  the  cephalic  end;  the  space  thus 
circumscribed  like  the  hollow  of  a  partition  is  the  pseu- 
docele  or  "fifth  ventricle";  it  is  really  narrower,  but  the 
relations  are  as  indicated. 

E.  The  general  constitution  of  the  fornix  Is  more  fully 
described  in  §  197. 

§  151.  Medicummissure  (commissura  media,  s.  grisea. 
s.  cinerea,  s.  mollis,  s.  thalamic  fusion). — Primaril}-  sepa- 
rate, the  apposed,  mesal  surfaces  of  the  thalami  unite  (at 
about  the  fifth  month  of  gestation  according  to  Mihalko- 
vies),  giving  rise  to  what  is  commonly  called  the  "middle 
commissure  "  (Figs.  670.  687,  707,  antl  709).  It  is  in  a  di- 
rect line  between  the  porta  and  tlie  atjueduct,  consider- 
ably nearer  the  fonner,  and  just  dorsad  of  the  aulix.  The 
shorter,  dorso-ventral,  diameter,  is  4-5  mm.,  the  longer, 
cephalo-caudal,  6-7.  It  is  relatively  larger  in  all  other 
mammals  (CI/.,  sheep.  Fig.  688);  it  is  present  in  turtles 
(Fig.  680)  but  absent  in  birds  and  other  immamnialia. 
Its  fimctions  are  expeiimentallj'  unknown,  but  in  a  man 
and  a  cat  lacking  the  callosum,  it  was  larger  than  usual. 

§  1.52.  Anomalies  of  the  Medieommissin-e. — It  is  sjvid  to 
be  sometimes  double.  Among  sixty -six  brains  Wenzel 
found  it  absent  in  ten.  It  is  wanting  in  at  least  half  a 
dozen  of  the  (about  two  hundred)  brains  prepared  or  ex- 
amined bv  me  with  reference  to  it,  amongst  others  in  No. 
3.334.  Professor  Oliver.* 

§  1.53.  ^4?(?(>  (sulcus  of  Monro;  part  of  the  Interzonal 
sulcus?). — Jlost  \\ell-preserved  brains  present  a  more  or 
less  distinct  furrow  just  ventrad  of  the  medicommissure 
terminating  cephalad  at  the  porta  ("foramen  of  Monro") 
and  caudad  near  the  postcommissure,  sometimes  in  the 
mesocele  and  sometimes  in  the  epiphyseal  recess.  It  was 
figured  and  desciibed  b}'  Reichert  under  the  title  "sul- 
cus Jlonroi,"  for  which  I  proposed  (1884,  c)  the  monouym 
aulij;  a  furrow  (Figs.  675,  687).f 

§  1.54.  £';M^)%.«/s(conarium,  pineal  body  or  gland;  Figs. 
675,  687,  707). — Excepting  the  lancelet  (Branehioiitomii) 
every  vertebrate  likewise  has  this  aiiparently  useless  or 
vestigial  diverticulum  of  the  diacelian  roof.  Max  Flesch 
believes  that  it  is  associated  with  the  temjieiature  ap- 
paratus, but  the  number  of  forms  in  which  lias  been 
traced  a  connection  between  it  and  a  rudimentary  mesal 
eye  is  so  great  as  apparently  to  warrant  the  view  that  it 
is  the  remnant  of  a  primitive  mesal  organ  of  vision;  see 
the  papers  of  Beraneck  (1892,)  Ileckscher,  Ritter  (1891), 
and  Studuifka  (1899);  Ritter  also  describes  the  relation 
of  the  epiphysis  to  a  blood  sinus  in  Plirynosoma. 

§  1.55.  Aeeyrus  (aeerculiis  cerebri). — The  adult  epiphy- 
sis frequentlv  has  embedded  in  follicular  cavities  calcare- 
ous particles  known  by  the  above  names,  and  as  "brain- 
sand  ";  in  the  brain  shown  in  Fig.  687,  it  was  so  abundant 
as  to  leave  a  considerable  cavity  when  removed,  but  this 
unusual  feature  is  not  represented. 

*  I  venture  to  suggest  that  some  of  the  reported  cases  may  have 
been  based  upon  inadequate  evidence.  Unless  the  brain  is  raedi- 
sected  while  fresh,  or  prepared  by  the  injectii.in  of  a  preservative  into 
the  arteries  or  the  cavities,  or  both,  the  medic. mi missure  commonly 
fails  to  he  react). -.I ;  its  peculiar  softness  causes  it  t.i  break  easily:  and 
the  imperf.-it  pit'servati.<ii  ..f  the  adjacent  thalamic  surfaces  might 
lead  to  the  iion-reri.L'iiition  ..f  the  slight  elevatiim  indicating  its  e.yist- 
ence.  If  the  specimen  is  all.weil  t..  drv  sliL'titlv.  and  is  then  held  so 
that  the  hght  is  refli-rted  ft. .in  the  suK-.tti  eii.lyinal surface  of  the  thal- 
amus, then  the  presein'e  ..f  tlie  iviiinaiit  ..f  tlie  c.iiiimissure  will  be  in- 
dicated by  the  absence  of  siidi  refieiti.m  frum  an  area  corresponding 
with  its  lisual  locaticm.  There  are  few  ..titer  parts  of  the  brain  where 
errors  of  observation  are  iii..re  likelv  t.>  oe.-ur. 

t  His  and  others  liav..  a|i|ilu..|  the  name  "sulcus  Monroi  "  to  an  al- 
leged sulcus  exteiidiiisr  fr.iiii  tile  iiiesiieele  to  or  toward  the  optic 
recess,  and  have  lnterprete.1  it  as  a  P"rti.>n  of  the  interzonal  sulcus 
(,«»(c«.«  Umitans  vintrkuhirum);  the  groimds  for  dissent  from  this 
interpretation  are  stated  in  my  papers  l»i)B,  d,  and  1897,  a. 
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§  156.  Peculiar  TojMgraphic  Relations  of  the  Epiphysis. 
— Out'  of  the  striking  results  of  the  segmental  overlapping 
and  crowiling  is  the  embedding,  as  it  were,  of  the  epiph- 
ysis amongst  four  segments.  Although  directly  con- 
nected with  the  thalami,  the  epiphysis  leans  eaudad  so 
as  to  rest  upon  the  pregeminum;  the  cephalic  aspect  of 
the  cerebellum  rests  upon  the  postgeminum  and  abuts 
against  the  epiphysis;  finally  the  callosum,  a  cerebral 
commissure,  has  its  splenial  curvature  upon  the  epiph)-- 
sis.     Between  all  these  parts,  of  course,  there  are  mem- 


optic  tract 
chiasma 


—  optic  nerve 


Fit;.  711.— Cephalic  Aspect  of  the  Tenna  (^^ lamina  temiinalis^^')  and 
Adjacent  Parts  of  a  Young  (hild ;  21.3.  X  1.5.  1,  Tom  margin  of 
the  pia  on  tlie  chiasma ;  it  has  been  removed  from  the  adjacent  sur- 
face :  2,  fryrus  subcallosus,  continuous  dorsad  with  the  peduncle 
of  callosuiii." 

Pripitiiiti'iii.—T]]f  brain  was  e.xposed  by  remortnp  the  skull 
with  nii)pcfs  atiil  scissnis  so  as  to  avoid  tearing  the  terma :  the  nptic 
nerves  wcri-  iliviilni  .Insc  to  their  foramina  of  exit.  After  harden- 
ing in  alcolicl,  the  [lints  adjacent  to  tlic  tcrma  were  carved  away ; 
the  surf.K  I'  at  cittu-r  siih'  is  c<in<-avr.  fniinwinix  the  general  direction 
of  the  trnun.  Tlic  block  was  sfriMigiin'ricd  l)y  a  long  (shawl)  pin 
passed  fruiii  sidi-  lu  side,  and  a  eoiiinien  pin  was  jmslied  into  the 
striatiiiii  at  either  side  sn  as  to  pnijeet  t)e\on(l  the  oiitic  nerves  and 
keep  tile  latter  fi'orii  striking  the  sides  of  the  vial.  The  removal  of 
the  pia  from  the  teciiia  was  the  most  dillleiilt  part  of  the  prepara- 
tion, and  tile  utmost  eare  did  not  ]ireveni  the  tearing  of  a  small  slit 
in  the  left  side,  which  Is  ignoreil  in  the  ilgine. 


branes  and  vessels,  but  if  they  are  disregarded  the  epiph- 
ysis, a  part  of  one  segment,  the  diencephal,  may  be 
described  as  encompassed  by  three  others,  the  mesen- 
cephal.  the  epcnccphal,  and  the  prosencephal.  With  a 
brain  hardened  in  its  natural  shape,  a  disc  2  cm.  in  di- 
ameter (e.g.,  a  "  nickel  ")  will  cover  parts  of  all  four  en- 
cephalic segments;  see  particularly  specimens  385  and 
2,268;  in  drawings,  for  the  sake  of  clearness,  the  parts  are 
sometimes  represented  as  if  less  crowded;  e.g..  Figs.  672 
and  687. 

§  157.  Fig.  711  illustrates:  A  The  existence  and  com- 
pleteness of  the  terma  {lamina  terininalis  or  I.  cinerea). 
constituting  the  cephalic  boundary  of  the  mesal  enceph- 
alic cavities;  in  the  embryo  it  is  actually  the  most  ceph- 
alic part  of  the  brain,  but  is  later  concealed  by  the  pro- 
jecting hemiccrebrums. 

B.  The  continuity  of  the  terma  with  the  chiasma. 
leading  to  the  rupture  of  the  former  during  the  removal 
of  the  brain  unless  the  optic  nerves  are  early  divided. 

C.  The  extreme  thinness  and  delicacy  of  the  terma 
which  cannot  be  represented  adequately  "in  such  a  view, 
and  is  not  always  indicated  in  the  medisections ;  Fig.  687. 

D.  The  existence  of  a  somewhat  thicker  extension  of 
the  tenna  at  each  side,  forming  the  cephalic  boundary 
of  the  optic  recess. 

E.  The  pair  of  slightly  raised  bands,  commonly  called 
the  "pedunclesof  the  corpus  callosum,"  continuous  ven- 
trad  with  the  gyri  subcallosi. 

F.  The  convexitv  of  the  entocelian  surface  of  the 
caudatum  (see  also  Fig.  707). 

G.  The  relation  of  the  callosal  rostrum  to  the  hemi- 
scptums,  the  lateral  halves  of  the  septum  lucidum. 

H.  The  somewhat  unusual  thickness  of  the  hemiscp- 
tums  in  this  specimen. 
Vn.    Prosencephal. — §158.     Synonyms:    Prosen- 


cephalon; telencephalon;  forebrain;  secondary  forebrain; 
cerebrum;*  pallium.  The  prosencephal  is  ht're  regarded 
as  composed  of  the  cerebrum  (cei'ebi-al  hemispheres)  less 
the  olfactory  bulbs  and  tracts,  and  the  [larts  and  cavities 
conuecting  them  acro.ss  the  meson.     See  Table  II.,  p.  153. 

§  159.  Peculiarities  of  the  Prosencephal. — From  the 
other  segments  the  prosencephal  is  distinguished  by  (a) 
the  extraordinary  range  of  variation  among  vertebrates, 
as  seen  in.  e.g..  the  hag  (Fig.  791),  the  lamprey  (Fig.  790), 
the  salamander  (Fig.  717),  the  frog  (Fig.  685);  the  i-abbit 
(Fig.  681);  and  cat  (Fig.  682);  (b)  its  preponderance  in  the 
human  adult  as  contrasted  with  its  primary  insigniticance 
(Tig.  676);  ((•)  its  (generally  conceded)  function  as  the 
organ  of  the  "mind." 

§  100.  Prosocile. — The  proseucephalic  cavity  is  pri- 
mtirily  single  aud  mesal,  as  indicated  in  the  diagram.  Fig. 
674;  it  ma)'  remain  so  in  cyclopean  monsters  (Fig.  713), 
and  a  nearly  undivided  adult  cerebrum  has  been  de- 
scribed by  Turner  (Fig.  713). 

§  161.  Fig.  712  illustrates:  A.  The  increase  of  the  pro- 
seucephalic vesicle  in  size  and  in  the  thickness  of  its 
parietes.  As  shown  in  Fig.  2  of  the  original  paper,  the 
floor  and  cephalic  wall  of  the  mesal  region  are  7  to  11 
mm.  thick,  supposing  the  parts  to  l>e  of  natural  size. 

B.  The  suliordination  of  the  lateral  extensions  to  the 
mesal  portion  of  the  prosencephal;  they  do  not,  as  in  the 
normal  brain,  extend  cejihalad  of  the  mesal  bouudary, 
but  merelj'  latei'ad,  eaudad,  and  to  a  certain  extent  ven- 
trad,  so  as  partlj'  to  overlap  the  mesal  portion. 

C.  The  partial  formation  of  lissures,  one  of  which  may 
represent  the  Sylvian. 

D.  As  stated  in  the  text,  the  proseucephalic  cavity  is 
single,  i.e.,  not  divided  b.v  constricted  orifices  (portas  or 


Fig.  713.— Ventral  Aspect  of  the  Brain  of  a  Cyclops,  at  Term.  (From 
Cleland.  Journal  of  AnaUimii  ami  P/ii/.siV./of/i/,  ,xii..  pi.  xvli.,  Fig. 
1.)  The  size  of  the  specimen  is  not  stated.  The  arachnoid  has  been 
removed  from  the  mesal  region,  and  from  the  left.  The  original 
paper  contains  a  flgm-e  of  a  medisecti'in  of  the  entire  mass,  a  de- 
scription of  some  animal  eyclopians,  and  a  brief  discussion  of  the 
nature  of  the  malformation. 

"  foramina  of  Monro  ")  into  a  mesal  aula  and  lateral  para- 
celes.  In  this  respect  the  cyclopean  brain  may  be  com- 
pared to  the  normal  brain  of  "fishes"  (Ganoids  and 
Teleosts). 

E.  The  morphological  instructiveness  of  many  mal- 
formations. Goethe  well  said,  "  In  her  mistakes  Nature 
often  reveals  her  secrets";  indeed  it  is  scarcely  possible 
to  imagine  any  encephalic  malformation  that  may  not 

*  Cerebrum  is  sometimes  employed  loosely  as  embracing  not  only 
the  olfactory  region,  but  the  thalami,  quadrigeminum.  and  crura. 
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suggest,  illustrate,  or  apparently  contravene  some  mor- 
puological  idea.* 

§  162.  Pig.  713  illustrates:  A.  Tlie  possibility  that  an 
individual  should   reach  maturity  witli  a  cerebrum  so 


§  163.  ''^  Third  Ventricle." — The  cavity  commonly  so- 
called  really  represents  the  mesal  portions  of  the  cavities 
of  three  segments;  so  much  as  lies  between  the  thalami 
is  the  diacele;  but  the  portion  cephalad  as  far  as  the 
terma  and  fornix,  although  relatively  small, 
pertains  to  the  prosencephal  and  rhinence- 
phal;  in   some  lower  vertebrates  (e.g.,  Chi- 
niaera,  my  paper,  ISVT,  a)  it  is  much  more 
extensive. 

§  164.  Fig.  715  illustrates :  A.  The  fun- 
damental morphological  relation  of  each 
hemicerebrum  as  a  lateral  outgrowth,  proc- 
ess, diverticulum,  or  "  wing  "  of  the  mesal 
portion  of  the  prosencephal. 
B.  The  non-formation  or  obliteration  of 


rhlnocele 


Fig.  713.— Dorsal  Aspect  of  an  Imperfectly  Divided  Cerebrum.  X  .7.  CFrom  Turn- 
er, J"»™n!  of  Anatimvinnil  Plni.-iiiihmii.  xii.,  January,  IS78,  pp.  3il-3.T.3.)  af. 
Precentral  gyre ;  ap,  postcentral  pyre ;  i/.  subfrontal  pyre ;  mf,  medifrontal 
gyre ;  O.  occipital  lobe ;  pc.  "  convolution  of  parietal  eminence  "  ;  PO.  occipital 
nsjiure ;  pp,  '  post^ro-parietal  convolution  "  :  R,  central  fissure  :  .«f.  supertrontal 
gyre ;  I,  II,  mesiil  transverse  gyres,  nearly  at  the  level  of  the  adjoining  hemicere- 
brum :  III,  sloping  cortical  surface  :  IV.  mesiil  gyres  at  a  lower  level  than  I  and  II. 
Preparation.— Thf?  brain  was  taken  from  an  epileptic  imbecile,  male,  forty- 
eight  years  of  age.  l+)j.7  cm.  (four  feet  ten  inches)  high,  and  weighing  .^i.7  kgni. 
(123  pounds).  The  entire  brain  weighed  1.111.7  gm.  (39. a5  ouncesi.  of  which  the 
cerebrum  constituted  978  gm.  (:M..5  ounces).  Most  unforiunateiy  this  rare,  if  not 
actually  unique,  specimen  was  simply  placed  in  alcohol,  wliich  wa.s  not  changed  : 
hence  the  base  was  ill-preserved,  and  the  ental  features,  although  described  in 
some  detail  by  Turner,  cannot  be  fully  understood.  A  transection  distiosed  a 
single  mesal.  cerebral  cavity,  about  .'i  cm.  wide,  the  noor  of  which  is  said  to  have 
been  "  formed  of  the  upper  surfaces  of  the  corpora  striata  and  optic  thalami,  which 
bodies  were  related  to  each  otlier  and  to  tlie  liruia  .vc»iic/rc(//or)x  as  in  a  normal 
brain  "  :  yet  "the  third  ventricle  opened  fn-eiy  into  tlie  cerebral  cavity  along  the 
middle  of  the  floor."  II  is  to  lie  hti|icil  tli;it  Iltrures  and  more  detailed  descriptions 
may  be  published  respecting  ttie  structure  of  this  remarkable  specimen.  A  good 
abstract  of  the  original  paper  is  given  in  Brain,  i.,  133-134.  April,  1878. 


nearly  undivided.  Substantially,  the  prosencephalic 
vesicle  has  not  only  increased  in  size  and  in  parietal 
thickness,  with  liut  slight  differentiation  into  a  mesal 
and  lateral  mass,  but  the  entire  mass  has  developed 
fissures  and  gyi'es  after  the  usual  pattern,  in  general,  ex- 
cepting that  cei'tain  gyres  cross  the  meson:  a  priori,  in- 
deed, it  is  not  clear  why  such  a  brain  should  not  be  effi- 
cient for  mental  as  well  as  bodily  manifestations. 

*  On  this  account  it  is  to  be  the  more  regretted  that  so  few  such 
specimens  are  adequately  preserved,  examined,  figured,  described, 
and  explained  :  indeed,  no  case  is  known  to  me  in  which  the  best 
possible  use  has  been  made  of  the  opporiiinity  :  it  is  particularly  de- 
sirable that,  when  malformation  is  suspected,  the  brain  be  thoroughly 
hardened  by  alinjection  (injection  of  alcohol)  of  both  the  arteries  and 
the  cavities. 


Fig.  714.— Diagram  of  the  Prosocele  and  Adjoining 
Cavities. 


all  the  fissural  corrugations  and  inequal- 
ities, excepting  the  Sylvian,  which  is  a  mere 
shallow  depression  extending  obliquely 
dorso-caudad  along  the  lateral  aspect  of 
each  hemicerebrum. 

C.  The  enormous  size  of  the  porta,  yet 
the  maintenance  of  its  complete  circum- 
scription. 

D.  The  tenuity  of  most  of  the  parietes;  in 
the  occipital  region  they  are  no  thicker  than 
a  sheet  of  ordinarj'  paper,  and  are  really 
exaggerated  by  the  two  ink  lines  and  inter- 
vening space. 

E.  The  extraordinary  distinctness  of  the 
mass  named  caiiilatiim,  of  which  another 
view  is  given  in  Fig,  722. 

F.  The  peculiar  form  and  relations  of  the 
rounded  mass  intervening  between  the  cau- 
datum  aud  the  lateral  wall,  and  which  may 
represent  the  lenticula. 

G.  The  non-appearance  of  the  thalamus 
in  the  floor  of  the  paracele. 

H.  Upon  the  whole,  the  retention,  sub 
stautiall.v.   of  a  condition  of  the  cerebrum 
comparable  with  the  normal  state  at  a  much 
earlier  period  of  development;  it  is,  as  it  were,  an  ex- 
pansion of  such  a  cerebnim  as  exists  at  twelve  weeks 
(see  Fig.  667). 

§  16.5.  P« /•««■?«»  ("lateral  ventricles"). — ^But  the  lateral 
extensions  speedily  become  so  considerable  as  to  warrant 
the  specification  of  a  mesal  portion,  aula,  a  pair  of  para- 
Cfles  ("lateral  ventricles"),  and  constricted  communica- 
tions, the  portas  ("foramina  of  Monro")  (see  Figs.  678, 
684.  690,  723).* 

§  166.  Coriiva. — Each  paracele  is  primarily  sub- 
spherical  and  simple  as  in  Figs.  667  and  678;  in  hydro- 

*  If  the  rhinencephal  is  regarded  as  a  segment,  the  aula  and  portas 
must  be  regarded  as  pertaining  in  part,  to  it. 
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cephalus  this  condition  may  be  maintained  approxi- 
mately till  birtli  (Fig.  715).  But  normally,  by  the  unequal 
thickening  of  the  parietes,  b_v  their  encroachment  U])on 
the  cavity,  and  perhaps  by  the  further  extension  of  the 
latter,  there  are  somewhat  vaguelj-  demarcated  a  central 
cdlii,  continuous  through  the  purtd  with  the  aula,  and 


caudatum 


lilppocamp  (?) 
paraplexus 


Fig.  71.5.— The  Left  Paraoele  (Lateral  VintriiU'l  of  a 
Female  New-Bom,  (7  Months?)  Hvcli-.u.'i.iialiis. 
No.3,131.  XL  L  One  of  several  slight  iiiiiUiliitiuiis 
of  the  ental  surface  in  the  frontal  n-L'inn;  2,  slight 
pit,  probably  artilleial ;  3,  f-ephalir  iiiarL.^in  of  a  break, 
apparently  natural,  in  the  mesal  pmiftrs;  the  ven- 
tral margin  of  this  break  is  imnciitcl  hv  7.  and  the 
corresponding  eaudal  margin  jiri  >}<-*-[s  sliL'litlv  mesad 
iust  caudail  of  the  line:  it  may  !«■  .su|i|«isod  that  this 
Interruption  of  tlio  nicsal  wall  ro|.ii-siiits  the  loca- 
tion of  the  ralli. sum  that  niit'ht  h;i\i'  Iicoti  formed;  4, 
5,  slight  eli-vatinns  as  yot  undi'ItTiiiined  ;  6,  dis- 
tinct though  rounded  ridge  corresimniling  to  the 
shallow  Sylvian  Bssure,  the  only  ii'ingnizablc  as- 
sure; 7  (see  3i  ;  8,  occipital  end"  of  the  hiMiiuere- 
brum,  projecting  slightly  beyond  the  cut  surface ; 
9,  membranous  portion  of  the  parietes  (perhaps  an 
attenuated  teuiai  through  which  the  thalamus 
shows, 

PrfjMrafioii.— The  child  was  supposed  by  the 
physician  and  parents  to  be  seven  months  advanced ; 
it  breathed  a  few  times  ;  the  weight  was  1,(318  gm. 
The  neck  and  scalp  were  swollen,  but  the  head  was 
not  unusually  large.  Normal  salt  solution  was  'n- 
jected  into  the  umbilical  vein  and  escaped,  with 
blood,  from  the  jugular.  Then  half  a  litre  of 
ninety-per-cent.  alcohol  was  injected,  the  jugular 
being  closed.  The  scalp,  caiva,  and  dura  were  re- 
moved, and  the  head  supported  iu  brine  while  the 
brain  was  extracted ;  in  spite  of  care  there  was 
some  separation  of  the  hemicerebmms  at  the  me- 
son. The  contained  liquid  was  allowed  to  escape, 
the  brain  placed  in  ninety-per-cent.  alcohol,  and 
the  hemicerebmms  intlated  to  their  natural  size ; 
they  were  then  covered  with  a  thin  layer  of  absor- 
bent cotton  to  keep  them  submerged.  The  alcohol 
was  changed  twi-e  at  intervals  of  two  days,  and  on 
the  fifth  tile  various  sections  were  made  under  al- 
cohol. The  mass  supposed  to  represent  the  caudatum 
was  extreniely  dense.  The  pia  was  lirm,  and  in 
parts  more  substantial  than  the  aiieniiated  parietes. 
The  condition  of  the  diencephal  was  not  fully  de- 
terminable;  the  niesocele  seemed  to  be  whtilly  oc- 
cluded, which  would  account  for  tliei'ondition  of  the 
cerebmm.  Th  ■  entire  speriuien  needs  further  study 
and  comparison  with  similar  cases. 


three  "  horns, "  a  ventral  medicorfm,  a  cephalic  precornu, 
and  a  caudal  jmstctirnu.  The  last  exists onh-  iu  Primates 
(man,  apes,  monkeys,  and  lemurs)  and  a  few  other  mam- 
mals, mostly  members  of  the  seal  famil}'.  The  cornua 
appear  in  Figs.  684,  730,  720,  73.5,  and  736. 

§  167.  Fir/.  716  iUustratcx:  A.  The  great  extent  of  the 
paraceles  at  tliis  period,  relatively  to  the  entire  cere- 
brum, and  to  the  mesal  part  of  the  prosocele,  the  aula, 

B.  The  less  difference  in  the  thickness  of  the  parietes 
than  in  the  adult. 

C.  The  distinct  collocation  of  the  hippocamp  with  the 
hippocampal  tissure. 

D.  The  topographical  relation  of  the  Sylvian  fossa,  the 
first  stage  of  the  Sylvian  tissure,  to  the  caudatutn. 

E.  The  extension  of  the  postcornu  farther  caudad  of 
the  aula  than  the  precornu  extends  cephalad. 

P.  The  absence  of  the  insula  at  this  period. 

G.  The  outgrowing  margin  of  the  operculum. 

H.  The  (leinh  and  peculiar  shape  of  the  lambdoidal 
fissure  (.see  Fig.  7.50). 

§  168.  The  porta,  in  a  little  modified  condition,  may  be 
seen  in  the  hirge  salamander,  Crypiohranehus.  When  the 
lateral  wall  of  the  alinjected  hemicerebrum  is  removed 
(Fig.  717),  the  paracele  is  seen  to  communicate  with  a 
mesal  space  (aula)  and  thereby  with  its  opposite  and  with 
the  diacele,  through  a  considerable  orifice,  the  porta.  Its 
caudal  end  is  narrower  than  the  cephalic,  but  it  is  seen 
to  be  completely  circumscribed  by  ordinary  nervous  walls. 

§  169.  Fig.  717  iUnstrates :  A.  The  simple  condition 
of  the  prosencephal  in  this  amphibian;  each  hemicere- 
brum is  an  elliptical,  thin-walled  sac,  the  cavity  of 
which,  the  paracele,  communicates  through  a  porta  with 
the  aula  and  so  with  the  diacele. 

B.  The  large  size  of  the  porta,  Its  length  equalling 


caudatum 
Sylvian  fossa       1       :      precornu 
:  caudatum  :      :      :    genu 


precornu 

,    pseudocele 
_  hemiseptum 


supra  commissure 

postcornu 

lambdoidal  f. 

medicomu  :  ~    thalamus     :  g 

paraplexus  epiphysis 

Fig.  716.— Ventral  Exposure  of  the  Prosocele  of  a  Fetus  about  24  cm.  Long,  and  Esti- 
mated to  be  Twenty  Weeks  ( dd  ;  4!(9.  X  1..5.  1,  Line  of  continuity  ft  the  thalamus 
and  the  caudatum  ;  2,  thin  extension  of  the  paraplexus  into  the  postcoriiu ;  soon 
after  the  preparation  was  made  this  became  detached  and  was  lost ;  another  speci- 
men must  be  depended  upon  to  show  whether  or  not  such  extension  exists,  and  in 
what  way  it  is  disposed  of  in  case  it  be  deciduous ;  3,  hippocampal  Bssure  ;  i,  dla- 
plexus. 

Pi-fpnraf ion.— The  brain  was  hardened  in  place  by  arterial  alinjection ;  the 
scalp  and  calva  were  removed  piecemeal,  and  the  dorsal  part  of  the  cerebmm  re- 
moved by  one  sweep  of  the  knife  under  alcohol.  The  paraplexus  w.is  cut  at  each 
side  as  iiidicated  bv  the  heavy  line  lendvma)  enclosing  the  lighter  area.  The  left 
caudatum  was  removed  so  as  to  expose  the  paracele  more  completely  on  that  side 
and  make  the  figure  comparable  with  that  of  the  cat  (Fig.  686) . 
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2  porta 

Fir.  717.— Prosencephal  of  Criditnhranclmit  (aSalamanrlrn,  the  Left  Paracele  Exposed :  291.  X  6. 
Pre piiiat ill II. —'rh<-  fn-sli  hi-.iin,  while  suppiriieil  !■>  the  skull,  was  aliojected  by  lifting  the 
metatela  (ineiiiliranous  ronf  ..f  the  "f<.iui1h  ventricle  ")  and  pointing  the  eannula  at  the  l>road 
epioele  ;  the  entire  hrain  at  onre  swelleil  somewhat,  and  the  thinness  <>f  the  walls  caused  it  to 
harden  almost  immediately ;  the  lateral  wall  of  the  left  heiuieerehrmii  was  then  sliced  off,  and 
the  paraplexus  cut  off  where  it  projected  from  the  aula  throutrh  the  porta  into  the  paracele. 


about  one-tbird  that  of  the  entire  cerebrum:  its  cepliiilo- 
«audal  direction  as  compared  with  that  of  mammals, 
birds,  and  reptiles,  where — especially  in  mammals — it  is 
dorso-ventral. 

C.  The  absence  of  a  rima;  the  prosoplexus  enters  the 
aula  from  the   supraplcxus  and  sends  a   prolongation 
through  either  porta  into  the 
paracele,  where  it  hangs  freely. 

§  170.  The  porta  is  com- 
pletely circumscribed,  so  that 
a  cast  has  a  definite  outline, 
viz.,  that  of  an  elongated  el- 
lipse, its  longer  diameter,  4-6 
jnm. ,  its  shorter  1-3  (.see  Figs. 
718,  724).  The  portal  bound- 
aries are  as  follows:  caudal, 
the  thalamus  (perhaps  the  te- 


supraplexus        dlencephal  §  171.  The    exact    conditions 

and  relations  of  the  rima.  para- 
plexus, tenia,  fimbria,  and  thal- 
amus near  the  porta  have  not 
been  as  yet  clearly  made  out. 
Preparations  should  be  made 
with  special  reference  to  their 
elucidation,  and  figures  upon  a 
verj'  large  scale.  Excepting  the 
metapore  ("foramen  of  Jlagen- 
die")  no  part  of  the  brain  in- 
volves so  many  and  so  impoitant 
morphological  questions;  see  the 
difflctilties  and  doubts  admitted 
under  Fig.  719. 

§  17-2.  "Fiff.  719  illustrates  :  A. 
The  .size,  form,  and  direction 
of  the  porta  from  the  mesal  as- 
pect. 

B.  The  complete  circumscrip- 
tion of  the  porta,  dorsad,  by  the 
reflection  of  the  endvraa  upon 
the  intruded  plexus  (Fig.  668). 

C.  The  greater  length  of  that 
part  of  the  prosoplexus  which 
hangs  in  the  porta  (porliplcxus) 
than  of  that  which  hangs  in  the 
aula  (auliplexus). 

D.  The  constitution  of  the  ve- 
lum as  a  fold  of  pia,  with  blood-ves.sels  intervening;  one 
lamina  of  the  fold  belongs  to  the  fornix,  and  the  other  to 
the  thalamus,  or  rather  to  the  diatela  or  primitive  dia- 
celian  roof  (Fig.  710). 

E.  The  relation  of  the  ventral  end  of  the  porta  to  the 
aulix  ("sulcus  of  Monro"). 


callosum  "Tr?^r-r^'*"V:'; 


paracele 

right  porta 

aula 
left  porta 


fornix  (c)  -:>-  -- 


pseudocele  "^ 


diacele 


Fig.  718.— Cast  of  Aula,  Portas,  and 
Part  of  Diacele.  X  1..5.  The  main 
object  of  the  flfrure  is  to  demonstrate 
the  complete  circunisi-riplinn  of  the 
porta,  and  its  independence  of  the 
rimaiS  177).  The  uiarerial  used  was 
a  ini-xture  nf  wax  and  ffutta  percha. 
The  mesal  riilL'e  which  I'epresents 
the  aulic  recess  is  just  dorsad  of  the 
precoujmis'iure  iFiff.  7241.  The  flpr- 
ure  sliould  have  been  so  placed  as 
to  make  this  ridge  nearly  vertical. 

nia);  cephalic,  the  column  of 
the  fornix:  veiUral.  the  junc- 
tion of  the  thalamus  and  col- 
umn; dor.sal,  the  endyma  re- 
flected from  the  thalamus  and 
column  upon  the  intruded  por- 
tiplexus  (Fig.  668).  So  long 
as  this  endyma  retains  its  ad- 
hesions, so  long  the  circum- 
scription of  the  porta  is  com- 
plete. 


auliplexus 
portiplexua 

medicommissure 
fomlcolumn 


copula 
prosoterma  _i.;v.vV-^V 

rostrum 
prosoterma  — ^ 

pia 
precommissure 
termatic  a.  -4. 
precerebral  a.  ^ —  -       ^ 

diaterma -I- - -^r^r — -> 

Fig.  719.- The  Right  Porta  and  Adjacent  Parts,  Seen  Obliquely  from  the  Caudal  .Side ;  385.  X  4.  The 
lateral  aspect  of  the  left  porta  of  the  same  brain  is  shown  in  Fig.  720,  under  which  the  mode  of 
preparation  is  described.  1,  liotted  line  from  the  ventnil  end  of  the  porta  to  the  ventral  margin  of 
the  preconiniisvure.  and  assumed  to  demarcate  tlic  diacele  from  the  aula  ;  2,  part  of  the  mesal  sur- 
face of  the  heitiiseptum,  unusual  and  not  fully  understnod  (see  §  172.  Hi. 

Dtfiits.  The  area  marked  2  is  not  a  cut  surface  as  its  plainness  would  indicate  ;  it  was  shaded 
lightly  in  the  dniwing,  hut  became  blank  in  the  engraving.  The  extent  of  the  pseudocele  and  the 
length  of  the  copula  are  so  unusual  as  to  be  anomalous ;  these  peculiarities,  however,  do  not 
materially  affect  the  porta,  which  is  the  important  feature  of  the  figure. 


' -diacele 
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F.  Tlif  tliinni'ss  of  the  commissure  of  the  fornix.  ((. 

G.  Tlie  unusual  length  of  the  copula  connecting  the 
callosal  I'ostrum  with  the  prosoterraa. 

H.  The  unusual  extension  of  the  pseudocele  and  of  its 
lateral  parietes,  the  hemiseptums;  it  is  uncertain  how  far 
this  existed  naturally,  or  was  produced  by  the  pressure 
of  alinjection. 

§  173.  Fig.  7^0illnstnites:  A.  The  location  and  general 
form  of  the  paracele;  unfortunately,  however,  the  post- 


precoma 


porta 


Fin.  720.— The  I.i'ft  Paraeele  ( "  Lateral  Ventricle  "),  Viewed  Obliquely 
froui  till'  l.ati'np-Ceplialic  .\spect;  38.5.  X  about  ..5.  (This  flcure 
was  llullli^lll•(l  111  till-  .Ni'W  Vi.rk  Med.  Jour,  for  March  21,  1893.  and 
is  hert*  ri-prmhin-d  I'V  iimnis.'^ion.) 

Pri  txiniliiin.  Ttu-  arlt-rii-s  and  cavitit'S  wi-re  alinjected.  Wlu-n 
the  brain  was  itinrcuirlilv  liardt-nrd  Ihf  iii'-ilirnniu  was  lll>^I  rximsi-il 
byreill'iVHlL'silCD'ssivi-  si  ires  of  I  111'  trlllln-ral  luht'tilt  it  was  n-arlipd  ; 

contiguous  [tarts  were  then  rpinov.'d  till  the  entire  paracele  was 
brouirht  to  virw  ;  this  involved  ilu'  fni-mation  of  five  cut  surfaces,  all 
oblique  c.xci-ptinp  the  most  dorsal,  which  was  about  1..5  cm.  from 
the  meson.  The  dura  was  rotaiiiod  until  the  preparation  was  com- 
plete and  the  drawiuL'  iiiad.- ;  it  lias  since  been  medisected.  so  that 
the  left  porta  may  iw  looked  thioutrh. 

cornu  is  unusually  short,  and  foreshortened  by  the  way 
in  which  the  preparation  is  viewed;  but  the  sharp  curve 
of  the  mediconiu  is  well  seen,  and  the  projection  of  the 
precornu  ce])li;il;iil  Ironi  the  porta. 

B.  The  absence  of  any  indication  of  a  rhinocele.  which 
exists  in  the  sheep  (Fig.  792).  and  in  mammals  generallv. 
''  C.  The    indi's- 

"''•'"■''  S^i/H^ii^  ^■a  tinctness  of  the  col- 
liculi,  calcar.  collat- 
eral eminence,  and 
occipital  eminence; 
whether  this  was 
due  to  hydrocepha- 
lus or  to  the  press- 
ure of  the  injected 
alcohol  it  is  impos- 
sible to  say. 

D.  The  location 
and  size  of  tlie  por- 
ta, which  is  shown 
on  a  larger  scale  in 
Fig.  731. 

E.  The  location 
of  the  paraplexus 
and  of  the  rima 
through  which  it 
enters,  covered, 
however,  by  the  en- 
Just  dvma  (Fig."  759). 
'""      "§   174.    Fig.     7:2 

illustrates:   A.  The 
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Fig.  T21.-The  Left  Porta 


.^djoinini; 

Parts  of  the  Alinjected  Brain  Shown  in 
Fig.  720;3»5.  X  3.  The  form  of  the  lat- 
eral fir  paracelian  orifice  of  the  porta  ap- 
pears more  distiiii-llv.  and  the  endvma  is 
seen  rlearly  to  lie  relleeted  upon  the  porti- 
plexus  from  the  ad,joinini;  surf;u-es.  Just 
dorsad  of  the  line  from  rima  are  a  few 
(presumably)  artificial  rents  in  the  en- 
dyma. 


great  size  of  the  porta  in  this  hydrencephal;  its  ventral 
half  is  concealed  b)'  the  caudatum,  but  the  total  length 
(dorso-ventral  dimension)  is  19  mm.  (three-fourths  of  an 
inch)  and  its  width  8-9  mm. 

B.  The  complete  circumscription  of   the  porta,   not- 


lenticula  (?) 


_  Sylvian  fossa 


Fig.  722.— Lateral  Aspect  of  the  Right  Caudatum  and  Porta  (Foramen 
of  Monro)  of  a  New-Born  (seven  months?)  Hydrocephalus.  2131. 
X  1.  1.  .inKle  between  two  cut  edges  of  the  thin  mesiil  wall;  2, 
lephalic  end  of  the  natural  (althoiurh  jiresumaiily  abnoniial)  hiatus 
ill  the  mesal  wall,  correspondliiL'  witli:!iii  FIl'.  Tfi;  :•.  ental  surface 
of  mesal  w-all ;  4.  depres.sion  lietween  caudatum  and  ail.ioining  pa- 
rietes ;  .5,  triangular  deiiression  near  tip  of  medicornu  ;  ti,  membra- 
nous part  of  parietes  ;  see  f  ;i.  C. 

Preparation.— See  Fig.  715;   the  paraplexus  on  this  side  was 
trimmed  closely. 

withstanding  the  delicacy  of  the  parts  and  the  pressui'e 
that  may  haVe  caused  itsenlargement. 

C'.  Tlie  great  extension  of  the  paraplexus  and  adjoin- 
ing portions  of  the  parietes;  the  parts  marked  6  and  7 


Fig.  723.— The  Two  Portas.  from  the  Precornua ;  2.34.5.  X  1.5.  1. 
Part  of  the  intercerebral  assure,  between  the  rostrum  dorsad  and 
the  ihiasma  veutrad  ;  2.  precornu  ;  3.  tenlal  vein  :  4,  undetermined 
batid  on  the  cephalic  slope  .if  tlie  thalamus  ;  .').  doi-sal  [lart  of  right 
paracele  ;  t;.  the  short  diverging  lines  point  to  the  locations  of  veins 
(septal  ?)  at  the  angle  of  junction  of  the  hemiseptums  with  the  cal- 
losuiii  ;  dorsad  of  the  juniti'in  of  the  heiiii.septums  w-ith  the  ros- 
triiiii  is  a  small  (septal  ?)  vein  at  either  side. 

/•i.p(ini(io)i.— See  under  Fig.  724.  The  slice  including  the  portas 
is  1:;  mm.  thick  :  the  caudal  (aullc)  aspect  is  shown  in  Fig.  724,  the 
cephalic  (piecornual)  in  this. 

/Atccf.s.-The  shading  does  not  indicate  with  sufficient  distinct- 
ness that  the  entire  surface,  and  plexus  at  either  side  dorsad  of  the 
porta. slope dorso-caudad  beneath  thecallosum.  and  ale  not  continu- 
ous with  it.  .\s  in  Figs.  7i\  and  T:!!i.  the  lines  representing  the  cal- 
losal fibres  are  diagrammatic,  other  pre] lanit ions  and  hgures  upon 
a  still  larger  scale  are  needed,  in  order  to  exhihit  the  somewhat  in- 
tric-ate  relations  of  the  parts  about  the  jiorta.  The  morphological 
importance  of  the  entire  auUc  region  can  hardly  be  overestimated. 

are  membranous;  the  zone  justcaudad  of  7.  and  forming 
part  of  the  upper  margin  of  the  ligure,  may  be  the 
fimbria;  and  the  thicker" zone  just  caudad  of  it  may  be 
the  hippocamp. 

§  175.  Fig.  723  illxstmtes :  A.  The  existence  of  the 
two  portas.  and  their  obviously  natural  condition. _  This 
point,  already  shown  in  several  previous  figures,  is  here 


in 
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reiterated  because  this  aspect  of  tbese  oriiices  is  seldom 
presented,  and  because  a  distinguished  anatomist  lias  de- 
clared (Prugres  Medicul.  Nos.  25  and  26,  1879)  that  -when 
one  finds  a  communication  between  the  middle  and  lat- 
eral ventricles  in  an  adult  human  brain  it  results  from 
an  artificial  perforation;  see  my  papers,  1884,  a  and 
1884,  /. 

B.  The  transection  of  the  callosum  in  two  places,  viz., 
dorsad  near  the  genu  and  veutrad  through  the  rostrum; 
the  part  of  the  septutn  or  pseudocele  here  shown  was 
therefore  embraced  by  tlie  genual  curve  of  the  callosum 
(see  Figs.  687  and  7.56). 

C.  The  continuity'  of  the  hemiseptum  with  the  corre- 
sponding column  of  the  forui.x;  so  far  as  the  porta  is 
concerned,  the  former  ma_v  be  compared  to  a  thin  ]iarti- 
tion,  and  the  latter  to  a  door-post;  see  also  Figs.  707  and 
709. 

§  176.  Fig.  72^  ilhtstrates:  A.  The  existence,  form, 
size,  and  complete  circumscription  of  the  two  portas 
("  foramina  of  jlonro ''). 

B.  The  extent  of  the  aula,  the  mesal  division  of  the 
prosocele,  and  the  cephalic  or  prosocelian  constituent  of 
the  "third  ventricle."  It  includes  the  interval  between 
the  portas,  extending  ventrad  so  as  to  include  the  pre- 
commissure,  only  part  of  which  appears  in  the  figure. 

C.  The  existence  of  the  aulic  recess,  a  subtriangular 
depression  between  the  precommissure  and  the  two  col- 
umns of  the  fornix;  the  line  from  the  word  aula  ends  in 
this  recess;  on  the  cast  shown  in  Fig.  718.  it  is  a  ridge. 

D.  The  peculiar  curvature  of  the  columns  of  the  fornix. 
They  converge  dorsad,  curving  at  the  same  timecaudad. 


raplexus 
rlpa 
fumix 
velum 
auliplexus 
pi-irta 
aula 
column 

pivctmimissure 
tuber 
optic  tract 

cblasma 
■iptic  nerve 


Fig.  724.— The  Two  Portas.  as  Seen  from  the  Aula,  Looking  Obliquely 
Dorso-Cepbalad ;  234-5.  X  1.5.  (Compare  with  Figs.  72i  and  739.) 
1,  Tenial  vein  ;  2,  velar  vein  :  the  number  rests  upon  the  thalamus. 

Prcporafinj*.— From  a  brain,  the  arteries  of  which  had  been  in- 
jected with  the  red  glue  mi.xture,  and  the  cavities  with  alcohol,  a 
transection  was  removed.  12  mm.  thick,  so  as  to  include  the  chiasma : 
for  security  i)f  handling  it  was  tritnmed  down  so  as  to  include  little 
more  than  the  parts  represented.  The  optic  nerves  were  divided 
obliquely,  to  sho\v  their  cut  ends  more  fully. 

Defect.*.— The  alba  and  cinerea  are  not  distinguished,  and  the 
figure  is  not  upon  a  scale  large  enough  to  show  certain  detatls  as  to 
the  ciinncrtions  of  the  velum  and  plexuses.  The  divided  ventral 
ends  of  the  inhimns  of  the  fornix  were  inadvertently  omitted,  but 
may  be  seen  in  Fig.  739. 

so  as  to  appear  as  cut  ends  in  this  transection;  ventrad 
they  diverge,  are  twisted  somewhat,  and  again  curve 
caudad,  so  that  their  cut  ends  should  appear  again  just 
dorsad  of  the  optic  tracts,  as  shown  in  Fig.  739. 

E.  Tlic  relation  of  the  precommissure  to  the  columns, 
which  pass  just  caudad  of  it.  In  a  figure  including  a 
greater  width  of  this  region,  the  cut  ends  of  the  precom- 
missure would  appear  at  the  side,  as  in  Fig.  739. 


P.  The  reflection  of  the  endyma  upon  the  jilexuses 
from  the  fornix  and  tbalami.  at  two  points  upon  each 
side;  such  lines  of  reflection  constitute  a  ripa. 

G.  The  continuity  of  the  hemiseptums  with  the  cal- 
losum dorsad  and  the  fornix  ventrad. 

§  177.  Rima. — The  porta  is  primary,  and  constant 
among  all  vertebrates  where  the  prosocele  presents  a 
tripartite  condition  (§  60).     In  reptiles,  birds,  and  mam- 


y  endyma 
—  parietes 
'^pia 


chiasma    hypophysis 


Fig.  725.— Schematic  Mediseetion  of  the  Prosencephal  and  Two  Ad- 
joining Segments ;  approximately  the  right  half  of  Fig.  714,  seen 
from  the  mesal  aspect.    (See  S  178.) 

mals  (perhaps  also  among  some  lower  forms)  at  the  dorsal 
end  of  the  porta  there  begins  a  line  of  greater  or  less 
length  along  which  the  proper  nervous  parietes  of  the 
pai^cele  are  abrogated  for  the  intrusion  of  a  pial  exten- 
sion, the  paraplexus;  this  line  of  intrusion  is  the  rima 
(chief  part  of  the  so  called  "great  transverse  Assure") 
shown  in  Figs.  720,  72.5  (diagram).  730,  and  735.  It  is  to 
be  noted  that  (1)  the  parapfexus  fills  the  space,  and  (2) 
the  endyma  is  carried  before  it,  so  that  there  is  no  true 
■solution"  of  continuity.  The  only  way  in  which  the 
porta  and  the  rima  can  become  continuous  is  by  the  arti- 
ficial rupture  of  the  membranous  attachment,  but  this  is 
by  no  means  infrequent  with  brains  removed  and  handled 
in  the  usual  way. 

§  178.  Fig.  7~5  illustrates:  A.  The  communication  of 
the  paracele  (lateral  ventricle)  with  the  mesal  series  of. 
encephalic  cavities  solely  through  the  porta  ("  foramen 
of  Monro  "). 

B.  The  reduction  in  size  of  the  aula,  the  mesal  divi- 
sion of  the  prosocele,  relatively  to  the  diacele,  and  to  the 
prosocelian  lateral  extensions,  the  paraceles. 

C.  The  location,  in  man  and  other  mammals,  of  the 
aula  at  the  dorso-cephalic  side  of  the  diacele,  instead  of 
directly  cephalad  as  in  Amphibia. 

D.  The  concomitant  change  in  the  direction  of  the  dia- 
celian  and  prosocelian  floors;  instead  of  cephalo-caudal, 
their  direction  is  more  or  less  nearly  dorso-ventral. 

E.  The  crowding  of  the  epiphy.sis  caudad  by  the  over- 
lying cerelirum;  the  epiphysis  and  hypophysis  are  re- 
tained in  the  figure,  however,  mainly  as  landmarks. 

F.  The  relation  of  the  rima  (essential  part  of  the 
"great  transverse  fissure")  to  the  porta.  The  line  along 
the  meso-ventral  aspect  of  the  hemicerebrum  represents 
a  naiTow  tract  where  the  paracelian  parietes  are  reduced 
to  the  lining  endyma  and  the  covering  pia,  and  where 
the  latter,  or  its  vessels,  intrudes  into  the  paracele,  still 
covered,  however,  by  the  endyma.  The  rima  always 
begins  at  the  margin  of  the  porta,  and  extends,  in  man, 
to  "near  the  tip  of  the  medicornu  (see  §  183  and  Figs.  728 
and  734). 

G.  The  secondary  and  morphologically  unessential 
nature  of  the  caudato -thalamic  extension,  the  enormous 
thickening  of  the  thalamus,  the  lateral  wall  of  the 
diacele,  and  of  the  caudatum,  the  wall  and  floor  of  the 
paracele.  This  feature  of  the  mammalian  brain,  which 
is  very  confusing  and  not  altogether  easy  to  describe, 
may  be  ignored  in  a  diagram  like  the  above,  where  the 
parietes  are  represented  of  nearly  uniform  thickness,  as 
in  the  embryo  and  in  adult  amphiliians. 

§  179.  Fig.  726  illustrates :  A.  The  close  contact  and 
even  interdigitation  of  the  mesal  aspects  of  the  frontal 
lobes  of  the  sheep  concomitantly  with  the  absence  of  a 
falx. 
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Fig.  736.— Sheep's  Brain,  the  Paraceles  ("Lateral  Ventricles")  Exposed.  X  2.  (From  my  "Physiol- 
ogy Practicunis.") 

Preparation  .—By  the  removal  of  successive  slices  the  paraceles  have  been  opened ;  the  left  has 
then  been  more  completely  exposed  by  oblique  sections,  and  the  paraplexus  trimmed  off  so  as 
to  expose  the  wide  llinbiia  and  the  furrow  between  it  and  tlie  hippocamp.  The  plane  of  section 
did  not  coincide  exjicily  with  the  callosum  ;  the  caudal  tlirec-ilfihs  of  this  is  represented  by  the 
transverse  lines:  alsu  the  cepintllc  end,  the  i:enu :  tiut  an  intcrmerliate  portion  is  wholly  re- 
moved, exposing  the  narrow  [iseudocele  ("Ilfth  ventricle")  and  its  thin  lateral  walls,  hemisep- 
tums. 

Defect!'.— The  cerebral  cortex  is  not  represented.  The  caudal  half  of  the  cerebellum  is  omitted. 

1,  Intercerebral  tlssure;  :;,  callosal  fissure:  3,  vessel:  4,  interrupted  lines  indicating  the  con- 
tijiuation  of  the  panicele  into  the  rhinocele  (Fig.  T93) ;  5.  precoma ;  ti,  caput  of  the  caudatum ; 
7,  iiylvian  tlssure  cicis.>icd  by  arachnoid;  S,  vessel  at  bottom  of  tlssure;  9,  eauda  of  caudatum; 
10,  part  of  caudal  wall  of  paracele. 


B.  The  width  of  the  fimbria    and  hippocamp,   and 
thence  of  the  entire  forni.x,  as  compared  with  tlie  human. 

C  Tlie  apparent  absence  of  the  tenia. 

D.  The  total  exclusion  of  the  thalamus,  even  in  ap- 
pearance, from  the  paracelian  floor. 

§  180.  Fig.  727  illu.itmUs :  A.  That,  at  this  age,  the 
paraceles   extend   much  farther  dorsad  than  in 
the  adult,  far  beyond  the  level  of  the  callostiin. 

B.  That  the  paraplexus  is  relatively  more  ex- 
tensive. 

C.  That  the  caudatum  is  relativeh*  larger. 

D.  That  the  margin  of  the  fimbria  reaches  the 
groove  between  the  caudatum  and  the  thalamus, 
which  probably  represents  the  tenial  sulcus  of 
the  adult. 

E.  That  the  thalamus  is  therefore  absolutely 
excluded  from  the  paracelian  floor,  without  even 
the  appearance  of  representation  which  exists  in 
the  aciult. 

§  181.  With  all  mammals  other  than  man,  the 
apes  and  certain  members  of  the  seal  family,  the 
margins  of  the  rima  are,  throughout  their  whole 
extent,  separated  only  so  far  as  to  permit  the  in- 
trusion of  the  paraplexus,  e.g.,  the  sheep  (Fig. 
736);  nor  does  this  adhesion  yield  at  all  in  cases 
of  hydrocephalus,  observed  by  me  in  dogs  and 
cats.  With  the  human  fetus,  also,  up  to  the  esti- 
mated age  of  four  months  (Figs.  737  and  734),  at 
least,  the  tenia  and  the  fimbria  are  closelj'  ap- 
posed— as  closely,  that  is,  as  they  can  be  and  yet 


allow  the  plexal  intrusion;  at 
this  age,  therefore,  the  human 
thalamus  is  as  perfectly  ex- 
cluded from  the  paracele  as  it 
is  in  mammals  generall}-. 

§  182.  PllrilUl,t.—\^\\t  with 
all  human  adults  (perhaps  also 
with  the  uew-born,  and  possi- 
bly with  fetuses  during  the 
later  months)  the  tenia  and 
fimbria,  for  most  of  their 
length,  are  separated  by  an  in- 
terval, 2-7  mm.  iu  width,  nar- 
rowing at  the  porta  and  iu  the 
medicornu.  This  interval  is 
filled  by  (1)  the  paraplexus, 
which  retains  its  attachment 
to  the  fimbria  rather  than  to 
the  tenia;  (2)  au  extension  of 
the  endyma  from  the  margin 
of  the  tenia  with  or  without 
the  adhesion  of  the  subjacent 
pia.  This  zone  of  endyma,  or 
endyma  and  pia,  extending 
from  the  porta  to  near  the  end 
of  the  rinia  is  the  paratela 
(Figs.  732,  735). 

§  183.  Fig.  7SS  illnstrates :  A. 
The  existence  of  stibstantial 
walls  of  nervous  substance 
about  the  medicornu  at  the 
distance  of  at  least  1  cm.  from 
the  tip  of  the  temporal  lobe. 

B.  The  concninitaut  non-ex- 
tension of  the  rima  ("great 
transverse  fissure  ")  to  the  ex- 
tremity of  the  medicornu. 

C.  The  existence  of  digita- 
tions  at  the  ventral  end  of  the 
hippocamp  (pea  ?iippocaiii])i). 

D.  The  non-extension  of  the 
hippocamp  to  the  extremity 
of  the  medicornu. 

E.  The  dilatation  of  the 
medicornu  in  hydrocephalus. 

F.  The  efficacy   of    alinjec- 
tion  in  maintaining  the  size  of 
an  encephalic  cavity  and   pre- 
serving the  contour  of  its  parietes. 

G.  The  nearly  tvpieal  zvgal,  or  H-shape,  of  the  orbital 
fissure  (see  Fig.  77"8,  HI.)."  " 

§  184.  T/ie  Rima  Not  Coextensive  with  the  ^fedicorn>l. — 
The  rima  extends  from  the  porta  to  near  the  extremity 
of  the  medicornu,  but  for  al.iout  1  cm.  from  its  extremity 

callosnm        fornix 


-tenial  sulcus 

I   medicom- 
■ '{    missure 
.thalamus 

.  diacele 


Fig.  727.— Transe(>tion  of  the  Brain  of  a  Fetus,  About   16  cm.  from  Nates  to 
Bregma,  and  Estimated  at  Four  Months  ;  IHlti.     ■   1.;^. 

Pri'pnrnfioii.- The  fetus  was  received  in  alcohol,  not  very  well  preserved. 
The  calva  was  cut  away  with  scissors,  and  the  dura  and  pia  removed.  The 
entire  brain  was  then  transected  at  the  level  of  the  medicominissure,  but  only 
the  dorsal  half  of  the  dirtded  surface  is  included  in  the  figure ;  it  is  the  ceph- 
aUc  aspect  ( if  the  caudal  part.  The  two  lines  crossing  the  right  hemicerebrum 
indicate  the  plane  of  the  section  shown  in  Fig.  761. 
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the  parietes  are  substantial  (Fig.  728).  The  transition  to 
the  rima  is  constituted  by  tlie  riparian  part,  pida,  which 
connects  the  two  rimal  margins,  timbria  and  tenia.     This 


i oJ 


uncus 
hippocanipal  f. 
—  medicomu 
— blppocamp 


Fig.  728.— Ventral  (Orbital)  Aspect  of  the  Right  Fronto-Temporal  Re- 
gion of  the  Hydrencephal  Shown  in  Fig.  74-3,  after  reuioval  of  the 
tip  of  the  temporal  lobe;  7-47.  >,  1.  1.  Zvgon  of  the  orbital  fis- 
sure (see  Fig.  778)  ;  2,  3,  4,  undetermined  fissures  :  o.  undetermined 
Assure,  irrgal  in  form,  perhaps  the  orbito-frontal :  6,  meditemporal 
(?)  Assure ;  7,  subtemporal  (?)  fissure ;  »,  collateral  fissure. 
Preparation.— i*x  Fig.  743. 

thin  portion  lias,  in  man.  a  shape  like  the  blade  of  a  turf- 
cutter;  it  is  not  distinctly  .shown  in  any  of  the  figures  in 
this  article,  but  iu  Fiii.  t30  it  would  constitute  the  thin 


Fig.  729.— Schematic  Transections  of  the  Medicornu  at  Four  Dttferent 
Levels.  For  simplicity  the  comu  is  represented  as  tut)ular  and 
straight,  normalized.,  so  to  speak  (§38),  and  the  parietes  merely  as 
substantial  tissue  covered  by  pia  aud  hned  by  endyma.  For  some 
distance  from  its  extremity  (1-2  em.  in  man)  the  medicomual  pari- 
etes are  typical,  as  at  A  ;  this  condition  of  the  parts  appears  in  Fig. 
728.  The  proper  nen'ous  parietes  suddenly  become  very  thin  and 
transparent,  so  as  to  resemble  the  teruia  and  valvula,  as  at  B.  At  C 
the  proper  nervous  parietes  have  entirely  disappeared,  leaving  only 
the  two  membranes :  this  is  the  normal  constitution  of  a  tela,  and 
sometimes  e.xists  near  the  tip  of  tlie  medi<'ornu.  though  relatively  for 
a  much  less  distance  than  on  the  tUagram.  Finally,  whether  or  not 
a  ple.\us  is  intruded  into  the  cavity,  as  is  the  case  with  the  medi- 
cornu, the  tearing  away  of  the  tela  leaves  a  ragged  edge  which  is  a 
ripa  at  either  side  of  the  rima. 

lamella  at  the  ventral  end  of  the  fimbria.    In  the  diagram, 
Fig,  739,  the  pala  is  seen  in  transection  at  B. 

§  185.  Fig.   730  ilUiMrnUs :  A.  The  early  and  distinct 
formation  of  the  caudatuni  (see  also  Fig.  715). 


B.  The  continuity  of  the  two  maz-gins  of  the  rima,  the 
fimbria  and  tenia,  near  the  tip  of  the  temporal  lobe,  the 
place  of  their  union,  at  and  after  birth,  being  somewhat 
distinct,  the  pala. 

§  186.  Fiff.  731  illustrates:  A.  The  thinness  of  the 
fornix  at  the  meson  (§  202). 

B.  The  considerable  extent  of  the  pseudocele;  since 
this  is  not  connected  with  the  true  encephalic  cavities,  it 
cannot  be  exaggerated  Ijy  the  hydroeephaliuis  condition. 

C.  The  completeness  of  tlie  paracelian  floor  after  the 
removal  of  the  thalamus;  the  interval,  rima,  between  the 
substantial  tenia  and  the  lateral  margin  of  the  fornix 
(timbria)  is  completely  filled  by  the  paraplexus  and  the 
para  tela. 

D.  The  greater  width  of  the  rima  in  the  cella  than  near 
the  end  of  the  medicornu. 

E.  The  extension  of  the  calcarine  fissure  (stem  of 
united  occipital  and  calcarine)  across  the  liippocampal 
gyre;  it  does  not,  however,  reach  the  hippocanipal  fissure. 

"§  187.  Fig.  7S:3  illustriites :  A.  The  main  point  is  the 
coutinuityof  thefloorof  the  paracele  ("lateral  ventricle") 
irrespective  of  the  dor.sjil  surface  of  the  thalamus,  and 
the  concomitant  exclusion  of  tliis  diencephalic  mass  from 
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Fig.  730.— Slesal  Aspect  of  a  Right  Fetal  Hemicerebrum.  Partly  Dis- 
sected;  3.000.  X  2..5.  l.Transeitinn  surface  between  the  caudatum 
and  thalamus:  2,  part  of  cut  snrfare  left  by  removing  a  section  of 
the  mesal  wall  (including  the  niHiuientary  fornix  andcallosum)  in 
order  to  expose  the  caudatuni:  the  paraplexus  was  also  torn  from 
its  attachments,  tearing  the  rima  open  :  its  margins,  the  tenia  and 
fimbria,  are  separated  more  than  is  natural :  in  a  fetus  of  this  age 
they  should  be  closely  apposed  (see  S  ISl  and  Fig.  727)  :  3,  4,  transi- 
tory fissures  in  the  places  of  the  future  occipital  and  calcarine. 

this  portion  of  the  proscnccphalic  cavity;  but  so  many 
other  points  arc  shown  incidentally  that  tlie  figure  will 
be  described  in  detail. 

Beginning  at  the  dorsal  side  of  the  figure,  the  inter- 
cerebral  fissure  is  seen  to  separate  the  apposed  mesal  sur- 
faces of  the  hemicerebrums.  The  arachnoid  dips  into 
this  fissure  to  a  certain  depth,  so  as  to  pass  around  the 
vential  margin  of  tlie  falx  (not  shown  in  the  figure); 
since  this  has  (as  seen  iu  Fig.  801)  a  curved  margin,  and 
becomes  narrower  (dorso-ventrally)  cephalad.  the  extent 
of  the  arachnoidal  fold  varies  at  different  levels;  in  the 
specimen  here  figured,  for  example,  which  is  about  1  cm. 
thick  at  the  level  of  the  callosum.  the  arachnoid  crosses 
5  mm.  dorsad  of  the  callosum  on  the  caudal  aspect  and  8 
mm.  on  the  cephalic.  The  pia,  however,  follows  the  ap- 
posed hemicerebral  surfaces  to  and  into  tlie  callosal  fissure 
at  either  side  and  is  continuous  upon  the  dorsal  surface 
of  the  callosum.  Of  the  vessels  the  figure  includes  only 
the  two  parallel  precerebral  arteries  (4).  The  callosum 
itself  presents  a  slight  mesal  elevation,  Avltich  is  more  dis- 
tinct at  the  cephalic  .side  of  the  section  and  of  a  somewhat 
different  color  (^  217).  The  callosum  extends  laterad  and 
likewise  dorsad  to  form  the  roof  of  the  paracele,  and  it  is 
to  be  noted  that  the  lateral  jHirtion  of  this  cavity  would 
be  opened  by  a  horizontal  section  at  the  level  of  the 
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dorsal  surface  of  the  callosum;  hence  the  appearance 
commonly  described  and  figured  under  the  name  of 
"centnini  orale  innjus"  seldom  if  ever  exists.  For  the 
condition  of  things  in  fetal  brains,  see  Fig.  727,  §  180. 

Ventrad  of  the  callosum  is  the  fornix,  connected  there- 
with by  a  thin  lamina,  the  hemiseptum.  at  cither  side  of 
a  mesal  cavity,  the  pseudocele.     The  lateral 
margin  of  the"  fornix  is  formed  by  the  fimbria 
(corpus  fimbriatum). 

At  the  extreme  left  of  the  figure  the  lateral 
wall  of  the  paracele  is  seen  to  be  formed  by 
a  cinereal  mass,  the  caudatum.  By  reference 
to  Figs.  707  and  73.5,  it  will  be  seen  that  this 
narrows  rapidly  frcjm  the  cephalic  end  (caput) 
as  a  slender  ]irolongation  (cauda);  but  this 
cau<la  is  really  folded  somewhat  upon  its 
longitudinal  axis  so  as  to  constitute,  in  at 
least  part  of  its  course,  not  only  the  side  but 
a  part  of  both  the  roof  and  floor  of  the  para- 
cele; in  the  figures  just  mentioned  the  roof 
portion  and  part  of  the  lateral  is  removed, 
leaving  only  the  floor  portion.  Along  the 
mesal  border  of  the  cauda  there  passes  a  vein 
(3),  the  tenial  xem.  which  may  be  regarded  as 
indicating  the  boundary  between  the  cauda- 
tum and  the  thalamus. 

Projecting  mesad  of  the  vein  is  seen  a 
lamina,  consisting  evideutlj-  of  the  paracelian 
endyma,  and  also,  at  least  near  the  caudatum, 
of  some  nervous  substance;  this  is,  or  in- 
cludes, the  white  liand  named  tenia  in  this 
article,  but  commonlj'  called  tania  semidrcu- 
laris  or  Ktrid  enr/itd. 

All  the  jiarts  so  far  described  are  unques- 
tionably constituents  of  the  prosencephal;  the 
remaining  iiortions  shown  in  Fig.  732  lielong 
to  the  diencephal.  The  walls  of  the  diacele 
are  the  thalanii.'  of  which  the  figure  includes 
only  the  portinns  dorsad  of  the  level  of  the 
medi-  and  posteommissures  (see  Fig.  687). 

The  mesal  surface  is  covered  b}'  endj-ma, 
which  is  continued  over  the  low  ridge  called 
habena  ("habenula")  seen  from  the  mesal  as- 
pect in  Fig.  687,  and  from  the  dorsal  in  Fig. 
707.  Justdorsad  of  the  habena  is  a  slight 
furrow,  the  habeual  sulcus;  here  the  endyma 
meets  the  pia  covering  the  dorsal  aspect  of 
the  thalamus,  and  is  reflected  with  it  dorsad 
and  then  mesad  toward  the  opposite  side. 
Instead  of  passing  liorizontally  across  the  in- 
terval between  the  thalami,  however,  the  en- 
dyma is  deflected  over  the  two  vascular  plex- 
uses (folds  of  pia  or  vessels  therefrom)  which 
hang  in  the  diacele.  The  habena  and  its  sulcus,  more 
accurately,  perhaps,  the  latter,  constitute  the  boundary 
line  between  the  mesal,  eutocelian,  endymal  surface  of 
the  thalamus,  and  the  dorsal,  ectocelian,  and  pial  surface, 
which  extends  dorso-laterad. 

Between  the  dorsal  surface  of  the  thalamus  and  the 
ventral  surface  of  the  fornix  (including,  of  course,  the 
fimbria),  the  pia  is  freely  separable,  and  appears  to  con- 
sist of  but  a  single  layer;  but  laterad  it  is  traceable  to  the 
paraplexus,  and  it  is  almost  inconceivable  that  a  plexus 
should  be  formed  of  a  single  layer  of  pia  as  a  free  edge 
covered  by  endyma.  When,  however,  this  fornico-thal- 
amic  pia  is  traced  mesad,  it  is  found  to  separate  into  two 
layers,  a  dorsal,  belonging  to  the  fornix,  a  ventral,  con- 
stituting part  of  the  diacelian  roof  (diatela)  with  a  pair 
of  arteiies.  a  pair  of  veins,  and  numerous  smaller  vessels 
in  the  intervening  space.  The  ventral  layer  is  not 
separable  (in  man)  from  the  diacelian  endyma.  but  the 
dorsal  not  only  may  be  detached  from  the  fornix  in  an 
alcoholic  specimen,  as  may  the  pia  from  most  of  the  sur- 
faces which  it  covers,  but  here,  excepting  at  the  margins, 
the  disjunction  was  almost  spontaneous,  and  there  is  a 
distinct  space  (8)  between  it  and  the  commisstire.  bounded 
at  the  sides  by  the  thicker  (hippocampal)  constituents  of 
the  fornix.     This  double  curtain  of  pia  is  the  velum 


(interpositum),  which  belongs  ^ually  to  the  dience- 
phal and  to  the  superposed  prosencephal.  Were  it; 
possible  in  separating  the  two  segments,  the  dorsal 
layer  should  accompany  the  cerebnnn,  and  the  ven- 
tral remain  attached  to  the  thalami;  the  continuity  of 
the  two  is  seen  at  the  aula  and  the  two  portas,  as  well 
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Fig.  731.— Tnin.^i-.tiuii  ,ii  ih,.  Kjrrht  HemicerctiraMi  of  an  .\ilult  Il.vili..r.-plialus;  747. 
X  i.  1,  Vi'Mlral  rurvaliir"-nf  s|ilt'iiiuiii  ;  ^'.  irronvf  at  ri-plialir  iiijiiirin  of  splrnuiiti ; 
3,  mesal  furrow  of  forni.\  Uhe  linodm-s  iioi  quJlH  rearli  iii.  'flio  fiin-ow  hriwcpn 
the  lines  from  JiiitiHicinnpnl  ft.v-vnrf  and  <ti  ttlnlf  (/i/rc  is  the  i-onllnuation  of  the 
callo.'vil  llssurc.  stj.aniti'd  fri'Tii  tlio  hipporainpal  by  a  flattened  area  of  corte.\.  The 
deejt  Ilssure  oiipn>iif  iho  word  iii.-^uht  is  tin-  ct-ntral. 

I'rcpnratUnt.-  This  iepresents  the  ceplialii-  aspect  of  the  caudal  pait  of  the 
heniicerebnim,  tin-  iiicsil  aspect  of  which  is  shown  in  Fig.  74:1.  The  transection 
was  along  the  obliiiuc  line  d-v  on  that  flgure.  So  uiuch  <}f  the  thalamus  as  was 
included  was  cut  away,  together  with  soine  of  the  adjoining  prosencephalic  mass, 
capsnia,  leiiiieula,  and  perhaps  claustrum,  leaving  little  more  than  the  cortex  of 
the  insula  at  thai  imiiu. 

iic/ccts.— The  shading  does  not  discriminate  sufflciently  between  the  natural 
and  artlflcial  surfaces,  but  the  former  are  curved  while  the  latter  are  straight  and 
bounded  by  sharp  lines.  The  alba  and  cinerea  are  not  distinguished.  The  left 
hemiseptum  is  added  by  dotted  hnes. 


as  along  the  entire  margin  of  the  jjaraplesus  (see  Figs. 
710  and  737). 

Corresponding  with  the  margin  of  the  fimbria,  the  dorsal 
surface  of  the  thttlamus  presents  a  shallow  groovctlie  fim- 
brial .sulcus (■•  sulcus choroideus,"  Fig.  707);  laterad  from 
this  the  surface  is  nearly  regular,  and  overlaid  partly  by 
the  paraplexus  and  a  membrane  apparently  endyma  only, 
and  partly  by  the  thin  but  more  substantial  lamina  (tenia  ?) 
already  descrilxd  as  an  extension  of  the  caudatum. 

The  entire  dorso-mesal  surface  of  the  thalamus,  instead 
of  being  homogeneous,  as  it  has  been  sometimes  figured 
and  described,  may  be  divided,  first  and  most  sharply 
into  a  mesal,  or  entocelian,  and  a  dorsal,  or  ectocelian, 
portion,  the  boundary  between  the  two  being  the  habena 
and  its  sulcus.  The  dorsal  surface  itself  ]iresents  a  two- 
fold division  into  a  subfornical  (B)  and  a  ]3arafornical  (C 
and  D),  separated  by  the  fimbrial  or  choroid  sulcus. 
Finally,  the  parafornical  area  is  covered  partly  by  the 
paratela  and  plexus  and  partly  by  the  tenia,  and  may 
thus  be  distinguished  as  subparatelar  (C)  and  subtenial 
(D).  there  being  occasionally  a  furrow,  the  tenial  sulcus, 
between  them.  The  desirability  of  disciiminating  be- 
tween these  areas  will  appear  in  connection  with  Fig. 
733.  where  certain  different,  and  perhaps  anomalous,  con- 
ditions are  described. 
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So  far  as  this  preparation  is  concerned,  there  is  abso- 
lutely no  adliesion  of  enilj-ma  to  an_y  part  of  tlie  thalamus 
dorso-laterad  of  the  habcnal  sulcus;  on  the  contrary,  the 
endyma  is  traceable  in  uninterrupted  continuity  about 


Fig.  732.— Transection.  Partly  SrtiPmatic.  of  tlie  Fornix  and  Adjacent  Parts  at  a  Level  Cor- 
responding witti  the  Interval  lietween  the  M.-diruniniissure  and  tlie  Postcoramissure ; 
1,,S:J4.  :■:  2..5.  1.  Fimhrial  sulcus  ("sulcus  chnroideus  ")  ;  3,  tenia]  sulcus  (in  some 
specinienst  :  3.  tenial  vein  :  4.  precerehnil  arteries  ;  .').  velar  veins ;  6.  velar  arteries ; 
7.  habenal  sulcus  ;  8.  interval  ( natural  ? )  between  the  velum  and  the  commissure  of  the 
fornix;  9.  lateral  part  of  the  fornix  iheuiifoniixt  ;  A.  mesal,  endymal  surface  of  thala- 
mus ;  B.  C.  D,  zones  of  its  d<»i"sal  surface :  B.  sulifoniical :  C,  subendymal :  D.  subte- 
nial.  Between  the  left  paraplexus  and  the  tenia  the  membranous  floor  of  the  paracele 
Is  the  paratela. 

The  figure  represents  the  caudal  surface  of  the  transection  ;  the  ol)serTer  is  look- 
ing cephalad.  and  his  ritrtit  cninr-ldcs  with  the  riL^ht  of  the  specimen  and  the  tlLTiirc ; 
the  two  sides  are  subslaiiilaliy  identical.  t>ut  less  is  shown  upon  the  right :  the  iiifsi.n 
of  the  flgtire,  the  anat(  'Uiical  luiddlc  of  the  various  parts  and  cavities  represented,  is 
dextradVif  the  Uiiddle  ..f  the  area  covered  by  the  llgure.  Throughout  the  fltrure  the 
cavities  are  shaded  and  the  blank  areas  represent  transected  surfaces.  The  arachnoid 
Is  represented  by  a  iiaiTow.  straight  line,  the  pia  by  a  ci.mnrated  line,  and  the  endyma 
by  a  heavy  line  ;  the  endyma  is  made  to  adhere  closely  tu  the  entocelian  surfaces,  but 
the  pia  and  arachnoid  are  separated  slightly  from  the  i>:trts  which  they  coyer. 

Prfparatto/i.— See  Fig.  744,  representing  another  transection  of  the  same  brain. 
The  celian  parietes  were  thoroughly  hardened  before  the  brain  was  removed  from  the 
skull,  and  the  memliranes  and  plexuses  have  retained  their  connections  notwithstand- 
ing much  handling  and  considerable  transportation.  There  is  some  distortion  and 
dislocation  of  the  loosely  connected  parts  about  the  fornix,  but  it  hits  been  possible  to 
clear  up  most  of  the  doubtful  pnints  by  comparison  of  the  two  sides  and  with  adjoin- 
ing sections.  So  far  as  resptTts  the  exclusion  of  the  dorsal  surface  of  the  thalamus 
from  the  paracele,  the  preparation  affords  unequivocal  eviclence. 

Defcctti. — As  in  several  other  flttures  representin<r  transections  of  plexuses,  it  has 
been  assumed  that  a  plexus  consists  of  a  fold  ijf  pia  covered  by  endyma ;  for  present 
purposes  it  matters  not  whether  there  is  a  complete  foM  of  the  pia.  or  merely  an  ex- 
tension of  vascular  loops.  The  \entral  lamina  of  the  vehmt  is  made  too  low.  'the 
medicommissure.  the  dorsal  margin  of  which  is  included  at  the  ventral  side  of  the  fig- 
ure, did  not  actually  appear  in  tliis  section,  which  was  just  caudad  of  it,  but  is  intro- 
duced as  a  readily  recognized  landmark.    The  indusium  is  not  shown  (S  217). 


each  paracele,  over,  in  turn,  tlie  ventral  surface  of  the 
callosum,  the  caudatuin,  the  tenia,  the  parajilexus,  the 
fimbria,  the  thicker  portion  of  the  fornix,  and  the  herai- 
septum,  back  again  to  the  callosum. 

§  188.  With  some  specimens  the  interval  between  the 
paraplexus  and  the  caudatum  seems  to  be  occupied  by  a 
somewhat  substantial  lamina,  separable  from  the  thala- 
mus, continuous  with  the  caudatum,  and  perhaps  merely 
a  special  development  of  the  tenia,  but  requiring  further 
investigation  (Fig.  733). 

§  189.  The  point  illustrated  upon  Fig.  733  is  the  con- 
tinuity of  the  paracelian  floor  from  hippocamp  to  cau- 
datum without  the  intrusion  of  the  thalamus.  This 
figure  is  to  be  studied  in  connection  with  the  transection 
(Fig.  733),  and  the  dorsal  view  of  the  floor  in  Fig,  735. 


There   are,    however,   differences  between   these  and 
other  preparations  which  are  not  easy  to  explain,  except- 
ing upon  the  general  supposition  that  a  region  in  which 
the  conditions  are  nearly  peculiar  to  the  human  brain 
might  naturally  be  expected  to  present 
individual  peculiarities  and  even  anom- 
alies. 

§  190.  There  seems  to  be  considerable 
variation  in  the  details  of  the  parts  in- 
volved in  the  apparent  representation  of 
the  thalamus  within  the  paracele;  this 
is  perhaps  to  be  expected, 
iiosai  t.  since    the    conditions    that 

have  made  the  usual  state- 
ments possible  constitute  a 
great  and  perhaps  peculiar 
modification  of  the  piimitive 
and  typical  relations — indeed, 
almost  a  malformation. 

It  is  hoped  that  the  fore- 
going descriptions  and  fig- 
ures may  at  least  serve  to 
induce  anatomists  to  investi- 
gate the  subject  in  all  its 
bearings. 

§  191.  III.  Wltnt  Sense  does 
the  Thnlamvs  Funn  Part  of  the  Floor  of 
the  Parncfle  (Lateral  Ventricle)?  —  So 
widespread  and  so  deepl}'  rooted  seems 
to  be  the  notion  that  the  thalamus  con- 
stitutes a  part  of  the  paracelian  floor  in 
the  same  sense  as  do  the  caudatum  and 
the  hippocamp,  that,  much  as  I  would 
prefer  to  avoid  the  critical  attitude,  I 
am  induced  to  comment  upon  the  cur- 
rent representations  of  this  region. 

Admitting,  for  the  sake  of  occupying 
cominon  grotfbd,  that  a  certain  area  of 
the  dorsal  surface  of  the  human  thala- 
mus is  covered  by  endyma;  tliat  it  is 
continuous  with  the  caudatum,  and  that 
therefore,  like  that  bodj-,  it  enters  into 
the  composition  of  the  paracelian  floor; 
none  will  deny  that  an  adjoining  area 
of  this  same  dorsal  surface  is  as  dis- 
tinctly covered  by  pia;  that  it  is  con- 
tintious  with  the  optic  lobes  (gemina), 
and  like  them  wholly  excluded  from  the 
encephalic  cavity. 

To  represent  the  entire  dorsal  aspect 
of  the  thalamus  as  a  smooth,  unbroken 
surface  is  practically  to  aflirm  one  of 
two  things;  either  the  whole  is  pial  or 
ectocelian,  which  would  be  in  contra- 
vention of  the  obvious  facts ;  or  else  the 
whole  is  endvmal  or  entocelian,  which 
would  involve  not  only  the  gemina  but 
the  cerebellum  lud  oblongata,  a  mani- 
fest rednctio  ad  ahsurdum* 

§  193.  The  Collicnli.— This  collective 
term  is  applied  to  the  rotinded  emi- 
nences and  ridges  which  project  into  the 
paraceles  ("lateral  ventricles")  from 
They  are  the  caudatum  (caput  and  cau- 
■■),  calcar  {"hippo- 
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their  parietes. 

da),  hippocamp  {"hippocampus  major 

campus  minor ''^),  collateral  eminence,  and  occipital  emi 

nence.      Excepting    perhaps    the    first,   each   of  these 

*  For  a  fuller  rlisrussion  of  the  relations  of  the  thalamus  to  the  para- 
cele, and  for  ritniiuHTitarit's  on  the  misrepresentations  in  standard 
works,  see  tlin  ili-si  edition  of  the  Referknc'K  Handbook,  viii.,  144- 
U7,  and  Jx.,  IW.  and  my  papers,  ]:ss^i.  a.  and  1H.S9.  d.  The  delicacy  of 
the  membranes,  the  readiness  with  which  they  are  detached  alonp  a 
ripa,  the  rou?h  handling  t"  which  brains  are  commonly  subjected 
during  the  ordinary  processes  of  removal  and  examination,  the  sUpht 
degree  in  which  presen'atives  can  reach  the  parts  in  question  when 
the  entire  orpan  is  merely  immersed  as  usual,  and,  finally,  the  fact 
that  some  agents,  excellent  for  microscopic  purposes,  do  not  well  pre- 
sen-e  the  endymal  attachments— all  these  conditions  conspire  to  bring 
it  about  that  the  endyma  across  the  wide  rima  should  be  torn,  and  the 
dorsal  surface  of  the  thalamus  protrude  through  the  rent. 
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represents  a  corrugation  of  the  entire  iliickness  of  the 
parities,  the  cntal  elevation  (colliculus)  being  collocated 
-n-ith  au  ectal  depression  (tis^re) ;  this  collocation  is  in- 
dicated in  the  list  of  total  fissures,  §  25S. 

§  193.  The  Callosal  Eminence.— Besides  the  collicull 
named  in  §  193,  all  of  which  are  more  or  less  distinct  in 
at  least  some  adult  brains,  there  is  one  which  is  perfectly 
obvious  in  some  fetu.ses  (Fig.  734.  1),  and  which,  from  its 
apparent  collocation  with  the  callosal  fissure  (Fig.  742), 
may  be  called,  provisionally,  the  callosal  eminence.  It, 
the  hippocamp,  and  the  occipital  eminence  form  an  ir- 
regular triradiation.  Its  commencement  and  disaiipear- 
ance  require  further  observation,  but  its  unbroken  con- 
tinuity with  the  hippocamp  confirms  the  idea  that  the 
callosal  and  hippocampal  fissures  are  essentially  parts  of 
one,  merely  deflected  by  the  splenium  of  the  adidt. 

§  194.  The  relative  she  of  the  colliculi  is  not  the  same 
in  the  adult  as  in  the  fetus.  This  is  clear  from  the  com- 
parison of  Fig.  734  with  Figs.  744  and  761.  The  callo.sal 
eminence  may  disappear  wholly:  the  occipital  is  seldfim 
recognized  (Fig,  744);  the  collateral  is  certainly  less 
prominent  in  the  adult  than  in  the  fetus  (Fig.  734). 

§  195.  Eiff.  7S4  illustrates :  A.  The  contiguity  of  the 
margins  of  the  fimbria  and  the  tenia  (the  edge  of  the 
caudatum)  with  just  room  for  the  entrance  of  the  para- 
plexus,  and  the  concomitant  complete  exclusion  of  the 
thalamus  from  the  paracelian  floor  (compare  Figs.  732 
and  733). 

B.  The  existence  of  an  ental  ridge  (1)  at  this  period, 
continuous  and  corresponding  with  the  hippocampal  and 
callosal  fissures;  whether  it  extends  still  farther  cepha- 
lad,  as  in  Fig.  743,  cannot  be  ascertained  from  this  speci- 
men. 

C.  The  branching  off  of  a  ridge  corresponding  ap- 
parently to  the  occipital  fissure,  and  representing  the 
adnlt  occipital  eminence. 


flmbna 


D.  The  existence  of  two  intermediate  ridges,  perhaps 
prefiguring  the  calcar  and  collateral  eminence. 

fossa  Sylviana       paraplexus 

I     caudatum        /     flintiriti       1 

''"**"-^     ^""^  _,  occipital  eminence 

^.occipital  t. 


alcar 


collateral  eminence 
.collateral  f. 


Fig.  ;st. -Left  Hemicerebrum,  Laid  Open,  of  a  Fetus  Weiehing  88 
gm.  (.'iouncesi.  Measuring  1.5  cui.  froru  Heel  to  Bregma,  and  Esti- 
matfd  at  Fouiteen  Weeks;  2.(K!.     ;■   l..">. 

I'll  inirfili::ii. —The  fetus  was  received  fresb.;  tbe  bead  was  cut 
off  and  iilniicd  liv  tbe  neck  to  a  cork  loaded  witli  sbeet  lead;  a 
sbawl  pin  was  inserted  as  a  bundle  at  one  side  of  tlie  beail.  A  slit 
was  made  tlnuiiirb  tbe  scalp  at  the  lateral  nni.'li'.if  Die  prefontanel, 
and  tire  iruiinled  cannula  adjusted  S"  that  uinety-tl\  i--per-ccnt.  alco- 
hol should  cuter  tbe  paracele  geutly,  with  ..|.|..irtuuiiv  for  eirress  at 
tbe  side  "f  the  cannula.  After  six  boius  the  iiliiijccticiu  was  discuu- 
tiuued,  but  the  specimen  remained  in  alccibol  for  trni  days,  when 
the  scalp  was  removed  and  the  s]H^cinii'n  placed  in  ten-pcr-ccnt. 
nitric  acid.  After  Ave  hours  tlie  lalva  was  s..  far  dci  iilciilcd  tliat  it 
could  he  cut  away  with  the  scalpel  aid  si-iss.n-s  withniit  janlntr  the 
verv  delicate  brain.  Tbe  left  lieiuiceret>ruiu  was  then  expused  as 
indicated,  and  tbe  uape  of  tbe  neck  removed  to  expose  the  collateral 
Assure.  Vpou  a  larger  scale  some  of  tbe  points  would  have  ap- 
peared more  clearly. 


hippocamp. 
medicomu. 


^-  mesocele 
—tegmentum 
— crusta 


Fig.  73.3.— Dissection.  Partly  Schematic,  of  the  Floor  of  theLeft Paracele  ("  Lateral  Ventricle"),  Caudal  Aspect:  2.34.5 and 3,.347.  X  1.5.  Com- 
pare in  part  with  Fig.  7U6.  4.  Lateral  sulcus  of  tbe  mesencepbal ;  3,  oculomotor  nene :  5,  line  of  somewhat  sudden  deflection  of  tbe  splenial 
flbrescaudadintetheocclpitallobe;  6,  large  vein:  7,  flmbrialsuli-us;  8,  angle  tietween  the  flmbria  and  the  hippocamp;  li.  liippeiainpiil  assure. 
Pr€pnntliiiii.—'VUc  arteries  were  injected  with  the  red  glue  mixture,  and  tbe  cavities  with  alcoh';'l.  When  hardened,  a  thick  sli<-e  was 
taken  by  one  transection  at  about  tbe  middle  of  tbe  length  nf  the  callosum  and  another  at  tbe  splenium.  just  shaving  oIT  tlie  tip  of  the 
epiphysis.  The  nriLnnal  transection  of  tbe  brain  stem  between  tbe  mesencepbal  and  epencepbal  w;is  m<.>dilled  by  canying  two  sections 
cephalti-niesiid.  meeting  at  tbe  level  of  tbe  valvula.  t^n  the  right  of  the  cerebnim  tbe  parts  were  left  undisturbed,  excepting  that  the 
paraplexus  was  raised  so  as  to  expose  the  floor  of  tbe  cavity.  On  the  left,  a  thin  slice  of  the  bemicerelirum  is  left  attached  to  its  opposite  by 
the  pia.  In  order  to  expose  tbe  paracelian  floor  as  completely  :is  I'ossible  from  this  point  of  \iew.  the  sectit>ns  bad  to  tie  made  in  many 
directions.  Tbe  paraplexus  was  trimmed  down  for  a  certain  distaine;  then  a  wedge-shaped  piece  was  cut  from  llie  thick  caudal  wall, 
hippocamp,  etc.,  including  part  of  tbe  thinner  floor,  flmbria  :  this  i-xposeil  the  velum,  tbe  double  fold  of  pia  between  the  dorsal  surface  of 
the  mes-  and  diencephal  and  the  ventral  surface  of  tbe  fornix.  Very  cautiously  then  tbe  two  parallel  inrisions  were  carried  across  the 
floortoand  into  the  <-audatum  constituting  tbe  lateral  wall :  the  strip  so  enclosed  was  then  lifted ;  it  included  il)  a  piece  of  the  flmbria; 
(2)  the  diseoiineeted  part  of  the  paraplexus ;  l3i  a  strip  of  the  thin  lamina  inten^euing  between  tbe  plexus  and  tbe  caudatum :  in  2.:^7  all 
these  were  found  se].arable  from  tbe  dorsal  surface  of  the  thahiimis.  substantially  as  in  tbe  transection.  Fig.  732;  in  2.:W,5  there  were  com- 
plications which  should  form  the  subject  of  monographic  consideration.    See  §  189. 

Lkfnis.    The  defects  of  the  figure  are  due  mainly  to  the  attempt  to  combine  the  appearances  presented  by  two  diflerent  preparations. 
Vol.  II.— 13 
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Fig.  735.— The  Paraceles  ("Lateral  Ventricles'')  of  an  Adult  Male,  Exposed  from  the  Dorsal  Side;  3,867.    X  1.2. 

Preparat iou .—The  entire  hfidy  (an  emaciated  consumptive,  weighing-  only  37.71  kgm.,  ^.25  pounds)  was  alinjected  through  the  fem- 
oral artery.  Eight  and  one-half  litres  were  introductd  ^n  thf  Ilrst  day.  and  some  escaped  from  the  mouth.  On  the  second  day.  and  again 
on  the  fourth,  another  litre  was  injected.  On  the  Ilfih  diiy  tliere  was  injected  a  litre  of  Pansch-Gage  starch  niLxture  (see  article  Brai)} : 
Mfthofis,  etc.).  When  the  brain  was  removeil.  on  the  eighth  day,  the  only  odor  was  of  the  alcohol.  Thesubstance  had  already  hardened 
somi'wliat  iinil  the  arteries  were  well  filled,  ui  it  withstanding  some  of  the  mass  had  extravasated  into  the  thorax.  The  brain  was  tran- 
sertcd  through  the  mesencephal  (see  Brain  :  Mi  tlmils).  and  the  paraceles  exposed  by  removing  the  dorsal  portion  of  the  cerebrum  in 
thick  slices  d"wri  to  the  level  of  the  c:illosum  ;  then  in  thinner  slices  anil  wedge-shaped  pieces  till  the  desired  condition  was  reached.  On 
the  left  the  medieoinu  was  eximsed  into  the  part  extendiiii:  lephaiad  :  the  terminal  pniii.tn  extending  also  mesad  could  not  he  shown  with- 
out cutliiii:  away  an  undesirably  large  mass.  On  the  left  also  the  ncriiiiial  lutte  was  cut  to  a  shghtly  lower  level  than  on  the  right;  hence, 
on  the  riL'tit  api-ein-s  ilie  dorsal  slopp  of  the  calcar.  white  on  tlie  left  the  plane  of  section  coincides  with  the  hneof  its  greatest  elevation,  and 
the  widtti  of  tlie  iiostcnrnu  is  conrspondingly  reduced.  To  lessen  the  width  of  the  figure  a  part  of  the  lateral  convexity  was  removed  by 
dorso-veutnil  incisions  between  '.i  and  4,  and  4  and  5,  so  the  line  representing  the  pia  ceases  at  3  and  5.  Finally,  the  left  paraplexus  was 
trimmed  oil  quite  closely.     (For  the  rest  of  this  explanation,  see  at  bottom  of  page  179.) 


I7s 


REFERENCE  HANDBOOK   OF   THE  MEDICAL  SCIENCES. 


Braiiir 
Braiu, 


g  196.  Fig.  735  illmtraies:  A.  The  general  relation  of 
tbe  paraceles  (lateral  ventricles)  to  the  cerebrum;  al- 
though relatively  much  smaller  than  in  the  fetus,  they 
are  absolutelv  extensive:  here  their  natural  extent  has 
been  maintained  by  the  injection  of  alcohol;  when  ex- 
amined in  a  fresh  brain  or  in  one  hardened  in  the  usual 
way  their  walls  are  often  found  nearly  in  contact.* 

B.  The  terminal  dilatation  and  squareness  of  the  post- 
cornu,  as  contrasted  with  the  pointed  form  which  usually 
exists  in  brains  not  prepared  by  filling  the  cavities; 
sometimes,  indeed,  there  has  been  doubt  as  to  the  extent 
of  the  po-stcornu.  as  admitted  by  Huxley.  Zool.  Soc. 
Proceedings,  1861.  p.  250:  in  Krause's  "Handbuch" 
(1880).  Fig.  479.  the  postcornua  are  merely  linear. 

C.  Tlie  great  thickness  of  most  of  the  parietes  as  com- 
pared witli  tlieir  thinness  in  the  fetus.  Fig.  667. 

D.  Tlie  retention  of  the  fetal  tenuity  "of  a  portion  of 
the  mesal  wall,  viz.,  the  hemiseptum  (halves  of  the 
septum  lucidum). 

E.  Tlie  considerable  length  and  width  of  the  human 
pseudoeele  (tifth  ventricle);  so  far  as  I  have  observed  it 
is  wider  than  in  any  other  animal;  in  Fig.  726  (of  the 
sheep)  it  is  unnaturally  wide. 

F.  Tlie  relation  of  the  cortex  (cerebral  ectocinerea)  to 
tbe  medulla  (alba),  as  an  ectal  layer  following  the  fissural 
indentations. 

G.  The  relation  of  the  insula  to  the  Sylvian  fissure; 
the  former  is  a  typical  subgyre,  the  latter  is  a  typical 
superfissure. 

H.  The  relati<in  of  the  claustrum  to  the  insular  cortex 
ectjid  and  tlie  lenticula  entad  (see  also  Fig.  782). 

I.  The  constitution  of  the  caudatum  by  two  regions, 
a  larger  ceplialic,  the  caput,  and  the  cauda,  narrow,  and 
following  the  curve  of  the  medicornu. 

J.  The  junction  of  the  occipital  and  calcarlne  fissures 
so  as  to  constitute  as  it  were  a  single  bifurcate  fissure. 

K.  The  size  and  distinctness  of  the  collateral  eminence, 
an  ental  elevation  or  colliculus,  corresponding  to  the  col- 
lateral fissure  upon  the  ventro-mesal  aspect  of  the  cere- 
brum. 

L.  The  existence,  on  the  left,  of  an  elevation,  the  oc- 
cipital eminence,  corresponding  with  the  occipital  fissure. 
This  colliculus  is  distinct  in  the  fetus  (Figs.  734  and  761), 
and  in  some  adults  (Fig.  744)  is  better  marked  than  in 
this  specimen. 

M.  The  location  of  the  portas  (foramina  of  Jlonro), 
and  their  visibility  in  a  direct  dorsal  view  of  the  para- 
celes; by  reference  to  Figs.  720  and  724.  it  will  be  seen 
that  each  porta  opens  into  the  corresponding  paracele 
obliquely,  looking  laterad,  cephalad.  and  also  dorsad; 
hence  it  is  visible  from  three  different  directions  at  right 
angles  with  one  another. 

N.  The  distance  between  the  two  portas.  Deducting 
the  slight  length  of  the  passages  themselves,  this  dis- 
tance represents  the  width  of  the  aula,  the  mesal  division 
of  the  prosocele,  whicli  is  commonly  reckoned  as  merely 
the  cephalic  part  of  the  "third  ventricle." 

O.  The  continuity  of  the  hemiseptum,  a  part  of  the 
mesal  wall  of  the  paracele,  with  the  fimbria,  a  part  of.its 
floor;  indeed,  their  topographical  relations  may  be  illus- 
trated by  bending  a  sheet  of  paper  or  metal,  and  holding 

•  The  paper  of  E.  A.  Spitzka  <1900l  will  contain  an  account  of  the 
topopTaphic  relations  of  the  paraceles  to  the  cerebral  surfaces. 


it  so  that  one  portion  is  vertical  ^nd  the  other  nearly 
horizontal ;  the  former  will  represent  the  hemiseptum, 
the  latter  the  fimbria. 

P.  The  narrowness  of  the  human  fornix  as  measured 
by  the  distance  between  the  lateral  margins  of  the  two 
flmbrias  in  their  horizontal  portions;  compare  the  sheep, 
Fig.  726.  It  is  true  the  word /«;■« u' does  not  occur  on  the 
figure:  but.  as  discussed  in  §  197,  the  fornix  is  constituted 
by  the  two  hippocamps,  with  their  fimbrias,  united  at  the 
meson  by  the  commissure  (Fig.  732) ;  in  this  dissection 
the  commissure  is  invisible,  being  upon  a  lower  plane, 
so  the  fornix,  as  a  whole,  cannot  be  indicated. 

Q.  The  smallness  of  the  paraplexus  as  compared  with 
its  fetal  condition.  Figs.  667  and  747. 

R.  The  formation  of  the  free  margin  of  the  paraplexus 
by  the  medicornual  vein,  considerable  in  size  and  more 
or  less  contorted,  by  which  the  blood  of  the  plexus  is  re- 
turned to  the  velar  vein. 

S.  The  considerable  width  of  the  attached  portion  of 
the  paraplexus.  This  appears  on  the  left  side  where  the 
plexus  has  been  trimmed  quite  closely.  The  rima  is  the 
line  of  apparent  inteiTuption  of  the  parietes  for  the  in- 
trusion of  the  paraplexus,  and  is  unusually  wide  in  this 
specimen. 

T.  The  completeness  of  endymal  continuity  and  celian 
circumscription.  These  terms  have  been  discussed  in 
§§  63-66,  as  exemplified  upon  the  mesal  aspect  of  the 
brain.  Fig.  687.  There  only  the  mesal  cavities  are  visible. 
In  the  present  figure  (aside  from  the  pseudocele.  which 
is  not  a  true  member  of  the  series)  there  appear  only  the 
great  lateral  cavities  of  the  prosencephal.  The  continu- 
ity of  the  endyma  is  represented  by  the  uninterrupted 
heavy  line  surrounding  either  paracele.  Likewise  is  the 
endyma  a  continuous  sheet  upon  tiie  sides  and  floor  of 
this  cavity.  At  the  margins  of  the  rima  it  may  be  traced 
as  a  smooth  surface  upon  the  intruded  paraplexus,  and 
its  cut  edges  are  represented  on  the  left  in  this  figure.  I 
am  aware  that  several  authors  claim  or  admit  the  exist- 
ence of  orifices  along  the  medicornu  whereby  the  neuro- 
lymph  may  escape  therefrom  into  the  adjacent  subarach- 
noid space;  but  I  am  compelled,  at  present,  to  regard 
these  as  artifacts,  like  the  half-dozen  ruptures  of  the 
endyma  near  the  porta  in  the  preparation  shown  in  Fig. 
721. 

U.  The  apparent  entrance  of  the  thalamus  into  the 
composition  of  the  floor  of  the  paracele.  This  condition 
is  presented  on  the  left  side ;  on  the  right  it  is  hidden  bj^ 
the  overlapping  paraplexus. 

g  197.  Fornix  is  a  collective  noim,  a  comprehensive 
name  applied  to  a  congeries  of  parts,  each  of  which  has 
its  own  name,  and  all  of  which,  with  a  single  exception. 
may  exist  in  lower  vertebrates  and  in  man  or  other  mam- 
mals, in  certain  anomalies,  without  the  formation  of  the 
fornix  as  a  whole. 

I  198.  Oilunins  of  the  Fornix. — In  each  hcmicerebrum 
there  is  a  bundle  of  fibres  ascending  from  the  albicans 
and  thalamus,  passing  just  caudad  of  the  precommissure, 
forming  the  cephalic  boundary  of  the  porta,  diverging 
presently  from  its  opposite,  pursuing  a  curved  direction 
along  the  floor  of  the  medicornu  and  ending  in  the  tem- 
poral lobe;  in  the  aulic  region,  where  it  is  most  compact 
and  exposed,  this  is  commonlv  called  an  "anterior  pillar 
of  the  fornix  "  ;  see  Fig.  789.  ' 

§  199.  Hippocamp  (''hippocampus   major''''). — In    each 


(Fig.  73.5.)— 1,  Cut  surface,  e.xtendin?  meso-ventro-cephalad  :  2,  cut  surface  of  the  genu,  the  cephaUc  curvature  of  theeallosum  :  part  of  its  nat- 
ural, pial  surface  lies  just  cephalad  ;  the  transverse  lines  on  the  areas  2  and  9  are  introduced  merely  to  indicate  the  direction  of  the  callosal 
flhres.  not  as  representations  of  microscopic  structure  :  :3,  point  of  disappt-arance  of  the  pia  as  a  result  of  cutting  away  part  of  the  lateral 
conve-xity  of  the  cerebrum  :  4,  meeting-place  of  the  two  oblique  cut  surfaces  caused  by  the  exposure  of  the  medicornu  :  .5,  point  of  reap- 
pearance" of  the  pia.  which  was  interrupted  at  3 :  6.  is  an  area  iust  ciuidad  of  the  left  calcarine  fissure  :  7,  the  occipital  fissure ;  8.  the  occip- 
ital eminence  (see  under  Defects)  ;  9.  oblique  cut  surface  of  the  splenium,  of  which  a  part  of  the  natural  surface  is  shown  lust  caudad  ;  10, 
the  cut  edtre  of  the  pai-atela  covering  the  thalamus ;  from  10  a  line  should  pa.ss  mesad  to  the  narrow  area  between  the  two  lines. 

Df  r.  c(.<.— The  alcniiol  had  so  bleached  the  cinerea  as  to  render  the  recognition  of  its  outlines  somewhat  dillicult,  so  the  width  of  the 
cortical  Ziine  is  nnlv  approximately  accurate. 

ThH  alisi-iicf  of  sliailiTiL'  upon  the  larger  part  of  the  surface  would  imply  that  it  is  all  upon  one  level ;  really,  however,  the  highest  part 
corresponds  ncarh-  witli  tlie  length  of  the  exposed  portion  of  the  right  caudatum.  and  from  that  level  there  are  gentle  slopes  cephalad,  cau- 
dad. and  laterad.  The  cut  cilgcs  ..f  the  hemiseptums  are  also  at  a  lower  level  than  the  adjacent  lateral  parietes.  Not  all  of  the  arteries  are 
represented.  The  o.cipiial  eiiiinence  iSi  is  indistinct  upon  the  right  and  made  too  small  upon  the  left.  The  cut  edge  of  the  paratela  (10) 
is  made  too  thi<-k  ami  the  relalinns  of  parts  are  indistinct  (see  §  1911. 

On  the  left,  near  the  word  tiinJnia.  is  a  defective  patch  of  shading  du    to  a  blemish  in  the  paper. 

The  arachnoid  is  repn-sen(ed  distinct  from  the  pia  at  only  two  places,  .-iz..  on  the  right,  near  the  cephaUc  end,  where  the  former  crosses 
the  wide  mouth  of  a  assure,  while  the  latter  dips  into  it  as  a  fold,  and  at  the  collosal  Assures,  just  caudad  of  the  splenium. 
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hemicerebrum  there  is  a  corrugation  of  the  entire  thick- 
ness of  the  parietes,  resulting  in  tlie  formation  of  a  total 
fissure,  the  hippocampal  (§  259,  C),  and  an  ental  eleva- 
tion, or  colliculus.  the  hippocamp,  along  tlie  medicomu : 

tlie  hippocamp  is 
thickened  also,  and  in- 
t  i  m  a  t  e  1  y  associated 
with  the  fibres  of  the 
column  already  men- 
tioned. 

§  200.  Fimbria. — In 
each  hemicerebrum  be- 
tween the  hippocamp. 
with  its  corresponding 
cortex,  and  the  rima. 
or  line  of  intrusion  of 
the  paraplexus,  there 
is  a  zone  consisting  of 
alba  alone,  and  form- 
ing, as  it  were,  a  mar- 
gin for  the  hippocamp 
(^Figs.  733,  73.5,  and 
759).  This  is  the  ^m- 
hria  {corpus  fimhrint  tint, 
tmi  id  h  ipjMCft  mpi) . 

%  201.  The  column 
and  its  caudal,  curved 
extension,  the  hippo- 
camp and  the  fimbria, 
are  simply  portions  of 
the  prosocelian  pari- 
etes, mainly  of  the  par- 
acelian  floor:  they  arc 
continuous  with  the 
mesal  wall,  hemisep- 
tum  (Fig.  732),  and 
thus  indirectly  with 
the  roof  (callosumh 
excepting  at  the  ven- 
tral end,  in  the  lip  of 
the  temjioral  lobe,  how- 
ever, their  substantial 
continuity  with  thr 
caudatum  and  tenia 
and  other  portions  at 
tlie  paracelian  parietes 
is  interrupted  by  the 
rima.       It    would    be 


Fig.  736.— The  Left  Hippocamp  and  Ad- 
joinin?  Parts.  X  5.  (From  Quain. 
altered  from  HirscUeld  and  Levellle. ) 
1,  Apex  of  the  temporal  lobe :  1'.  un- 
cus ;  2.  eut  surface  of  the  cerebral  me- 
dulla surrounded  by  the  cortex  :  3.  at 
the  apex  of  the  postcornu  :  3',  collat- 
eral eminence ;  -1,  part  of  the  spleni- 
um,  nearly  medisected ;  4',  points  to 
the  calcar;  5,  cut  end  of  the  lateral 
portion  of  the  fornix  which  is  contin- 
ued at  the  hippocamp  <.5')  and  the 
fimbria  (6)  ;  6,  the  fimbria ;  K'.  the 
terminal  exiiansion  of  the  hippocamp. 
ca,lled  pi:^  Inpimrinnpi :  7,  dentate 
gyre  ("fasrUi  iliiitnln"). 

Pri:itar<itiiin,  —  The  left  occipito- 
temporal reffion  of  the  cerebrum  was 
separated  from  the  rest,  together  with 
a  part  of  the  sjtlenium  and  fornix,  and 
the  dorsal  and  lateral  parietes  of  the 
postcornu  and  medicomu  shced  away 
so  as  to  expose  nearly  the  entire  ex- 
tent of  the  cavities. 

Di'fccts,  —  The  specimen   had  not 


somewhat  (hagrammatic.  especially  as 
to  the  dentate  pyre  (7 )  ;  the  actual  ex- 
tremity of  the  medicomu  does  not  ap- 
pear (see  Fig.  7>).  There  is  no  indi- 
cation, along  the  free  margin  of  the 
fimbria,  that  one  surface  of  this  lamina 
was  I'overed  by  pia  and  the  other  by  en- 
dyma,  and  that  they  were  continued  In 
and  upon  the  removed  paraplexus. 


been  ahnjected.  and  the  figure  looks    perfectlv       legitimate, 

therefore,  to  designate 
the  in-egular,  elongat- 
ed portion  of  cither 
paracelian  floor,  com- 
posed of  hippocamp, 
fimbria,  and  fornicol- 
tiinn,  bj-  a  special 
name,  e.ff.,  hemifornir. 
§  202.  Cftinmissiire  of  the  Fornix. — The  parts  compos- 
ing either  hemifornix  pertain  each  to  its  own  hemicere- 
brum. and  in  lirains  in  which  the  callosum  is  undeveloped, 
these  have  no  connection  across  the  meson  dorsad  of  the 
aula  and  portas,  representing  the  primitive  mesal  cavitv 
of  the  prosencephal.  So  far  as  I  know,  the  fornicommis- 
sure  is  thinner  in  man  than  in  anv  other  mammal;  Fig. 
731. 

^  203.  The  fornix  is  monographed  bv  Honeffger  in  the 
Seeiicil  Suisse  (zoologie),  1890,  v.,  311-434.  the  hippo- 
camp has  been  treated  by  Alex.  Hill,  in  a  i)aper  of  which 
&n  abstract  is  published  in  the  Royal  Society  Proceedings, 
vol.  iii.,  p.  5.  Variations  in  the  form  of  the  hippocamp 
and  the  collateral  eminence  are  described  by  Howden  in 
Joiirn.  Anat.  and  PhysiuL,  xxiii.,  p.  283,  January.  1888. 
J.  G.  MacCarth}'  has  described  an  interesting  feature  of 
the  hippocampal  structure  in  Jotirn.  Anat.  and  Physiol., 
xxxiii.,  p.  70,  1898.  In  the  same  journal  are  several  re- 
cent papers  by  G.  Elliott  Smith  discussing  instructiveh' 
the  fornix  and  the  commissures  generally. 
§  204.  Lyra. — When  the  fornix  is  transected  through 


the  columns  (Fig.  737)  and  turned  caudad  the  exposed 
ventral  surface,  including  the  splenium.  is  seen  to  pre- 
sent lines  which  have  been  rather  fancifullv  compared  to 
the  strings  of  a  harp ;  the  lyra  is  not  a  part,  but  merely 
a  surface. 

§  205.  Fi;j.  7o7  ill'.istrates:  A.  The  general  form  of 
the  velum,  a  double  fold  of  pia  between  the  thalami  and 
the  superposed  cerebrum,  one  of  the  layers  belonging  to 
each  of  the  two  segments  (Fig.  710);  the  great  veins  are 
between  the  two.  and  others  enter  them  from  adjoining 
organs.  The  free  lateral  margins  of  the  velum  project 
into  the  paraceles  as  the  paraplexuses  (Fig.  720),  and 
its  rounded  apex  hangs  in  the  aula  and  the  two  ptjrtas  as 
the  auliplexuses  and  portiplexuses  (Figs.  721  and  724). 

B.  The  triangular  form  of  the  fornix  ;  the  cephalic,  or 
"ascending  "  part,  consisting  of  the  two  ]iarallel  columns, 
constituting  the  so-called  "anterior  pillar";  it  expands 
caudad,  the  sides  being  incurved  instead  of  nearly 
straight,  as  with  the  cat.  and  at  the  splenium  is  quite 
wide.     Each  lateral  half  here  is  practically  composed  of 


Fig.  7-37.— The  Velum  and  Lyra.  X  l..i.  (From  Qualn.  after  Sapper 
and  Vicq  dWzyr.)  1.  The  narrower  cephalic  part  of  the  velum  :  2, 
left  paraplexus,  the  margin  of  the  velum  whi'-fi  enters  the  paracele 
as  the  paraplexus :  'S.  left  velar  vein,  partly  c<  tvered  by  the  right :  4, 
columns,  with  small  veins  said  to  come  from  th  ■  calbtsum  and  sep- 
tum, the  precornual  veins :  5,  tenial  vein  ;  6,  medicomual  vein ;  7, 
thalamic  vein  :  8,  vein  from  left  medicornu  :  9,  postcornual  vein  :  II. 
body  of  fornix,  transected  and  reflected  ;  13.  lyra  ;  Vi.  on  the  lateral 
part  of  the  fornix;  14,  splenium.  (The  names  here  employed  for 
the  veins  are  those  adopted  in  the  article  Brain,  Circulation  nf,  in 
this  volume.) 

Preparation. — With  a  preparation  such  as  is  represented  In  Fig. 
7.3.5,  If  the  fornix  were  transected  at  its  middle  (/I.  the  caudal  balf 
turned  caudad.  and  the  cephalic  half,  with  the'  attached  hemisep- 
tums,  removed  down  to  the  middle  of  the  height  of  the  portas.  the 
appearances  would  be  nearly  as  in  the  present  figure. 

Deffcti^.—The  relation  of  the  parts  shown  to  the  rest  of  the  brain 
would  be  clearer  If  there  were  Included  at  least  an  outline  of  one 
side  or  of  the  adjoining  region.  The  tenias  are  nuiitle'l.  between 
which  and  the  fomical  margins,  fimbrias.  the  paraplexuses  enter; 
at  the  mesal  side  of  each  paraplexus  should  be  a  line,  a  ripa,  indi- 
cating where  the  endyma  covering  the  plexus  was  lorn  or  cut  in  the 
separation  of  the  fimbria.  The  whole,  especially  the  lyra,  is  some- 
what idealized. 

the  corresponding  hippocamp  and  fimbria,  which,  as  they 
continue  along  the  medicornu,  are  sometimes  called  the 
"posterior  pillar." 
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C.  The  nature  of  the  lyra  (§  204).  The  line  from  13 
ends  at  the  meson,  the  location  of  the  foruicommissure  or 
thin  part  connecting  the  thicker  lateral  portions. 

D.  The  double  relation  of  the  splenium  to  the  callosum 
and  the  forni.x.  The  larger  part,  body,  of  the  callosum 
consists  of  fibres  which  pass  laterad,  dorsad  of  the  para- 
celes,  constituting  their  roof;  at  the  splenium  some  fibres 
pass  dorsad,  sou'ie  caudad,  some  ventrad,  and  others  in 
iuterniediate  directions;  now  all  the  constituents  of  the 
forni-x  form  parts  of  the  floors  rather  than  the  roofs  of 
the  paraceles,  and  at  the  splenium  fornix  and  callosum 
become  continuous. 

§  206.  Mudijicatiims  of  the  Pmsoeeliaii  Parietes. — Pri- 
marily the  cerebrum  is  a  pair  of  lateral  extensions  of  a 
small"  mesal  rudiment,  the  first  (cephalic  or  "anterior  ") 
encephalic  vesicle ;  this  forms  their  only  bond  of  union 
with  one  another  and  with  the  other  segments;  their 
walls  are  thin  and  vary  little  in  thickness  or  composition. 
Secondarily,  the  two  h'emicerebrums  are  closely  conjoined 
by  the  callosum  and  other  commissures;  between  the 
cerebrum  and  the  crura  (and  thus  the  oblongata,  the 
myel,  and  indirectly  the  entire  body)  are  developed  ex- 
tensive fibrous  communications,  the  capsulas  or  "internal 
capsules";  the  parietcs  are,  for  the  most  part,  extraordi- 
narily thickened,  the  most  notable,  and  physiologically 
the  most  important  of  these  increments  constituting  what 
are  commonly  called  the  "corpora  striata."  from  the  aji- 
pearance  presented  on  sections  of  alternating  strips  of 
alba  and  cinerea.  Each  striatum,  however,  is  now  recog- 
nized as  composed  of  an  entocelian  ("intraventricular  ") 
portion,  the  caudatiun.  and  anectocelian  ("e.xtravcntricu- 
lar")  portion,  the  lenticula  ("  lenticular "  or  "lentiform 
nucleus"),  separated  bv  the  capsula  alreadv  mentioned 
(Figs.  739  and  782). 

§  207.  The  CniKhitiim  and  Lenticula.— V\\\\\  all  Rep- 
tiles. Birds,  anil  JIaiumals,  and  at  a  very  early  period,  the 
lateral  wall  and  Hour  of  the  paracele  present  a  more  or 
less  distinct  elevation ;  in  man,  and  some  other  mammals, 
the  form  is  such  as  to  suggest  the  applicaticm  of  rajiiit  to 
the  cephalic  (precoruual)  portion,  and  caiida  to  the  taper- 
ing continuation  along  the  medicornu,  thus  of  candatiim 
to  the  entire  mass  (Fig.  73-5). 

Between  the  caudatum  and  the  cortex  the  greatly 
thickened  hemicerebral  wall  presents  (a)  the  medullary 
lamina  called  capsula  (§  208);  (*)  next  the  cortex,  a  sub- 
circular  disc  of  cinerea,  the  claustruin  (Figs.  739  and 
782);  and  (c)  the  leiidcula,  consisting  of  three  zones,  all 
more  or  less  striated,  the  cntal  the  smallest,  and  the  ectal, 
also  called  putamen,  the  largest.  The  lenticula.  like  the 
claustrum,  may  be  a  dismemberment  of  the  cortex.  This 
entire  region,  from  caudatum  to  operculums,  is  of  great 
morphological  as  well  as  phj'siological  interest  and  should 
be  studied  in  the  other  mammals. 

§  208,  Capsula  and  Corona. — As  already  stated  (§  206) 
the  capsula  or  "  internal  capsule  "  is  the  thick  layer  of 
fibres  between  the  caudatum  and  thalamus  mesad  and  the 
lenticula  laterad;  it  is  continuous  with  the  crura  caudad, 
and  expands  in  the  substance  of  the  cerebral  alba  in  such 
a  way  as  to  be  called  there  corona  (radiata).  The  histolog- 
ical and  physiological  aspects  of  the  capsula  and  corona 
are  considered  in  other  articles;  here  an  attempt  will  be 
made  to  indicate  only  their  topographical  relations  by 
explanations  of  the  accompanying  figures  (738  and  739). 

§  209.  Fif/.  73S  illustrates :'  A.  The  general  relations 
of  the  alba  (medulla)  to  the  ectocinerea  (cortex). 

B.  The  locations  of  the  two  great  masses  of  entocinerea 
(central  tubular  gray),  the  caudatum  and  the  thalamus. 

C.  The  intermediate  position  of  the  lenticula,  as  a  blunt 
wedge-shaped  mass  between  the  caudatum  and  thalamus. 

D.  The  position  of  the  capsula  ("  internal  capsule  ")  as  a 
stratum  of  alba  between  the  lateral  lenticula  and  the  other 
two  masses,  and  constituting  a  fibrous  path  for  motor 
and  sensory  conduction  between  the  cortex  and  the  crura. 

E.  The  existence  of  two  zones  in  the  lenticula,  the 
more  lateral  being  distinguished  as  putamen  :  a  third 
would  have  appeared  at  a  level  farther  ventrad  (Fig.  739). 

F.  The  existence  of  a  thin,  cinereal  lamina  ectad  of  the 
lenticula,  between  it  and  the  cortex;  this  is  the  claus- 


trum; it  and  the  cortical  corrugations  of  this  region  are 
shwvn  upon  a  larger  scale  in  Fig.  782. 

§  210.  Fig.  7S9  illustrates :  A.  The  existence  and  rela- 
tive positions  of  four  important  masses  of  connecting 
fibres,  the  callosum,  columns  of  the  fornix,  precommissure, 
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medulla 


caudatum 
f'imicolumn 


postcomu 


OCCIPITAL  LOBE 

FIG.  738.— LonEisection  of  the  Riplit  Hemlcprehnim  at  the  Level  of 
the  Aula.    X  .03.    (From  uaturi' [:;,;i>IT]  ami  fnii]]  Cray.) 

Preparation.— T\u^  raesal  nullim-s  "f  tin'  ii'iiic)\vil  frontal  and 
ocoipilal  reglous  were  adaptcil  frnm  (iniv.  Tlir  plane  of  section 
corn'spciiids  uearlv  with  the  djn'cti"n '■!  the  ilnttrd  line  from  <i»ta 
on  Fii.'.  t:bi.  The  line  .1.  C  c  siii.iii.iiiiivi- lii'cn  dotted.  This  line 
and  the  one  iiarallel  with  it  mesad  Oy  tln'  "inOTiial  capsule  "  were 
intrtiduced  with  reference  to  another  lliiiire  which  is  not  given  here. 

and  chiasma,  differing  from  one  another  in  either  their 
direction  or  their  appearance  upon  this  section.  The 
mo.st  ventral,  the  chiasma,  is  mainly  a  decussation,  as 
described  in  the  article  Cranial  Nerrcs.  The  next,  pre- 
commissure,  is  a  true  commissure,  connecting  correspond- 
ing regions  of  the  temporal  (and  frontal?)  lobes;  at  the 
meson  it  is  seen  as  a  raised  transverse  band,  but  laterad, 
on  account  of  its  deflection  caudad,  it  is  divided  ob- 
liquely, and  appears  as  an  eiliptical  dotted  ai'ca.  The 
two  columns  have  at  this  level  a  nearly  dorso-ventral 
dii'ection,  appearing  as  raised  bands  just  dorsad  of  the 
jii-ecommissure  (the  line  from  the  word  aula  ends  upon 
the  right),  but  they  are  curved  in  such  a  way  as  to  be 
divided  obliquely  in  two  places — one  at  the  level  of  the 
precommissiire,  and  the  other  about  1  cm.  (on  this  scale) 
dorsad.  Finally  the  callosum.  a  true  commissure,  unit- 
ing corresponding  regions  of  the  cerebrum,  is  divided  in 
the  direction  of  its  fibres. 

B.  The  general  relation  of  parts  and  cavities  at  this 
important  level.  Two  segments  are  represented — the 
diencephal  (thalami,  chiasma,  and  diaterma)  and  prosen- 
cephal  (the  remaining  and  much  the  larger  part).  Of  the 
cavities,  the  mesal  space  between  the  chiasma  and  pre- 
commissure  is  the  cephalic  part  of  the  diacele,  the  dark- 
est portion  being  the  optic  recess.  The  prosocele  is  rep- 
resented by  the  aula,  the  mesal  space  dorsad  of  and 
including  the  precommissure ;  by  the  considerable 
lateral  cavities,  paraeeles  ;  and  by  the  intervening  porfas. 
All  these  are  true  encephalic  cavities,  but  the  dark 
triangular  area  still  farther  dorsad  is  the  pseudocele. 
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Three  kinds  of  surfaces  are  included,  viz. :  entocelian, 
lined  by  endyma;  ectoeeliau,  covered  by  pia;  and  pseu- 
doceliau,  with  no  distinct  membrane.  There  is  ecto- 
cinerea  (cortex),  entocinerea  (caudatum  and  thalami),  and 


H.  The  relations  of  the  insula  to  the  parts  just  named, 
and  to  the  overlapping  g^-res  which  constitute  the  oper- 
culums (see  Fig.  782). 

1.  The  relation  of  the  cinereal  mass  called  amygdala  to 

a    fissure    opposite 
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supercallosal  f . 
1 
.2 

'Callosal  I. 
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lenticula  3 
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opercular  cortex 
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diacele 
temporal  lobe 

Fig.  739.— Transection  at  the  Chiasma  and  Precommissure,  Caudal  Aspect.  (From  Dalton.  by  permission.)  Reduced 
one-sixth  and  modified  (compare  Figs.  VM,  738.  and  782).  1,  A  subgyre  (covered  gyre)  at  the  bottom  of  the  su- 
percallosal Assure ;  3,  margin  nf  tlii'  cortex  dorsad  of  the  callosal  fissure ;  3.  tenia!  vein ;  4.  the  cephalic  part  of 
the  thalamus,  faintly  omlimd  I'li  tin'  other  side;  .").  capsula. 

/Jcfccf,"!.— The  dots  repr.-scnliug  cut  fibrous  areas  are  too  hea\-y.  The  lines  representing  the  callosal  fibres 
are  diagnimmatic ;  one  of  them  is  interrupted.  The  pseudocele  Is  not  specified.  The  area  cf  the  thalamus  is 
too  vaguely  indicated.    See  §  210. 

what  may.  for  the  sake  of  a  general  term,  be  called  medi- 
tinerea.  the  lenticula,  and  the  claustrum,  i)robably  dis- 
memberments of  the  ectocinerea. 

C.  The  extension  of  the  hemicerebrum  nearly  equally 
in  three  directions  from  the  place  of  its  morphological 
centre,  the  porta :  were  this  brain  not  somewhat  depressed 
by  its  own  weight,  the  width  and  height  would  be  nearly 
the  same. 

D.  The  thickness  of  most  of  the  parietes  as  compared 
with  the  earlier  fetal  conditions  shown  in  Figs.  667  and 
716:  the  hemiseptums  and  the  terma,  however,  have  re- 
tained their  tenuity  in  great  degree. 

E.  The  absence  of  the  crista  which  was  seen  in  a 
young  brain  (Fig.  793"),  and  is  constant  in  the  cat  (Fig. 
686):  "whether  it"  is  absorbed  or  merely  obscured  in  the 
htiman  adult  is  not  known  (§  366) . 

F.  The  ovei'lappingof  the  prosencephal  at  the  sides  of 
the  diencephal,  of  the  cerebrum  upon  the  thalami. 

G.  The  relations  of  the  several  layers  of  alba  and 
cinerea  between  the  thalamus  and  the  lateral  surface  of 
the  cerebrum.  The  capsula  (5)  has  an  oblique  direction, 
dorso-laterad.  between  the  thalamus  and  caudattim  and 
the  lenticula  (see  Fig.  738).  The  lenticula  itself  com- 
prises three  more  or  less  distinct  segments,  each  extend- 
ing farther  dorsad  than  the  one  mesad  of  it :  all  present 
the  alternating  lines  of  white  and  gray  which  led  to  the 
application  of  striatum  to  the  united  lenticula  and  cau- 
datum. The  thin  lamina  of  cinerea  between  the  putamen. 
the  most  lateral  di\ision  of  the  lenticula,  and  the  insular 
cortex  is  the  claustrum,  and  the  alba  between  it  and  the 
lenticula  is  commonly,  but  inappropriately,  called  the 
"  external  capsule.  " 


the  m  of  pijnto])er- 
ciiltim,  which  has 
thence  been  called 
the  amygdaline  fis- 
sure :  "but  it  is 
doubtless  homolo- 
gous with  the  post- 
rhinal  of  quadru- 
peds. (§  373,  Fig. 
765.) 

§  311.  Besides 
the  precommissure, 
a    medisectiou  dis- 
plays two  extensive 
lines  of  cut  surface 
(Figs.  670,  682,  687, 
and  76.5),  indicating 
that    there    was    a 
continuity    of    the 
apposed,  mesal  sur- 
faces   of    the    two 
hemicerebrums.   Of 
these     the     dorsal, 
more  extensive  and 
more    substantial, 
is    the    callow  u  m 
(Figs.  73-t,  737,  789, 
and  740);   the  ven- 
tral is  the  coinmu- 
siire  of   the    firiiix 
(Figs.  733  and  7-13). 
§  212.     Callosum. 
— When    the   fresh 
hemicerebrums  are 
divaricated,    as    in 
Fig.    740,   the   bot- 
tom of  the  intercer- 
ebral  fissure  is  seen 
to  be  formed  by  a 
white    mass  wliich 
unites    them    for 
more    than   the   middle    third    of    their    length;    upon 
hardened    brains    this,    the  callosum  (corpus    callnsum, 
trabs  cerebri,  etc.),  is  easily  determined  to  be   fibrous, 
and   somewhat  firm  in  consistency,  and  to  extend  into 
the  hemicerebral  masses.     At  about  the  middle  of  its 
cephalo-caudal  extent,  the  trend  of  the  callosal  fibres  is 
almost  directly  laterad,  but  at  the  cephalic  and  caudal 
ends,  especially  the  latter,  the  direction  is  oblique,  giv- 
ing rise  to  the  conditions  known  as  preforceps  and  post- 
fm-ceps    (Figs.    73.5    and   740).      The   rounded    cephalic 
region  of  the  callosum  is  the  genu,  and  the  caudal,  the 
splenium.     As  seen  in  medisections  (Figs.  670,  687,  and 
743)  the  genu  appears  like  a  folding  of  the  callosum  upon 
itself,  the  ventral  continuation  being  the  rostrum,  which, 
in  man  and  otiier  primates,  is  connected  with  the  terma 
by  the  thin  copula.     The  gentle  curve  of  the  genu  gives 
to  the  cephalic  part  of  the  pseudocele  a  rounded  outline. 
§  313.  Fig.  74.?  illustrates :  A.  Tie  primary  continuity 
of   the  hippocampal   and   callosal   fissures,   and   of  the 
frontal  extension  marked  1. 

B.  The  existence  of  several  early  fissures,  some  of 
which  are  probably  transitory. 

C.  The  continuity  of  the  callosum,  fornix,  and  terma. 

D.  The  degree  of  separation  of  the  callosum  and  the 
fornix  at  this  jjeriod.  and  the  concomitant  form  and  ex- 
tent of  the  pseudocele. 

§  214.  Spleiiium. — This  region  of  the  callosum  is  much 
less  easy  to  understand  than  the  genu  from  the  study  of 
normal  adult  brains,  hut  most  of  the  difficulties  are  re- 
moved or  diminished  by  the  study  of  fetal  and  hydro- 
cephalous  specimens  (Figs  742  and  743).  From  these  it 
is  clear  that,  like  the  genu,  the  splenitim  represents  a 
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flexion  of  the  callosal  sheet  upou  itself  so  that  there  is  a 
dorsal  lamina,  a  ventral  lamina,  and  a  caudal  connecting 
portion;  commonly  the  dorsal  and  ventral  portions  are 


um  are  parts  of  the  mesal  vedl-'oi  the  precornu  and 
postcornua  respectively,  while  those  which  compose  the 
ventral  lamina  and  the  spleuium  are  parts  of  the  para- 


spleniuin     fmnLx 

•    I       i-allosum 


pseudocele 


genu 


,-10 


My  /y\ 


/  \  ■■ 


TIG.  740. -The  Ii(ii>al  A-S I  "f  ttii-  Cannsiu 

the  HeTiiwi-ri'liniins.     irniMi  (,>u;iin,  afli' 

0..').     1,  l)"l-sal  sulfa. f  III.-  I"i'ly  nf  tla 

orraphi';  :i,  latrral  riili-'i-s,  Iniiiinluii.'  fui 
at  least,  an-  Indtrcd  tli.-  pn-ci-n'linil  ait.' 
tcihelnriiifa  liy  the  aivliini.'  i.(  tli.-  rail, 
ci-iihalii-  tiii'vcii  iiiaririii,  treiiu  ;  ti,  ramial 
7,   |nv(.irrc|.s,    callc.sal     lliin-s    passing 
feplialad  Inio  tile  fnintal  Ic.l.cs;  s,  i„,st- 
forreps,    lllires    entering    the   uci-iiiital 
lobes;  10,  cephalic  portion  of  the  cal- 
losal gyre,  the  line  crossing  the  lepha- 
lic  end  of  the  supcrcallosal  tls.siirH ;  11, 
callosal  fissure;  l:.',  i-audal  part  of  the 
callos;il  gyre,  the  line  <  r(.s,sing  the  para- 
central gyre  ;  K),  ccplialic  surface  of  the 
«erebellu'm,  the  nunilicr  hclDg  just  eau- 
dad  of  the  occi|iital  rissure. 

P)-f))ii)'(i(io/i.— While  fresh  the  dor- 
sal portions  of  the  heniicerelnuiiis  "ere 
separateii  widely;  thei-urved  margin 
■of  the  callosal  gvre  ("i/i/n/s  f^'niica- 
tli.l")  has  lieendetacheiland  ].ushed  lat- 
erad  so  as  to  e.vpose  more  completely 
the  extension  of  the  callosal  llhres  into 
the  hemicerebnim ;  caudad  this  gyre 
has  been  divided.    See  §  2ia. 


in  close  contact,  but  in  hydrence- 
phals  (Fig.  743),  as  in  the"  fetus  at 
a  certain  stage,  they  are  separated 
by  a  considerable  interval;  in 
these  cases  the  pseudocele  has  a 
greater  extent  and  a  somewhat 
rounded  caudal  end.  For  the 
most  part  the  callosum  extends 
•dorsad  of  the  paraceles,  thus  con- 
stituting their  actual  (though  not 
primary)  roof;  but  the  tibres  ex- 
tending obliquely  cephalad  and 
■caudad  from  the  genu  and  spleni- 

*  This  neuter  nonn  is  employed  to  des- 
ignatetheprimitiye,  nndilTereliliated  mass 
<ir  nidiment  of  a  pai-t,  thus  in  the  sense 
of  Anl'ui,  of  the  lierman  en  bryoloirists 
las  adopteil  hy  Minot  and  otherst,  and  of 
frnuhinti  lit.  as  proposed  by  Mark  ("Com- 
parative Emlirvoiocry ").  It  avoids  cer- 
1ain  obvious  oiijei-tions  to  those  terms  as 
Entrlish  words,  is  shorter  than  jiriiiinrdi- 
uin  (iiropnseil  hy  Willeyi,  and  is  in  har- 
•  inony  with  the  following  phra.ses  from 
Aristotle,  kindly  qnoted  by  President  B. 

I.  Wheeler ;     to   npinTov  ,-     tj   irpwri)   uAtj  ;   J] 
^PuItij  airio. 


u.  Exposed  by  Diyaricating 
r  Sapiiev  and  Foville.l  X 
■  callcKsum  ;  2.  mesal  ridge 
rows  in  which,  sometimes 
lies ;  4.  lateral  ridge,  said 
•sum  over  the  paracele  ;  .5, 
curved  marpn,  splenhini ; 


\ 

>■ 
F.  hmp.  / 


\L.  ol. 


y  "•..  \  terma 


G.  dnt.   flnibrla 


Fig,  742.— Mesal  .\spect  of  the  Left  Hemicerebnim  of  a  Fetus.  Measur- 
ing 16.8cm.  from  Heel  to  Bregma,  and  Kstimated  at'.Eiuhteen  Weeks ; 
20*4.  X  1..5.  1, Cephalic  extension  "f  the  piiiiiitixeiallosal  tlssure; 
2,  3,  4,  5,  short  but  distinct  radial  llssun-s,  some  of  them  i.ioliably 
transitory;  8,  point  of  reflection  of  the  endyma  from  the  fornix  at 
the  dorsal  end  of  the  porta;  7,  point  of  reflection  of  the  endyma  at 
the  tip  of  the  rima  upon  its  other  margin,  the  tenia,  which  has  been 
removed  ;  ■'<,  reirioii  which  woulil  have  become  the  uncus ;  9,  tip  of 
the  tempi  ■ml  lobe;  F.  hmp..  the  hippocampal  flssure;  G.  (Int..  the 
dentate  irvr.'  i  fiisii,,lii  or  fa-iciii  (hntnia  i ;  L.  ol.  olfacton'  bulb. 

Prcjuinitio/i.— The  fetus  \vas  ill  preserved  and  the  head  dis- 
torted: the  entire  head  was  medise.ted  witli  a  scalpel;  the  brain 
was  so  tender  that  the  caudatnm  and  plexus  broke  loose. 

Dcffcf.v.-Tlie  terma  is  shown  too  thick  ;  the  tenderness  of  the 
specimen  did  not  permit  determining  the  location  and  form  of 
the  chiasma  and  precommissure. 
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FtO.  741.— Six  Diagrams  of  the  Devel- 
opment of  the  Human  Callosum  ;  to 
be  viewed  from  below  upward.  The 
chiasma  and  tuber  are  introduced 
merely  to  facilitate  orientation  by 
comparison  with  Figs.  ti70  and  H87. 
In  -\  the  iirimitive  end  wall  of  the 
mesal  seiies  of  cavities  is  undiffer- 
entiated but  reinforced  by  the  chi- 
asma which  demarcates  the  tuber 
below  and  the  terma  above.  In  B 
the  tenna  is  reinforced  by  the  pre- 
commissure, and  its  dorsal  end 
(margin  really,  but  seen  as  an  end 
in  medisectioni  is  enlarged,  consti- 
tnliiiL'  the  jiroton  *  or  rudiment  of 
the  callosum  and  fornix.  In  C  the 
elongaliiiii  of  tin'  whr.le  terma  ren- 
ders more  obvious  its  demarcation 
into  the  dieiicei>lialic'  iioriion  idia- 
termai  and  tlie  prosencephalli'  (pro- 
soteruiai:  the  calloso-f.miii-al  pro- 
ton presi-nts  a  slight  cavity  or 
vai'uole,  the  proton  of  the  pseudo- 
cele. In  D  the  callosum,  fornix, 
and  pseudocele  are  enlarged  espe- 
cially caudad.  In  E  and  F  the  proc- 
es.s  continues  and  all  the  adult 
structures  are  seen.  The  lateral 
n-all  of  the  pseudocele  is  the  hemi- 
septum.  and  it  (the  pseudocele)  is 
never  in  communication  with  either 
the  ental  or  the  ectal  surfaces. 


celian  floors,  continuous  with  the 
fornix  (Figs.  733  and  744). 

§  21.").  f'i;/.  74J  illii.-<triite.s:  A. 
The  complete  separation  of  the 
fornix  aud  callosum  as  far  as  the 
spleuium,  which  is  thus  a  com- 
mon liontl  between  them,  although 
usually,  and  perhaps  properly, 
reckoned  as  a  constituent  of  the 
callosum  onlv. 

B.  The  concomitant  extension 
of  the  pseudocele  aud  of  the  hemi- 
septum. 

C.  The  large  size  of  the  porta. 

D.  The  wasted  appearance  of 
the  visible  gyres,  in  contrast  with 
those  of  Chauncey  Wright  (Fig. 
788). 

§  216.  Fig.  7U  illvxtriHes :  A. 
The  continuity  of  the  spleuium 
with  both  tlie  floor,  roof,  and 
caudo-racsal  wall  of  the  paracele ; 
some  of  the  fibres  pass  dorsad, 
some  veutrad  into  the  hippocamp, 
while  others,  constituting  the  post- 
forceps,  extend  caudad  into  the 
calcar,  dorso-caudad  into  the  occip- 
ital eminence,  and  ventro-caudad 
into  the  collateral  eminence. 

B.  The  unusual  distinctness  of 
the  occipital  eminence,  tliis  being, 
in  fact,  the  preparation  in  which 
it  first  attracted  my  attention 
(comp.  Fig.  761). 

C.  The  prominence  of  the  cal- 
car, here  seen,  of  course,  greatly 
foreshortened ;  of  the  left  hippo- 
camp  only  a  segment  of  the  caudal 
convexity  appears  in  this  prepara- 
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tion,  with  the  collateral  eminence  just  beyond  (compare 
Fig.  735). 

§  217.  Indusium. — This  term  (coupled  with  the  adjec- 
tive griseum)  was  given  by  Obersteiner  (1892,  p.  82)  to 


enpercallosal  fiss^ure 


porta  pseudocele  d     callosum    fornix 


chiasma 


-—-'MP 


Fig.  743.— Mesal  Aspect  of  Part  of  the  Rlgbt  Hemicerebrum  of  an  Adult 
Hydrocepbalus ;  747.  X  .7.  The  dorso-yentral  line,  d  i\  indicates 
the  transection  plane  rpprcsentert  in  Fig.  7-31.  1,  Splenium  ;  2,  ven- 
tral surface  of  foniLx  ;  :i.  siilis|>lc-nial  gjTes ;  4.  5,  't :  6,  coUatei^l  As- 
sure ;  7,  uncus:  8.  hiii|i"<:iiiil':il  H.^sure.  The  tip  of  the  temporal 
lohc,  included  bv  the  interruiited  line  just  cephalad  of  r,  indicates 
what  was  removed  to  expose  the  parts  shown  in  Fig.  728. 

the  thin  layer  of  cinerea  upon  the  dorsal  surface  of  the 
callosum.  "  It  has  been  discussed  by  Giacomiui,  Blumenaii. 
and  more  recently  by  Fish,  1893,  «.* 

§  218.  In  severar(peihaps  half  a  dozen)  brains  in  the 
Cornell  museum  the  callosum  presents  a  de- 
cided thinning  at  about  the  junction  of  the 
middle  with  "the  splenial  third;  most  if  not 
all  of  the  individuals  were  mentally  defect- 
ive in  some  degree. 

§  219.  Incnllosal  Brains. — In  addition  to 
about  fifteen  cases  of  shortness  or  thinness  of 
the  callosum,  there  have  now  been  reported 
at  least  a  dozen  instances  of  its  complete  ab- 
sence, together  with  the  mesal  part  of  the 
fornix.  Commonly  this  dcticiency  was  ac- 
companied with  mental  and  physical  weak- 
ness, amounting  often  to  idiocy;  but  Malin- 
verni  reported  (^' /'«•//((?(•  rfc^  7?.  Aead.  Torino, 
1874;  Gazette  medicale  de  Paris,  .lanuarv  16th, 
1875;  Gazetta  delle  Cliniche.  1874,  No.  15; 
London  Medical  Becord.  1874,  No.  73)  the  case 
of  a  soldier,  forty  years  of  age,  who  had  been 
noted  merely  for  melancholy,  taciturnity,  and 
lack  of  neatness.  A  case  of  total  absence  of 
the  callosum  and  forni.x  is  described  and 
figured  with  unusual  fulness  by  Alex.  Bruce. 
in  Brain,  xiii.,  171-190.  There  are  included 
abstracts  of  previous  cases  and  reduced  copies 
of  the  illustrations  of  some. 

§  220.  Fir/.  745  ill  list  rates:  A.  The  absence 
of  the  callosum  and  of  the  commissure  (mesal 
part  of  fornix). 

B.  The  development  of  the  columns  as  far 
dorsad  as  a  point  corresponding  apparently 
to  the  dorsal  limit  of  the  aula  and  porta 
(which  is  not  distinctly  indicated). 

C.  The  rooting  in  of  the  aula  and  diacele 
by  a  thin  (membranous?)  tela,  the  remnant 
of  the  primitive  roof  of  the  cavities. 

D.  The  absence  of  the  mcdicommissure  and 
small  size  of  the  preconmiissure,  in  contrast 
with  the  same  parts  in  the  incallosal  cat 
(§  221). 

E.  The  independence  of  the  occipital  fis- 


sure, and  the  apparent  junction  of  the  calcarine  with  the 
hippocampal. 

F.  The  radial  disposition  of  the  mesal  fissures ;  same 
of  them  probably  represent  the  transitory  fissures  men- 
tioned in  §  227. 

§  221.  Among  other  mammals  than  man  the  total  ab- 
sence of  the  callosum  has  been  observed,  so  far  as  known 
to  me,  only  in  three  cats  examined  in  the  anatomical 
laboratory  of  Cornell  University;  one  of  these  (No.  381) 
lias  been  described  in  my  paper  (1883,  c),  and  was  repre- 
sented in  the  first  edition  of  the  Reference  Handbook, 
Fig.  4,835.  At  the  Boston  meeting  of  the  Association  of 
Ameiican  Anatomists,  December  29th,  1890, 1  showed  the 
brain  of  a  sheep  (No.  2,8441  in  which  the  callosum  is  rep- 
resented, if  at  all,  by  a  short  thin  lamina;  but  this  speci- 
men, fortunately  unmutilated  and  thoroughly  hardened, 
has  not  yet  been  figured  or  described. 

§  222.  Pseiidorele  ("fifth  ventricle."  ^^rentriculiis  septi 
pellucidi"). — This  compressed,  subtriangular  mesal  cav- 
ity has  no  connection  with  the  true  encephalic  cavities 
either  in  the  adult  or  at  any  stage  of  development.  Its 
anatomical  relations  are  shown  in  Figs.  687,  732.  735,  and 
others;  but  they  are  more  clearly  understood  from  the 
series  of  diagrams  in  Fig.  741  liased  upon  my  own  speci- 
mens and  the  account  of  ^Marchand  ("  Ueber  die  Ent- 
wickelung  des  Balkens  im  menschlichen  Gehirn,"  Archiv 
fi'ir  mikr.  Anat.,  xxxvii.,  pp.  298-334). 

§  223.  In  the  cat  (Fig.  682)  and  mammals  generally, 
both  the  anatomical  and  developmental  conditions  are 
different.  The  fornix  commissure  and  the  callosum  con- 
stitute portions  of  two  lines  of  secondarv  junction  of  the 
two  hemicerebriims  and  are  continuous  at  the  splenium 


*  I  have  to  record  with  some  chagrin  that,  upon  a 
series  of  transections  of  an  adult  brain  il,824i,  sections 
of  which  are  shown  in  Figs.  7;C  and  744.  hardened  in  a 
mixture  nf  jiinuioiiium  dicliroinate  and  alcohol,  the  con- 
tinuiiv  nf  tilt'  (incrt'ii  upnn  tlie  callosum  was  recognized 
in  iictulii'r.  l-^"-!!;  nntwiilisianrting  its  significance,  fur- 
ther examination  and  puhUcation  were  deferred. 


( snpercallo- 
1  6al  fissure 


callosal  f. 
callosum 


FIG.  744.— Transection  of  an  Adult  Brain  through  the  Splenium ;  1,824.  X  1.  1. 
Postcornu  ;  2,  section  of  a  subsplenial  gyre. 

Preparation .—"Vhe  brain  was  that  of  a  Pole,  male,  and  was  received  in  the 
head  through  the  kindness  of  Dr.  F.  Cary,  a  former  student.  With  the  special 
object  of  furnishing  reliable  preparations  for  the  elucidation  of  the  celian  pari- 
etes  (see  Fig.  7;ii),  the  sides  of  the  head  were  sawn  otf  so  as  to  expose  the  medi- 
comu,  and  into  this  was  injected  a  mixture  of  alcohol  (95")  and  water,  each  2 
litres,  aminonium  dichromate.  10  gm.;  the  same  was  injected  into  the  arteries. 
TMien  the  brain  was  completely  hardened  it  was  removed  and  transected  at  In- 
tervals of  about  1  cm. 

£»f.ffc(.— The  lines  representing  the  caUosal  fibres  should  be  continued  across 
the  meson. 
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as  in  man ;  but  cephalad  the  callosum  ends  as  a  point  so 
that  the  triangular  area  is  not  completely  circumscribed ; 
commonly,  also,  the  interval  corresponding  to  the  pseu- 
docele  is  narrower  than  in  man. 
§  224.  In  three  apes  (orang,  gorilla,  and  chimpanzee*) 


gations  of  the  wall  (Fig.  747).  They  do  not  branch. 
Their  general  direction  is  radial.  By  the  end  of  the 
fourth  month  they  disappear  from  the  lateral  surface 
(Fig.  748)  and  partl_v  at  least  from  the  mcsal,  although 
there  is  reason  to  believe  that  two  of  them  may  be  prac- 


,       siilc  cpntr 
lam.  term.     »t"i-       ,  '  sulc.  call,  marsr. 

I       r 


R.  ?yn.  fomic 


ss.  par.  <w,c. 


sulc.  ore.  trans. 
Z'         flss.  clc. 
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col.  ant.  torn. 
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Fig.  745.— Mesal  Aspect  of  the  Right  Hemicerebrum  oJ  an  Incallosal.  Microcephalic.  Adult  Brain.  X  .93.  (From  Onufrowicz.)  Abn.,  abnor- 
mal radiating  Ilssurcs;  Co!,  ant.  funi..  furnicolunin ;  Omu  (int..  pTecoramissure ;  Cun..  cuneas;  Fiss.  clc,  calcarine  fl.ssure;  F/.«.  par. 
occ.  occipilnl  Ilssuiv;  G.  hipp..  'hipiiocaiiiiial  irvic;  (;.  iiiic.  uncus:  L.  pert,  ant.,  precribrum;  Lam.  (crni.,  tenna  limhitt-lii  and  ilia- 
tela] :  linn.,  sulnollateral  g.vre;  pnicun..  pn-cuucus;  I'lilv.  Thai.,  pulvinar  lof  the  thalamus) ;  R.  our.  fiirnic,  niaririn  "f  the  callusal 
gyre  ((ii/rus  fnnii<(itn.<i ;  S'clni.,  cm  surface  between  tlie  diencephal  (thalami,  etc.l  and mesencephal  (gemina) ;  Sp.lui-..  hemiseptinii  [y] ; 
Sulc.  mil.  iii.r/i;..  Mipercnlldsal  tissure  [.'];  Sulc.  centr.,  central  Assure;  Side.  occ. /cmp.  in/.,  collateral  Dssure;  Sulc.  (ivc.tr..  "trans- 
verse ec<-i|)it:il  llssiiri-  "  LV]  ;  7'* .  "/-  .  npllc  tr.li-t. 

i*ri7«07r(i. III. —Tills  was  tile  liniin  "f  a  male  idiot,  thirty-seven  years  of  age,  who  had  never  learned  even  to  feed  himself;  it  seems  to 
have  bi'en  i.litiiiried  flesh  earlv  anil  well  preserved  :  the  piipiT  I"  Has  halkenl.ise  MlknicepliiilenL'eliiin  Hi  if  man."  Archie  flir  I'si/cldatrie, 
1887.  .will.,  ini.  I-L'li  fn.iii  whieh  the  tigure  is  liiken  is  l.v  I  iriiifn.wicz.  hut  tins  iind  most  nl  the  otlier  tlgures  are  by  Kmel.  There  are  sev- 
eral  transect  ions,  but  the  lack  of  distinct  indii-atien  of  endyiiial  continuity  renders  them  less  iu.strii<tive  than  they  might  have  been.  The 
weight  of  the  entire  brain  is  not  stated.    See  §  2:i0. 


and  in  all  the  monkeys  examined  by  me  the  conditions 
areas  in  man;  the  mode  of  development  is  not  known 
to  me. 
§  22.5.  To  English-speaking  anatomists  interested  in 
the    morphology    of    the 
cerebral  fissures  and  com- 
missures are  particularly 
commended     the     recent 
writings    of    D.    J.   Cun- 
ninirham.    and   6.    Elliot 
Siiiitli   in   the  .Tnuriial  of 
AiKitiiinij  ami  Pliyslolor/i/. 

§  226'  Fiff.  74G  iUus- 
triites:  A.  The  condition 
and  relative  size  of  the 
encephalic  segments  at 
this  period. 

B.  The  presence  of 
transitory  fissures  which 
are  absent  from  the  other 
hemicerebrum  (Fig.  673). 

C.  The  indication,  so 
far  as  these  transitory  fis- 
sures are  concei'ned.  that 
in  this  individual  the  right 
hemicerebrum  was  more 
advanced  than  the  left. 

§  227.  Tran.'dt'irn  Fi.9- 
surcs. — During  the  third 
and  fourth  mouths  both 
the  lateral  and  mesal  sur- 
faces of  the  cerebrum  present  linear  depressions  corre- 
sponding with  ental  ridges  and  thus  representing  corru- 

♦  A  gibbon  brain  has  not  yet  been  available. 


Fig.  741).— Right  Side  cif  the  Brain 
of  a  Fetus  MeasininL^  49  mm. 
from  Nates  tn  lireirma,  and  Esti- 
mated at  Twelve  Weeks;  l,82.s. 
X  1.4.  (The  left  side  of  the  same 
is  shown  in  Fig.  tJ7;i,  where  the 
mode  of  preparation  is  described.) 


tically  perpetuated  by  the  formation  of  the  permanent 
calcarine  and  occipital  fissures  along  the  same  lines  (Fig. 
730) . 

§  228.  Fig.  747  illvitrates :  A.  The  great  size  of  the 
paraceles  and  paraplexuses  at  this  stage;  compare 
Fig.  667. 


a  lateral  Assure 

paraplexus 

a  mesal  colllculus 

a  lateral  coIUcuIUfl 
a  lateral  gyrus 
a  mesal  Assure 
1 

part  of  falx 


Fig.  747.— Transitory  Fissures  of  a  Fetus  Measuring  .ve  cm.  from  Ver- 
tex to  Nates,  and  Estimated  at  Fourteen  Weeks;  2,770.    X  3.3. 
Pn)ttini(i<i».— After  the  exposure  ..f  the  hmin  the  fmntal  end  of 

thi lebniiii  was  sliced  off  so  as  just  tn  clear  the  hiii,'e  paraplexuses. 

of  Ihe  falx  all  was  removed  excepting  the  fniL'ineut  shown.    The 
head  was  tilted  so  that  the  face  is  much  foreshortened. 
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B.  The  slight  and  nearly  uniform  thickness  of  the 
parietos. 

C.  Suggestion  of  a  -n-riukling  or  corrugation  of  the 
parietes  as  if  from  growth  within  a  contiueil  space. 


transitory  Assure 
ciuadrigeminum 


Sylvian  fossa 


Sylvian  fossa 


Fig.  748.  -  Fetus  Measuring  7  cm.  from  Nates  to  Verte.x.  and  Estimated 
at  Fourteen  Weeks:  iTtil.  X  .9.  Nee.  1.09(1.  Received  In  weak 
alcohol  and  injected  through  ttie  umbilical  vein  with  alcohol  and 
zinc  chloride. 


D.  The    approximately   symmetrical    distribution    of 
these  corrugations. 

E.  The  length  of  the  fissure  on  either  side,  reaching 
from  the  Sylvian  fossti  nearly  to  the  meson. 

F.  The  absence  of  any  indication  of  branching. 

§  329.  Firj.   74S  illititnites:    A.  The  large  number  of 
transitory   fissures  at  this  stage. 

B.  Their  general  arrangement 
as  radiating  from  the  Sylvian 
fossa;  compare,  however,  Fig. 
747. 

C.  The  considerable  difference 
in  their  length ;  one  of  the  longest 
is  indicated  by  the  line  from 
"  transitory  fissure  " ;  one  of  the 
shortest  is  just  below  it. 

§  230.  Tnnmtory  Fissures  Prob- 
ably Mtclianiail  in  their  Origin. — 
The  simplest  explanation  seems  to 
be  that  their  formation  is  due  to 
the  growth  of  the  cerebral  walls 
at  a  rate  more  rapid  than  that  of 
the  cranium;  and  that  their  dis- 
appearance results  from  the  yield- 
ing or  more  rapid  growth  of  the 
cranium. 

§  231.  Fig.  749  illustrates:  A. 
The  disappearance  of  the  trans- 
itory fissures,  at  least  upon  the 
lateral  aspect 


culum  as  a  fold  of  the  temporal  lobe  projecting  over 
the  Sj'lvian  fossa. 

E.  The  non-appearance  at  this  stage  of  the  other  oper- 
culums or  of  any  elevation  indicating  the  future  insula. 

§  232.  Abjwniiiil  Persistence  of  Trnnsitory  Fissures. — 
In  several  brains  lacking  the  callosum  {e.g.,  the  one 
shown  in  Fig.  74.5),  the  mesal  permanent  fissures  present 
the  radial  arrangement  characterizing  the  transitory 
fissures.  This  condition  likewise  exists  upon  the  lateral 
aspect  in  the  case  described  by  Hans  Virchow  and  shown 
by  Cunningham  (1893.  Fig.  7). 

§  233.  Are  Trnnsitury  I'i.ssures  Peculiar  to  the  Human 
Brain? — Hitherto,  as  remarked  by  Cunningham,   they 


B.  The  concomitant 
increase  in  the  length  of 
the  cerebrum,  apparent- 
ly from  the  development 
of  the  occipital  region; 
compare  Figs.  667  and 
673. 

C.  The  non  -  appear- 
ance of  the  lambdoidal 
fissure  ( Fig,  750) . 

D.  The  commence- 
ment   of    the   postoper- 


FiG.  749. — Fetus  Measuring  8.8  cm.  from  Vertex  to  Nates,  and  Esti- 
mated at  Four  Months :  -.t>44.  v  ,9.  it  is  not  very  well  presen'ed 
and  the  cerebrum  is  evidently  shrunken. 


Fig.  7.50.— Dorso-CaudalReffi.  II .  f  'ni  Ci-rebrum  of  a  Fetus  Meastmng 
alwut  30  cm.  from  Heel  to  liivgma,  and  Estimated  at  Six  Months ; 
1,817.  ',  1.  1.  Sagittal  suture:  2,  lambdoidal  suture;  3,  right 
lambdoidal  Assure ;  4.  left  lambdoidal  Assure. 

PreparatUin.—ThQ  entire  fetus  bad  been  preserved  in  alcohol. 
From  the  left  side  the  calva  and  dura  were  removed,  excepting  a 
narrow  strip  along  the  meson  ;  on  the  right  there  was  left  a  trape- 
zoidal area.  12  to  ~'\  mm.  wide,  including  most  of  the  sagittal  and 
lambdoidal  sutures. 


have  been  observed  only  in  man.  Before,  however,  con- 
cluding that  they  constitute  a  real  human  peculiarity 
they  should  be  looked  for  in  the  other  primates,  where  I 
believe  they  will  be  found  at  corresponding  periods  of 
development;  the  examination  of  the  fetal  gorilla  de- 
scribed liy  Duckworth  will  be  interesting  in  this  respect. 
Cunningham  has  considered  the  transitory  fissures  quite 

fully,  but  the  subject  re- 
i|uires  further  investiga- 
tion. 

§234.  Lambdoidal  Fis- 
stirf. — In  several  fetuses 
estimated  at  from  three 
to  seven  months  I  have 
observed  a  fissure  direct- 
ly underlying  the  lamb- 
doidal suture  (see  Figs. 
750  and  761.  and  my  pa- 
per 18«6,  (().  It  is  ap- 
[larently  identical  with 
what  are  called  by  Cun- 
ningham "  external  cal- 
cariue "  and  "external 
perpendicular"  (1892,  a. 
Plates  I.  and  II. ) ;  but  I 
am  unable  to  concur  in 
his  disposition  of  the 
matter  or  to  decide 
whether  the  fissure  dis- 
appears or  persists  (see 
Fill.  777). 

§  235.  Fig.  750  illus- 
trates :  A.  The  distinct 
collocation  of  a  fissure 
and  suture  at  this  period. 
B.  The  early  appear- 
ance (or  late  disappear- 
ance?)  of  this,  the 
lambdoidal  fissure;  ex- 
cepting, perhaps,  the 
dorsal  end  of  the  occipi- 
tal, the  rest  of  this  re- 
gion is  smooth. 


186 


REFERENCE  HANDBOOK  OF  THE  JEEDICAL  SCIENCES. 


Brain, 
Brain. 


C.  The  peculiar  sharpness  of  outline,  reminding  one  of 
the  transitory  tissures  (Figs.  746  and  74T;  §  227). 

§  236.  Intern  re/md  Fissure. — The  interval  between 
the  apposed,  mesal  surfaces  of  the  two  hemicerebrums  is 
the  intercirebral  fissure  ("interhemispheral,"  "sagittal," 


presylvian  f.    operculum.       SyUnan  t. 
1         I   insula  I         central  I.    | 
I 


olfactory  bulb 

Fig.  7.51.— Left  Fetal  Hfiniiirehrum;  1,820.  XI.  1.  Orbital  region, 
unflssured ;  2.  tei]i|»inil  Inlic,  unassured;  3,  sUpM  furrow,  the  pre- 
occipital fo\t'rt.  t.  ciii-nlar  dt^pression,  unidentitled  (see  §  241). 

P)t(«ir(i/i"ii.— Tlic  fnsh  hfiiiicprebrum  was  placed  in  a  mixture 
of  alcohol  and  L'lyci-nn.  i-cpiiil  parts:  after  two  days  half  the  mix- 
ture was  n'jtlari'd  by  ali-i.hol;  after  two  days  more  alcohol  alone 
was  used,  and  nnmvi'd  on  the  following  day.  Tin-  "liL'inal  mbt- 
lure  seciiii'd  U'  jtrtnt-nt  the  usual  distortion  of  fetal  Itraiiis.  and  to 
facilitate  the  rcnioyal  of  the  pia.  Unfortunately  the  age  and  size  of 
the  fetus  were  not  recorded. 

or  "  great  longitudinal ")  (Figs.  682,  707,  and  739).  It 
differs  from  ordinary  tissures  in  tlic  following  respects; 
1,  It  is  mesal  or  azygous,  while  all  others  are  lateral  or 
in  pairs;  2,  although  its  sides  are  formed  by  cinerea.  its 
bottom,  the  callosum,  is  apparently  alba,  with  a  com- 
paratively thin  layer  of  cinerea,  the  indusium,  §  217;  3, 
although"  the  pia  has  the  usual  relation,  the  arachnoid, 
instead  of  passing  directly  across,  dips  into  it  to  a  greater 
or  less  depth  on  account  of  the  falx  (FMgs.  687  and  733); 
4,  it  is,  in  one  sense,  a  supertissnrc  (§338)  since  in  its 
depths  are  concealed  the  callosal  tissures. 

§  337.  Poles  find  Lobes  of  tli(  Cenbrum. — The  two  ends 
of  either  hemicerebrum  are  distinguished  as  the  frontal 
and  occipital  poles  respectively,  and  the  tip 
of  the  temporal  lobe  as  the  temporal  pole. 
For  topographical  convenience,  and  not  be 
cause  they  represent  perfectly  natural    di 
visions,  either  anatomical,  histological,    or 
physiological,  each   hemiceiebrum  may  be 
regarded  as  forming  five   lobes,  the  insula 
ancl  the  frontal,  paiietal,  occipital  and  tem- 
poral lobes  (Figs.   7.57  and  758) .     In  a  gen- 
eral way,  but  by  no  means  accurately,  the 
last   four  lobes  coincide   with  the  cranial 
bones  for  wliich  they  are  named. 

§  238.  The  insula  (lolnis  opertus,  "cen- 
tral lobe  ")  is  nearly  or  quite  covered  in  the 
adult  brain  by  folds  (operculums)  from  the 
adjoining  lolies  (Figs.  763  and  767);  except- 
ing at  part  of  the  ventral  side  the  insula 
is  surrounded  by  an  irregular  furrow,  the 
circuminsular  fissure  (Figs.  781  and  782). 

§  339.  The  other  four  lobes  have  more  or 
less  comjilete  natural  boundaries  on  either 
the  lateral   or  mesal   surface,    but  not  on 
both.     The  primary  division  is  by  the  line 
of  the  central  fissure  (Fig.  751)  into  a  frontal 
region  and  an  occipito-temporo-parietal  re- 
gion.    The  former,  although  commonl}'  ac- 
cepted as  a  single  lobe,  is  so  extensive  as  to 
be  conveniently  subdivided  by  a  line  continued  dorso- 
cephalad  from  the  presylvian  fls.sure  into  a  postfrontal 
and  prefronteil  lobe,  the  "latter  including  the  orbital  sur- 
faces. 

§  240.  The  region  caudo-ventrad  of  the  central  fissure 
line  is  divided  first  by  the  occipital  fissure  into  a  parietal 


and  an  occipitotemporal  portion,  and  the  latter  again 
into  a  temporal  and  an  occipilnl  lobe  by  artificial  lines 
drawn  from  the  preoccipital  fovea,  the  indentation  of  the 
ventral  margin  corresponding  with  the  petrous  portion 
of  the  temporal  bone  (represented  by  the  emargination 
opposite  the  word  eoUateral  in  Fig.  757)  to  the  splenium 
on  the  mesal  aspect  and  on  the  lateral  to  the  extremity 
of  the  Sj'lvian  fissure. 

§  341.  Fig.  "51  illustrates :  A.  The  early  appearance 
of  the  Sylvian,  presj'lvian,  and  central  fisures,  and  of  a 
depression  which  perhaps  represents  the  beginning  of  the 
paroccipital.  See  the  ventral  surface  of  this  specimen 
(Fig.  789). 

B.  The  nearly  uncovered  and  slightly  fissured  condi- 
tion of  the  insijla  at  this  period;  the  faint  dorso-ventral 
line  just  caudad  of  the  end  of  the  line  from  inmila  rep- 
lesents  the  just  commencing  transiusuUir  fissure. 

§  243.  Permanent  Fissures. — The  surface  of  the  adult 
cerebrum  presents  alternating  depressions,  fissures,  and 
elevations,  t/i/res  (or  "convolutions").  The  fissures  vary 
in  depth  from  1  mm.  to  30,  and  in  length  from  1  cm.  to 
10.  The  intervals  between  the  fissures  (and  thus  the 
width  of  the  gyres)  vary  greatly,  but  an  adult  brain 
seldom  presents  an  unfissured  surface  more  than  20  mm. 
in  width.  Notwithstanding  considerable  variations  in 
diiferent  Ijrains,  and  in  different  parts  of  the  same  brain, 
one  Ciin  hardly  fail  to  be  impressed  with  the  approximate 
uniformity  of  the  interfissural  spaces  (when  viewed 
squarely,  "as  suggested  under  Fig.  763),  as  if  the  fissures 
were  pi-oduced  mechanically  by  the  extension  of  the  sur- 
face within  a  confined  space. 

§  243.  Fig.  753  illustrates :  A.  The  condition  of  the 
insula  and  operculums  at  this  stage.  The  former  is  dis- 
tinctly elevated,  but  as  yet  perfectly  smooth,  while  in 
the  otherwise  less  advanced  brain  shown  in  Fig.  751  it 
has  a  slight  transinsular  furrow.  The  subsylvian  fissure 
is  just  forming  as  the  ventral  boundary  of  the  preoper- 
culum. 

B.  The  demarcation  of  the  subfrontal  gyre  by  the  sub- 
frontal  fissure. 

C.  The  non-continuity  of  the  parietal  and  paroccipital 
fissures. 

D.  The  non-appearance  of  the  precentral  and  post- 
central fissures. 

E.  The  peculiar  triangular  depression  which  seems 


supercentral  f 

Buperf rental  f 

snbfrontal  f... 


prenylvian  f.. 
BUbsjlvian  f.. 


olfactoi}  bulb.,.' 


..postoblongata 


Fie,.  7.53.— Lateral  Aspect  of  the  Left  Half  of  the  Brain  of  a  Fetus,  Size  and  Age  Un- 
known ;  3,378.  X  1.  1-8,  Fissures  not  identifled  with  certainty.  On  the  temporal 
lobe,  just  dorsad  of  the  pons,  the  apparent  Assure  is  an  artillcial  crack. 

Preparation.— The  brain  was  medisected  while  fresh  and  this  half  placed  in  al- 
cohol upon  its  mesal  aspect :  it  has  become  thinner  and  wider  than  natural,  but  ex- 
hibits the  flssiu-es  more  perfectly  on  this  account. 


to  represent  the  commencement   of    the  supertemporal 
fissure. 

F.  The  presence  of  three  fissures  or  series  of  fissures 
caudad  of  the  supertemporal,  the  middle  of  which  may 
represent  the  exoccipital  (§  344). 

G.  The  interruption  of  the  central  fissure  near  its  dorsal 
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end;  so  much  as  appears  in  the  figure  is  continuous,  but 
near  the  mesal  margin  of  the  hcmicerebrum  is  a  slight 
depression  separated  from  the  longer  lateral  portion  by 
an  isthmus  (comp.  Fig.  772). 

H.  The  small  size  of  the  cerebellum,  the  distinctness 
of  the  flocculus,  and  the  prominence  of  the  oliva. 

callosum    fornix 


gupercallosal  f .  < 


pseudocele 


olfaclory  f .. 
olfactory  bulb 


paracentral  f. 
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occipital  £. 
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Fig.  753.— Mesal  Aspect  of  the  Left  (Reversedl  Hemicerehnim  of  a  Fetus,  Size  and 
Age  Unknown ;  2,278.  X  1.  The  lateral  aspect  of  tlir  Irfi  half  of  the  same  brain 
Is  shown  in  Fig.  7.52.  1,  2,  Rostral  llssures ;  3,  tip  of  tfiiiporal  lobe  ;  4,  ventral  end 
of  hi|)itocaiiipal  fissure :  5,  uncus ;  6  (should  have  been  ext^^uded  a  little  farther 
so  as  to  reach  the  light  band),  flmbria ;  7,  dentate  gyre  i  fascia  dentata) ;  8,  un- 
determined fissure. 


§  244.  A  cerebral  fissure  is  a  narrow  space  vacant  of 
brain  tissue  and  containing  only  a  fold  of  pia  with  blood- 
vessels; yet  it  has  many  and  sometimes  important  rela- 
tions, a  complete  account  of  which  would  embrace  about 
fifty  distinct  topics.  There  are  also  about  one  hundred 
problems  of  a  more  or  less  general  nature  applyinir  to 
several  or  all  of  the  fissures. 

§  24.5.  Fi(/.  753  illustrates: 
A.  The  existence  of  three  in- 
dependent furrows  between 
the  callosum  and  ilie  margin 
of  the  liemicerebrtim  along 
the  line  of  what  is  common- 
ly called  the  calloso-marginal 
fissure. 

B.  The  distinctness  at  this 
period  of  the  four  total  or 
collicular  fissures,  occipital, 
calcarine,  collateral,  and  hip- 
pocampal. 

C.  The  independence  of  the 
occipital  and  calcarine. 

D.  The  extension  of  the 
calcarine  alone  nearly  or  quite 
as  far  as  the  point  reached 
in  .some  other  brains  by  the 
occipital  alone  or  by  the  stem 
of  the  two.  Sometimes  the 
occipital  is  the  longer  in  the 
fetus  and  oeca.sionfill)',  as  in 
Fig.  754,  union  fails  to  occur. 

§  246.  Mg.  754  illustrates  : 
A.  The  complete  separation 
of  the  calcarine  fissure  from 
the  occipital  by  a  calcarine 
isthmus.  On  the  other  side 
the  two  are  connected  as 
usual. 

B.  The  bifurcation  of  the 
calcarine  at  each  end,  consti- 
tuting a  long  zygal  fissure 
(§  307). 

C.  The    extension    of    the 

occipital  fissure  so  as  to  represent  what  is  usually  the 
common  stem  of  it  and  the  calcarine. 

D.  The  presence  of  a  "spur"  extending  caudad  from 
the  occipital  toward  the  calcarine  upon  the  isthmus. 

E.  The  appearance  of  trifurcation  of  the  dorsal  end  of 
the  occipital.     The  middle  extension,  however,  is  con- 
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tinuous  with  the  fissure  only  superficially ;  the  cephalic 
branch  is  apparently  my  adoccipital ;  the  caudal,  although 
doubtless  the  dorsal  part  of  the  occipital,  presents  an 
unusual  curve  and  is  invisible  from  the  lateral  aspect. 

F.  The  extent  of  the  precuneal  fissure. 

G.  The  considerable  extension  of  the  central  upon  the 

mesal  aspect. 

H.  The  presence  of  a  subcalcarine  fissure. 

§  247.  Each  of  the  forty  or  more  fissures 
demands  monographic  treatment ;  but  the 
Hmits  of  this  article  will  permit  the  detailed 
consideration  of  onlv  two.  the  central  (g§ 
269-303)  and  the  ptiroccipital  {§§  309-325i, 
as  exemplifj'ing  different  phases  of  fissural 
stud  v. 

§  248.  Fig.  755  illustrates:  A.  An  early 
stage  in  the  formation  of  the  Sylvian  fissure, 
the  presylvian  fissure  being  represented  by 
a  mere  notch. 

B.  The  incomplete  separation  of  the  calcar 
and  the  occipital  eminence. 

C.  The  size  of  the  postcornu  relatively  to 
tliat  of  the  entire  hcmicerebrum. 

D.  The  corrugation  constituting  the  collo- 
cated calcar  and  calcarine  fissure. 

E.  The  equally  distinct  collocation  of  the 
occipital  fissure  at  this  period  with  the  ad- 
joining colliculus,  occipital  eminence,  some- 
times called  "bulb  of  the  posterior  cornu." 

Cullocation  of  Pernmmnt  Fissures  with  Cranial 
Sutures. — In  the  adult  the  dorsal  end  of  the  occipital 
fissure  has  a  notably  constant  position  at  the  mesal  angle 
of  the  lambdoidal  suture,  as  seen  in  Fig.  670.  With 
fetuses  of  between  three  and  seven  months  this  suture  is 
decidedly  caudad  of  the  occipital  fissure,  but  is  distinctly 
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Fig.  754.— Caudal  Half  of  the  Mesal  Surface  of  the  Right  Hemicerehrum  of  an  Adult  Female  Paretic. 
No.  3,35i>  in  the  Museum  of  Cornell  University.     X  1. 


collocated  with  the  lambdoidal  fissure  (Fig.  750);  this 
collocation  does  not  persist  after  the  seventh  month,  and 
it  is  not  yet  known  whether  the  fissure  disappears  or 
changes  its  position.  The  approximate  collocations  of 
the  central  and  other  fissures  with  sutures  are  considered 
in  the  article  Brain,  Surgery  of  the. 
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§  250.  Fissures  should  be  studied  before  gyres,  because : 
1,  They  are  simpler,  being  represented  by  lines  instead 
of  planes;  2,  they  are  more  commonly  entirely  independ- 
ent of  otlier  fissures;  3,  the}'  are  comparable  with  the 
rivers  of  a  region  which  are  employed  as  boundaries  of 
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Fig.  "55.— Left  Hemicerebrum  of  a  Fetus.  Size  and  Age  Unknown.  Opened  from  the 
lateral  aspect ;  1.S19.  X  1.  1.  Ohliquely  out  surface:  tbe  unshaded  area  repre- 
sents a  surface  cut  parallel  with  the  meson.  The  line  from  jjai'(>plf.r».s  ends 
somewhat  vaguely ;  it  should  reach  the  narrow  zone  between  the  hlppocamp  and 
the  cut  surface  marked  1.    See  §  ;i4^. 


the  subdivisions ;  4,  themselves  structureles.s,  they  really 
represent  the  locations  of  a  greater  amount  of  cinerea 
than  lines  of  equal  widtli  and  extent  on  the  gyres,  and 
have  thus  a  greater,  presumptive,  physiological  sig. 
nificance,  although  there  seems  to  be  a  difference  of  opin- 
ion  as  to  the  functions  of  the  intrafissural  cinerea. 

§  351.  With  children  born  at  term  the  main  fissures 
are  always  well  defined,  and  in 

some  cases  there  seems  to  be  lit-  ^aiin<,„n 

tie  difference  between  infant  and 
adult  cerebrums  in  respect  to 
fissural  complexity,  although 
the  insula  is  always  less  devel- 
ojjeil  and  less  completely  cov- 
ered by  the  operculums  (see  Fig. 
663).  8uch  brains  ai'e  often  more 
readily  obtained  and  removed 
than  those  of  adults,  and  if  Avell 
preserved  and  carefully  handled 
may  materially  aid  both  teach- 
ing and  research. 

§  2.")'3.  For  the  elucidation  of 
the  intricacies  of  adult  fissun's, 
ft:'t'il  hntfHS  a/'e  iituch  itiore  »*'>'- 
meeable  tlinn  those  of  motikeys. 
This,  in  contravention  of  the 
view  and  piactice  of  Meynert, 
has  been  insisted  upon  by  me 
(1886,  g).  Some  of  the  pecu- 
liarities and  complexities  of  the 
monkev  brain  are  represented 
in  Fisi'TST. 

§  ~.j3.  Adult  cerebrums  com- 
monly present  individual  pecu- 
liarities wliich  prevent  their  serv- 
ing as  types  or  standards.  I 
have  found  such  in  every  brain 
examined ;  not  merely,  for  ex- 
ample, in  that  of  the  philoso- 
pher, Chauncev  Wright  (Figs. 
768.  7T0,  T88)l)ut  also'in  that^of 
a  mulatto;  simple  in  several  re- 
spects, it  has  jieculiarities  and 
complexities  not  as  yet  fully 
understood  (see  Figs.  762-766). 

§  2.54.  Fig.  756  itlvstr(iti>s  :  A. 
In  connection  with  Figs.  663  and 
702,  the  perfection  and  beauty  of 
form  of  the  human  brain  at  birth. 

B.  The  relatively  small  size  of 
the  cerebellum  at  birth. 

C.  The  distinctness  and  prom- 
inence of  the  pons. 


D.  The  lateral  extent  of  the  psfeudocele ;  at  the  genu 
(cephalic  curvature)  of  the  callosum  it  is  1  mm.  deep, 
representing  about  one-half  of  its  entire  lateral  extent. 

E  The  distinctness  and  depth  of  the  principal  fissures 
and  the  large  number  of  minor  ones. 

F.  The  peculiar  ventral  curve  of  the  cau- 
dal half  of  the  calcarine  fissure,  and  the  con- 
comitant expansion  of  the  cuueus. 

G.  The  length  of  the  fi.ssure  in  the  sub- 
calcarine  gyre. 

H.  The  appearance  of  the  cephalic  stipe 
of  the  paroccipital  fissure  (18)  upon  the 
meson  (see  Figs.  774  and  775). 

S  255.  The  study  of  fissures  upon  actual 
brains  is  facilitated  by  reference  to  diagrams 
such  as  have  been  published  by  C.  L.  Dana, 
Eberstaller,  Ecker,  Jensen,  Pansch,  Schiifer 
(in  "Quain"),  and  others,  ^I\-  present 
views  are  embodied  in  Figs.  757  and  7.58. 

§  256.  Comments  upon  the  Fissural  Dia- 
grams (Figs.  757  and  758). — A.  They  repre- 
sent my  views  at  this  time,  l)ut  are  not 
identical  with  those  previously  pulilislied 
(1880,  g.  and  first  edition  of  the  "Refehence 
H.iNDBooii),  and  are  subject  to  further  modi- 
fications with  increasing  knowledge  of  the  facts.  For 
example,  the  small  fissures  caudad  of  the  occipital  are  but 
little  understood,  and  the  orbitofrontal  of  Giaeomini  may 
prove  to  be  more  nearly  constant  than  now  supjiosed. 

B.  An  attempt  has  been  made  to  indicate  the  relative 
depth  and  constancy  of  the  fissures  by  lines  of  three  de- 
grees of  width ;  this  grouping,  however,  is  provisional. 


paracentral  g. 
nti  il  f 
■/i,^/,^^'   .1'"  "'Utril  f 


olfactory  bulb     31 
optu  n 


11  ueral  t. 


^  thalamus 


Fig.  7.5fi.— Mesal  Aspect  of  the  Right  Hemicerebrum  of  a  Male  Child,  at  Tcnii ;  47S. 
aspects  of  tliH  same  specimen  are  shown  in  Fitrs.  li'i^i.  774,  and  775.    1,  Postohloiu 
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■1.  precreminum  :  .'i,  thalamus,  its  mesal  suifaie.  foriniui:  tin 

Tsal.  pial  surface  is  desiiriiated  by  the  line  from  ihe  word  tlnilaiinis  ; 

the  same  oi>ran,  separated  hv  the  iiicml>ranoii>  diatela  ;  but  Ihe  triau- 

loi-so-cepiiajad  of  iiiem  marked  /.srmfoc  (<  and  iippareiitiv  separated  only  by  the  nar- 

rea  marked  tnrtii.r.  is  the  /o'//i(.sc/i/io/i.  jiart  of  I  lie  mesal  surface  of  the  cerebrum  :  ti. 


9,  IB,  17,  21,  x":!.  24.  ri.  2ii,  ;il,  uiiidentilled  llssures:  T.  |lo^trllinal ;  S,  olfactory  ;  10,11,  rostral 
Assures;  12.  siiiiercallosal  llssiue,  continuous  witii  llie  parai'entral ;  1.5,  intraparacentral  fis- 
sure ;  14.  iiillected  tissiire  ;  IS,  cephalic  sli|ie  of  paroccipital  llssure  :  19,  a  ventral  branch  of  the 
occipital  llssiiie  ;  20,  21,  intracuueal  Assures :  23,  doi-sitl  branch  of  the  calcarine  Assure :  with 
the  more  caudal  of  the  two  ventral  branches  perhaps  it  rtM)resents  the  forked  Assure  sometimes 
called  ii'ialdileririiic :  27,  ])recuneus ;  28,  precuneal  Assure:  29,  dorsal  end  of  the  occipital 
Assure  :  :jo,  the  common  stem  of  the  ili\er£rlntr  occipital  and  calcarine. 

Defeets.~Tbe  specimen  spread  while  liaideiune  under  its  own  weight,  and  is  therefore 
wider  and  thinner  than  natural :  this  is.  liowevei,  an  advantai.'e  lor  the  study  of  the  Assures. 
The  natin-ally  considerable  ci-anial  Acxure  liecame  still  more  markerl  as  the  brain  i-esled  upon 
the  lateral  aspect  while  photoL'iapliinL'.  am!  this,  for  convenience,  is  preserved  in  the  iliaw- 
injj.  The  thalamus  is  iniiialnrallv.  though  verv  insti'Uctively.  micovered  by  the  ■■atlosum  so 
that  lbs  caudal  iiroiiiinence.  the  pulvinar.  is  visible.  The  habena  is  not  distinctly  seen.  The 
cerebellum  is  not  re;, resented  accurately  as  to  details,  but  is  enlarged  in  Fig.  702.  The  hypophy- 
sis is  lacking,  and  the  aulic  region  is  not  shown  in  detail. 
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C.  Each  separate  line  represents  what  I  now  regard  as 

a  fissural  integer  so  far  as  the  human  brain  is  concerned. 
The  following  are  also  regarded  as  integers,  although 
continuous  with  others:   occipital,   calcarine,  postcalca- 


ittjlccted/. 


CJmtral  f^ 


o-eJ'^^ 


X6«'" 


Fig.  757.— Diagram  of  the  Fissures  upon  the  Mesal  Aspect.    The  outUne  and  certain  Assures  are 
from  the  mulatto  brain  (3221,  which  was  hardened  within  the  cranium. 
1,  Postrhlnal  (amygdaline)  fissure  ;  2  and  3,  rostral  fissures. 


rine,  postrhinal.     The  presylvian,  subsylvian,  and  basi- 
sylvian  are  really  branches  or  continuations  of  the  Syl- 
vian, but  are  separately  named  for  convenience. 
D.  The  fissure  lines  are  nearly  straight  and  simple, 


pQn 


'"'nttnay 


nections  are  (1)  of  the  Sylvian  with  the  basisylvian, 
presylvian,  and  subsylvian,  all  which  might  be  re- 
garded as  its  continuations  or  branches ;  (2)  of  the  cal- 
losal  with  the  hippocampal. 

G.  U^uil  connections  are  of  the 
occipital  with  the  calcarine,  and  of 
the  supercallosal  with  the  ]iaracen- 
tral,  but  there  are  occasional  excep- 
tions. 

H.  Common  connections  are  of  the 
superfrontal  and  siipercentral;  the 
preccntral  and  subfi-outal;  the  pre- 
central  and  siipercentral;  the  post- 
central and  subcentral  and  parietal; 
the  parietal  and  paroccipital. 

1.  Occdxiiiriiil  connections  are  of 
the  preccntral  with  the  Sylvian,  and 
of  the  central  with  the  Sylvian  over 
the  margin  of  the  operculum:  in 
these  cases,  so  far  as  known  to  me, 
tlie  junction  is  seldom  very  deep. 

§  257.  From  the  deservedly  pop- 
ular tissural  diagrams  of  Ecker.  the 
publication  of  which  has  so  materi- 
ally advanced  the  general  knowl- 
edge of  the  subjec^  these  differ 
mainly  in  the  following  respects: 

A.  The  omission  of  branches  and 
ct)ntortions. 

B.  The  inclusion  of  the  callosal, 
intleeted,  adoccipital,  postrhinal, 
postcalcariiie,  medifroutal,  precu- 
neal, and  postcentral  fissures. 

C.  The  disjunction  of  the  supercallo.sal  from  the  para- 
central; of  the  precentral  from  the  subfroutal  and  super- 
central  ;  of  the  postcentral  from  the  subcentral ;  and  of 
the  subcentral  from  the  parietal. 

D.  The  recognition  of  the  adoc- 
cipital fissure  and  the  cuneolus. 

E.  The  introduction  of  the  e.\- 
occipital  as  probably  representing 
the  true  "  ape-fissure  "  of  Wernicke. 

F.  The  combination  of  the  "  trans- 
verse occipital  "  of  Ecker  with  the 
caudal  portion  of  his"inter]iarietal" 
as  a  distinct  fissural  integer,  the 
paroccipital. 

G.  The    adoption    from    various- 

postoomu 


operculum 


olfactory  f. 
basisylvian  f. 


t£^>' 


yO?^^^ 


Fig.  758.— Diagram  of  the  Fissures  upon  the  Lateral  Aspect.  The  outUne  and  certain  fissures 
are  from  the  mulatto  brain  (322).  which  was  hardened  within  the  cranium.  M.  the  "mar- 
ginal "gyre;  A,  the  "  angular "  gyre ;  Preop.,  the  pre<:)perculum ;  Subop..  the  subopercu- 
lum ;  Subsy.  f.,  the  subsyhlan  fissure.  The  interrogation  points  on  the  lateral  aspect  of  the 
occipital  lobe  indicate  my  doubts  as  to  the  existence  of  certain  Assures,  or  as  to  the  names 
that  should  be  applied  to  them  if  they  do  exist.  The  subtemporal  Assure  is  not  shown  (see 
Fig.  765). 


excepting  where  branching  is  a  practically  constant 
feature,  as,  e.g.,  with  the  paroccipital,  paracentral,  pre- 
cuneal, and  postcalcariiie. 

E.  The  connections  are  of  two  distinct  kinds:  primary, 
invariable,  and  inevitable  from  the  mode  of  formation  of 
the  parts;  secondary,  and  more  or  less  common,  but  not 
necessary. 

F,  Inva/riable  and  apparently  inevitable  fissural  con- 
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writers  of  what  seem 
to  be  the  best  fissural 
names  of  a  single 
word  each  —  e.g., 
from  Huxley,  collat- 
eral;  from  Owen, 
callosal,  hippocampal, 
inedifrontal,  subfron- 


hlppocampal  f. 

Fig.  7.59.— Schematic  Transections  of 
the  Three  Paracelian  ("omua  in  the 
Order  of  their  Complexity.    See  8  259. 
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tal,  unpercallosal  :  from  Wernicke,  f rontu-marginal ;  from 
Jensen,  intermedial ;  from  Pauscli,  occipitiil  and purictiil  ; 
from  Sfljwalbe,  jn-eeentral  and  postcentral  :  from  Jley- 
nert.  pnoccipital ;  from  Lussana  and  Lemoigne,  inflected 
(Ital.,  inflessf?). 

H.  The  substitution  of  several  mouon\-ms  for  polyo- 
nyms,  viz. :  of  presyhian.  for  ascendiiKj  branch  of  the 
Sylvian;  siibsyh'ian  for  anterior  branch  ;  bamsylrian  for 
the  part  ventrad  of  the  presylvian;  and  the  restriction  of 
Sylrian  to  the  "  posteiior  Ijrauch." 
'  I.  The  replacement  of  lingual  lobule  and  fiiufonn  lobule 


occipital  eminence 
calcarine  Assure-  _ 
calcar- 
postcomu. 

I-  - 


Fig.  760.— Transection  of  the  Left  Occipital  Li  itie  of  a  Fetus,  Size  and 
Age  Unknown ;  2,278.  X  1.5.  This  figure  is  almost  diagrammatic 
in  its  simplicity ;  it  shows  very  clearly  the  relation  of  the  calcarine 
Assure  to  the  calcar  as  represented  in  Fig.  759,  A. 

(not  at  all  easy  to  apply  correctly),  by  subcalcarine  gyre 
and  subcollateralgyre,  names  at  once  associated  with  the  fis- 
sures which  respectively  constitute  the  dorsal  boundaries. 
J.  The  use  of  one  and  the  same  word,  fissure,  for  all 
the  cerebral  depressions  excepting  the  two  foveas. 


K.  The  use  of  one  and  the  same  word,  gyre,  for  all 
subdivisions  of  the  lobes,  excepting  the  cuneus  and  pre- 


paraplexus 
hippocamp 

occipital  eminence 
occipital  Assure 

calcar 
calcarine  Assure 


caudatum 


lambdoidal  f. 


Fig.  761.— The  Caudal  Part  of  the  Risrht  Hemicerebrum  of  a  Fetus, 
Measuring  14  em.  from  Nates  to  Bregma,  and  Estimated  at  Four 
Months;  1.816.     X  1.5.     (See  §361.) 

Pr*7t/(/-(!/j(»M.— This  is  part  of  th**  sperimen  shown  in  Fig.  727. 
when-  lilt'  iiiniU'  of  preparation  is  dfsrnlifil ;  tli'-  ptt>ii-orim  was  ex- 
posed liy  riMiiuving  the  paraoelian  roof  alont'  the  lini's  In  thatfigure. 
The  plexus  was  partly  cut  away,  altliougli  nut  so  represented  in  this 
figure. 

cuneus,  alread_v   well  distinguished  by  mononyms,  and 
the  cuneolus. 

§  2.58.  7'otal  and  Partial  Fissures. — Of  the  permanent 
fissures  most  affect  merely  the  cortex  and  the  adjacent 
alba  and  are  therefore  sometimes  called  partial  Gssures; 
the  central,  for  example,  though  constant  and  deep,  is 
only  a  partial  fissure.  But  others  represent  corrugations 
of  the  entire  parietes,  so  that  the  ectal  depression,  fis- 
sure, is  opposite  and  obviously  correlated  with,  an  ental 
elevation  or  colliculus:    the  fissures  commonly  enume»- 


precentral  t. 


subfrontal  f. 


superfrontal 


supercentral  f.  .central  t. 

I      infiectedf.  /       postcentral  f. 


orbital  f.       /    f 

presylvian  f.  iNsri.A 

basisylvlan  t. 


superteniporal  t. 


suoiemporal  f. 
meditemporal  f. 


Pig.  762.— Lateral  Aspect  of  the  Left  Hemicerebrum  of  a  Mulatto  :  322.  X  .8.  1.  Cephalic  part  of  the  operculum  demarcated  from  the  rest  by 
a  Assure  that  does  not  extnnrt  through  lis  entire  thii'knfss  :  2.  preoperculum  ;  3,  postoperculum  :  the  subsvlvian  fissure  is  probably  repre- 
sented by  a  short  indi'iilatii.u.  visihli'  cjiilv  win  n  ilu-  ii(.sto]nnolum  (3)  is  removed:  4,  what  is  coiiiiiiniiiv  i-alled  the  "  supramargiiial 
gyre  "  ;  .5,  may  n-pic-s.ni  nui  ,.f  what  is  liilli-d  the  "  iinL'ular  u'vn-  "  ;  6,  a  supergyre  overlapping  the  c(.neealed.  caudal  part  of  the  angu- 
lar; 7,  unidentitled  oc,i|.jtal  L'vre;  s, '.I,  p,iiti"ns  cif  the  unideTililled  supergyre  that  overlaps  the  lateral  part  of  the  |iari«eipit;il  gyre  ;  10, 
gyre  at  the  caudal  (aiiparenilv  dcirsali  side  nf  iiie  d.  ii>ial,  deiieeteii  end  of  the  superteinporal  fissure;  11.  opposite  the  dorsal  end  of  the  occip- 
ital Assure  (this  is.  however,  invisible,  and  the  straltrht  fi.ssure  thai  extends  laterad  from  11  between  8  and  9,  and  curves  ventrad  at  6, 
may  possiblv  be  the  ex..c.ipdiil  or  Wernicke's  fissure,  one  ..f  the  so-calleil  "  ape  fissures '" ;  it  has  apparent,  though  not  real,  connections 
with  the  occipital  and  siiperteiiipmal  fissures)  ;  12,  curveil  fissure  in  the  same  suiiergyre.  superficially  connected  with  the  supertemporal ; 
13,  cephalic  stli»-  ,if  the  i.aroccipiial  fissure;  U.  dorsal  fork  id  the  postcentral  fissure;  the  subcentral  is  not  indicated  by  a  separate  num- 
ber and  is  continuous  with  the  postcentral;  15.  caudal  extremitv  of  the  calcarine  fissure,  really  simple  and  independent;  lb,  cephalic 
radius  of  the  triradiate  supercentral  fissure  (see  Kig.  765)  ;  18.  19,  20,  unidentified  occ.ipito-temporal  fissures ;  21,  just  ventrad  of  the  strait 
between  the  central  and  supercentral  Assures  (see  Fig.  764)  ;  22,  the  most  cephalic  of  three  distinct  fissures  crossing  the  medifrontal  gyre. 
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ated  as  total  are  the  hippot-ampal  (Fig.   755),  calcarine 
(Fig.  760),  and  collateral  (Fig.  755);  tlie  Sylvian  may 


riG.  763.— Diagram  Illustrating  the  Effect  ol  the  Convexity  of  the 
Cerebral  Surface.*  upon  the  Apparent  Width  of  the  Gyres.  Upon  a 
cylinder  were  drawn  parallel  lines  at  the  uniform  distance  of  1 
cm.:  one  side  of  the  cylinder  was  then  photographed,  and  the  fig- 
ure is  a  reproduction  of  the  photograph,  reduced  one-half.  The 
reduction  of  the  intervals  according  to  the  distance  of  the  lines 
from  the  part  nearest  the  eye  illustrates  the  fact,  not  always  dis- 
tinctly recognized,  that  the  fissures  near  the  periphery  of  a  cerebral 
convexity  always  appear  to  be  nearer  together  than  they  really 
are:  the  intervening  g.VTes  consequently  appear  of  less  than  their 
actual  width ;  see,  for  example,  the  superf rontal  gyre  in  Hgs.  762 
and  764. 

possibly  be  correlated  with  the  caudatum  (Fig.  716);  the 
«allosal  and  occipital  are  total  Assures  in  the  fetus  (Figs. 


superfrontal  t. 


•jj  precentral  f.  (?; 
supercentral  f. 
Inflected  f. 


i^  central  f . 


'L--  precuneal  f. 

,4 


Fig.  764.— Dorso-Cephalic  Aspect  of  the  Left  Hemicerebrum  of  a  Mu- 
latto :  332.  X  .8.  1.  Caudal  radius  of  the  triradiate  supercentral 
fissure:  2,  strait  between  the  central  and  supercentral  fissures: 
3,  caudal  end  of  paracentral  fissure  (see  Fig.  766 1  ;  4.  cephalic  end 
of  the  same  (?) ;  5,  Sylvian  fissure ;  6,  postcentral  fissure.    See  S  264. 


734  and  761),  and  the  ental  correlative  of  the  latter  is 
sometimes  recognizable  in  the  adult  (Fig.  744). 

§  259.  Fi'ff.  To9  illustrates :  A.  The  mesal  wall  of  the 
postcornu  presents  a  ridge,  the  calcar,  and  the  inesal  sur- 
face of  the  occipital  lobe  a  furrow,  the  calcarine  fissure;  as 
seen  in  Figs.  760  and  761,  the  ectal  depression  and  the 
ental  elevation  are  obviously  correlated. 

B.  The  precornu  presents  an  ental  elevation,  the  cau- 
datum, and  a  depression  nearly  opposite,  the  Sylvian 
fissure.  But  the  correlation  of  the  two  is  not  quite  clear 
and  the  conditions  are  complicated  by  the  formation  of 
the  intrafissural  (or  iutergyral)  elevation  called  insula. 

C.  Here,  as  in  the  postcornu.  there  is  no  doubt  respect- 
ing the  correlation  of  the  ental  elevation  or  colliculus,  the 


orbital  f.  . 
olfactory  1.  . 
olfactory  tract . 
optic  nerve 

chiasma 
optic  tract 

postrhlnal. 

collateral  f . 

splenium 


calcarine  f . 


Fig.  76.5.— Ventral  Aspect  of  the  Left  Hemicerebrum  of  an  Adult  Male 
Mulatto:  322.  X  .8.  1,  Ridge  ventrad  of  the  splenium,  represent- 
ing, perhaps,  one  of  the  gyres  desciibed  by  A.  Retzius,  British  As- 
sociation Proceedings,  188.5;  2,  stem  of  the  occipital  and  calcarine 
fissures.    See  §  26.5. 

PrfjMrafion.— See  Fig.  757.    The  olfactory  bulb  has  been  re- 
moved. 

hippocamp,   and    the   ectal    furrow,   the    hippocampal 

fissnre;  in  addition,  the  proper  nervous  parietes  are 
abrogated  along  a  line,  the  lima.  and  the  paraplcxtisis 
formed  by  the  intrusion  of  the  pial  process  covered  by 
the  endyma ;  the  margins  of  the  rima  are  specialized  and 
become  the  fimbria  and  tenia;  on  the  figure  the  tenia  is 
not  indicated  as  separate  from  the  caudatum  (Fig.  730). 

§  260.  Classification  of  the  Permanent  Fissures. — The 
following  grouping  of  the  fissures  is  approximately  nat- 
ural and  has  been  found  convenient  by  me;  at  the  best, 
however,  any  such  arrangements  are  provisional:* 

*  Whatever  may  be  desirable  in  theory,  or  eventually  practicable,  at 
present  nothing  seems  to  be  gained  by  attempting  to  classify  cerebral 
depressions  as  fissures  and  sulci,  and  in  this  article  all  are  designated 
as  azures. 
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A.  Total  fissures,  representing  a  corrugation  of  tlie 
enfire  paracelian  parietes;  e.g..  calcarine. 

B.  Partial  fissures  with  some  structural  correlative; 
e.g.,  olfactory. 

C.  Partial"  fissures,  nearly  or  quite  constant,  and  de- 
marcating recognized  gyres;  e.g.,  subfrontal. 

D.  Inconstant,  intragyral  fissures;  e.g.,  medifrontal. 

§  261.  Mg.  761,  in  addition  to  A  and  B,  specified  under 
Fig.  727,  illustrates:  A.  The  contiguity  of  the  two 
margins  of  the  rima,  excepting  for  the  intruded  para- 
ple.xus. 

B.  The  concomitant,  absolute  exclusion  of  the  thalamus 
from  the  paracelian  floor. 

C.  The  depth  and  peculiar  form  of  the  lambdoidal 
fissure  (Fig.  750). 

§  262.  Fig.  76^  illustrates :  A.  The  form  of  this  adult, 
mulatto,  left  hemicerebrum,  unaltered  save  from  alco- 
holic shrinkage. 

B.  The  general  aspect  of  the  gyres,  comparable  with 
the  appearance  in  the  cerebrum  of  the  philosopher, 
Cliauncev  Wright  (Fig.  788). 

C.  A  simple,  almost  typical  condition  of  certain  fissures, 
e.g..  central  and  Sylvian,  in  a  large  part  of  their  course, 
combined  with  great  and  imusual  peculiarities  of  the 
same  or  other  fissures. 

D.  The  visibility  of  the  insula  (see  Figs.  767  and  788). 

E.  The  presence  of  a  vertical  branch  of  the  presylvian 
fissure,  which,  however,  does  not  extend  through  the 
thickness  of  the  operculum. 

F.  The  union  of  the  subfrontal  with  the  precentral  and 
with  two  of  the  lissures  crossing  the  medifrontal  gyre. 

G.  The  apparent  narrowness  of  the  superfrontal  gyre, 
which  nevertheless,  as  seen  from  the  dorsal  aspect,  is  of 
considerable  Avidtli;  in  fact  the  narrowest  portion  of  the 
superfrontal  is  just  as  wide  as  is  the  subfrontal  measured 
in  line  with  the  stem  of  the  presylvian  fissure;  this  is 
a  forcible  exemplitication  of  what  is  explained  under 
Figs.  763  and  764. 

H.  The  groat  length  of  the  supertemporal  fissure,  and 
its  appareivt.  dorsal  branching  in  four  directions;  its  true 
and  deep  continuation  is  cephalad  between  b  and  10. 

I.  The  continuation  of  the  calcarine  fissure  around  the 
margin  of  the  hemicerebrum  so  as  to  appear  upon  the 
caudo-lateral  aspect  as  an  undivided  end  (15):  the  calcar- 
ine is  believed  to  be  continuous  commonly  with  a  bifur- 
cated postcalcarine,  and  the  condition  in  this  brain  seems 
to  be  unusual ;  .see  also  Fig.  785. 

J.  The  superficial  connection  of  the  central  and  pre- 
central fissures. 

K.  The  partial  appearance  of  the  subtemporal  fissure 
on  the  lateral  aspect ;  see,  however.  Fig.  765. 

L.  The  forking  of  the  Sylvian  into  an  episylvian 
fissure,  near  4,  and  a  hyposylvian  near  5. 

§  263.  Tlie  apparent  width  of  gyres  upon  convex  sur- 
faces of  the  cerebrum  is  affected  by  the  point  of  view. 
Compare,  e.g.,t\\<t  superfrontal  gyre  of  the  mulatto  as 
shown  in  Figs.  762  and  764.  The  conditions  are  schemat- 
icallv  illustrated  in  Fig.  763. 

§  264.  Fig.  7<'4  iUnstrates:  A.  The  length  and  inde- 
pendence of  the  superfrontal  fissure,  and  its  close  paral- 
lelism with  the  hemicerebral  margin. 

B.  The  width  of  the  supercentral  gyre  when  viewed 
directly  as  compared  with  the  oblique  view  shown  in 
Fig.  762  (see  §  262,  G). 

C.  The  triradiate  form  of  the  supercentral  and  its  rela- 
tion to  the  inflected. 

D.  The  continuity  of  the  supercentral  with  the  pre- 
■central  and  central;  in  each  case,  however,  there  is  a 
vadum  or  shallow. 

§  265.  Fig.  705  illustrates :  A.  The  presence  of  a  dis- 
tinct though  rounded  orbital  prominence  between  the 
frontal  and  the  lateral  portions  of  the  outlines,  but  the 
absence  of  any  such  boundary  between  the  lateral  out- 
line and  the  occipital. 

B.  The  narrowness  of  the  olfactory  gyre,  between  the 
■  olfactory   fissure  and   the  mesal  margin  of  the  frontal 

lobe. 

C.  The  distinctly  zygal  form  of  the  orbital  fissure. 
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D.  The  length  and  distinctness  of  the  subtemporal 
fissure. 

E.  The  extension  of  the  calcarine  fissure  upon  the  oc- 
cipital end  of  the  hemicerebrum. 

F.  The  presence  of  a  fissure  (orbito-frontal?)  on  the 
orbital  surface  cephalad  of  the  orbital  fissure. 

§  266.  List  op  P.\rtial  Fissures,  Constant  or 
Nearly  So,  and  Demarcating  Gyres. 


Ill 


1.  Basisylvian. . . . 

2.  Central  

3.  Circuminsular 

4.  Inflected 


Aspect. 


5.  Insular 

6.  Olfactory 

7.  Orbital 

8.  Orbito-frontal. 
"J.  Paracentral.. . 

10    Parietal 

11.  Paroccipital .. 

12.  Postcentral. . . 

13.  Postrhinal. . . . 

14.  Precentral 

15.  Presylvian  . . . 

16.  Subcentral  . .  . 

17.  Subfrontal  . . . 

18.  Subsylvian. . . 

19.  Supercallosal . 

20.  Supercentral. . 

21.  Superfrontal. . . 

22.  Supertemporal 

23.  Transinsular. . . 


Gyres  separated  by  them. 


Ventral  | 

Lateral  \ 

Lateral  ] 

Lateral  j 
Lateral 

Ventral  - 

Ventral  -} 

Lateral  ] 

Mesal  ] 

Lateral  -1 

Lateral  ] 

Lateral  ] 

Mesal  ] 

Lateral  \ 

Lateral  -i 

Lateral  -, 

Lateral  -. 

Lateral  \ 

Mesal  ] 

Lateral  -j 

Lateral  -j 

Lateral  ■( 
Lateral    'i 


Orbital. 

Temporal. 

Precentral. 

Postcentral. 

Insidar. 

Adjoining. 

Suiierfrontal. 

Precentral. 

Insular. 

Orbital. 

G.  rectus. 

Subfrontal. 

Orbital. 

Superfrontal. 

Orbital. 

Paracentral. 

Precuneus,  etc. 

Parietal. 

Subparietal. 

Paroccipital. 

Subparietal. 

Postcentral. 

Parietal. 

Uncus 

Temporal 

Pi'ecentral. 

^[edifrontal. 

Operculum. 

Preoperculum. 

Postcentral. 

Parietal. 

Subfrontal. 

Medifrontal. 

Preoperculum. 

Suboperculimi. 

Callosal. 

Fronto-marginal. 

Precentral. 

Super-  and  medifrontal. 

Medifrontal. 

Superfrontal. 

Supertemporal. 

Jleditemporal. 

Preinsula. 

Postiusula. 


§  267. — List     op    Inconstant     Fissures,    with    the 
Gyres  in  Which  They  Occur. 

Fissures.  Gyres. 

1.  Adoccipital Precuneus. 

2.  Episylvian Subparietal. 

3.  Exoccipital Occipital  (V). 

4.  Fi'onto-marginal Fronto-marginal. 

5.  Hyposylvian Supertemporal. 

6.  Intermedial Subparietal. 

7.  Intraparacentral Paracentral. 

8.  Jledifrontal Medifrontal. 

9.  Postcalcarine Occipital  (?). 

10.  Postcuneal Occipital  (?). 

11.  Postoccipital  fovea Occipital  (?). 

12.  Postparoccipital Paroccipital. 

13.  Precuneal Precuneus. 

193 


Brain. 
Brain. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


14.  Preoccipital  fov-ea Subtemporal. 

15.  Preparoccipital Paroccipital. 

16.  Rostral Callosal. 

17.  Suboccipital Occipital  ( ?). 

18.  Subtemporal Medi-  and  subtemporal. 

19.  Transtemporal Meditemporal. 

paracentral  f.  (?) 

Inflected  f.  ~^ /         /central  t. 

fronto-marginal  f- v^^P»*'^''^^'^T*'*^-^        occipital  I. 

supercallosal  f.  j^^^T    .  'i^,Ps™-\"V><^    6,        / 

>^c^    r>\  j^  /        ILcentral  g.l    -?1x        / 

callosal  l..^^S\       \  ,-^^f  \    ^ —    y^  /  %   / 

ef^^'C^^^'^^^^^  G  Y    J  PRFcrsErs  /j^ 

olfactory  I.         "^^  /    "    1^&)^^^  '     ^  /^S^ 

postilimal  f  /^as^es**^^  calcarine  f. 

2    !  hippo-     !      collateral  f. 

hlppocampal  f.       campal  g.    subcoUateral  g. 

Fig.  766.— Mexil  .\spect  of  the  Left  (Keversed  So  as  to  Appear  the 
Right  >  Heiiiirt-n-linim  of  an  Ailult  Male  Mulatto ;  Sii.  X  ..5.  1,  The 
common  strm  cf  tii<M»r-cipital  and  calcarine  :  2,  uncu.s;  H.  optic  tract, 
divided  obliqiiclv  ;  4.  fornix;  5,  letreating  ventral  suri'ace  of  the 
fornix  ;  t\  parareiitral  fissure.  There  can  be  no  doubt  that  6  is  the 
caudal  or  main  portion  of  the  paracentral,  but  the  cephalic  portion 
so  named  is  thought  by  E.  A.  Spitzka  to  represent  the  intraparacen- 
tral,  the  true  cephalic  limb  being  absent.  Mr.  Spilzka  concludes 
(19(K->)  that  the  inflected,  like  the  central,  typically  indents  the  mar- 
gin of  the  iianicenlral  gyre,  fnfortunately,  at  this  time,  I  cannot 
detennine  tlie  point  liy  re-examination  of  the  specimen;  but  the 
need  of  .toink'  so  oxemplifles  the  remark  in  §  2.>3. 

Prfp(7?v(/MiK.    See  Fig.  7.'>T. 

Dcffcf.v.— Most  .if  the  fissure  lines  are  too  faint ;  the  emarfrination 
of  the  ventral  outline  just  cephaladof  the  optic  nerve  is  too  decided. 

§  268.  Mg.  766  tllusinites :  A.  The  existence  and  un- 
usual extent  of  the  fronto-marginal  fissure. 

B.  The  complexity  of  the  precuneal  fissure. 

C.  The  length  of  the  collateral  fissure. 


Taking  all  things  into  account,  the  central  fissure  de- 
mands first  and  fullest  consideration ;  theic  is,  indeed, no 
fact  concerning  it  that  is  not  worth  recording  or  tliat 
may  not  prove  significant  morjihologically  or  practically 
valuable.  The  order  in  which  the  following  topics  are 
presented  is  far  from  perfect,  but  it  may  serve  to  indicate 
the  many-sidedness  of  these  cerebral  features.  To  save 
space  the  pronoun  it  will  commonly  designate  the  cen- 
tral fissure.* 

§  3T0.  The  Name. — It  has  been  called,  to  use  the  Latin 
forms,  Jissura,  scis^ura.  and  sulcus,  with  the  qualifying 
adjectives  centralis,  Rolandicii,  and  jiostero-jjaHttitlis,  all 
these  having,  of  course,  appropriate  equivalents  in  the 
various  modern  languages,  lly  doubts  as  to  the  utility 
of  discriminating,  at  present,  between  fissures  and  sulci 
have  been  expressed  in  §  260,  nvte.  My  reasons  for  pre- 
ferring central  to  Bolandic  have  been  stated  upon  several 
occasions  since  1882;  but  as  the  former  name  has  now 
been  adopted  by  the  Association  of  Ameiican  Anatomists 
and  the  Anatoiuische  Gcsellschaft  it  will  probably  super- 
sede the  latter  with  anatoiuists  of  other  nations. 

§  271.  General  Djcatii/n  and  Direction. — On  the  dorso- 
lateral aspect  of  the  cerebrum,  at  about  the  middle  of  its 
length  :  from  a  point  at  or  near  the  dorsi-mesal  margin,  it 
extends  latero-ccph;ilad  at  an  angle  of  about  70  degrees 
with  the  meson,  or  about  140  degrees  with  its  opposite. 

§  272.  Dimensions. — Among  adult  hemicerebrums  in 
the  museum  of  Cornell  University  the  length  of  the 
fissure,  measured  in  a  straight  line  between  the  two  ends, 
varies  from  8  to  10..5  cm.,  the  usual  length  being  about 
9.5  cm.,  or  about  one-fourth  of  the  entile  circumference 
of  a  cerebrum  as  measured  in  a  dorso-ventral  plane  inter- 
secting the  fissure  at  about  the  middle  of  its  length.  If 
measured  along  the  sinuosities,  as  if  the  fissure  were 
straightened  out,  the  length  may  be  one-seventh  greater 
than  if  measured  across  the  curves.  The  greatest  depth, 
varies  from  10  to  15  mm. 

§  273.  Relation  to  Ental  Elcrntions. — Thei'e  is  no  evi- 
dence of  any  special  collocation  between  it  and  any  ental 
elevation,  in  manor  any  other  mammal;  hence,  though, 
so  deep,  it  is  not  a  total  but  a  partial  fissure  (§  2,58,  A). 

§  274.  0/n.ilanei/. — The  only  case  of  absence  of  the 
central  fissure  known  to  me  is  that  described  by  Sir  Wil- 
liam Turner  (Join:  Anat.  and  Physiol.,  xxv.,  327-348J. 


iiifiected  f . 

supercentral  f . 

precentral  f.  _ 
superfrontal  I.  , 

subfrontal  t. -:^,^~ti~Z^ 


central  f. 


Sylvian  f. 

> — ___—=——*■  postcentral  t. 
__»— — •'  parietal  f. 

subceiitral  f. 

^----_^        15 

'2%; —  supertemporal  f. 

paroccipital  f. 


presylvlan  f.- 


olfactory  f. 


Flo.  i6i.— Lateral  Aspect  of  Ihe  Left  Hemicerebmm  of  an  Adult  Swedish  Carpenter,  Presenting  an  I'nusual  Degree  of  Fissuration  ;  318.   X  .6—. 
Prcixmif /..ii.— The  hemicerebmm  was  hardened  resting  upon  the  mesjil  surface,  and  apparentiv  with  little  change  in  form.    The  right 
was  likewise  numerously  Hs,sured.    ()l  the  unidentifled  fissures  the  only  ones  that  seem  to  call  for  comment  here  are  9  and  10,  which  are 
transtemporal  Assures,  and  16,  a  well-marked  hyposyhian.    See  §  275. 


D.  The  distinctness  of  the  postrhinal  fissure. 

E.  An  ajiparent  peculiarity  of  the  paracentral  fissure 
as  stated  brieflv  in  the  description;  the  subject  is  dis- 
cussed by  E.  A.  Spitzka.  1900. 

§  369.  Pre-Erninent  Importaiiee  of  the  Central  Fissure. — 


The  subject  was  an  epileptic,  twenty  six  years  old,  and 
the  entire  (alcoholic)  brain  weighed  1 ,  107  gm.  (39|  ounces) ; 

*  The  central  fissure  is  quite  fully  discussed  by  Cunningbam  (1892. 
chap.  iii.). 
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the  left  hemicerebruin  530  gm.,  the  right  437.  The  left 
fissures  are  stated  to  have  had  a  normaf  developmeut  and 
arrangement,  but  on  the  right  the  Sylvian  lissure  was 


termediate  caudal  convexity.  In  most  adults  it  is  cer- 
tainly more  or  less  serpentine  or  tortuous,  and  the  regular 
curves  are  sometimes  distinct;  but  three  cephalic  con- 


superfrontal  f. 
medifrontal  f. 


supercentral  f. 


rentral  f.— U        postcentral  f. 


parietal  f. 

paroccipital  f. 
iiiipital  f 


subfruDtal  (. 


central  f. 


Sylvian  f. 


Fig.  788.— The  Left  Hemleerebrum  of  a  Philosopher  (Chauncev  Wri(rht>,  from  the  Dorse-Lateral  Aspect.    X  . 

Piriiiniiliiiii  — Sff  Fiff.  T-IS.  The  flcure  is  ba.si^d  upun  a  photoLTaph  taken  a.s  nearly  as  possible  at  an  angle  of  4.5°  with  the  meson,  so 
as  t«  nri'sHiit  ilii-  cinisn-lati-iiil  aspect,    the  lini'  <-..niM-ctinL'  tlic  snperfruntal  and  meilifrontal  fissures  was  made  inadyertently. 

Tlu-  luiinrrals  1  i.i  S.'  arc  at  the  same  poliit,<  a.-i  in  Fit;.  7s>  ;  on  that  tlgure  SS  de.signated  the  central  istbmus,  which  here  has  the  word 
printed  iipim  it ;  :H  is  just  at  the  end  ot  the  slioit  iutleited  Ussure. 


'   A.  The  unusual  number 
of  the   slight   depressions 


wide  open  so  as  to  expose  the  insula  largely  ;  the  centnd 
fissure  wa.i  wlmUi/  absent,  together  with  the  precentral  and 
postcentral;  the  lateral  surface  presented  three  arched 
fissures,  demarcating  four  arched  gyres  about  the  Sylvian 
fissure,  a  condition  analogous  to  that  in  the  dog  and 
many  other  carnivora.  Tlie  interest  and  importance  at- 
taching to  this  case  would  have  warranted  a  larger  num- 
ber of  better  figures,  and  a  representation  of  the  left 
hemicerebrura. 

§  27.5.  Fir/.  767  illustrates 
of  minor  fissures,  especially 
■which  I  have  called/(MS«i(f. 

B.  The  three  cephalic  curves  of  the  central  fissure,  and 
their  decided  character. 

C.  The  extent  of  the  supertemporal  fissure. 

D.  The  continuity  of  the  postcentral,  parietal,  and 
paroccipital  fissures. 

E.  The  length  of  the  dorsal  branch  of  the  presylvian. 

F.  The  two  dorsiil  branches  of  the  Sylvian,  and  the 
distinct  hyposylvian  branch  (16). 

G.  The" crossing  of  the  temporal  lobe  ventrad  of  the 
supertemporal  fissure  by  two  transtemporal  fissures. 

H.  The  non-union  of  the  subfrontal  with  the  precen- 
tral; this  last  is  not  named  but  is  the  ventral  continuation 
of  the  supercentral,  beginning  about  opposite  the  sub- 
frontal. 

I.  The  continuity  of  the  postcentral,  subcentral.  pa- 
rietal, and  paroccipital,  constituting  what  has  been  called 
the  "intraparietal  roniplex  ";  §  306. 

§  276.  Tiipiiijriijihieal  Importance. — This  is  well  indi- 
cated in  the  following  vigorous  declarations  of  Wagner 
and  Ecker:  ''^ Man  muss  sie  imnier  znerst  aufsuchen.  urn 
sich  mm  da  in  dem  scheinbaren  Chaos  der  Eirnirimhingen. 
.  .  ."  "BikUt  sie  die  den  sichersten  Ausfjanyspunkt  filr 
die  Aiifsudninr;  der  M'indungen.  ..." 

§  277.  Ftiriii.  or  Course  in  Detail. — According  to  Broca 
it  normally  presents  two  cephalic  convexities  with  an  in- 


vexities  have  been  observed  in  sufflcient  number  to  show 
the  need  of  careful  observation  and  tabulation. 

§  278.  i>)y(;(c/;c.«.— Offshoots  from  the  central  are  usu- 
ally rather  short  and  straight,  starting  at  the  summits  of 
the  curves;  but  in  the  brain  presenting  the  most  decided 
curvatures  (Fig.  767)  there  is  scarcely  any  branching. 

§  279.  Firi.  7CS  illustrates  :  A.  The  unfamiliar  appear- 
ance of  a  hemicerebrum  when  viewed  from  this  oblique 
aspect. 

B.  The  distinctness  of  the  angles  between  the  cephalic 
and  the  dorsal  and  ventral  outlines;  this  was  commented 
upfin  by  the  first  describer  of  this  brain.  Prof.  Thomas 
Dwight,  and  appears  in  Fig.  788,  though  less  markedly. 

C.  The  completeness  and  width  of  the  isthmus  between 
the  dorsal  and  ventral  portions  of  the  central  fissure;  in 
Fig.  788  this  is  marked  23,  but  is  so  much  foreshortened 
as  to  be  hardly  visible. 

D.  The  simple,  curved  form  of  the  dorsal  part  of  the 
central  fissure,  with  no  bifurcation  such  as  exists  at  both 
ends  of  the  ventral  portion. 

E.  The  independence  of  the  supercentral  fissure. 

F.  The  presence  of  a  medifrontal  fissure  subdividing 
the  large  area  between  the  subfrontal  and  superfrontal 
fissures. 

G.  The  junction  of  the  subcentral  fissure  with  the 
parietal,  and  the  continuity  of  the  parietal  with  the  par- 
occipital; whether  this  jvinction  occurs  at  1  or  at  3  can- 
not be  determined  at  present. 

H.  The  great  length  of  the  supertemporal  fissure  and 
the  complexity  of  its  dorsal  end. 

I.  The  presence  of  a  long  and  curved  fissure,  6-7,  on 
the  lateral  aspect  of  the  occipital  lobe. 

J.  The  presence  of  an  unusual  crescentic  fissure  (14) 
ventrad  of  the  subcentral  (1.5). 

§  280.  Junetiuns. — So  far  as  I  am  aware,  connections 
between  the  central  and  other  fissures  (excepting  the  in- 
tercerebral,  §  236)  are  rare,  and  incomplete  or  shallow 
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wlien  they  occur;  e.g.,  in  Fig.  762,  ■where  the  concealed 
vadum  between  the  central  branch  and  the  supercentral 
nearly  reaches  the  surface,  and  in  Fig.  767,  where  tliere 
is  also  a  nearly  invisible  vadum  just  at  the  apparent  union 
of  the  supercentral  with  the  centi-al. 
The  occasional  confluence  of  the  cen- 
tral with  the  Sylvian  over  the  margin 
of  the  opercvilum  is  commonly  shallow, 
but  sometimes   quite  deep,  as  in  the 
right  hemicerebrum  of  James   Burk, 
figured  by  Mills  {Journal  of  Aereous 
and  Mental  Disease,  vol.  xiii.,  Septem- 
ber, 1886).     The  depth  of  such  straits 
should  always  be  stated. 

§  281.  Bifurcation. — Terminal  divis- 
ion of  the  central  fissure  at  either  end 
is  rare ;  among  the  few  cases  known 
to  me  the  ventral  end  is  bifurcated  on 
the  right  in  a  supposed  insane  person 
(385)  and  the  ventral  on  the  left  of 
Chauncey  Wright  (Fig.  768);  the  dor- 
sal end  is  bifurcated  on  both  sides  in 
Professor  Oliver  (Fig.  664). 

§  382.  Relation  tt)  the  Mesal  Aspect. — 
Cimningham  found  (1892,  163)  that  the 
fissure  indented  the  dorsal  margin  so 
as  to  appear  on  the  mesal  aspect  (as  in 
Fig.  757)  in  sixty  per  cent,  of  the  hemi- 
spheres examined.  JIj'  own  observa- 
tions would  make  the  proportion  some- 
what larger.  For  the  final  determi- 
nation of  the  ratio  there  should  be 
employed  only  adult  specimens  retain- 
ing their  natural  form. 

§  283.  Special  Location. — About  mid- 
way between  a  line  coinciding  with  the 
precentral  and  supercentral  fissures 
cephaliid,  and  a  line  coinciding  with 
the  postcentral  and  subcentral  caudad. 

§  284.   ilou)  to  Distinf/uish  from  Ad- 
joining  Fissures.* — When  the  precentral  is  separate  from 
the  supercentral,  and  the  postcentral  from  the  subcen- 
tral,  the  central  is  notably  longer  than  either.     When 
these  two  pairs  of  fissures  unite,  however,  it  is  the  mid- 


tion.  The  following  characters  should  be  noted  in  case 
of  doubt:  its  greater  depth  and  length;  its  location 
relatively  to  the  entire  length  of  the  cerebrum,  and 
the  angle  it  forms  with  the  margin ;  its  more  complete 


paroc 


isthmus  paroc 


paroccipital 


occipital 


Fig.  770.— Dorsum  of  the  Cerebrum  ol  Chauncey  Wright,  a  Philosophic  Writer,  Critic,  and 
Mathematician  (see  description  of  Fig.  788) .  X  .8.  "UTien  photographed  the  cerebrum 
was  inadvertently  tilted  a  little  to  the  left.  I,  Central  isthmus  on  either  side  ;  the  num- 
bers correspond  to  those  on  Figs.  76S,  779,  and  788. 


FIS.  769.— Eight  and  Left  Paracentral  Regions  of  an  Adult :  3,133.  X  .5.  Each  piece 
was  cut  from  the  dorso-mesal  region  of  the  hemicerebrum  by  an  incision  at  about 
4.5°  ^Ith  the  meson ;  the  piercs  rt'st  upon  the  oblique  cut  surfaces  and  the  dorso- 
mesal  margins  correspond  :iiipr'txiinat'*ty  to  lines  between  the  two  Ds  and  the  two 
Ms.  1,  Dorsal  outcrop  of  llu-  «-eplialic  end  of  Ilie  paracentral,  which  is  also  continu- 
ous with  the  superrallosal;  '*,  a  crescentic  fissure  which,  in  the  foresliortened  posi- 
tion of  the  parts,  aiipears  to  join  the  paracentral,  but  is  really  separated  from  it  by  a 
vadum  t)arely  below  the  surface:  3,  a  similar  Assure  on  the  right,  separated  by  a 
comi)lete  isthmus  from  the  paracentral,  which  latter  has  no  dorsal  outcrop,  but  is 
continuous  with  the  supercallosal ;  in  the  light  of  E.  A.  Spitzka's  observations  3  and 
3  may  be  tlie  intlected  assures. 


independence;  the  usual  absence  of  terminal  forks;  par- 
ticularly its  extension  to  or  across  the  dorsal  margin 
just  cephalad  of  the  paracentral,  thus  indenting  the 
paracentral  gyre  (Fig.  769). 

§  285.  Alleged  Duplication. — Calori  and 
Giaeomini  have  each  described  (1884)  a 
brain  wliich  they  interpreted  as  having 
two  central  fissures  nearly  parallel  and 
separated  by  an  "  intercentral "  gyre.  The 
conditions  in  an  educated  suicide  (3139) 
were  similarly  interpreted  by  me  (1894,  a); 
but  a  later  comparison  with  a  larger  num- 
ber of  brains  leads  me  to  conclude  rather 
(1900,  a)  that  the  supposed  second  or  cau- 
dal central  is  really  an  unusually  long 
resultant  of  the  union  of  the  postcentral 
and  subcentral,  caudad  of  which  is  the 
parietal.  The  bifurcated  dorsal  end  of 
the  jiostcentral  has  the  usual  relation  with 
the  paracentral  as  it  crosses  the  meson 
(see  Fig.  769).* 

§  286.  Fig.  760  illustrates :  A.  The  more 

usual  relation  of  the  central  fissure  to  the 

dorsal  margin,  crossing  it  so  as  to  appear 

on  the  mesal  aspect. 

B.  The  constant  relation  of  the  central 


postcentral 
paracentral 


die  of  the  group  of  three  fissures  at  about  the  middle  of 
the  hemicerebrum  having  a  general  dorso-ventral  direc- 

*The  macroscopic  methods  here  eniunerated  might  require  confir- 
mation from  the  histology  of  the  region  in  question,  as  indicated  in 
the  discussion  of  my  paper,  191HI,  a,  by  Donaldson.  Spiller,  and  Mayer 
CJour.  Ner,'.  and  Mental  Disease,  October,  1900,  540). 


*  After  the  above  paragraph  was  in  type  the 
kindness  of  Dr.  D.  S.  Lamb  enabled  me  to  ob- 
tain a  transcript  of  the  "  Nota  preventiva "  of 
C.  Leggiardi-Laura  (Archiv  di  Psich.  Sci.  Penol. 
ed  Antrop.  Crimin.,  Torino,  1899,  p.  431),  'Du- 
plicita  della  scissura  dl  Rolando  nei  criminaU." 
It  is  there  claimed  that  among  thirty-seven  female  brains  cen- 
tral reduplication  occurred  once,  on  tlie  left,  and  among  thirty  males, 
twice  on  the  left,  once  on  the  right,  and  once  on  both  sides.  In  the 
absence  of  figures,  especially  photographs,  and  detailed  desi-riptions, 
I  mu.st  refer~these  to  the  same  category  as  my  own;  see  also  the 
remark  of  Dr.  C.  K.  Mills  upon  my  paper  (19tK),  <i)  in  Jour.  Nerv. 
and  Mental  Disease,  October,  1900,  pp.  537-541,  and  my  later  note  on 
the  subject,  1900,  x. 
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fissure  to   the   paracentral,  the  former  directed  at  the 
concavitv  of  the  hitter. 

C.  The  usual  relatious  of  the  paracentral  and  postcen- 
tral fissures,  the  former  directed  at  the  reentrant  angle 
formed  by  the  bifurcation  of  the  latter. 

D.  The  not  unusual  bifurcation  of  the  supercentral 
(upper  precentral)  fissures. 

E.  The  asynunetry  of  the  paracentral  in  respect  to  a 
dorsal  outcrop  of  the  cephalic  end. 

F.  The  danger  of  depending  upon  appearances  in  re- 
spect to  the  independent  fi.ssures  2  and  3. 

§  287.  Jnterrvption. — As  shown  in  Figs.  770  and  771, 
the  central  fissure  is  completely  interrupted  on  both  sides 
of  the  brain  of  C'liauncey  Wright,  the  isthmus*  being 
fully  on  a  level  with  the  adjacent  gyres.  The  brain  of 
Dr.  Fuchs,  figured  by  Wagner,  exhibited  a  like  pecu- 
liarity, and  the  complete  interruption  has  now  been  re- 
corded for  perhaps  fifteen  hemicerebrums,  a  very  small 
proportion  of  the  enormous  number  examined.  The  left 
central  is  com])letelv  interrupted  in  the  educated  suicide 
(3,129)  referred  to  in  §  285;  but  the  right  is  continuous. 

§  288.  Fi;/.  770  illustrates:  A.  The  unusual  square- 
ness of  the  frontal  outline. 

B.  The  unusual  length  of  the  region  caudad  of  the 
central  fissures,  and  concomitantly  that  of  the  parietal 
fissure. 

C.  The  width  and  simplicity  of  most  of  the  gyres, 
especially  as  compared  with  those  of  Professor  Oliver 
(Fig.  664). 

D.  The  complete  interruption  of  both  central  fissures 
by  an  isthmus,  (Fig.  771). 

E.  The  lack  of  symmetry  of  the  central  fissures  in  re- 
spect to  (a)  distance  of  the  isthmus  from  the  meson,  (i) 
difference  in  form  of  the  dorsal  portions ;  (<-)  unlike  dorsal 
terminations  of  the  ventral  portions. 

F.  The  unusual  depth  of  both  paracentral  fissures  and 
their  non-oppositeness. 

G.  The  unusually  caudal  location  of  the  right  para- 
central so  as  to  emli'race  the  dorsal  end  of  the  postcentral 
as  if  the  latter  were  the  central. 

H.  The  asymmetric  condition  of  many  other  fissures. 

I.  The  unequal  depths  of  the  occipitals;  the  right  ex- 
tends barely  beyond  the  rounded  cerebral  margin;  the 
left  is  at  least  tliree  times  as  deep ;  this  fact  has  been  as- 
certained since  the  publication  of  the  diagram  of  the 
paroccipital  region  in  the  Proceedings  of  the  Ass'n  Amer. 
Anatomists,  1895. 

.J.  Tlie  details  of  the  paroccipital  region  are  considered 
under  Fig.  779.  In  certain  respects  this  brain  is  unique 
and  merits  extended  monographic  treatment;  but  this 
also  will  be  easier  and  more  instructive  when  a  normal 
standard  has  been  more  nearly  obtained,  f 

§  289.  Partial  Interruptio'a.  —  Several  writers  have 
called  attention  to  the  not  infrequent  presence  of  a  vadum 


Fig.  771.— Central  Repion  of  the  Dorsum  of  tbe  Cerehnim  of  Cbaun- 
oev  Wrifflit  (Fig.  770),  showing  only  the  interrupted  central  Assures 
mi  the  isthmuses;  on  the  left  the  two  portions  of  the  Assure  lire 
designated  by  V  and  D  respectively.     X  5. 

or  shallow  in  the  depths  of  the  central  fissure,  commonly 
nearer  the  dorsal  end;  among  1,087  hemicerebrums  ex- 

*  Tbistenn  is  equivalent  to  pjif/c  passage,  aiincctcnt  confnlnlion. 
and  hrid(iii>(i  cuiwiilutinn  :  the  latter  is  misleading,  tor  tbe  interrup- 
tion of  a  fissure  has  no  analogy  with  a  bridge,  but  rather  with  a  dam, 
.  dike,  or  isthmus.  absoliUe  size  being  ol  no  moment. 

tTlie  need  of  au  iiupioved  standard  tor  the  study  of  Assures  is 
clearly  recoguized  by  Mickle,  189.5,  opening  paragraph. 


amined,  Heschl  found  in  1.52  (aboiit  fourteen  percent.) 
an  elevation  (vadum)  rising  from  one-sixth  to  five-sixths  of 
the  entire  depth  of  the  fissure,  and  suggests  that  the  rare 


central 

postcentral 
parietal 


central  (v.) 


occipital 


Fig.  772.— Dorsum  of  the  Cerebrum  of  a  Fetus  Supposed  to  be  Six 
Months  Advanced :  ;i,973.    X  1.    Hue  of  twins,  both  males,  stillborn. 

cases  of  complete  interruption  result  from  the  greater 
development  of  this  feature.  In  view  of  these  observa- 
tions the  vadum  should  alwaj'S  be  looked  for.* 

§  290.   J/(/r,'<?  of  T'ormation. — In  at  least  three  specimens 
in  the  Cornell  jiuseum,  viz.,  827  (Fig.  773),  2,278  (Fig. 


Fii:.  773.— Diagrams  of  the  Right  and  Left  Central  Fissure  Regions  of 
a  Fetus,  56  cm.  l.ong  and  Estimated  at  Twenty  Weeks;  827.    X  2. 

752)  and  2,972  (Pig.  772)  there  are  evidences  that  the  cen- 
tral begins  in  at  least  two  portion.s,  a  dorsal  and  a  ventral. 
Cunningham's  views  are  simimarized  thus  in  1897,  n,  593: 

"  1.  The  typical  mode  of  development  is  in  two  more 
or  less  distinct  pieces.  2.  Judging  from  the  specimens 
in  my  possession  this  would  likewise  appear  to  be  the 
more  usual  mode."  f  The  cases  of  jiartial  (by  vadum.s)  or 
total  (by  isthmuses)  interruption  in  the  adult  may  be  re- 
garded as  retentions  of  the  (usual  or  not  infrequent)  fetal 
condition. 

§  291.  Fig.  772  illustrates :  A.  The  unsymiuetrical  de- 
velopment of  the  central,  postcentral,  and  parietal  fis- 
sures. 

B.  The  representation  of  the  right  central  fissure  by  a 
longer  ventral  portion;  a  dorsal  portion  which  is  merely 
a  d'imple,  but  perfectly  distinct;  and  an  intervening 
vadum. 

§  292.  Fig.  773  illustrates:  A.  The  interrupted  con- 
dition of  both  central  fissures  at  their  first  formation. 

B.  The  lack  of  symmetry ;  on  the  right  are  two  parts, 
the  right  ventral  CV)  being  2  mn\.  deep  at  its  middle  and 
the  dorsal  (D)  2.5  mm. ;  on  the  left  are  three  distinct 
divisions — the  dorsal  parallel  with  the  meson,  the  lateral 
at  right  angles  with  it.  and  the  ventral  oblique. 

§  293.    fiiiie  of  First  Appearance. — Nearly  all  writers 

*  The  morphological  and  zoological  .significance  of  vadums  is  forci- 
bly stated  by  Cunningham  (l.'<97.  a,  .593) :  "A  close  study  of  the  me- 
moir of  Retzius  (1897)  has  left  on  my  mind  the  impression  that  he 
somewhat  understates  their  morphological  value.  With  Eberstaller  I 
hold  that  they  constitute  one  of  the  great  and  distinctive  characters  of 
the  human  brain." 

tThe  distinction  between  "t.i/picn!"  and  i(«uaJ"  in  a  case  like 
this  is  not  apparent. 
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state  that  the  central  fissure  is  formed  about  the  end  of 
the  fifth  month,  the  twentieth  week  Tlie  following  ob- 
servations show  that  there  is  probably  some  variation  in 
this  respect,  or — as  is  perhaps  equally  probable — that 
the  length  of  the  fetus  varies  considerably  at  the  same 
stage  of  fissiiral  development.  In  fetuses  827  and  1,817, 
respectively  56  and  6.5  cm.  long,  the  fissure  is  vague  or 
absent;  in  1.830,  61  cm.  long,  it  is  distinct  and  deep;  in 
2,278.  67  era.  long,  it  is  well  developed,  and  several 
other  lateral  flssuies  are  visible. 

§  29-1.  Helative  Order  of  Appearance. — Excluding  the 
transitory  fissures  (Fig.  748)  and  the  lambdoidal  (which 
may  be  transitory,  Fig.  750),  the  central  is  apparently  the 
first  of  the  lateral  fissures  to  be  developed  after  the  Syl- 
vian (Fig.  751).  But  some  of  my  preparations, indicate 
that  this  order  may  not  be  invariable ;  in  2,081  the  parietal 
and  supertemporal  are  more  advanced  than  the  central; 
in  1,817  there  is  no  trace  of  acentral.  although  both  super- 
f rontals  are  distinct.  Numerous  and  careful  observations 
are  needed  on  this  point. 

§295.  Form  in  the  Fetus. — When  first  distinctly 
formed,  the  fissure  line  is  nearly  straight,  with  a  slight 
cephalic  convexity  (Fig.  751). 

§  296.  Prorimate  Cause. — There  is  no  evidence  that  it 
depends  upon  the  pressure  of  a  blood-vessel.  The  causa- 
tion of  fissures  and  of  encephalic  corrugations  in  general 
has  been  discussed  by  Jelgersma,  Cunningham  (1892), 
and  A.  J.  Parker  (1896),  andliriefiy  by  Schafer(1893.  162). 

§  297.  Iteliittim  to  Primitire  Fi-<»>ires. — There  is  no 
good  reason  for  regarding  either  of  the  three  radiating, 
presumably  transitory,  fissures  shown  in  Fig.  746,  as  the 
direct  precursor  of  the  centnxl. 

§  298.  Integrality. — For  the  definition  of  fismral  in 
teger  see  §  305.  The  occasional  complete  interruption 
(§  287),  the  not  infrequent  exi,stence  of  a  vadum  (§  289). 
and  the  mode  of  appearance  in  several  cases  (^  290),  sug- 
gest the  possibility  that  the  central  consists  reall_v  of  two 
fissural  integers,  commonly  connected,  and  comparable, 
perhaps,  with  the  parietal  and  paroccipital  (^  306).  For 
the  present,  however,  it  seems  justifiable  and  certainly 
more  convenient  to  regard  the  conditions  above  named 
as  anomalous,  and  to  tieat  the  central  as  a  single  fissure. 

§  399.  Lateral  Variation. — Clevenger  states  that  it  is 
usually  located  farther  caudad  on  the  left  side  than  on 
the  right;  its  relations  to  motor  areas  would  lead  one  to 
expect  considerable  lateral  variation  in  position,  direc 
tion,  and  shape. 

§  300.  Physiological  and  Surgical  Pelations. — It  is  com- 
pletely suiTounded  by  important  motor  areas,  and  its 
exact  relations  to  the  cranium  and  surface  of  the  scalp 
are  of  great  pathological  and  surgical  importance .  these 
matters  are  considered  in  the  articles  Brain.  Surgery  of 
the,  anA  Brain :  Functions  of  Cerebral  Cortex. 

§  301.  Psychological  Relations. — Clevenger  has  a  sug- 
gestive paper  {Journal  of  Mu'tous  and  Mental  Disease, 
April.  1880)  on  the  ratio  between  the  location  of  this 
fissure  and  the  intelligence  of  the  individual  or  species; 
although  unable  to  admit  his  identification  with  the  cru- 
ciate fissure  of  Carnivora,  or  to  accept  all  his  conclusions, 
I  regard  the  determination  of  the  relative  bulk  of  the 
precentral  (frontal)  region  of  the  cerebrimi  and  the  post- 
central (occipito-parieto-temporal)  region  as  of  great  im- 
portance in  connection  with  the  comparison  between  in- 
dividuals and  species  in  respect  to  intellectual  power  and 
voluntary  inhibition  or  self-control. 

i=  303.  Condition  in  Other  Primates. — In  tl»  apes  and 
in  all  the  ordinary  monkeys  the  fissure  is  readily  recog- 
nized; e.g..  in  the  Macacus,  Fig.  787. 

§  303.  Carniroral  Representative. — By  various  authors 
it  has  been  homologized  with  the  following  fissures  of 
the  cat  and  dog:  superorbital.  ansata.  coronal,  and  cru- 
ciate. Notwithstanding  the  similar  relations  of  the  cen- 
tral and  cruciate  fissures  to  motor  areas,  the  question  of 
their  homology  (morphological  identity)  must  be  held  as 
yet  undetermined  A  clue  may  be  furnished  by  the  ob- 
servations of  P.  A  Fish  (1899.  37)  as  to  the  collocation,  in 
the  seal  (Phoca),  of  what  seems  to  be  the  calcar  with  the 
ventral  portion  of  the  splenial  fissure. 


■§  304.  Fig.  774  illustrates :  A.  The  form  of  a  perfect 
and  tjpical  parocciiiital  fissure,  very  symmetrical,  and 
completely  independent  of  the  parietal,  although  its 
cephalic  ramus  and  what  seems  to  be  an  extension  of  the 
parietal  overlap  and  approach  very  closely. 

B.  The  peculiar  apiiearauce  of  the  entire  hemicerebrum 
and  of  the  central  fissure  from  this  point  of  view.  Other 
points  are  commented  upon  under  Fig.  775. 

§  305.  Fissural  Integer. — This  term  was  proposed  by 
me  (1886,  e)  to  designate  a  fissure  which  is  independent  in 
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Fig.  774.— Dorso-Caudal  .\spect  of  the  Ripht  Hemicerebrum  of  a  Child 
at  Birth  ;  478.  x  1.  This  figure  was  published  in  the  Journal  of 
NC1TOU.S  anil  Mcutal  Di.^'case,  June,  1886.  Other  aspects  of  the 
same  brain  are  shown  in  Figs.  titS,  756,  and  775. 

some  species  or  individuals,  and  deepest  at  or  about  the 
middle  of  its  length,  corresponding  nearly  with  the  place 
of  its  first  appearance.  Any  marked  and  frequent  shal- 
lowing of  a  supposed  fissural  integer  is  reason  for  ques- 
tioning its  integrality,  and  for  seeking,  in  other  individu- 
als and  in  allied  species,  evidence  that  it  really  consists 
of  two. 

5;  306.  The'' intraparietal*  fissure" of  TumerpTohaWj 
represents  two  fissural  integers,  the  parietal  and  the  paroc- 
cipital. because  (1)  in  nearly  half  the  cases  examined  by 
me  there  are  two  fissures  separated  by  an  isthnms  of 
greater  or  less  width;  (2)  when  the  two  are  continuous 
there  is  often  a  vadum  at  the  point  corresponding  to  the 
isthmus;  (3)  each  of  the  two  portions,  whether  separate 
or  continuous,  is  usually  deepest  at  or  near  its  middle; 
(4)  at  their  first  appearance  in  the  fetus  they  are  always 
completely  independent. 

§  307.  The  typical  paroccipital  fissure  consists  of  (a)  the 
zygon  or  bar,  the  first  part  to  be  formed ;  (b)  cephalic 
and  caudal  stipes  continuing  the  curve  of  the  zygon 
about  the  dorsal  outcrop  of  the  occipital;  (r)  cephalic  and 
caudal  rami.  Imparting  to  each  end  the  characteristic 
form  seen  in  Pig.  774.  The  paroccipital  is  a  typical 
zygal  fissure. 

§  308.  Mg.  77.5  illustrates,  in  addition  to  points  seen 
equally  well  in  Figs.  7.56,  663,  and  775).  the  greater  depth 
of  the  paroccipital  zygon  at  the  middle  of  its  length,  a 
fact  hardly  compatible  with  the  supjiosition  that  it  is 
only  a  caudal  extension  of  the  parietal,  or  that  the  caudal 
stipe  and  ramus  constitute  an  independent  fissure,  the 
"  transverse  occipital  "  of  Ecker. 

§  309.  What  Is  the  Si^-Called  "Transverse  Occipital 
Fissure  " .' — Most  writers  seem  disposed  to  adopt  the  view 

*  Often,  but  incorrectly,  written  interparietal. 


198 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Brain. 
Braiu. 


of  Ecker  that  the  caudal  stipe  and  ramus  of  the 
cipital  rcpreseut  a  "  sulcus  occipitalis  transversus  " 
unites  with  the  longitudinal  bar  or  zygou.     None 
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Fig.  7".').— Dorso-rauflo-Lateral  Aspect  of  the  Eight  Heiiiiii'i-.-brum  of  a 
Chilli  at  Binli.  Partly  Dissected  ;  478.  X  1.  See  the  lateral  ami  dor- 
sal iis|>i-ets  I  PiL's.  lasi  and  774).  1,  Lateral  surface  uf  the  zvsral  part 
of  the  |iaioeii|iiial  irvre  ;  this  is,  of  course,  pial.  InU  the  pmnt  of  the 
V-shapeii  liieisiMii  readies  a  slitrhtly  lower  level  than  the  hiiiioin  of 
the  tlssure.  oii-asL"iilnLrIlielnaiis.'Ulareiit  area  at  tin-  l.otmni;  L',  line 
represelltillf-'  the  junelieUef  thezviri'll  with  it^  ealldal  stipe;  ;),  eetal 
line  of  the  i-anilal  laimis ;  4,  ental  line  of  the  same  ;  ."i,  slimilil  have 
crossed  the  lilt  surface  to  the  outcrop  of  the  tlssiire  iiiarked  T  in  Fig, 
eiEi;  li.  the  e.\.iivi|illal  tls.sure  (?)  :  7.  uuillentitled  llssure  ;  s,  presyl- 
viaii  llssiire  ;  <i,  postcentral  Assure  :  10,  Kvie  helweeii  the  iiostceiitral 
anil  the  parietal  Assures;  U,  cephalic  slope  of  the  cut  surface ;  13, 
cephalic  raiiuis. 

f'n/iii;o(io)i.- F,v  reference  to  the  lateral  aspect.  Fig.  dm.  the 
paroieipital  llssure  will  he  seen  to  be  indicated  by  the  name  itself, 
conneeteil  with  the  iiiiildle  ot  the  zygon.    For  the  present  Hgure  a 

Weil;:e-sha|)eii  piere  Wils 
reniiAi'i!  hv  Iw<i  ineisiniis, 
stalling'  respeiiively  al  the 
tip  of  the  rami  and  nieet^ 
ing  at  an  obtuse  angle  at 
the  e.\oceipital.  The  re- 
moval of  this  piece  ex- 
posed the  lateral  aspect 
of  the  paroccipital  gyre 
and  of  the  gyres  adjoining 
it  cephalail  and  laudad  : 
alsiithedipihof  the  zygon 
and  the  two  rami. 


speciinensexamiued  by 
me  seems  to  coutinn 
this  interpretation,  and 
I  am  compelled  to  re- 
gard the  very  interest- 
ing condition  shown  by 
Citnningham  (1892. 
Fig.  .51)  as  simply  an- 
omalous. Much,  how- 
ever, remains  to  be 
done  in  this  region. 

§  310.  Fig.  77G  il- 
lustrates :  A.  The  de- 
gree of  fissuration  at 
this  period. 

B.  The  early  condi- 
tion of  the  parocciiu'tat 
lissure  as  a  ii]isiliiiil 
(U-shaped),  depressed 
line  w  i  t  li  lateral 
branches,  rami. 

C.  The  independence 
of  the  paroccipital  fis- 
sures at  this  period. 

D.  The    absence    of 
.any  fissure  closely  re- 
sembling   the    "  trans- 
verse occipital." 


E.  The  distinctness  of  the  inflected  fissures  at  this 
period. 

F.  The  difliculties  of  identifying  fetal  fissures  in  the 
condition  of  those  upon  the  frontal  and  parietal  regions 
of  this  specimen. 

§  311.  tig.  777  illustrates :  A.  An  almost  schematic 
condition  of  the  paroccipital  fissure,  simple  in  form  and 


central  f. 


postcentral  f. 
paracentral  f. 


parietal  f. 

paroccipital  f. 
occipital  t. 


lambdoidal  t.  (?) 


Fig,  "77.— Dorso-Caudal  Aspect  ot  the  Occipital  Region  ot  the  Right 
Hemlcerebrum  of  an  IrishwomaL,  Thirty-Five  Years  (lid,  E.xhihit- 

ing  an  I'nusually  Simple 
Ciiniliiiiin  iif  the  Paroccip- 
ital Fissure;  38.5.  X  .8. 
Other  asjieits  of  this  l>riiin 
are  sliii\vn  iii  Figs  720  and 
721.  1.  Subieiilial  llssure, 
ciinliniioils  with  the  pari- 
etal, hut  separated  frtiin 
the  poslieiitral  by  a  con- 
siderable istliinus;  2.  the 
branch  of  the  postcentral 
just  below  (caiidad  of  i  the 
isthmus  does  not  really 
enter  the  parietal,  al- 
Ihollgh  the  shadow  upon 
the  slightly  depressed  nar- 
row portinii  lit  ilie  isthmus 
gives  that  apliearaliee ;  :l, 
an  independent  llssure 
parallel  wiih  the  postcen- 
tral; 4.  cejilialie  ramus  of 
the  parocripiijil ;  .'),  cepha- 
lic sti]ie  of  ilie  same ;  (i,  7, 
caudal  stipe  and  ramus; 
8,  superleiiiiioral:  9,  the 
triiadiate  leniiination  of 
a  Ilssuie  suiMTlliially  con- 
liiuioiis  with  the  super- 
temporal.  The  name 
hlllllnl'inlrll  IS  applied 
with  consiilerable  hesita- 
tion. 


inflected  I. 


precentral  f. 
^^"^\ — supercentral  f. 

i»  central  f. 

"-  -i postcentral  f. 

isylvlan  f. 


parietal  f. 
4 

supertemporal  f. 
paroccipital  f, 
paroccipital  g. 

occipital  t. 


Fig.  776.— Dorso-Caudal  Aspect  of  the  Brain  of  a  Fetus  Measuring  41  cm.  from 
Heel  to  Bregma,  and  Estimated  at  Eight  Months;  TM.  X  1.  11,  Left  in- 
flected Assure:  12,  13,  separate  portions  of  the  left  postcentral-  14,  left 
parietal  (?) ;  16,  left  paroccipital;  17,  left  supertemporal;  19,  left  occipital 
Assure.    The  remaining  numbers  indiiaie  hssures  of  doubtful  identity. 

Prepnrad'o?!.— The  arteries  were  injected  with  starch  mixture;  extravasa- 
tion took  place  at  several  points,  espeeiallv  the  two  following:  (1)  Into  the 
dorsal  part  of  the  right  occipital  llssure,  converting  it  into  a  kind  of  fossa, 
at  the  bottom  of  which  is  seen  the  unaffected'part  of  the  Assure ;  (21  into 
the  left  paroccipital  Assure,  separating  Its  walls  to  some  extent.  The  essen- 
tial relations  of  parts  are  not  affected. 


wholly  independent  of 
the  parietal,  although 
the  isthmus  (opposite 
the  end  of  the  line 
from  paroccipital)  is 
slightl}'  depressed. 

B.  An  unusual  di- 
vergence of  the  caudal 
stipe  (6)  and  ramus  (7) 
of  the  paroccipital ;  the 
former  again  bifurcates 
just  over  the  margin 
on  the  mesal  aspect. 
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C.  The  presence  of  an  oblique  independent  fissure 
caudad  of  the  paroccipital  suggesting  the  persistence  of 
the  lambdoidal  of  the  fetus  (§  234  and  Fig.  750). 

D.  The  separation  of  the  postcentral  from  the  subcen- 
tral  by  an  isthmus,  2. 

E.  The  depth,  simplicity,  and  cephalic  trend  of  the 
occipital. 

§  312.  Contimiity  of  the  Paroccipital  with  tlie  Parietal 
Ocetirs  More  Freq%ie)My  on  the  Left. — This  has  been  noted 
by  Ecker,  Cunningham,  and  myself.  In  a  recent  paper 
(1900,  a)  I  reported  the  results  of  the  tabulation  of  200 
mated  hemicerebrums,  i.e..  from  100  individuals;  all  but 
5  were  adults,  the  5  infants  ranging  from  term  to  three 
years. 

(a)  Of  the  100  left,  77  present  continuity  of  the  paroc- 
cipital with  tlie  parietal ;  in  28  the  two  fissures  are  sepa- 
rated. Of  the  100  right  there  is  continuity  in  only  39 
and  separation  in  61. 

(h)  Of  the  116  cases  of  continuity,  77  (66  per  cent.) 
occur  on  left  hemicerebrums,  and  only  39  (34  per  cent.) 
on  the  right.  Of  the  84  cases  of  separation,  23  (28  per 
cent. )  occur  on  the  left  and  61  (73  per  cent. )  on  the  right.* 

§  313.  Hare  the  Combinations  Any  Significance  icitfi  Re- 
ipect  to  Age,  Sex,  Race,  Character,  or  Mental  Condition? 
— For  the  purpose  of  testing  this,  the  100  individuals 
were  grouped  as  in  the  appended  Table ;  but  the  group- 
ing is  obviously  unsatisfactory. 

§  814.  Table  V. — Provisional  and  ITns.\tisfactory 
Gkoupikg  or  One  Hundred  Individuals  Whose 
Pakoccipital  Fissures  are  Known  on  Both  Sides. 


Group. 

Characterization . 

Number. 

A 

Educated  and  orderly 

10 

B 

50 

c 

Insane — various  degrees 

25 

D 

^lurderers  

5 

E 

5 

F 

Infants  under  three  years 

5 

I  315.  In  Table  V.  the  ten  members  of  Group  A  are 
as  follows:  Chauncev  Wright;  Prof.  James  Edward 
Oliver  (3,334);  a  lawyer  (2,870)  and  his  wife  (3,065); 
a  teacher  of  mathematics  (3,091);  an  educated  farmer 
(3,350);  a  physician  (3,531);  a  woman  physician  and  ad- 
vocate of  social  reforms  (3,430);  a  woman  "college  student 
(3,416);  and  a  dentist  (3,129).* 


§  318.  Commentaries  on  Fig.  778  and  Table  TI. — Al- 
though I  believe  the  number  of  mated  liemicerebrums 
is  larger  than  in  any  previous  tabulation  it  is  still  too 


parietal  f. 

paroccipital  vadum 

paroccipital  isthmus 
K-ephalic  ramus 

cephalic  stipe 

occipital  f . 
-paroccipital  g. 

paroccipital  zygon 
caudal  ramus 
'caudal  stipe 
44  per  cent. 


I.  Lett  Continuity  and  Right  Separatic 


II.  Bilateral  Continuity  :  3;J  iter  cent. 


III.  Bilateral  Separation  ;  IT  per  cent. 


IV.  Left  Separation  and  Right  Continuity ;  6  per  cent. 
Fig.  778.— Diagrams  of  the  Paroccipital  Fissure. 


§  316.  T.vble  VI.- 


-Percentages  of  Occurrence  of  the  Four  Parieto-Paroccipital  Combinations   in  thb 
Six  Groups  of  Individuals. 


Group. 

Character. 

Number. 

1  L.  Continuity. 
1  R.  Separation. 

R.  and  L. 

Continuity. 

1    1  R.  and  L. 
I    1  Separation. 

I      L.  Separation. 
'^'  1      R.  Continuity. 

A 

Educated  and  orderly  . . . 
Ignorant  or  unknown  . . . 
Insane 

10 

50 

2.5 

5 

5 

5 

60!<.                        

20)f 

2w; 

0% 

B 

48 

34  

13  

6 

c 

40 

38 

34  

8 

D 

30  

20  

40  1 

60 

20  

0 

0 

E 

60 

20 

F 

30                   

40 

§  317.  Fig.  770  illustrate.'^ :  A.  The  complexity  of  this 
paroccipital  region  (compare  Figs.  774  and  777). " 

B.  Tlie  narrowness  of  the  isthmus  between  the  paroc- 
cipibil  and  the  parietal. 

C.  The  extension  of  the  fissure  marked  36',  over  the 
margin  of  the  hemicerebrum,  a  feature  not  distinctly 
apparent  in  Fig.  770. 

small  for  final  results:  especially  is  this  the  case  with 
groups.  A,  D,  E  and  F.     Hence  the  following  remarks 
must  be  regarded  as  suggestive  rather  than  conclusive. 

§  319.  Paroccipital  Integrality. — Superficially  there  are 
more  cases  of  continuity  (116)  than  of  separation  (84). 
But  when  the  known  or"  presumptive  vadums  are  taken 
into  account  the  balance  of  evidence  seems  to  be  the  other 
way.     It  is  certainly  more  convenient  to  speak  of  the 
paroccipital  fissure  than  of  the  "  occipital "  or  "  posterior 
portion  of  the  intraparietal  complex." 

g  320.  Symmetry  and  Asymmstry. — In  33  brains  there 

*  A  so 
cerebrui 

tThis 
ever,  hig 

iiewhat  different  ratio  exis 

us. 

was  the  educated  suicide 

hly  esteemed  by  others  bes 

ted  amonj^ 

mentionec 
ides  mysel 

twenty  unmated  hemi- 

in  §  285 ;  he  was,  how- 
f. 
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is  double  continuity;  in  17,  double  separation.  In  44 
there  is  right  separation  and  left  continuity;  in  6,  left 
separation  and  right  continuity.  In  50,  therefore,  the 
conditions  are  symmetrical  and  in  the  other  50  unsym- 
raetrical. 

g  321.  Postpartum  Changes. — Condition  III.,  bilateral 
separation,  occurs  in  only  17  per  cent,  of  the  total,  but 


rophalio  ramus 
iM.'cipital  isthmus 
rn'tal  t. 


zygon 


^^,C^,^' 


Fig.  77fl.— Till'  I'ar"ciii'ital  Resion  of  Chauncey  "SVripht.  On  the  left,  the  numbers  correspond 
to  thosi-  nil  Fii-'s.  TT'i  and  7HS.  on  the  ri^ht.  h<tniolotroiis  parts  have  the  .same  numbers  with 
the  aililitliMi  ■■f  pri)iM'.  0  and  O'.  the  occipital  tlssurns.  The  left  parietal  Ossure  joins  the 
cephalic  ramus  "f  iln*  iiaroccipital  at  2,  where  there  is  a  vadum  ;  on  the  rlRht  the  isthmus 
Is  narrow  and  slijrlitlv  d.-pressed.  The  dssure  marked  36,  :i7,  and  3.H  is  somewhat  deep  and 
separated  from  the  occipital  by  a  visible  vadum  ;  on  the  right  (I36'l  it  enters  the  paroecipltal 
Assure. 


in  40  per  cent,  of  the  five  infants.  So  far  as  this  small 
number  goes  there  is  borne  out  the  conclusion  of  Cun- 
ningham that  in  many  cases  the  union  is  delayed  until 
after  birth. 

§  322.  Fig.   7.W  illustrates:  A.  The  least  common  of 
the  four  possible  combinations  of  the  paroccipital  and 
parietal  fissures  of  the  two  sides,  viz.,  right 
continuity  and  left  separation. 

B.  The  continuity  of  the  parietal  and 
postcentral  fissures  on  both  sides,  but  with 
differences  that  are  unusual  and  somewhat 
perplexing. 

C.  The  existence,  on  the  right,  of  a  clearly 
defined  triangular  fissure,  3. 

D.  The  unusual  extension  of  the  caudal 
ramus  of  the  paroccipital.  4. 

E.  The  appearance  of  the  trench  (6)  due  to 
the  pressure  of  an  artery. 

§  323.  Parieto-Paroc'cipital  Combinatioiu  in 
Indimduals. — Four  difEerent  combinations  are 
possible  (Fig.  778),  viz. :  I.  Left  continuity 
and  right  separation;  II.  Continuity  on  both 
sides;  III.  Separation  on  both  sides;  IV.  Left 
separation  and  right  continuity.  Amongst 
the  100  individuals  tabulated  (all  that  were 
accessible  to  me  at  the  time),  combination 
I  existed  in  44;  IL  in  33;  III.  in  17;  and  IV. 
in  only  6.* 

g  324.  May  Combination  I.  (Right  Separa- 
tion and  Left  Continuity}  be  Begarded  as  Nor- 
mal?— Among  the  ten  educated  and  moral 
whites  (Group  A)  combination  IV.  does  not 
occur  (but  neither  does  it  among  the  five 
murderers).  Combination  I.  occurs  in  60  per 
cent,  of  Group  A,  in  48  per  cent,  of  Group 
B  (ignorant  or  unknown);  in  40  per  cent,  of 
C  (insane),  and  in  20  per  cent,  each  of  D  (murderers) 
and  E  (.Vfricans). 

S  32.").  There  are  many  questions,  general   and  spe- 
cial, that  arise  in  connection  with  the  paroccipital,  but 

*  Mr.  E.  A.  Spitzka  informs  me  that  this  combination  exists  in  the 
brain  of  Dr.  Edouard  Seguin.    (See  his  papers,  1900,  o,  b.) 


space  permits  mention  of  only  tivo  which  were  briefiy 
discussed  in  my  paper  (1900,  a):  (1)  In  tabulating  should 
not  the  cases  in  which  the  vadum  equals  in  height  more 
than  one-half  the  greatest  depth  of  the  "parieto-paroc- 
cipital  combination  "  he  included  under  "  separation  "  ? 
(2)  What  weight  is  to  be  assigned  to  the  condition  in  apes 
and  monkeys  where  contintiity  is  tlie  rule,  perhaps  with- 
out exception?  The  developmental 
conditions  in  other  primates  than 
man  are  not  known. 

§  326.  Fig.  7S1  illustrates:  A. 
The  location  and  common  form  of 
the  insula. 

B.  The  existence  of  fissures  and 
intervening  gyres,  radiating  in  gen- 
eral fi'om  its  summit. 

C.  The  division  of  fhe  whole  by 
a  somewhat  deep  fissure,  the  trans- 
insular  (2),  into  a  cephalic  region, 
preinsula  and  a  caudal,  jtostinsiila. 

g  327.  Supergyrcs  and  Suhgyres. 
— The  ectal  surfaces  of  two  ad.ioin- 
ing  gyres  are  commonly  at  about 
the  same  level,  excepting  for  a 
marked  change  in  the  general  con- 
tour of  the  cerebrum,  as,  e.g.,  at 
its  several  margins.  But  sometimes 
one  gyre  may  be  developed  much 
more  than  its  neighbor,  and  en- 
croach upon  it  so  as  to  conceal 
it  more  or  less  completely'.  The 
covering  gyre  is  here  called  a 
supergyre,  and  the  covered  a  sub- 
gyre. 

§  328.  Siiperfissures  and  Subfis- 
snres. — These  terms  are  employed  herein  to  designate 
the  fissures  which  result  from  the  formation  of  super- 
gyres  and  subgyres.  The  line  of  overlapping  of  a 
superg3"re  is  a  superfissure,  as  also  is  the  line  of  junc- 
tion of  two  supergyres  meeting  from  opposite  direc- 
tions.     A   subfissure  is   one  which  is  concealed  by   a 


paroccipital  f. 


nf       til. 


iTebrum  of 


Insane  Swiss 


Fig.  780.— Dorsum  of  the  Oci'ipital  Half     _ 

Woman  Kifty-Tliree  Years  cilrt;  2.9ti4.  -■■.  ii.ti.  Her  mother  wa.s  also  msane. 
1.  A  lls.suie  a|ii>ari-ntlv.  but  not  really,  connected  with  the  paroccipital;  2.  the 
cephalic  stipe  ..f  the  paroccipital;  3.  a  trianprular  depression;  4.  an  unusual 
and  deep  extension  of  the  paroccipital ;  5,  iindeteniiined  Assure.  On  the  left, 
6,  a  va.scular  trench  between  the  parietal  and  ..ccipital;  ('.,  central  Assure; 
Pac,  paracentral;  P.,  parietal;  O.,  occipital;  Pao.,  pamccipital. 


supergyre,  and  invisible  until  the  lips  of  the   superfis- 
sure are  divaricated. 

§  329.  Xormal.  human  subfssnres  are  the  circuniin- 
suiar,  which  encircles  the  insula  (Fig.  782),  the  transin- 
sular  and  others  crossing  the  surface  of  the  insula  (Fig. 
781),  and  those  which  indent  the  ental  or  insular  surfaces 
of  the  operculums  (Fig.   783).      Unusual  subfissures  ap- 
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pear  in  Fig.  786,  after  the  removal  of  the  unusual  super- 
gyre  ;  superfissures  are  shown  also  in  Fig.  787. 
§  330.  The  iruula  ("  island  of  Reil "')  and  the  operculum 


8    7      6         5  .4 

Fig.  781.— Bight  Adult  Insula,  Exposed  from  the  Lateral  Aspect ;  iSO.  X  1 
tral  Assure ;  3,  translnsular  Assure ;  3,  olfactory  tract ;  4,  optic  nerve 
tract :  6,  cms ;  7,  pregeniculum  ;  8,  postgeniculura. 


caudatum 


■constitute  normal  and  typical  examples  of  subgyres  I  tent  t 
and  supergyres.  As  may  be  seen  in  Figs.  663,  667,  753,  |  insula, 
and  782,  aiid  in  the  diagram,  Fig.  759  (B), 
the  insula  is  a  part  of  the  cortex,  which,  at 
one  period  wholly  superficial,  is  gradually 
covered,  more  or  less  completely,  by  con- 
verging folds  of  the  adjacent  regions.  The 
insula  thus  becomes  a  subgyre,  while  the 
operculum,  preoperculum,  suboperculum. 
and  postoperculum  are  supergyres.  For 
other  supergyres  see  §§  330  and  842. 

§  331.  Fig.  782  ilhwtriiles :  A.  The  exist- 
■ence  of  two  zones  of  the  lenticula,  an  ectal, 
the  putameu,  and  a  second,  entad  of  the 
first,  as  seen  in  Fig.  739.  There  is  still  a 
third,  but  it  does  not  extend  siiflicieutly  far 
dorsad  to  appear  in  this  or  FMg.  738. 

B.  The  constitution  of  the  insula  as  an 
elevation  of  the  lateral  region  of  tlic  liemi- 
cerebrum,  its  cortex  and  medulla  being  con- 
tinuous witli  the  rest  and  with  the  overlap- 
ping operculums. 

C.  The  peculiar  form  and  location  of  the 
claustrum,  a  thin,  subcircular  disc  of  cin- 
erea,  between  the  putamen  and  the  insular 
cortex,  of  which  it  is  probably  a  dismem- 
berment. 

§  332.  The  insula  has  notable  topograph- 
ical relations  with  (a)  the  several  oper- 
culums, (h)  the  claustrum  and  lenticula. 
Although  perhaps,  upon  the  whole,  most 
developed  in  man,  relatively  to  the  size  of 
the  entire  brain,  it  is  perfectly  distinct  in 
apes  and  monkeys,  in  dogs,  the  porpoise, 
and  many  other  mammals;  its  comparative 
anatomy  anil  its  human  variations  are  fruit- 
ful and  imjiortant  subjects  for  further  ob- 
servation;  sec  especially  the  papers  of  E.  C. 
Spitzka  (1879,  n)  and  (Clark,  1896). 

§  333.  Tilt'  Insula  in  Apes. — According 
to  Cunningham  (1897,  b.  II.,  22),  he  and 
Marchand  have  reached  independently  the 
conclusion  that  in  apes  (orang,  chimpanzee, 
gorilla,  and  gibbon)  only  the  caudal  portion 
of  the  insula  is  covered  by  the  operculum 


and  postoperculum  (parietal  and  temporal  operculums). 
Owing  to  the  non-development  of  the  other  two  oper- 
culuuis  the  cephalic  portion  of  the  insula  is  exposed  like 
the  rest  of  the  cortex,  and  the  "siilcu.i  limi- 
tdns"  of  Reil  (part  of  my  circuminsular  fis- 
sure) is  represented  b_v  a  "  fronto-orbital  sul- 
cus." 

I  regret  that  this  interpretation  is  not  borne 
out  by  the  study  I  have  been  able  to  make  of 
the  uiaterial  at  Cornell  University.  There 
are  more  than  fifty  brains  of  monkeys  and 
lemurs,  and  during  the  past  sixteen  years  I 
have  prepaied  with  special  care  ten  fresh  ape 
brains  (one  gorilla,  three  chimpanzee,  and  six 
orang);  all  have  been  photographed;  some 
have  been  sectioned  or  jiarlly  dissected,  and 
cine  (chimpanzee)  has  been  drawn.  Still  I 
hesitate,  and  am  not  sure  that  it  will  be  pos- 
sible for  me  to  decide  imtil  there  is  available 
a  fetal  ajie  brain  displaying  the  region  in 
question  in  process  of  foraiation. 

^  334.  The  operculum  is  not  strictly  a  sin- 
gle gyre  but  includes  portions  of  at  least 
two,  the  precentral  and  the  subfrontal.  It  is 
as  if  the  eastern  half  of  the  .southern  extrem- 
ity of  Africa  were  owned  by  the  Dutch  and 
ihe  western  by  the  English,  each  half  having 
its  own  territorial  designation;  we  might 
still  speak  of  the  Cape  of  Good  Hope  com- 
posed by  the  two  countries.  In  general  the 
Siime  may  be  said  of  the  postoperculum,  sub- 
operculum. and  preoperculum. 

^  335.   Fifj.   7S3    illii.'itmtes:     A.    The    ex- 
to   which   the   several   opercuhuns    lap  over    the 


1.  Cen- 
5,  optic 


constituting  so  many  supergyres. 


medulla 


presylvlan  f. 


precentral  (. 


Sylvian  t. 


thalamus 


claustrum       circuminsular  f. 


Fig.  782.— Longlsection  of  the  Right  Insula  and  Adjacent  Parts ;  2,397.  Knlargement 
of  the  correspondiug  region  of  Fig.  TiS.  1.  2,  Zones  of  the  lenticula,  the  lateral  and 
larger  the  putamen  :  :i.  the  stratum  of  alba  between  the  putamen  and  claustrum, 
sometimes  imost  umU-sinibly)  called  "e.xternal  capsule";  4,  opp<3Site  the  circum- 
insular Assure.    Internal  capsule  should  be  simply  capsula. 
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B.  The  fissuration  of  the  ental  surface  of  the  oper- 
cuhims. 

C.  The  distinctness  of  the  supercallosal  Assure,  and  the 
absence  of  a  fronto-marginal  between  it  and  the  dorsiil 
margin  of  tlie  hemicerebrum. 

D.  Tlie  length  of  the  postrhinal  fissure,  partly  con- 
cealed by  the  optic  nerve. 

g  33H.'  SiihfrdiiUil  Fissiire  and  Gyre  C  Broca's  convolu- 
tion ''). — From  every  point  of  view,  anatomical,  histo- 


paracentral  f. 
operculum 

presylviun  f. 

Sylrian  f . 

postoperculum 

callosum 

pulvinar 
2 

optic  tract 

hippocampal  f. 


preoperculum 
1  iuasma 

optit  nerve 


Fig.  78.3.— The  Mesal  Aspect  of  tlie  Right  Operculums  of  a  Child  at 
Term ;  1,823.    X  1. 

Prcjuirnfion.—T^.p  hemicerebrum  hati  been  hnrficned  in  alcohol 
while  ivstiiiL'  nil  the  Tiu'son.  ami  hence  is  :i  litile  thinner  and  wider 
than  natiu'iil.  Imt  theieliy  better  sn'.ted  t"  Ilie  lii  siivil  object.  A 
prcjbe  Wii.s  pn^ht•d  thrnui;!]  frnm  the  hitenil  ii^peii  Mt  tlie  triangular 
place  of  di\erL'enee  "f  the  syhian.  basi>yl\  i:iii.  and  presyhian  fis- 
sures; from  the  hifle  so  muiie  u;.,,n  ttie  iiiesjil  aspect,  eiits  wi're  car- 
ried in  variniis  direetiuns,  cautiously,  until  iii'isi  ef  the  thalamus, 
caudatum,  leiitietiia,  and  insula  \yere  renii'\ed.  thus  expnsini?  the 
ental  or  mes:d  surfaces  nf  the  operculuni.  imsteperciiluiu,  tind  pre- 
operculum. \\ith  the  intervening  Sylvian  and  iTesvlviali  tlssures. 

DftVc/.s.-  The  inclusion  of  the  ipital  rcL'ien  would  have  ren- 
dered the  llL'iire  somewhat  in<ire  intelligible.  Thi'  slllioiiercullim 
and  subsylvjaii  Ilssnre  are  not  e,\]tnsed;  the  i-ul  surface  at  ttie  ven- 
tral side  should  1k>  traversed  by  a  line  stalling  from  just  cephalad  of 
the  chlasma  to  represent  that  part  of  the  hasisylvian  fissure. 

logical,  physiological,  psychological,  anthropological, 
and  zoological,  a  most  interesting  and  important  cortical 
region  is  that  which  Broca  first  showed  to  be  related  to 
the  faculty  of  articulate  speech.  Although  the  condi- 
tions are  often,  perhaps  usually,  complex  antl  perplexing, 
there  seem  tome  to  bo  a  sufficiently  large  number  of  cases 
like  those  represented  in  Figs.  663  and  784  to  warrant  de- 
scriliing  the  gyre  as  curving  about  the  presylvian  fissure, 
and  the  fissure  as  zygal  and  U-shaped;  the  topography  is 

much  like  that  of  the 
paroccipital  fissure 
and  gyre. 

§  337.  Fiff.  7S4  U- 
luslrfiics :  A.  An  un- 
usually simple  condi- 
tion of  the  subfront- 
al  gyre  as  a  U-shaped 
region  about  the  pre- 
sylvian fissure. 

B.  An  unusuall)' 
simple  zygal  form  of 
the  subfrontal  fis- 
sure, comparable 
with  that  in  the  in- 
fant brain  shown  in 
Fig.  663. 

C.  The  complete 
separation  of  the  .sub- 
frontal    fissure    from 


presylvian  f . 
operculuni 

■^  preoperculum 
insula 
subsylvian  f. 


the  precentral  and   the  bifurcation  of  the  latter  at  the 
point  reached  by  the  line  from  the  name, 

D.  The  relatively  large  size  of  the  preoperculum  as 
compared  with  the  suboperculum;  these  proportions  also 
are  as  in  Fig.  663,  and  the  reverse  of  those  in  Fig.  7.i3. 

E.  The  (probable)  partial  exposure  of  the  insula  in  the 
adult  brain. 

§  338.  The  Subfrontal  Oyre  in  Apex. — A  paper  on  this 
subject  has  been  published  by  Herve  (188S).  I  am  not 
prepared  to  discuss  Herve's  conclusions  as  to  the  degree 
of  representation  of  the  sulifrontal  gyre  in  apes;  but  I 
am  compelled  to  dissent  from  the  statement  (p.  22)  that 
of  the  two  branches  of  the  S\'lvian  fissure  "as- 
cending" and  "horizontal"  (corresponding  re- 
spectively to  my  presylvian  and  subsylvian)  the 
latter  is  the  more  constant. 

g  339.  Recalling  my  own  earlier  erroneous 
interpretation  of  the  pans,  I  am  compelled  to 
insist  upon  the  necessity  of  exposing  them  fully 
by  removing  the  postoperculum,  and  of  deter- 
mining whether  or  not  a  given  fissure  cuts 
through  the  entire  thickness  of  the  operculum. 

§  340.  Supergyres  and  subgyres  occur  by  ex- 
ception in  other  parts  of  the  cerebrum,  espe- 
cially the  occipital  (see  Figs.  78.')  and  786),  and 
normally  in  man}'  monkeys,  the  poiiia,  %  351, 
Fig.  781 

I  341.   Figs.  785  and  756  illustrate:    A.  The 
presence  of  a  postcuneal  fissure  along  the  cau- 
dal margin  of  the  cuneus;  its  dorsal  end  is  free, 
but   ventrad  it  has  a  very  shallow  connection 
with  the  calcarine. 

B.  The  concealment,  in  the  undissected  brain,  of  the 
convexities  of  the  paroccipital  fissure  and  gyre  and  part 


—...central  f. 


J  paracen- 
■j     tral  f. 


Fn;.  784,— Left  Subfrontal  G>Te  ("  Broca's 
Convolution  "i  and  Adjacent  Parts  of  a 
Man  about  Thirty-Three  Years  Old.  X 
.5.  He  was  the  son  of  a  clergyman, 
but  was  found  dead  after  a  drunken 
debauch. 


subtem- 
poral f. 


calcarine  f. 


Fig.  78.5,— Dorso-Caudal  Aspect  of  the  Left  Hemicerebrum  of  an  Adult 
Male  Mulatto;  322,  X  .8.  1,  Nearly  straight  fissure  along  the  cau- 
dal margin  of  the  cuneus,  the  postcuneal  f.  (VI  ;  2.  unideniiiled  oc- 
cipital f. ;  3,  margin  of  a  supergyre  overlapping  the  paioccUiltal 
fissure,  part  of  the  paroccipital  gyre,  and  the  lateral  end  of  the  oc- 
cipital fissure;  5,  near  the  marsriii  of  tin'  sainesiiiiergyre;  6.  ventral 
part  of  the  postcentral  f.  The  inten  uiiie.l  I,-slNioed  line  from  op- 
posite 1  to  the  middle  of  the  length  of  the  imnetnl  fissure  indicates 
the  lines  of  incision  by  which  the  suiieri.'vif  was  removed,  as  seen  in 
Fig.  78ti,  where  the  two  assures  are  eomnieiited  upon  (see  g  341). 
For  the  ptxiKiratUjn,  see  Fig.  7.57. 

of  the  occipital  fissure  by  an  extensive  supergyre,  anal- 
agous  to,  though  probably  not  homologous  with,  the 
poma  (occipital  operculum)"  of  monkey  brains  (Fig.  787). 

C.  The  conversion  of  the  paroccipital  fissure  and  gyre 
into  a  subfissure  and  subgyre. 

D.  The  apparent  continuity  of  the  exoccipital  with  the 
occipital  in  the  undissected  brain. 
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E.  In  general,  the  desirability  of  checking  all  con- 
clusions based  upon  tlieobvious  featuresof  the  cerebrum, 
by  an  exauiinatiuu  of  the  concealed  conditions. 

§  343.  The  .so-called  '■external  occipital,"  or  "external 
perpendicular,"   fissure  of  monkeys    is  a  superflssure. 


.exoccipital  f. 


-  paroccipitel  g. 
-....  occipital  f. 


aroccipitil  I, 


Fig.  786.— Dorso-Caudal  Aspett  of  tlie  Left  Hemicerebrum  of  an  Adult 
Male  Mulatto,  Partly  Disserted ;  :j23.  X  .8.  1,  Junction  of  the 
parietal  and  postcentral  Assures :  2,  a  fissure  connected  Avith  the  ex- 
occipital. 

Pi'fporation.— By  two  incisions  along  the  L-shaped  line  shown 
in  FiR.  785  the  supergyre  there  indicated  by  3  and  .5  has  been  re- 
moved. 

factitious,  variable,  and  heterogeneous,  resulting  from 
the  lapping  of  a  supergyre,  the  ])/>i>ui  ("occipital  oper- 
culum"), tipon  the  parts  cephalad  of  it;  it  may  therefore 
be  called  {he  poiridtic  fissure. 

§  343.  Fiff.  7S7  illustrates :  A.  The  relation  of  the 
poma  ("  occipital  opei-culum  ")  of  monkeys,  as  a  typical 
supergyre,  to  the  paroccipital  and  part  of  the  supertem- 
poral,  which  are  here  subgyres. 

B.  The  relation  of  the  pomatic  ("'  external  occipital") 
fissure  of  monkeys,  a  typical  supei-fissure,  to  the  paroc- 
cipital and  occipital  fissures,  which  are  here  wholly  or 
partly  subflssures. 

C.  The,  so  to  speak,  factitious  nature  of  the  pomatic 
fissure,  since  it  results,  not  from  the  opposition  of  two 
adjoining  and  approximately  equal  gyres,  but  from  the 
lapping  of  one  over  tlie  crests  of  those  ad  joiuing.  As  may 
be  seen  by  comparing  the  two  sides,  it  really  comprises 
three  distinct  pai'ts,  viz. ,  a  lateral,  between  the  pomatic 
margin  and  the  eetal  surface  of  the  temporal  gyre ;  an 
intermediate,  coinciding  with  the  cephalic  stipe  of  the 
paroccipital  fissure;  a  mes;»l,  formed  by  the  pomatic 
margin  and  the  paroccipital  gyre ;  finally,  since  the  dorsal 
termination  of  the  occipital  fis.sure  is  covered  by  the 
poma.  there  results  an  apparent  continuity  of  the  pomatic 
and  occipital  fi.ssures. 

D.  The  continuity  (depth  not  determined)  of  the  paroc- 
cipital fissure  with  the  parietal;  see  §  33.5. 

E.  The  junction  of  the  Sylvian  and  supertemporal 
fissures. 

F.  The  distinctness  of  the  "angular  gj-res." 

G.  The  existence  of  peculiarities  and  complexities 
which,  in  my  judgment,  render  monkey  brains  less  ser- 
viceable than  those  of  human  fetuses  for  the  elucidation 
of  fissural  problems. 

§  344.  Under  the  various  titles  "external  perpendicu- 
lar." "external  occipital."  "temporo-occipital,"  "ape- 
fissure,"  "vordere  occipital,"  etc..  have  been  included 
several  different  human  fissures  or  combinations  of  fis- 
sures, viz. ;  (A)  The  dorsal  outcrop  of  an  unusually  deep 
occipital  fissure ;  Marshall,  "The  Brainof  a  Bushwoman," 


Philosophiciil  Transactions,  cliv.,  p.  .511,  Figs.  1,  9.  /(  ,■  (B) 
a  fissure  on  the  lateral  aspect  taudad  of  the  supertem- 
poral, and  having  a  general  dorso- ventral  direction;  the 
fardere  occipital  of  Wernicke  ("  Das  Urwindungssystera 
des  menschlichen  Gehirns,"  Arclt.  fur  Psychiatric,  1873, 
pi.  v.,  Figs.  19  and  22,  k);  called  exoccipital  in  the 
present  article  in  order  to  avoid-using  the  more  natural 
mononym,  preoccipital,  already  applied  elsewhere  by 
Meynert;  (C)  the  combination  of  A  and  B,*  on  account 
of  a  supergyre  which  covers  the  dorsal  end  of  the  true 
occipital  fi.s.sure  (A)  and  permits  the  adjacent  end  of  B 
apparently  to  become  continuous  with  it,  as  in  Figs.  785 
and  786. 

§  345.  No  one  of  the  fissures  or  fissural  combinations 
mentioned  in  §  344  is  identical  with  the  pomatic  fissure 
of  most  monkeys;  but  the  exoccipital  may  exist  in  the 
true  apes  and  in  Aides  (Huxley,  Zovl.  Proc,  1861,  pi. 
xxix.).  It  is  doubtful  whether  the  term  "ape-fissure "  is 
a  desirable  one  to  ret.ain.f 

§  346.  ^Vhat  Significance  Has  the  Arrangement  of  the 
Fissures? — The  query  is  warranted  by  two  classes  of 
facts,  viz. :  (1)  with  "the  mammals  whose  cerebrums  are 
fissured  a  more  or  less  definite  fissural  pattern  has  been 
recognized  in  most  of  the  species  studied  in  that  respect; 


.central  £, 
parietal  f. 


poma        pomatic  f. 


Fig.  787. — Dorso-Caudal  Aspect  of  the  Brain  of  a  Monkey  (3iac<i««8). 
the  Right  Puma  Lifted;  l..Sn7.  X  I.  1,  Caudal  end  of  "right  occipital 
lobe;  2,  surface  caudad  of  poma;  3,  unidentified  fissure;  4  (Ught 
line),  line  of  detachment  of  the  pomatic  margin ;  5,  superflssure  re- 
sulting from  the  union  of  the  Sylvian  and  supertemporal :  6.  post- 
central (?)  f. ;  7-l.">,  undetermined  frontal  fissures;  V^.  left  central 
t. :  17,  left  parietal  f.;  18,  left  postcentral  (?l  f. ;  19.  left  Sylvian  f.  ; 
20,  left  supertempttral  f. ;  21.  fissure  on  the  mesal  surface  of  the  oc- 
cipital lobe,  seen  also  on  the  right. 

Preparation. — The  fresh  brain  was  exposed  in  brine,  and  left  in 
the  base  of  the  skull  for  support ;  on  the  right  side,  the  margin  of 
the  overlapping  poma  ("occipital  operculum  '')  wils  freed  by  tearing 
the  arachnoid  with  the  syringotome  (see  article  Brain:  iWrt/jod^), 
and  the  poma  reverted  and  kept  in  position  with  absorbent  cotton 
wet  i\"ith  brine.  The  whole  was  then  placed  in  95  per  cent.  alc«ihol 
so  as  to  harden  rapidly  in  the  desired  shape.  When  firm  it  was 
photographed  from  the  dorso-caudal  aspect,  the  hfted  poma  being 
greatly  foreshortened.    The  parts  on  the  left  were  undisturbed. 

(3)  the  fissures  of  Idiots  are  commonly  peculiar  in  some 
way.  There  is,  therefore,  no  reason,  a  priori,  why  one 
should  not  seek  fissural  correlation  with  sex,  family, 
race,  capacity,  attainment,  and  character. 

§  347.  Some  idea  of  the  problems  involved  and  the 
difficulties  of  their  solution  may  be  gained  from  the  com- 

*  "  The  so-called  ape-fissure  has  been  so  termed  because  it  imitates 
in  disposition  the  opercular  [my  pomatic]  tlssiu-e  of  the  apes.  It  is, 
however,  not  a  perfect  homologue  of  that  fissm"e.  though  its  presence, 
when  it  is  due  to  the  fusion  of  the  external  occipital  with  the  internal 
perpendicular  sulcus,  is  a  significant  sign  of  disturbed  cerebral 
growth"  (E.  C.  Spitzka.  "  Insanity."  18.?7.  2861. 

+  For  some  years  I  have  been  gathering  materials  for  the  elucidation 
of  one  of  the  most  perplexing  subjects  in  cerebral  topography,  the 
so-called  "ape-tlssure,"  but  this  is  not  the  occasion  for  a  full  presenta- 
tion of  either  facts  or  opinions. 
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parison  of  the  cerebrums  of  the  two  philosophers,  Wright 
and  Oliver,  the  Swedish  carpenter,  and  the  unknown  mu- 
latto (Figs.  66-1,  762,  767,  770,  and  788).  The  first  two 
differ  markedly  not  niereh'  in  detail  but  in  general  aspect ; 
architecturally  speaking,  the  gyres  of  Oliver  are  Corin- 
thian in  style,  those  of  Wright,  Egyptian.  An  appro.xi- 
mation  to  this  is  seen  in  the  mulatto.  The  mechanic's 
cerebrum  is  fissured  to  an  unusual  degree  and  the  insula 
completely  hidden;  the  philosopher  had  a  larger  brain, 
but  its  lateral  aspect  presents  an  equally  uuusual  absence 
of  fissural  complexity  and  the  insula  is  exposed. 

§  348,  Curiiiiioits  vpim  Fig.  7SS. — Pending  tlie  detailed 
study  and  description  of  this  very  interesting  brain  by  the 
writer,  to  whom  it  has  been  generously  loaned  from  the 
Museum  of  Harvard  Medical  School,  with  the  consent  of 
its  preparator  and  first  describer.  Dr.  Thomas  Dwight, 
the  professor  of  anatom_y,  the  following  points  may  be 
noted:  A.  The  great  length  of  this  hemicerebrum  as 
compared  with  that  of  the  mulatto  (Fig.  762). 

B.  The  special  length  of  the  caudal  part,  whether  the 
central  or  the  Sj'lvian  fissure  be  taken  as  the  dividing 
Hue, 

C.  The  height  of  the  frontal  region. 

D.  The  apparently  slight  extent  of  the  prefrontal  lobe : 
apjjareiiUt/,  because,  as  is  shown  upon  the  dorsal  aspect 
(Fig.  770),  a  large  part  of  this  region  is  invisible  from  the 
side,  and  is  of  unusual  width. 

E.  The  simplicity  of  the  visible  gyres,  due  to  the  few 
contortions  of  the  main  fissures,  and  the  comparative 
infrcquency  of  minor  ones;  n'xible.  because  the  unseen 
cephalic  surface  of  the  prefrontal  lobe  presents  a  much 
greater  complexity. 

F.  The  condition  of  the  minor  fissures  as  sharp  incisions 
rather  than  as  slight  depressions,  like  those  in  the  Swe- 
dish brain  (Fig.  767). 

G.  The  visiljility  of  the  insula,  at  least  equal  to  that 
in  the  mulatto  (Fig.  762).     Whether  any  of  this  condition 


is  due  to  the  pressure  during  hardening  which  may  have 
occasioned  also  a  peculiar  roundness  otlhe  temporal  lobe, 
it  is  impossible  to  determine,  and  Dr,  Dwight  does  not 
recall  the  condition  of  the  parts  when  the  brain  was  re- 
moved. 

H.  The  great  length  of  the  supertcmporal  fissure,  and 
its  dorsal  subdivision, 

I.  The  bifurcation  of  the  Sylvian  fissure,  constituting 
perhhpsan  episylvian  and  hyp'o.sylviauas  in  the  mulatto. 

J.  The  complete  independence  of  the  precentral  and 
subfrontal  fissures. 

K.  The  union  of  the  proximal  parts  of  the  presylvian 
and  subsylviau  tissures,  so  as  to  separate  the  pre-  and 
postoperculum. 

L.  The  presence  of  an  unusual,  curved  fissure  (14) 
ventrad  of  the  subcentral. 

JI.  The  crossing  of  the  temporal  region  ventrad  of  the 
supertemporal  fissure  by  several  irregular  fissures  (trans- 
temporal). 

N.  The  complication  of  the  zygal  form  of  the  orbital 
fi.sstu-e  by  a  branch  extending  cephalad  from  the  middle 
of  the  zygon. 

O.  The  complete  interruption  of  the  central  fissure  by 
an  isthmus  which  is  more  clcarh-  indicated  in  Figs  770 
and  771. 

P.  The  fulness  or  "  plumpness  "  of  the  gyres,  remarked 
by  Dr.  Dwight. 

S  349.  If.  'There  a  Criminal  Type  of  Fisfnire.i? — Bene- 
dikt  and  others  have  held  that,  in  murderers  for  example, 
there  is  a  tendency  to  fissural  confluence  or  to  a  condition 
resembling  tliat  in  certain  carnivora.  The  materials  at 
my  disposal  lead  me  to  share  the  doubts  expressed  by 
Donaldson  {Amer.  l\eurol.  Tmnsactionn,  1892,  p,  54), 
Schwckendiek  {Amer.  Jour.  Neurol,  ami  Psychiatry,  1., 
569-.-.73),  and  Schilfer  ("Quain"),  1893,  161.  Upon  the 
whole,  notwithstanding  the  able  contributions  of  Dercuin 
(1889,  1892),  Mickle  (1896),  Mills  (1886),  Weinberg  (1896), 
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Fig.  7.S8. — Lateral  Aspect  of  the  Left  Hemicerebnim  of  Chauncev  Wright,  a  Distinj^uished  Philosophical  Writer,  who  died  in  1875  at  the  age  of 
forty-flve.    X  .8.5. 

Prcpaj'atJoM.  — The  tirain  was  ri'nioved  with  care  (in  the  usual  way>  and  hardened  in  zinc  chloride :  there  seems  to  have  been  consid- 
erable dorso-ventral  siiikuiL,^  ati-i  latiTal  spreading.  In  the  absence  of  a  cast  or  measurements  of  the  cranial  cavity,  it  is  of  coiu^e  impossi- 
ble to  say  how  extensive  tliis  distortion  has  been ;  enough,  probably,  to  account  for  the  flatness  of  the  dorsal  sui^ace,  and  the  consequent 
foreshortening  of  tlif  ilssures  of  that  region  as  seen  from  the  side,  but  not  sufUcient  to  have  ])roduced  the  great  width  of  the  prefrontal 
lobes,  noted  under  Fig.  Tiis.  The  flgure  accompanying  Dwighfs  suggestive  remarks  upon  this  brain  '.Amir\ca\i  Amdcmw  Prnceedings, 
1877,  xiii..  pp.  ;iHt-:.'I."o  i«  stated  to  be  somewhat  diagrammatic,  largely,  apparently,  for  the  sake  of  exhibiting  the  entire  lateral  aspect  to 
better  advantage. 
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Wilmarth  and  others,  I  am  disposed  to  regard  as  premature 
any  conclusions  as  to  fissural  correlation,  and  to  urge  re- 
newed and  systematic  efforts  in  three  directions,  viz. ;  (1) 
The  determination  of  the  standard  fissural  pattern  for  the 
average  rrcU-honi.  orderly,  and  educated  white  male  ;  (2)  the 
collation  of  the  conditions  in  large  numbers  of  individuals 
of  the  other  sex,  of  other  races  (especially  the  African), 
and  mental  and  moral  conditions;  (3)  the  detailed  de- 
scrijitiou  and  portrayal  of  the  fissures  of  individuals  of 
marked  cliaraeteristics. 

§  350.  Tlie  Viilne  of  Organization. — In  France  there  has 
existed  for  many  years  a  "Societe  mutuelle  d'Autopsie." 
In  1890  was  formed  the  American  Anthropometric  Soci- 
ety, which  has  already  received  the  brains  of  Harrison 
Alien,  Edward  D.  Cope,  Joseph  Leidy  (its  first  president), 
of  his  brother.  Dr.  Philip  Leidy.  and  Dr.  James  W.  White. 
I  had  already  prepared  a  "Fonu  of  Bequest  of  Brain" 
which  was  "first  executed  in  1«89,  and  which,  as  since 
amended,  is  here  reproduced : 

FORM  OF  BEQUEST  OF  BRAIN. 

I ,  now  of  ,  student  of 

from to , 

and  graduated  from in recognizing 

the  need  of  studying  the  brains  of  educated  and  orderly  persons  rather 
than  tlio.^e  ut  tlic  It'Tioraiit.  i  riminal,  or  insane,  in  order  to  determine 
their  wei^'lit,  fi-nii,  and  Il^.siiral  patlern,  iln-  inrrelations  with  bodily 
and  mental  iiowci-s  of  varn>us  kinds  and  deprees,  and  the  influences 
of  sex,  age,  and  inlieiitance.  hereljy  declare  my  wish  that,  at  my 
death,  my  brain  should  be  entrusted  to  the  f'oniell  Brain  Association 
(when  that  is  organized)  or  (pending  its  organization)  to  the  curator 
of  the  collection  of  human  brains  in  the  museum  of  Cornell  Uniyer- 
sity,  for  scientific  uses,  and  for  pieserv!iti<m,  as  a  whole  or  in  part  as 
may  be  thought  best.  If  my  ne:ir  relatiyes,  by  blood  or  by  marriage, 
object  seriously  to  the  fiilllliDeiu  of  this  bequest,  it  shall  be  void  ;  but 
I  earnestly  l)"p>'  ihat  tlji'V  may  interpose  neither  objection  nor  obsta- 
cle. I  ask  thin)  I"  noofv  ihc  proper  person  promptly  of  my  death  ;  if 
possible,  even,  of  i(s  near  approach. 

Signature 

Date 

Witness 

NOTES.— 1.  A  duplicate  copy  of  this  form  should  be  filled  out  and 
retained  by  the  testator. 

2.  The  beiiuest  should  be  accompanied  by  a  photograph  and  a  sketch 
of  life  or  chatarter.  or  a  reference  to  published  biography. 

3.  The  testator  should  give  nntice  of  any  change  of  address,  not 
merely  on  acniiTK  nf  ilie  b.-qia-st,  but  also  in  order  that  copies  of 
circulars  or  ether  piibl)ratln))s  )Liay  lie  sent. 

4.  A  brain  is  safely  tiiLnsjiiitled  in  a  tin  pail  of  some  liquid  of  nearly 
its  own  spei  illi-  gnivtty  'alxittt  l.Oi)  in  which  it  will  iiist  tloiit  without 
either  pressing  oti  the  lu.TtitD)  or  rising  abo\  e  the  sttrface.  The  most 
readily  prepa)iMl  is  m-ai'ly  sittunited  brine,  tiiade  by  dissolving  in  wa- 
ter as  iiinch  (■oTt)inoi)  sail  as  i(  will  d)ssnlve,  ibeo  jioui-ing  it  off,  jind 
adding  :i  litlle  watei-  till  the  bniil)  is  just  s))s|ieui.led.  Preservation  as 
well  as  safe  tiansporlation  may  be  a.ssured  by  addiuL'  sufficient  salt  to 
water  containing  three,  four,  or  Ave  parts  of  commercial  (forty  per 
cent.  I  fonnalin.* 

5.  The  lid  of  the  pail  should  be  secured  with  surgeon's  adhesive 
plaster;  the  pail  should  be  addressed  as  follows:  Anatomical  De- 
ItaHmcnt.  Cornell  Univeraitu^  Ithaea,  JV.  F.  Specimen  of  Natu- 
ral Hi^toi'ii.    PerishaJile. 

6.  Copies  of  provisional  diagrams  of  the  fissures  will  be  mailed  upon 
application.  For  a  statement  of  ri-;isons  for  the  study  of  the  brains 
of  educated  persons,  see  Buck's  Reference  H.ixdbook  of  the 
Medical  Sciences  (Wm.  Wood  &  Co.,  New  York),  VIU.,  163,  and 
IX.,  no. 

Besides  the  nine  named  in  §  315  whose  brains  have 
already  come  into  our  possession,  the  "Form"  has  been 
filled  out  by  more  than  fifty,  including  undergraduates, 
alumni,  and  teachers  in  this  and  other  institutions  of 
learning. 

g  351.  The  Public  should  be  Educated  in  This  Respect. 
— From  the  physiological  and  psychological  standpoint 
it  is  clearly  desirable  to  study  the  cerebrums  of  persons 
whose  mental  or  physical  powers  were  marked  and  well 
known. f  The  present  condition  of  things  is  illogical  and 
unprofitable.  We  scrutinize  and  record  the  cliaracters 
and  attainments  of  public  men,  clergymen,  and  friends, 
whose  brains  are  unobtainable.     We  study  the  brains  of 


•  For  other  liquids  adapted  to  the  transportation  and  preservation 
of  the  brain,  seethe  article.  Brain  :  3f''/io(/s. 

t  Among  the  indi\1<h)als  liest  adajited  to  subserve  this  object  are 
college  professors,  who  have  usually  SM)iiewhat  sharply  defined  capac- 
ities and  attainments,  and  are  the  subjects  of  prolonged  and  discrim- 
inating observation  and  discussion  a)no])g  their  tnistees,  colleagues, 
and  students;  no  professor's  brain  should  tie  lost  to  neurological 
science. 


paupers,  insane,  and  criminals,  whose  characters  are  un- 
known or  perhaps  not  worth  knowing. 

It  is  at  once  a  reproach  and  an  irreparable  loss  to  science 
that  tlie  community  has  not  yet  been  conWnced  that  the 
preservation  and  study  of  one's  brain  is  an  honor  to  be 
coveted.  Who  can  set  a  limit  to  the  results  that  might 
have  been  attained  from  the  examination  of  the  brains 
of  soldiers  like  Grant,  Sherman,  and  Sheridan;  of  preach- 
ers like  Beecher,  Brooks,  and  Howard  Crosby ;  of  natural- 
ists like  Agassiz,  Gray,  and  Jeffries  Wyman;  of  lawyers 
like  Tilden.  Conkling,  and  Benjamin  Butler">  How  long 
must  science  wait  for  a  general  .sentiment  such  as  is  em- 
bodied in  the  declaration  of  an  eminent  historian,  that 
science  is  as  welcome  to  his  brain  as  to  his  old  hat,  and 
that  he  wishes  he  had  ten  of  them'?* 

§  352.  Brain  Weight. — This  interesting  tojiic  is  dis- 
cussed from  the  human  side  in  the  article  Brain,  liroirth 
of  the.  but  a  few  words  maj'  be  added  here  as  to  com- 
parative weight.} 

§  353.  In  absolute  weight  the  human  brain  is  exceeded 
by  those  of  whales  and  porpoi.ses  (2.2t).5-3, 171  gm,,  5-7 
pounds)  and  of  elephants  (4,530  and  upward,  10  pounds 
or  more).  The  lowest  of  these  figures  approximates  the 
greatest  weight  claimed  for  a  iton-hgdroeejihalieX  human 
brain.  A  negro  brain  described  by  Dr.  C.  Tomjikins, 
Virginia  Med.  Monthly.  January.  1883,  pp.  291-293. 
weighed  1,983.80  (TO  ounces  or  4  pounds  6  ounces).  Van 
Walsem  has  described  {Neurologisehes  Centralblatt.  xviii.. 
No.  13.  1899)  the  brain  of  an  epileptic  idiot  which 
weighed,  when  fresh,  3,850  gm.  (90  ounces,  or  5  pounds  10 
ounces) ! 

§  3.54.  Btit  in  no  animal  other  than  those  mentioned 
above  is  the  brain  as  heavy  as  tlie  smallest  human,  viz., 
that  of  aBushwoman,  871  gm.  (30.75  ounces).  In  a  bull 
it  was  337  gm..  in  a  lion,  198,  and  in  an  adult  gorilla 
only  425(15  ounces)  (Owen,  iii.,  144).  The  largest  ape 
brain  is  then  only  half  as  large  as  the  smallest  normal 
human. 

§  355.  The  relative  weights  of  the  body  and  brain  vary 
greatly  according  to  the  condition  of  the  former  at  death. 
Slost  of  the  cases  tabulated  were  of  persons  dj'ing  after 
more  or  less  prolonged  disease,  and  the  figures  are  as  fol- 
lows: for  81  males,  1  to  36.50;  for  82  females,  1  to  36.46; 
according  to  Bischoff,  1  to  35.20.  Quain  concludes  that 
in  heaUby  individuals  dying  suddenly  from  disease  or 
accident,  the  ratio  is  probably  about  as  1  to  45.  In  com- 
]iarii)g  man  with  animals  in  this  respect  this  last  ratio 
should  commonl}'  be  adopted. 

§  350.  Owen  estimates  the  adult  male  gorilla  at  300 
pounds,  or  90,720  gm.,  and  the  brain  would  be  as  1  to 
213;  in  a  bull  it  was  as  1  to  3,000,  and  in  a  lion  as  1  to 
555.  On  the  other  hand,  in  a  sparrow  the  ratio  was  as  1 
to  25;  and  in  a  marmoset  (Midas)  1  to  20  (Owen,  iii.. 
142);  and  in  Jacehi/s  rulgaris  (No.  6t54,  Cornell  I'uiver- 
it_v  Museum),  as  1  to  19.  But  it  is  to  be  noted  that  in 
these  small  monkeys,  as  in  birds,  the  cerebrum  is  not 
fis.tured.  Perhaps  the  least  misleading  mode  of  stating 
the  case  is  to  say  that  the  human  brain  is  relatively 
heavier  than  that  of  any  animal  larger  than  a  cat  in 
which  the  cerebnim  is  fissured. 

VIll.  RniNEXCEPHAL. — ^  357.  Olfactory  Bulb  and 
Tract. — These  parts  of  the  human  brain  have  already 
been  shown  from  various  aspects  in  Figs.  663,  670,  fi7'2, 
689,  751,  752.  and  765.  In  Fig.  789  they  present  almost 
diagrammatic  simplicity  as  a  tongtie-like  extension  from 
the  region  of  the  postcribrum  ("anterior  perforated 
space  ")  more  or  less  completely  covering  the  olfactory 
fissure. 

*  It  is  encouraging  to  know  that  the  brain  of  the  late  George  (irote, 
hist4irian  of  Greece,  has  been  described  by  John  Marshall  in  the  Jour, 
of  Anat.  and  Physiol.,  vol.  xxvii.,  pp.  21-ti8. 

+  The  two  papers  of  Waldeyer  (189tj)  contain  the  titles  of  six  hun- 
dred and  thirty-seven  booksand  papers  relating  to  fissures,  gyres, 
commissures,  and  brain  weight,  and  published,  for  the  most  part,  be- 
tween 1879  and  ISftS. 

t  The  brain  of  a  Chippewa  Indian  squaw,  eighty-five  years  old,  rach- 
itic, in  the  .\rtny  Medical  Mu.seum,  .Anatomical  Section,  No.  1.031. 
weighed  when  fresh  7;i..'»  ounces  (2.083.72  gm.),  but  it  was /ii/d?"occp/j- 
alic,  and  the  curator  informs  me  that  the  "ventricular  liquid  was 
probably  included  in  the  weight." 
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§  358.  Fig.  7S0  niimtmlefs:  A.  The  length  of  the 
olfactory  bull>  at  this  perioii,  as  compared  with  its  tract, 
which  latter  is  the  lonijer  in  the  adult. 

B.  The  C'lmcealment  of  the  entire  olfactory  tissure  by 
the  olfactory  bulb;  in  the  adult,  usually,  the  fissure  pro- 
jects considerably  beyond  the  bull)  (Fig.  6T2). 

C.  The  apparent  continuity  of  the  insula  with  the 
lateral  root  of  the  olfactory  tract. 

D.  The  partial  covering  of  the  insula  at  this  period. 

E.  The  thickness  and  roundness  of  the  margin  of  the 
opercuhnii. 

F.  The  formation,  at  this  period,  of  the  presylvian 
tissure,  constituting  the  cephalic  limit  of  the  operculum, 
but  the  non-e.xistence  of  a  subsylvian  fissure. 

§  359.  The  corresponding  parts  in  several  other  verte- 
brates are  shown  in  Figs.  680  (turtle),  685  (frog),  717 
(stilamander),  683  and  686  (cat),  and  688,  726,  and  794 
(sheep).  An_y  remnant  of  the  former  anthropotomical 
idea  that  the  olfactory  tracts  and  bulbs  constitute  merely 
the  first  pair  of  cranial  nerves*  will  probably  be  dispelled 
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Fig.  789.— Ventral  Aspeit  of  Hie  Left  Hemicerebrum  of  a  Fetus,  Size 
and  Age  Unknown  ;  l..sffl.  X  1.  The  lateral  aspect  of  the  same 
preparation  is  shown  In  Fig.  751. 


by  noting  the  relative  extent  of  the  corresponding  parts 
in  still  lower  forms,  the  lamprey  (Fig.  790)  and  the  hag 
(Fig.  791). 

§  360.  Fig.  700  illustrates :  A.  The  representation  of 
all  the  si.x  definitive  segments  in  this  lowly  vertebrate ; 
the  mesencephalic  lobes  (geminum)  are  prominent;  the 
cerebellum  is  small  and  was  removed  with  the  rest  of  the 
roof. 

B.  The  preponderance  of  the  olfactory  bulbs  over  the 
lateral  masses  presumably  representing  the  cerebral 
hemispheres. 

C.  The  concomitantly  large  size  of  the  lateral  portion 
of  the  rhinocele. 

§  361.  Fig.  791  illustrates:  A.  The  most  distinctive 
character  of  the  my.xinoid  brain,  i.e.,  the  insignificance 
of  the  intermediate  region  represented  in  most  vertebrates 
by  the  more  or  less  prominent  cerebellum  and  quadri- 
geminum ;  hence  the  entire  organ  naturally  divides  itself 
into  a  caudal  portion,  the  oblongata,  obviously  an  en- 
largement of  the  myel,  and  the  brain  proper,  comprising 
four  pairs  of  lobes  nairowing  caudad. 

B.  The  large  size  of  the  olfactorj'  bulbs,  especially  as 
seen  from  the  ventral  side. 

C.  The  continuity  of  the  olfactory  bulbs  across  the 
meson,  as  seen  fi'om  the  ventral  aspect. 

D.  The  unusual  location  or  trend  of  the  mesal  body  pro- 


*  For  the  prosont  it  will  prohnttly  provp  ponvenient  at  least  to  avoid 
nioflillfaliiiii  of  tile  jirrt'pifil  iiiiiiitTicat  (ii'siirn;iti(  iTis  I  if  the  hi'icintrene- 
oiLs  enmial  tutvms  hy  re^raMlintr  a.s  the  "  llr^t  pair"  tlie  iiHnuiis  flla- 
•nents  which  connect  the  olfactory  bulbs  with  the  nasal  mucosa. 


visionally  named  "epiphj'sis  or  dorsal  sac,"  viz.,  nearer 
the  tephalic  than  the  caudal  limit  of  the  segment  inter- 
preted as  the  thalami  or  diencephal. 

E.  The  vagueness  of  certain  features  due  to  the  imper- 
fect condition  of  the  specimen.     It  was  prepared  by  me 

in  1875  and  the 
membranes,  in- 
ciiiding  the  meta- 
tela.  prematurely 
removed.  There 
has  not  been  time 
to  prepare  an- 
other, and  the 
))  u  b  1  i  s  h  e  d  a  c- 
countsand  figures 
do  not  clear  up  all 
t  h  e  d  o  u  b  t  f  u  1 
points. 

t;  362.  Bhino- 
cele. — In  verte- 
brates generally 
(f.7.,  the  lamprey, 
Fig.  790)  and  in 
most  mammals 
(e.g.,  the  sheep. 
Fig.  792),  the  ol- 
factory liiilli  and 
crus  c  on  t  a  i  n  a 
cavity,  the  r/iiiio- 
eele,  continuous 
with  the  paracele 
and  united  with  its  opposite  across  the  meson  by  the 
aula.  Strictly  and  by  analogy  rhiiiorele  should  apply  to 
the  entire  cavity  of  the  rhiuencephal.  but  for  the  pres- 
ent it  is  at  least  convenient  to  employ  it  also  for  either 
lateral  portion. 

§  363.  The  development  of  the  olfactory  portion  of  the 
brain  varies  so  greatly  among  niiimmals  that  Broca, 
Turner,  and  others  have  proposed  groupings  based  there- 
on, viz. ,  into  mai'ivsmatic,  e.g.,  the  armailillo ;  iiiicrosmatic, 
e.g.,  man  and  apes;  and  anosmatie,  the  porpoise,  where 
the  olfactory  tract  and  bulb  seem  to  be  wholly  absent, 
although    the    early 


rhinenccphal 

proseiiccphal 

diencephal 

mescncephaZ. 

epencephaZ 

mctenccphal 


myel 


metacele 


myelocele 


Fig.  790.— Diagram  of  the  Brain  of  the  Sea- 
Lamprey.  Petromjfzon  mnrinns.  as  if  the 
ro*;)f  of  the  eanties  was  removed  :  enlai'gcd. 
It  is  lia.^e*.!  upon  several  preparaticms  made 
!)y  nie  in  1S74.  and  would  be  changed  in  some 
respects  if  made  from  microscopic  sections : 
but  the  main  features  are  believed  to  be 
accurate. 


fetal  conditions  are 
not  known.  The 
conditions  in  dogs  are 
peculiar,  as  appears 
in  the  following  ab- 
stract of  P.  A.  Fish's 
paper,  1891 ; 

1.  The  facts  do  not 
warrant  Broca's 
statement  as  to  the 
existence  of  a  true 
ventricular  axis  (core 
of  solid  material  in 
place  of  (he  primitive 
cavity)  in  the  olfac- 
tory bulb,  even  in 
rat-terriers. 

2.  The  bulb  is  not 
completely  but  par- 
tially occluded,  or 
perhaps  in  process 
of  becoming  entirely 
so. 

3.  The  cavity  of 
the  tract,  in  some 
wild  forms  as  well  as 
domestic,  is  com- 
pletely closed,  there- 
by cutting  off  all 
communication  b  e- 
tween  the  paracele 
and  the  cavity  of  the 
bulb. 

4.  Theacutene.ssof 
the  sense  of  smell  is 


)   olfactory  bulb 
'(    irhim-fphat) 

j  "  hemisphere  '* 
j  {pror^encephal} 
j  epiphysis  or 
)   dorsal  sac  (?; 

.1     thalamus 
*  ifiicnrephal) 
j     geminum 
'*  (tnei^eticephaiy 
metacele 

j     oblongata 
)  iniete ncephal) 


myel 


1^^  iC 


Fig.  791.— Dorsal  (Tipper)  and  Ventral 
(Lower)  Aspects  of  the  Brain  of  the  Hag, 
Bdellostoma  ;  212.    X  2.5. 
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not  essentially  dependent  upon  the  relative  size  of  the 
rhinocele. 

5.  Atrophy  is  not  a  necessary  coDComitant  of  occlu- 
sion. 

6.  Domestication,  and  the  consequent  disuse  of  olfac- 
tion as  a  means  for  procuring  sustenance,  may  be  a  factor 
in  promoting  occlusion, 

7.  In  the  classifications  of  Broca  and  Turner  the  dog 
seems  to  hold  an  anomalous  position,  in  that  he  gives 
every  external  evidence  of  macrosmatic  power ;  but  by 
the  almost  total  occlusion  of  his  rhinocele  he  approaches 
structurally  the  conditions  found  in  the  microsmatics. 
Physiologically  he  is  macrosmatic ;  morphologically  he  is 
microsmatic. 

§  364.  Preconi  miss /ire.  — As  stated  in  |§  4.5  and  310, 
this  fibrous  bundle,  single  at  the  meson,  soon  divides  into 
a  cerebral  portion  ( pars  iempomlis)  and  an  olfactory  ( pa  rs 
olfactiiria).  The  gross  relations  of  the  two  are  well  shown 
in  Fig.  792.  For  the  microscopic  arrangement  of  this 
and  other  fibrous  constituents  of  the  olfactorj'  apparatus 
see  the  article  Brain,  Histology  of  the. 

%  36.5.  Fi;/.  79^'  illustrates :  A.  Tlie  divergence  of  the 
olfactory  and  cerebral  divisions  of  the  precommissure 
just  laterad  of  the  meson. 

B.  The  relatively  large  size  of  the  olfactory  division  in 
the  sheep. 

C.  The  large  size  of  the  rhinocele,  but  the  narrowness 
of  the  strait  connecting  it  with  the  precomu. 

§  366.  Crista. — In  the  cat,  adult  as  well  as  fetal,  the 
caudal  orceliau  aspect  of  the  terma,  between  the  columns 
of  the  fornix,  presents  (Fig.  686)  a  mesal  hemispherical 


rhlDocele 

strait 

precomu 

oaiuiatum 

septum 

pars  olfaotoria 

prccoinmissure 

ula 

pars  temporalis 

medicommissure 

paraplexus 

medicomu 


■CTy 

•    »i  ^  bippocamp 


•ems 

pons 

cerebellum 

trapezium 

pynimid 


Fig.  792.— Brain  of  Sheep  Dissected  to  Show  the  Two  Divisions  of  the 
Precommissure ;  S.txB.  x  .9.  Prepared  by  P.  A.  Fish.  The  cere- 
brum was  cut  from  the  ventral  side  in  two  planes  meeting  at  about 
a  ripht  angle  alonsr  the  line  indicated  by  the  shadow  just  caudad  of 
the  line  from  the  word  mcdicomjni.'^mrc.  The  cephalic  slope  was 
then  very  carefully  sliced  to  a  deeper  level,  so  as  to  leave  the  pre- 
commissure in  rehef.  Unfortunately  the  pars  oJfactoria  on  the 
left  (right  of  the  picture*  has  since  been  broken,  accounting  for  the 
interrnption  in  the  figure.  Just  within  the  aula  may  be  dimly  seen 
the  crista.  Compare  with  the  medisected  brain  (article.  Brain  : 
Methods'),  and  that  of  the  cat  (Fig.  686). 

body  which  is  translucent  when  fresh.  In  some  lower 
vertebrates  it  seems  to  be  represented  by  a  membranous 
mass.  It  has  been  observed  in  comparatively  few  forms, 
and  its  structure,  connections,  and  significance  are  unde- 
termined. I  have  never  seen  it  in  adult  human  brains,  but 
it  is  perfectly  distinct  in  the  preparation  represented  in 


Fig.  793.     If  there  is  a  rhinencephalic  segment  the  crista 
is  to  be  regarded  as  one  of  its  constituents. 

§  367.  Fig.  79.3  illustrates:  A.  The  presence  of  the 
crista  in  a  child  at  term. 

B.  The  dorsal  limitation  of  the  aula  and  the  two  portas 
by  the  line  of  reflection  of  the  endyma  constituting  a  ripa. 

C.  The  narrowness  of  the  bodj-  of  the  fornix  as  com- 
pared with  that  of 
the    cat    and   most 
other  mammals. 

D.  The  division 
of  the  caudo-ven- 
tral  surface  of  the 
fornix,  by  the  ripa 
mentioned  under  B. 
into  an  entocelian 
area,  covered  by  en- 
dyma and  forming 
the  cephalic  wall  of 
the  aula  and  the 
two  portas,  and  an 
ectocelian  area,  cov- 
ered by  pia,  the 
dorsal  or  fornical 
laver  of  the  velum. 

"§  368.  The  V/ord 
R h  i  II e  II ce phalon 
Used  ill  Several 
Senses. — Some  con- 
fusion may  be 
avoided  if  it  is 
clearly  recognized 
that  one  and  the 
same  word  has  at 
least  five  different 
significations. 

1.  Owen  applied 
rhineneephalon  to 
the  two  olfactory 
bulbs  and  their 
tracts  (or  crura) 
without  apparent 
reference  to  any 
mesid  or  connecting 
constituents.* 

2.  Turn  e  r  pro- 
posed (1890)  to  re- 
gard the  prosen- 
cephal  as  divided  horizontally  by  the  rhinal  fissure  (olfac- 
tory and  ]iostrhinal)  into  a  ventral  portion,  the  rhiuence- 
phalon,  and  a  dors;il,  the  pallium. 

3.  Shafer  proposed  (Quain,  1893,  160)  to  include  under 
rhiuencephalon  the  remainder  of  the  so-called  "limbic 
lobe  "  (the  liippocampal  gyre),  and  the  callosal  or  ''gyrus 

fiirrdriit'js."  f 

4.  His  considers  (1893)  that  the  bulbs  and  tracts,  the 
precribruras  ("anteiior  perforated  spaces")  and  some 
other  parts,  under  the  name  rhinencephalon,  constitute 
one  of  three  components  of  the  dorsal  zone  of  the  most 
"anterior"  segment,  which  he  wavaes, telencephalon.  This 
view  has  been  adopted  by  the  Anatomische  Gesellschaft 
and  is  indicated  in  the  Table  in  the  article,  Brain,  Derel- 
opinent  of;  see  also  my  Table  I. 

.5.  In  the  report  of  the  Committee  on  Anatomical 
Nomenclature  which  was  adopted  by  the  Association  of 
the  American  Anatomists  in  1897  (Proceedings,  p.  47)  the 
rhinencephalon  was  regarded  as  a  definitive  segment 
consisting  of  the  olfactory  bulbs  and  tracts  and  some 
other  parts  united  across  the  meson  by  the  pars  olfactoria 
of  the  precommissure,  the  lateral  cavities  being  connected 

*  The  mesal  contact  or  coalescence  of  the  bulbs  in  frogs  and  toads, 
and  (as  observed  by  Mrs.  (iage,  189.5t  in  certain  turtles  and  birds,  is  a 
secondary  conditioii  that  has  no  bearing  on  the  segmental  constitution 
of  the  parts. 

♦Since  the  name  and  notion  of  a  *^ Johns  limhicus^^  seem  to  be 
sometimes  adopted  without  adequate  inquiry,  I  cannot  refrain  from 
pointing  out  that,  as  is  clear  in  Shafer's  diagram  (Fig.  Id!)),  its  alleged 
boundaries  are  not  continuous  in  man,  and  I  am  not  aware  that  tbej 
are  in  any  animal. 


Fig.  793.— The  Crista  ami  Adiacent  Parts  of 
a  Child  at  Term ;  4.      ■    1.;'.. 

I'v  I'lirntinn.  —  Aftei-  transection  at 
about  the  middle  of  the  diacele.  the  thai- 
ami  were  torn  from  their  continuity  with 
the  foruLK,  leaving  the  irrecralar  surface 
at  and  ventrad  of  1.  The  lateral  parts 
were  then  removed,  as  indicated  in  the 
drawing.  The  paraplexus  was  torn  from 
the  margin  of  the  fimbria,  constituting 
the  lateral  part  of  the  fornix  ;  the  short 
line  at  the  right  ascends  from  tDe  Ilnibria, 
crossing  the  interveniny  spiice.  paracele. 
On  the  left  the  similar  line  begins  more 
nearly  at  the  middle  of  tln'  ftirnix.  and 
crosses  first  the  callosum  itself,  and  then 
the  callosal  fissure.  Before  phoiograph- 
ing,  the  crista  was  touched  \vith  white 
paint. 

Defects. — The  brain  was  ill  preserved, 
and  broke  apart  during  dissection ;  the 
shading  is  too  heavy. 
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by  the  mesal  aula.     The  other  constituents  of  the  rhin- 
encephal  are  named  in  Table  I.     (See  above  §  713). 

§  369.   Commentaries  on  Fig.  794. —Besides  facilitating 
the  recognition  of  certain  important  parts  and  their  rela- 


epiphysis 
thalamus 


postoblongata 


Fig.  794.— Left  Side  of  the  Sheep's  Brain  After  the  Removal  of  Portions  of  the  Cere- 
brum and  ( vri'bellum.  So  as  to  Display  the  Segmental  Constitution  of  the  Organ. 
(Frniii  *■  PhYsiolo^'v  Practicums  "  ;  compare  Fig.  *>SS.) 

1.  :i.  Dlfaitoiv  t'raet;  2,  a  part  of  the  pallium  which  has  not  been  cut;  4 
(inilistini-ti,  chia.snia  ;  .'i,  iin-L'^-niiNliuii  (external  or  anterior  pi-niculate  body), 
dislini't  in  man  but  lirrr  littli'  iimrH  than  a  lateral  portion  of  Mu'  thalamus;  li, 
tuber  (I  i/N  n  iii/ii.  tin-  slit'lit  Lcmvf.xity  to  which  the  hypophysis  is  attached;  7, 
medipeduncle ;  s,  tnipezium. 

The  short  lines  on  the  .surface  of  the  olfactory  bulb  represent  the  olfactory 
nerves.  The  cut  end  of  the  left  optic  nerve  is  dotted  to  indicate  its  fibrous 
struptiiir6 

Excepting  the  unshaded  areas,  representing  cut  surfaces,  all  the  parts  seen  in 
this  figure  were  covered  by  pia. 

PrcjKii'dfioii.— The  cerebellum  is  left  of  Its  natural  hciglit,  but  the  cephalic 
and  caudal  convexities  are  sliced  away  so  as  to  expose  the  parts  whiili  are  nver- 
hunK  by  them.  The  cerehrura  has  been  cut  down  to  tlic  level  of  tlie  ibalami; 
the  cauilal  portion  cut  away  along  the  oblique  line  of  its  projection  over  the  part 
marked  '•;  llie  lateral  innlionsoas  to  expose  the  part  marked  3;  also  the  cephalic 
projection  which  overhangs  the  olfactory  bulbs. 


tive  positions,  this  figure  well  illustrates  the  segmental 
constitution  of  the  brain,  which  is  obscured  in  the  entire 
organ  by  the  preponderance  of  the  cerebrum  and  cere- 
bellum. There  is  a  series  of  more  or  less  distinct  masses 
demarcated  by  constrictions  of  greater  or  less  depth. 
Admitting  that  there  is  still  some  doubt  as  to  number 
and  limits  of  the  segments,  the  following  assignments 
may  be  accepted  provisionally : 

Olfactory  bulbs  and  tracts  ]■   rhinencephal. 
Cerebrum    ]■   peosencephal  (fore-brain). 
Thalami,  epiphysis,  hypophysis,  }       diencephai.. 
cbiiisinii,  and  geuiculums        f      (inter-brain). 
Geminums  tind  crura   J-   mesencephal  (mid-brain). 

Cerebellum,  pons,  and  [  epej^cephal  (hind-brain). 

preobniiigata  \ 

Postoblongata   J-  metencephal  (after-brain). 

See  the  fuller  Table  on  page  153. 

I  370.  Is  there  a  RJdnencephalic  Segment f^That  I  am 
at  present  disposed  to  answer  this  question  in  the  affirm- 
ative is  indicated  in  diagrams  (Figs.  674  and  67.5),  Tables 
(I.  and  II.),  and  remarks  (g  45)  in  the  earlier  part  of  this 
article;  see  also  Figs.  790,  791,  and  794.  The  whole  sub- 
ject is  still  under  discussion  and  likely  to  be  for  some 
time  to  come,  and  this  is  not  the  occasion  for  detailed 
argument,.  There  may  be  stated  here,  however,  three 
facts  that  may  not  be  familiar  to  all  students  of  normal 
human  anatomy : 

1.  In  the  lamprey  and  hag,  although  the  olfactory  bulbs 
are  paired,  the  olfactory  sac  and  nostril  are  single  and 
mesal. 

3.  In  the  lancelet  (AmpMoxva  or  Brancliiostoma)  the 
olfactory  Ijulb  is  single  and  approximately  mesal,  al- 
though,' like  several  o^her  organs  of  this  peculiar  verte- 
brate, not  quite  mesal. 

3.  In    the    malformation    called    monophthalmia    or 
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cyclopia  (see  Fig.  713  and  the  article  Teratology),  not 
onlj'  the  cerebrum  but  also  the  olfactory  portion  of  the 
brain  may  be  single  and  mesal.  A  very  instructive  case  is 
described  and  figured  bj-  Cunningham  and  Bennett,  Royal 
Irish  Acad.  Trans..  x.\i.\.,  101-133. 

§  371.  Limits  iif  the  Rhincnccphal. — These 
were  not  defined  in  the  report  adopted  by  the 
A.  A.  A. ,  and  cannot  yet,  perhaps,  be  deter- 
mined with  accuracy.  But  as  an  individual 
I  ma.y  here  express  the  opinion  that  in  mam- 
mals the  caudal  boundary  coincides  practi- 
cally with  the  origin  of  the  medicerebral 
(•'middle  cerebral")  artery,  or  with  the  place 
of  junction  of  tlie  Sylvian  fissure  with  the 
"rhinal,"  including  by  this  the  olfactory  and 
the  postrhinal  (amygdaline)  together.  This 
leaves  the  tip  of  the  temporal  lobe,  the  lobus 
hippocampi,  and  the  whole  hippocampal  gyre 
as  parts  of  the  prosencepbalic  pallium,  al- 
though they  may  contain  tlie  cortical  centres  of 
the  olfactory  sense.  In  the  lower  mammals, 
the  elevation  sometimes  called  proluberantia 
natiformis  similarly  lies  caudad  of  the  rhinen- 
ceplialic  boundary. 

§  373.  Postrhinal  Fissure — Although  re- 
garded as  lying  within  the  pallium  and  thus 
in  the  proscncephal  rather  than  the  rhinence- 
phal  its  associations  are  such  that  a  few  words 
ma  J-  be  added  here  as  to  its  tijiparentlj'  differ- 
ent locations  in  man  and  in  the  lower  mam- 
mals. In  the  latter  botli  it  and  the  olfactory 
fissure  are  visible  from  the  latei'al  aspect. 
Btit  in  the  lower  monkeys  the  greater  de- 
velopment of  the  pallium  crowds  them  to 
the  ventral  side,  and  in  man  and  apes  the 
postrhinal  fissure  becomes  actually  mesal 
(Figs.  765,  766). 

IX.  Mekinges  (the  Envelopes  on  Mem- 
branes OF  THE  BUAEN  AND  SPINAL  CoRD). — 
§  373.  Definitions. — Meninges  is  the  plural  of 
meninx,  from  the  Greek  nfiviyS.  signifying  any 
membrane  or  coating,  as  of  the  eyeball,  and  even  the 
scum  upon  milk  or  wine;  but,  as  stated  by  Hyrtl("Ono- 
matologia,"  p.  334),  the  word  was  restricted  by  Aris- 
totle ("Hist.  Anim.,"  lib.  i.,  cap.  16)  to  the  coverings 
of  the  brain  (and  myel?),  and  the  limitation  has  been 
since  maintained.  The  synonyms  of  menin.r  are:  Fr., 
meninge  ;  It.  and  Sp.,  meninge  ;  Ger. ,  Ilirnhaiit. 

§  374.  The  Three  Meninges. — Nearly  all  anatomists 
recognize  three  chief  membranous  envelopes  between  the 
substance  of  the  neuron  (brain  and  spinal  cord)  and  the 
craniospinal  canal,  viz. :  an  ental,  the  pia ;  an  ectal, 
the  dura  ;  an  intermediate,  the  arachnoid.  Their  relative 
positions  when  the  cranium  is  opened  are  indicated  in 
Figs.  795  and  796.  Properly  speaking  the  pia  pertains 
to  the  neuron,  and  the  dura  to  the  craniospinal  canal, 
while  the  arachnoid  has  more  or  less  varied  relations  to 
both  the  other  meninges.  All  three  present  ditferences 
according  to  their  location  within  the  cranium  or  the 
spine,  and  there  are  transition  conditions  in  the  cephalic 
portion  of  the  latter  which  are  not  yet  fully  made  out.* 
§  375.  The  term  pachijmeninx  (tough  envelope)  is 
sometimes  used  for  the  dura,  irrespective  of  the  recog- 
nition of  a  parietal  layer  of  arachnoid.  In  like  manner 
leptomeninx  (tender  envelope)  is  sometimes  used  for  the 
pia  and  the  commonly  admitted  viscei-al  layer  of  arach- 
noid. The  pathological  terms,  ])aehgm(ningitis  and  lep- 
tomeningitis are  derived  from  these  words, 

§  376.  Fig.  795  illnstrates :  A.  The  successive  cov- 
eiings   of   the    brain,    hairy   scalp,    periosteum,    calva 

*  The  conditions  of  investigation  of  the  meninges  are  pecuUar.  The 
pia  and  arachnoid  are  relatively  delicate;  they  are  easily  torn  and 
their  attachments  ruptured:  they  are  surrounded  by  an  unusually 
tough  membrane,  the  dura,  and  the  whole  is  enclosed  within  a  case  of 
bone,  which  must  be  sawn  or  otherwi.se  forcilily  openeil  liy  measures 
which  are  almost  sure  to  ruptm-e  the  pia  and  araehnoiil.  It  is  much 
to  be  desired  that  the  subject  be  reviewed  by  some  anatondst  having 
the  use  of  a  mechamcal  bone-cutting  apparatus,  e.g.,  the  electro-osteo- 
tome  of  the  late  Dr.  M.  J.  Kobeits. 
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(calvarium)    dura  (ental    periosteum),    arachnoid,    and 
jjia. 

B.  The  shadowy  appearance  of  a  fissure  covered  by 
the  piarachnoid  and  the  sharper  outline  when  it  is  re- 
moved (Fig.  802). 

C.  Tlie  difficulty  of  separating  the  arachnoid  from  the 
pia;  in  a  transection  of  a  fissure,  however,  the  former 


Fig.  795.— Outline  of  the  DorsoLateral  Aspect  of  the  Left  Half  of  the 
Head  of  ati  Adult  Man,  with  the  Brain  Exposed  in  the  Region  of  the 
Central  Fissure;  811.     X  .3. 

Preparation.— The  entire  head  was  alinjected  by  continuous 
pressure  for  a  week,  and  medisected  as  shown  in  Fip.  670.  From 
the  general  region  of  the  central  Assure  was  removed  a  disc  of  the 
scalp  about  6  cm.  in  diameter  i  .\ )  ;  in  the  centre  of  the  area  so  ex- 
posed.a  disc  of  the  calva  (calvaria,  cranial  vaulti  was  removed  with 
a  trephine  3.5  cm.  in  diameter,  and  the  corresponding  disc  of  dura 
cutout  (B).  The  further  prepanition  of  the  spet'imen  i.s  described 
under  Fig.  796  ;  the  present  outline  is  mainly  given  in  order  thai  the 
region  may  be  located  approximately  ujion  the  head. 

will  be  seen  to  pass  across  the  fissure  from  gyre  to  gyre, 
■while  the  latter,  with  blood-vessels,  dips  into  the  fissure 
as  a  fold  (Fig.  73.5). 

D.  The  presence  on  the  ental  surface  of  the  piarachnoid 
of  a  pial  fold,  the  rtigu,  lying  in  the  fissure. 

E.  The  minutely  punctate  aspect  of  the  dcpiated  cortex 


Fig.  796.— The  Several  Coverings  of  the  Brain  Exposed  as  a  Series  of 
Terraces  ;  811.  x  .9.  1.  The  arachnoid,  the  ectal  layer  of  the  pi- 
arachnoid ;  3.  a  Ussure.  still  covered  bv  the  piarachnoid  :  3,  ruga, 
the  fold  of  pia  that  has  been  pulled  out  of  the  fissure  6 ;  4.  ental 
( pial  t  surface  of  the  flap  of  piarachnoid  everted  from  the  surface  of 
5.  a  gyre,  between  fissures  2  and  6 ;  6.  a  Assure  from  which  the  ruga 
and  adjacent  piarachnoid  have  been  removed. 

/*/'  /lorc/co;.— The  region  here  included  is  a  square  of  the  region 
shown  ni  FiL'.  79.").  The  outer  line  corresponds  with  the  circle  A, 
and  the  intn-r  with  circle  B.  The  scalp  was  di\ided  obliquely  so  as 
to  expose  a  converging  surface.  A  disc  of  periosteum  was  ciit  out  a 
little  smaller  than  the  ental  line  of  the  scalp.  The  original  trephined 
orifice  in  the  calva  was  then  enlarged  with  nippers,  so  as  to  leave  a 
converging  surface,  the  ectal  circle  a  little  smaller  than  the  hole  in 
the  periosteum,  and  the  ental  about  as  much  larger  than  the  hole  in 
the  dura.  Two  fissures  eouUi  be  seen  ;  over  the  caudal  the  piarach- 
noid was  left  undisturbed  ;  at  tlie  cephalic  side  of  the  dural  orifice  a 
semilunar  flap  was  lifted  and  reilected  so  as  to  expose  the  ental  sur- 
face and  the  fissure  and  adjoiniug  g>Tes  which  it  had  covered. 


by  reason  of  the  extraction  of  minute  vessels  entering 
from  the  pia.  The  ental  surface  of  the  pia,  here  repre- 
sented smooth,  should  have  a  flocculent  appearance,  called 
tomentuin,  from  the  attachment  of  these  vessels. 

§  377.  Fig.  797  illnntrates :  A.  The  subcylindrical 
form  of  the  myel,  and  the  relations  of  the  areas  of  alba 
and  cinerea  at  this  level :  see  the  article.  Spinal  Cord. 

B.  The  e.\isteuce  of  a  dural  sheath  (theca)  of  the  mj-el, 
independent  of  the  periosteum,  the  two  being  united  in 
the  cranium. 

C.  The  somewhat  loose  adhesion  of  the  arachnoid  to 
the  dura,  leaving  slight  and  scattered  subdural  spaces. 

D.  The  presence  of  the  septum  posticum  at  this  level; 
it  is  said  (Shafer,  iii.,  188)  to  be  most  perfect  in  the  cer- 


FIG.  797.— Transection  of  the  Myel  and  Its  Meninges  in  the  "Upper" 
Thoracic  Region.  (Enlarged  somewhat  from  Kev  and  Retzius.  Taf. 
i..  Fig.  7.  after  shafer :  Quain,  iii..  Fig.  1.5.'. )  a.  Dura  <not  the  spinal 
periosteum,  but  representing  the  ental  layer  of  cranial  dural:  b, 
arachnoid  :  c.  septum  posticum  ;  (f,  c,  /,  trabeciUiie  in  the  subarach- 
noid space,  those  at  f  supporting  the  dorsal  (jiosterior)  nerve  r(X)ts; 
y,  hgamentum  denticulatum;  h.  ventral  (anterior)  nerw  roots,  cut 
off;  k.  h  subarachnoid  spaces.  The  pia  ts  not  designateci.  but  may 
be  recognized  as  the  double  outline  of  the  myel  dijtping  into  the 
dorsal  fissure  as  a  narrow  septum  and  into  the  ventral  as  a  fold. 

iVotc— The  foregoing  is  substantially  the  desi'ription  in  Shilfer. 
But  some  of  my  obsenations  lead  me  t<^  suggest  that  the  spinal,  like 
the  cranial,  arachnoid  comprises  two  layers,  a  dural  and  a  pial, 
connected  by  the  refiect^d  layers  of  the  septum  ixisticum.  This 
\iew,  however,  would  homologize  the  spa<-e  A".  /.  with  the  intrarach- 
noid  space  of  the  cranium,  ami  hence  their  free  communication 
with  the  postcisterna  would  be  difficult  to  explain. 

vical  region,  and  more  or  less  incomplete  farther  caudad.* 

E.  The  size  of  the  subarachnoid  space  traversed  by  the 
spinal  nerve  roots,  the  trabeculse,  and  the  ligamenUim 
dentiruhitiim. 

F.  The  location  of  the  Hgamentum  denticulatum  at 
either  side  of  the  myel.  This  is  a  fibrous  band  connected 
wilh  the  pia.  and  reacliing  the  dura  by  a  triangular  ex- 
tension in  the  intervals  between  the  nerve  roots;  but  op- 
posite the  roots  (as  in  this  figure)  it  is  narrower,  and  does 
not  reach  the  dura. 

^  37S.  Dura. — This  mononym  is  rapidly  replacing 
dura  mater  and  the  German  harte  Hirnhaut.\  As  shown 
in  Fig.s.  796,  799,  and  804,  the  cranial  dura  is  apparently 
a  single  sheet,  dense,  strong,  fibrous,  and  unyielding, 
lining  the  bones  and  constituting  their  ental  periosteum 
(endocraniiim).  But  a  closer  examination  detects  two 
layers,  an  ectal  and  an  ental.  which  gradually  separate 
in  the  cephalic  part  of  the  cervical  region,  and  in  the 


*  Septicum  po.sfict/i»  is  an  undesirable  term,  but  septum  dorsaU 
might  be  confounded  with  the  prolongation  of  the  pia  into  the  dorsal 
fissure  of  the  myel. 

tThe  reduction  of  the  polyonyms,  pia  mater  and  dura  mater,  to 
the  mononymspia  and  dura  was  urged  by  me  twenty  years  ago  (1880, 
.ft.  The  use  of  pia  and  dura,  and  of  the  natural  adjectives,  pial 
and  dural.  has  now  become  quite  general.  The  simplification  has 
bt?en  recommended  by  the  Association  of  American  Anatomists 
(Dec'ember  27th.  1889),  by  the  .American  Association  for  the  Advance- 
ment of  Science.  1890  and  1892,  and  by  the  American  Neurological 
Association,  June  oth,  1896. 
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spine  maintain  diverse  relations,  the  one  witk  the  canal, 
the  other  with  the  myel. 

§   379.   Them. — The   ental  or  myelic  portion   of  the 
spmal  dura  constitutes  a  fibrous  tube,  the  thcca.     It  is 


-periosteum 


— calva 


-dura 


J  ectal 
1  ental 


— ectal  arachnoid 
— mtrarachnoid  space 
—ental  araclinoid 

—subarachnoid  space 


— pia 


Fig.  T98.— Schematic  Transection  of  the  Parietal  Repon  of  the  New  Bora,  to  show  the  Relations  of 
the  Meninges  to  the  Cerebrum  and  CTanium.  (From  Langdon,  189H  C,  C,  Cerebrum :  F, 
falx :  S.  longitudinal  sinus ;  xxx,  subserous  connective  tissue  between  the  dura  and  the  ectal 
arachnoid. 

Defects.*— The  mesal  dark  area  dorsad  of  S  (the  lon^tudinal  sinu.«*  represents  the  liea- 
menlous  connection  of  the  two  parietal  bones ;  it  shotild  be  continuous  with  the  periosteum  and 
ectal  dura.  The  "subserous  dura,"  between  the  dura  and  the  arachnoid,  represented  by  the 
series  of  crosses,  is  made  too  wide  in  proportion. 


considerably  longer  and  larger  than  the  myel  itself,  and 
separated  from  the  periosteum  constituting  the  wall  of 
the  canal  by  venous  plexuses  and  much  areolar  tissue. 
The  cavity  between  the  pia  and  the  dura  is  occupied  by 
cerebrospinal  fluid  (neurolymph),  and  is  divided  by  the 
curtain-like  arachnoid  into  the  spaces  subdural  and  sub- 
arachnoid. Within  the  latter  the  m3-el.  closely  covered 
b}'  pia,  is  suspended,  being  kept  in  position  by  a  ligament 
on  each  side,  Hgamentnm  dditicmatnm  (Fig.  797),  which 
fixes  it  at  frequent  intervals  to  its  sheath,  and  by  the 
roots  of  the  spinal  nerves  (Fig.  797,/),  which  cross  the 
space  from  the  surface  of  the  myel  to  the  intervertebral 
foramina. 

§  380.  Fig.  79S  illmtrates :  A.  The  existence  of  two 
layers  of  dura  in  the  cranium,  the  one  corresponding 
with  the  periosteum  of  the  spinal  canal,  the  other  with 
the  dural  sheath  of  the  myel.  Fig.  797,  <i. 

B.  The  existence  of  two  lajers  of  arachnoid — ^an  ental 
or  pial,  and  an  ectal  or  dural. 

C.  The  propriety  of  regarding  the  so-called  subdural 
space  as  an  intrarachnoid  space,  analogous  with  the 
serous  sacs  in  other  parts  of  the  bodv  (see  §  399). 

§  381.  Fig.  799  ill'ist rates :  A.  the  formation  of  a 
nerve  root  from  the  union  of  several  funiculi  or  rootlets. 

B.  The  extension  of  the  myelic  dura  upon  the  root  at 
its  exit  fi-om  the  spinal  canal,  to  be  lost  in  the  sheath  of 
the  nerve. 

§  383.  Epidured  Space. — In  the  spine,  since  there  are 
two  la)"ers  of  dura,  an  ectal  (periosteal)  and  an  ental 
(myelic),  the  interval  between  them  constitutes  an  epi- 
diirtil  space.  In  the  figures  this  is  nowhere  clearly  shown, 
but  it  may  be  represented  in  Fig.  797  by  drawing  around 
the  present  ectal  outline,  the  myelic  dura,  a  second  at  a 
little  distance  therefrom ;  the  interval  would  be  the  epi- 
dural space. 

§  38.3.  Two  questions  naturally  arise  in  connection 
with  the  epidural  space. 

1.  Does  it  communicate  with  the  subdural  space?  If 
so,  where? 

2.  If  not,  what  is  the  source  of  the  liquid  occupying 
the  space,  and  what  is  its  nature? 

8  384.  Fig.  SOO  illustreite* :  A.  The  relation  of  the  dura 
to  the  cranium  as  a  complete  lining  of  considerable 
thickness. 


*  Dr.  Langdon  informs  me  that  the  cut  does  not  represent 
original  drawing  quite  fairly  in  some  respects. 


the 


B.  The  relation  of  the  falx  (1)  ancTfalcula  (18),  as  mesal 
extensions  of  the  dura,  to  the  tentorium  (8)  asa  transverse 
extension. 

C.  The   tent-like  form  of  the  tentorium,   the  lateral 

margins  coinciding  approximate- 
ly with  the  long  axis  of  the  cra- 
nium, the  intermediate  portion 
rising  toward  the  meson  at  an 
angle  rapidly  iucreasing  from 
the  occiput  cephalad. 

D.  The  inversion  of  the  fal- 
ctila  as  compared  with  the  falx. 

E.  The  general  arrangement 
of  the  more  prominent  fibres  ot 
the  falx ;  thei'e  is  a  marked  di- 
vergence or  radiation  from  about 
the  place  of  intersection  of  the 
free  margins  of  the  falx  and  the 
tentorium. 

F.  The  locations  of  the  prin- 
cipal sinuses  along  the  lines  of 
attachment  of  the  dural  folds 
to  one  another  or  to  the  cra- 
nium. 

G.  The  direction  of  the  cur- 
rent in  the  principal  sinuses:  in 
the  longitudinal  (3)  and  tentorial 
(6)  (with  the  falcial)  (4)  toward 
the  toreular;  in  the  lateral  (9), 
toward  the  exit  in  the  base  of 
the  skull  at  the  jugular  vein  (4), 

in  the  superpetrosal  and  subpetrosal  (10,  il)  to  the  lateral. 

The  entrance  of  the  supercercbral  veins  into  the  longi- 
tudinal sinus  at  the  points  indicated  by  the  black  spots 
in  the  course  of  the  latter  and  at  other? "not  indicated. 

§  385.  TentoriuDi. — The  cerebral  region  of  the  cranium 
is  partitioned  off  from  the  region  containing  the  cerebel- 
lum by  a  fold  of  the  ectal  layer  of  the  dura,  which,  from 


Fig.  799.— Section,  Lenjrthwise,  of  a  Ventral  Nerve  Root  at  Its  Place  of 
Exit  from  the  spiniil  Canal  Enlarged.  (From  Key  and  Retzius, 
Taf.  1.,  Fig.  10:  afdr  slilif.T:  Quain.  iii..  Fig.  128.)  a.  Four  funic- 
uli uniting  to  constitute  the  root ;  /).  dura  reflected  upon  the  root  at 
its  emergence  through  the  intervertebral  foramen  (the  periosteum 
is  not  shown)  :  c,  arachnoid  ;  il.  reticular  lamella  of  the  arachnoid 
reflected  upon  the  root  (compare  Fig.  797,  / )  ;  ,v,  subdur,il  space 
s',  subarachnoid  space. 

its  arched  shape,  is  called  the  tentoriuvi  {cerehelU),  Fig 
800.     See  also  the  article  Brain,  Circulation  of. 

The  tentorium  exists  in  most,  if  not  all,  mammals,  but 
not,  so  far  as.  I  ain  aware,  in  other  vertebrates;  in  the 
carnivora  it  is  ossified. 

§  386.  Falx. — From  the  cerebral  side  of  the  tentorium 
extends  cephalad  a  mesal  duplicature  of  the  dura,  the 
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falx,  well  named  from  its  sickle  shape  (Figs.  800  and 
801) .  The  narrower  cephalic  end  is  attached  to  the  crista 
gain.     The  distance  between  the  free  margin  of  the  falx 


Fig.  800.— Mesal  Aspect  of  Risht  Half  of  Medisect^a  Skull  Retaining  the  Dura.  X  .5. 
(From  Sappey,  Hi.,  Flp.  4H2:  after  Shjifer :  Qnain,  ili.,  Fiff.  12fl.) 

Z>f  ft'c^s.— As  usual.  Xhvre  is  in-  indicatinn  of  tlip  ctiaiit^e  that  occurs  at  or  near  the 
foramen  magnum,  by  which  tlic  apparcutly  siiitflc  dura  of  the  cranium  divides  into  a 
true  dura  related  Xa  the  myel  (Fi^.  797)  auil  a  spinal  periosteum;  see.  however, 
Shafer  (Qnain).  iii.,  Fig.  182.  The  region  of  the  postoccipital  sinus  (12)  is  so  heavily 
shaded  as  to  give  the  impression  of  its  considerahle  width  ;  as  shown  in  the  original 
of  Sappey,  this  sinus  is  no  longer  than  the  subpetrosal;  «ccording  to  Browning 
this  is  uici-ely  a  constituent  of  the  irregular  basilar  plexus  of  venous  channels. 
The  vein  of  (ialen  i2.'))  hci'e  joins  the  tentorial  sinus  at  an  angle  of  about  4.1"  ;  really, 
as  shown  in  Fig.  801,  it  curves  alMiut  the  rounded  splenium  and  joins  at  nearly  a  right 
angle. 

1,  Falx  ;  2,  longitudinal  sinus  ;  3,  concave  ventral  margin  of  falx  ;  4.  falcial  (in- 
ferior longitudinal)  sinus;  .5,  base  of  the  falx  where  it  joins  the  tent^)rium ;  fi.  ten- 
torial (stiuiL^liti  sijiusor^.  rectus :  7.  cephalic,  narrow  end  of  falx,  a  little  dorsad  of 
the  cristii  ti'flli  to  which  it  is  attached  ;  vcntrad  of  the  line  is  a  frontal  (air)  sinus, 
seen  also  m  Fig.  070 ;  8.  right  side  of  tentorium,  sloping  latero-ventrad  from  the  at^ 
tachment  to  the  falx  to  the  side  of  the  cranium  along  the  lateral  sinus  (V))  ;  X,  the  tor- 
cular,  the  place  of  confluence  of  the  two  lateral  sinuses,  the  longitudinal  and  the 
falcial;  10.  the  superpetrnus  (superior  ])etrosal)  sinus;  11,  the  suhpetrous  (inferior 
petrosal)  sinus;  12,  post)iccii)it:il  iiiosteiinr  ncripital)  sinus;  the  arrows  indicate  the 
direction  of  the  blood  in  tlie  laigei-  sinuses  ;  thi-  lateral  sinus  is  continuous  with  the 
entojugiilar  vein;  13,  falcula  (fal.x  cerebellii  ;  14,  optic  ner\'e;  l.i.  oculomotor 
nerve;  Hi.  trochlearis  nerve;  17,  trigeminus  (trifaciali  nerve;  18.  abducens  nerve; 
19,  facial  and  auditory  nerves ;  20,  glosso-pharyngeal.  vagus,  and  accessory  nerves ; 
21,  hypoglossal  nerve  ;  22,  Si.  first  and  second  cervical  nerves  ;  24,  e«phalic  end  of  the 
lUtameulum  dcnticulatum  (see  Fig.  7971 ;  25,  union  of  the  velar  veins  to  constitute 
the  vein  of  Galen  opening  into  the  tentorial  sinus  (see  Fig.  801). 

and  the  callosum  increases  cephalad.  The  relations  of 
the  falx  to  the  longitudinal  and  falcial  sinuses  are  shown 
in  Figs.  800.  1 ;  801. 

§  387.  Falcula. — This  name  (wrongly  printed  falcicula) 
was  proposed  by  me  as  a  mononym  for  fair  cerebelli, 
designating  the  mesal  fold  of  dura  which  extends  ventrad 
from  the  tentorium  to  the  foramen  7nagnum,  where  it 
bifurcates.     It  is  vaguely  shown  in  Figs.  800  and  801. 

§  388.  Fontanels  (Fr.  'fr,ntanclles).—i:hese  are  the  in- 
tervals between  the  corners  of  the  infantile  parietal  bones 
before  these  corners  have  formed  sutural  union  with  the 
adjacent  bones.  Tliei'e  are  six  fontanels,  two  mesal  and 
two  pairs  of  lateral.  The  lateral,  at  the  cephalic  and 
caudal  angles  of  the  ventral  border  of  the  parietal  bone. 
are  small,  irregular,  and  of  comparatively  little  interest. 
The  two  mesal  fontanels  are  at  tlie  ends  of  the  sagittal 
suture;  their  more  common  designations,  anterior  and 
posterior,  may  appropriately  give  place  to  jtrefontanel 
and  pnstfontanel. 

%  389".  Analog)/  of  the  Fontanels  with  the  Telas.— The 
structure  of  a  tela  was  desci'ibed  in  §  23.  Btit  since,  in 
mammals  at  least,  the  telas  are  always  more  or  less  closely 


adherent  to  adjacent  parts,  and  their  margins  are  easily 
detached,  their  relations  are  sometimes  not  clearly  ap- 
preciated. But  if  an  infant  or  fetal  cranium  be  divided 
across  the  prefontanel  diagonally  so  as 
to  include  either  parietal  bone  and  the 
opposite  frontal,  the  cut  edge  will  pre- 
sent three  layers,  viz.,  an  ental,  the  dura, 
representing  the  endyma ;  an  ectal,  the 
pericranium,  representing  the  pia;  an 
intermediate,  the  bone,  representing  the 
nervous  parietes.  At  the  fontanel  this 
third  element  is  absent,  and  the  conjoined 
dura  and  pericranium  contribute  a  mem- 
branous area  quite  comparable  with  a 
tela  and  available  for  illustration  thereof. 
A  defect  in  the  analog_v  is  this:  The 
cranial  bone  is  of  nearly  uniform  thick- 
ness, and  thins  out  at  the  margin  of  the 
fontanel.  But  in  the  brain,  although 
the  immediate  margins  of  the  telas  may 
be  thin,  the  general  parietes  are  com- 
monly veiy  massive,  and  there  is  usually 
a  parallel  zone  specially  differentiated, 
e.g.,  the  habena.* 

§  390.  Fig.  SOI  illustrates  (in  addi- 
tion to  the  points  mentioned  under  PMg. 
687  and  in  §  66) :  A.  The  degree  of  re- 
tention of  the  dura  in  this  specimen  is 
greater  than  with  any  brain  ever  seen 
or  heard  of  by  me.  The  brain  was  most 
skilfully  removed,  according  to  my  direc- 
tions, b.v  Prof.  W.  C.  Krauss,  a  former 
student  (see  the  article  Brain:  Methods). 

B.  The  existence,  in  the  caudal  three- 
fifths  of  the  cerebrum,  of  a  distinct  and 
considerable  mesal  depression,  contain- 
ing the  longitudinal  sinus,  so  that  here 
the  retreating  surface  of  the  dura  is 
seen  beyond  its  dorsal  cut  margin ;  pre- 
sumably this  corresponded  with  a  mesal 
thickening  of  the  cranium. 

C.  The  distinctl}'  sickle-shape  of  the 
mesal  extension  of  the  dura  Ijetween 
the  two  hemicerebrums,  whence  its 
ua,Tnefalx. 

D.  The  non-conespondence  of  the 
width  of  the  falx  with  the  area  dorsad 
and  cephalad  of  the  larger  part  of  the 
callosum. 

E.  The  location,  form,  and  extent  of 
the  medicisterna  {cisterna  ambiens).  the 
irregular  space  between  the  cerebellum, 
the  splenium,  and  the  geminums,  roofed 
by  the  arachnoid  and  tentorium. 

F.  The  location,  form,  and  extent  of 
the  ventricisterna  {cisterna  iniercruralis), 

between  the  crura,  the  pons,  and  the  tuber  {tuber  cine- 
reum),  infimdibulum  and  hypophysis.  It  forms  a  very 
deep  indentation  of  the  ventral  outline  of  the  brain,  cor- 
responding with  the  cranial  or  mesencephalic  flexure 
(Fig.  671).  It  is  bridged  b}-  the  arachnoid,  following 
substantially  the  line  of  the  dura,  and  thus  includes  the 
arteries  of  this  region. 

G.  The  location,  extent,  and  form  of  the  postcisterna 
{cistei'na  magna  cerebello-mediillaris),  the  interval  between 
the  dorsum  of  the  oblongata,  the  cerebellum,  and  the  ad- 
jacent portion  of  tlie  cranium,  or  strictly  the  ectal  layer 
of  arachnoid  in  that  region,  represented  by  the  black  line 
marked  10  (see  Figs.  806  and  807,  §  408). 

H.  The  location  of  the  mctapore  (foramen  of  !Magen- 
die),  the  orifice  in  the  metatela  (tela  choroidea  inferior), 
constituting  the  roof  of  the  metacele  or  metencephalic 
portion  of  the  "  fourth  ventricle  "  (see  §§  78-83).     In  this 

*  It  is  proper  to  add  that,  although  this  analogy  between  the  telas 
and  the  fontanels  had  already  occun-ed  to  me,  1  was  reimpressed  with 
it  on  listening  to  an  admirable  lecture  upon  the  anatomy  of  the  brain 
by  Prof.  D.  K.  Shute,  at  the  Columbian  Medical  College,  Washington, 
D.  C,  December  16, 1889. 
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specimen  its  relations  are  complicated  by  the  postcere- 
bc'llar  artery,  a  loop  of  which  lies  just  dorsad  of  it  (see 
uuik-r  Detects). 

I.  The  location  of  the  postcerebellar  artery.  This  is 
not  named  on  tlie  figure  and  is  imperfectly  shown.  The 
central  portion,  frorii  its  origin  at  the  vertebral,  is  invisi- 
ble here,  but  sliows  in  Figs.  691  and  806.  Just  at  the 
side  of  the  mctapore  it  turns  sharply  upon  itself,  forming 
a  loop,  somewhat  as  iR  Fig.  806 ;  but  in  the  present  figure 
the  peripheral  portion  of  the  artery  alone  is  seen,  and 
loolis  as  if  it  began  in  the  mctapore.  The  two  principal 
divisions  are  as"  here  represented.  There  is  apparently 
considerable  variation  in  the  course  and  subdivision  of 
this  vessel. 

J.  The  length  of    the  longitudinal  sinus,   equalling 
nearly  tlicgrratcr  curvature  of  the  cerebrum;  its  cephalic 
end  was  proljably  not  quite 
reached. 

K.  The  presence  of  the 
falcial  sinus  (3)  along  the 
ventral,  free  margin  of  the 
falx.  This  is  said  to  be  often 
wanting.  I  suggest  that  the 
alleg'cdabsence  of  this  sinus 
in  tile  fetus  sometimes  may  be 
due  to  its  non-detection. 

L.  The  straight  course  of 
the  tentorial  sinus  in  line 
with  the  falcial.  along  the 
ventral  margin  of  the  caudal 
fiftli  of  the" falx.  where  the 
latter  is  continuous  with  the 
tentorium  ( Fig.  800,  8).  The 
tentorial  sinus  is  not  named 
or  otlierwise  designated  on 
this  figure,  but  in  Fig.  800  it 
it  is  nimibered  6;  it  is  also 
called  straight  sinus  or  sin  us 
rectus. 

M.  The  junction  of  the 
mesal  longitudinal  and  ten- 
torial sinuses  at  the  torcular 
(Heropliili).  The  course  of 
the  lateral  sinuses  thence  is 
indicated  in  Fig.  800. 

N.  The  location  of  the 
right  velar  vein  (3)  between 
the  splenium  of  the  callosum 
and  the  conarium,  and  its 
junction  with  its  opposite  at 
the  point  indicated  bj'  the 
circular  spot  at  the  edge  of 
the  splenium,  just  in  line 
with  the  dotted  line  from 
that  word.  The  two  velar 
veins  form  the  short  vein  of 
Galen. 

0.  The  brief  course  of  the 
vein  of  Galen  about  the 
splenium,  and  its  entrance  at 
4  into  the  tentorial  sinus,  at 
the  place  of  continuity  of  the 
latter  with  the  falcial  when 
this  is  present. 

P.  The  location  of  the  right 
prccerebral  artery  (anterior 
cerebral).  Branches  of  this 
are  seen  dorsad  and  cephalad 
of  the  callosum.  The  main 
trunk  extends  dorso-cephalad 
from  the  chiasma.  The  dark 
spot  between  the  dotted  lines 
leading  from  the  words  ter- 
ma  and  precomniissiire  repre- 
sents the  junction  of  the  two 
precerebral  arteries  at  the 
meson ;  in  some  cases  they 
are  separated  by  a  consider- 


able interval  and  communicate  *y  a  slender  precom- 
municant  artery.  Here,  however,  they  unite  by  their 
full  width  and  again  diverge. 

Q.  The  origin  of  the  termatic  artery  from  the  place  of 
junction  of  the  twfi  precerebrals;  its  course,  parallel  with 
the  terma  and  copula,  then  arovmd  the  genu  at  least  to 
the  dorsum ;  its  short  branches  to  the  terma  and  adjoin- 
ing parts  of  the  hemicercljral  meson. 

R.  The  location  of  the  postcerebral  artery.  The  be- 
ginning of  this,  severed  from  the  basilar,  is  represented 
by  the  circidar  spot  between  the  hypophysis  and  the 
convexity  of  the  pons.  From  it  are  .seen  small  arteries 
entering  the  crura.  For  the  two  large  vessels  repre- 
sented in  the  ventricisterna,  see  under  IJiftdx. 

g  391,  Pill. — This  was  formerly  more  often  called  pias 
mater,    sometimes    also  meninx   vasculom   (Ger. ,    diinne 
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Fig.  801.— Mesal  Aspect  of  the  RiL'ht  Hnlf  of  the  Brain  of  an  Adult  White  Man  ;  376.  X  .Ki.  1,  AuU- 
plexus;  L'.  falc'ial  sinus ;  :i,  riirlit  velar  vein;  4,  oriflce  of  Galeu's  vein  into  the  tentorial  .sinus;  .5, 
lalcula  ni- ■■iiMvhc-IUir  falx"  :  11,  ti'utorial  sinus;  7,  uvula,  a  mesal  ilivisinn  of  the  cerebellum ;  8, 
tulMT  ("tiibiT  lincrcuii]  "j  :  tlii'  liui-  sccins  to  stop  at  the  arteiT,  but  slioulfl  reach  the  thin  floor  ol 
the  Uiari-li-  lust  eau.la.i  of  tin-  livpoplivsis  :  !i,  ventral  end  of  the  falx  ;  10,  cut  edpe  of  the  ci-tal  layer 
of  the  ataehii'iid,  S  ills  :  llie  line  is  ton  beavv  and  should  be  white  instead  of  black  ;  at  a  point  be- 
tween the  lines  from  i;  and  7  it  beeunies  attaebed  to  the  cerebellar  piaraelinnid  ;  11,  Imtntudinal  sinus. 

Pi-fpnivth'oH.— Tlielirain  was  renioveil  in  the  dura.  It  was  ilulv  snppc.rti-d  ami  iTijectedtbl'eugh 
the  basilar  artery  witli  tlie  stan-b  mixture  rijiuaininf  aleohol  describeil  in  tlie  artirle  .1/.  r//o(/--,  etc. 
The  injeeti.in  caused  tbe  brain  t"  1111  tbe  dura  completely,  and  presumably  a.ssuinc  its  natural  hirm. 
It  was  then  hardened  in  aleob"!  and  inediseited.  Tbe  same  specimen  was  the  basis  for  two  tlpures 
in  my  pajier,  Ins.'i.  h.  anil  Ibis  llirurc  is  leproduced  in  the  work  of  C.  K.  Mills,  18i»7  ;  the  mesal  cav- 
ities are  shown  (.m  a  larL'er  seale  in  Fisr.  ti87. 

Dfft'c(.s.— Althouph  one  of  the  purposes  of  the  preparation  of  this  flffure  was  to  Indicate  the 
relations  of  the  dura  to  the  brain,  the  word  dui'a  is  omitted  altogether.  Fair  designates  its  mesal 
extension  between  tbe  halves  of  the  cerebrum,  as  shown  in  Figs.  800  and  ftM.  Along  the  longi- 
tudinal sinus  (111  sbnuld  111'  indicated  the  points  of  entrance  of  the  supercerebral  veins  (see  Fig. 
800).  The  sinus,  dui-sn-eaiidad  of  the  cerebellum,  between  the  torcular  and  the  point  marked  4, 
should  be  named  Unt^-iinl  ainm.  On  the  precerebral  arter.-.  dorso-cephalad  of  tbe  chiasma.  are 
two  orifices.  The  more  eaudal,  at  the  root  of  the  termatic  artery,  is  caused  by  ibe  removal  of  the 
left  precerebral  (see  S  :«i(i,  P),  The  more  cephalic,  between  tbe  lines  from  cupiihi  and  mihi.  should 
be  omitted,  together  with  the  intervening  depressed  area  :  they  represent  an  aiiidental  excavation 
of  the  artery.  The  arteries  ui  the  ventricLstema.  the  Interval  between  tbe  ix>ns,  the  cnira,  and  the 
tuber,  are  vaguelv  and  inaccuratelv  shown  (see  §  390,  F).  The  postcerebellar  artery  (imdesiguated 
but  lying  between  the  lines  from  iiirlnpnrr  and  metotdci)  looks  as  if  it  liegins  in  the  metapore  (see, 
howcjver.  §  3!I0,  H),  The  jiia  is  nnwhere  distinctly  represented.  The  black  line  marked  10  is  the 
octal  layer  of  the  arachnoid  (see  Fig.  SdCn  ;  the  ental  laver.  in  contact  with  tbe  cerebellum,  may  be 
recognized;  they  unite  just  dorsad  of  the  hne  from  7.  The  curved  white  line  abiait  midway  be- 
tween the  callosum  and  the  fomicommLssure  is  due  to  an  error ;  the  surface  of  the  hemtseptum 
forming  the  lateral  wall  of  the  pseudocele  should  be  uniformly  shaded.    For  other  defects  see  Fig.  687. 
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Hirnltaut,  wdehe  Hirnlmvt ;  Fr..  pie-mh-e).     It  is  deli- 
cate, fibrous,  higlily  vascular,  and  intimately  connected 
with  the  neuron  (central  nervous  system),  into  the  sub- 
stance of  which  it  sends  numerous  nu- 
trient  small   vessels.      When   stripped 
off,  these  vessels  commonly  break  at  a 
short  distance  from  the  pia,  and  their 
number  and  minuteness  impart  to  the 
ental  surface  of  the  membrane  a  floc- 
culent  or  woolly  aspect,  the  tinnentum 
(§  376,  E). 

§  392.  Myelic  Pi"a.— This  is  thicker 
and  firmer  than  the  encephalic,  less  vas- 
cular, and  more  closely  adherent  to  the 
nervous  substance.  It  has  sometimes 
been  called  the  "  neurilemma  of  the 
cord."  Two  layers  are  recognized;  the 
ental,  sometimes  called  intima  pia, 
sends  a  fold  into  the  ventral  ("anteri- 
or") fissure,  and  into  the  dorsal  a  la- 
mina not  recognizable  as  a  fold.  Along 
the  ventri-meson  the  pia  presents  a  con- 
spicuous fibrous  band,  tlie  linen  splen- 
dens,  not  represented  in  Fig.  797. 

§  393.  Encephalic  Pia. — According 
to  Sluifer  (Quain,  iii.,  186),  only  the 
ental  of  the  two  myelic  layers  of  the 
pia  is  represented  on  the  brain,  but 
where  and  how  the  other  layer  dis- 
appears is  not  stated.  The  pia  fol- 
lows all  the  undulation,s-  of  the  ence- 
phalic surfaces,  dipping  into  the  fissures 
and  rimulas  as  folds  or  rugas  of  cor- 
responding depth  (see  Fig.  796).  At 
the  bottom  of  tlie  intercerebral  fissure, 
the  mesal  cleft  between  the  dorsal  por- 
tions of  the  two  hemicerebrunis,  the  pia 
enters  the  callosal  fissure  at  either  side, 
is  then  reflected,  and  crosses  the  cal- 
losum  * 

§  394.  Telas  and  Plexuses. — For  these 
structures  of  the  pia  see  §§  22-24. 

§  395.  Fig.  SOS  illustrates :  A.  The 
different  aspect  of  the  cerebral  surface 
(n)  before  the  removal  of  the  piarach- 
noid  or  leptomeninges,  as  in  the  ceph- 
alic (upper)  third  of  the  figure ;  (b) 
.  after  it  has  been  removed  completely,  as  in  most  of  the 
caudal  two-thirds;  and  (c)  when   there  remains  the  in- 


B.  The  usual  relation  of  the  central  fissures  to   the 
paracentrals  on  both  sides. 

C.  The   usual    relation  of    the    left    paracentral    fis 
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Fig.  Sns.-Central  Region  of  an  Adult  Brain.  Partly  Denuded  of  Pi- 
arachnoid  and  Exhibjtine  on  the  Right  a  Departure  from  the  More 

.  Common  Relation  of  the  Postcentral  and  Paracentral  Fissures; 
4,223.  X  ..5.  1,  The  caudal  end  of  a  fissure  which  is  mostly  covered 
toy  the  pia ;  2,  a  small  spur  of  the  postcentral  representinc  the  usual 
caudal  branch,  which  is  marked  5  on  the  left ;  3,  an  uudetennined 
fissure ;  4.  a  triangular  depression  comparable,  perhaps,  with  the 
expansion  of  5  on  the  left ;  6,  the  cephalic  branch  of  the  left  post- 
central. 

trafissural  fold,  as  in  the  left  central  and  the  part  of  the 
right  central  crossed  by  the  line. 

*  Since  the  pia  is  practically  the  ectal  surface  of  the  brain,  its  cut 
edge  is  not  commonly  represented  excepting  when  the  figure  is  on  a 
very  large  scale ;  but  on  blackboard  diagrams  its  vascular  character 
may  be  instructively  indicated  by  a  red  line.  On  such  diagtams  the 
endynia  ("ependyma"  or  hning  of  the  cavities)  may  be  represented 
by  yellow  or  green. 


myel 


postclstema 


Fig.  S03.  Base  of  thf  Brain  of  a  Man  Estimated  at  Sixty-Five  Tears,  Before  the  Removal  of 
the  Piaradinnid  aud  lJlno(l-\'t'ssels  ;  4.2<)().  X  ..5.  1,  Between  the  meson  and  the  right 
olfact.iry  hull)  and  opposite  the  point  where  the  araclmoid  rea,ses  to  luiss  <lu-e<-tly  from 
one  hemicerebrum  to  the  other  and  is  carried  into  the  iutcrrtTchral  tlssure  by  the  falx 
(compare  Figs.  801  and  804)  ;  2,  cut  or  torn  margin  of  Uy  aradmoid  at  the  criu-al  cis- 
tema ;  3,  an  artery  on  the  right  lateral  lobe  (pileumt  of  the  cerehelluiu,  chL;  5,  5,  indi- 
cate approximately  the  lateral  boundaries  of  the  postclstema  (Fig.  807);  O.,  occipital 
lobe  of  the  cerebrum  ;  T.,  temporal  lobe ;  F.,  frontal  lobe. 


sure  to  the  aorsal  fork  of  the  postcentral  (compare 
Fig.  769). 

D.  The  less  common  condition  of  the  dorsal  end  of  the 
right  postcentral  the  caudal  branch  being  short  and  the 
cephalic  so  long  as  to  intrude  between  the  central  and  the 
paracentral  and  render  that  portion  of  the  postcentral 
gyre  quite  narrow  (§  11,  D;  compare  Fig.  664). 

§  396.  The  Arachnoid. — The  word  «rarA«ojrf  is  derived 
from  the  Greek  apaxvri  (signifying  either  a  spider  or  a 
spider's  web),  and  fMnf  (form  or  likeness).*  In  general 
the  arachnoid  may  be  described  as  a  non  vascular  mem- 
brane, enveloping  the  brain  and  closely  attached  to  the 
pia,  excepting  where  the  latter  dips  into  the  intervals  be- 
tween the  masses  or  into  the  fissures  and  sulci  of  the  cere- 
brum and  cerebellum.  These  depressions  are  bridged,  so 
to  speak,  by  the  arachnoid,  excepting  where  the  dural 
folds,  fal.x  and  falcula,  carry  it  for  a  certain  distance 
into  the  intercerebral  fissure  and  the  interval  between  the 
cerebrum  and  cerebellum.  Wherever  the  arachnoid  re- 
mains the  outlines  of  parts  are  more  or  less  vague,  as  in 
Figs.  796,  802,  and  803. 

g  397.  Fig.  803  illnstrates :  A.  The  general  aspect  of 
the  base  of  the  brain  when  first  removed  from  the  cranium ; 
the  outlines  are  less  distinct  than  after  the  removal  of  the 
piarachnoid  (compare  Figs.  672    and  689),  and  certain 


*  The  open-meshed  discs  of  the  common  garden  spiders.  Epeira, 
Artjiape.  etc..  are  not  comparable;  rather  the  compact  glazed  sheet 
constructed  by  one  of  the  house  spiders  iTeocnaria)  which  will  hold 
water,  or  the  still  innn-  substantial  nest  of  the  water  spider  (^/•j/yro- 
netm).  which  is  likf  a  stati<inarvili\1ng-bell  and  retains  the  air  placed 
under  it  against  considerable  pressure. 
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features  are  wholly  Invisible,  e.g.,  the  chiasma,  precrib- 
ruin,  and  crura. 

B.  Tlie  varying  relations  of  the  arachnoid  to  the  inter- 
vals between  the  masses.  For  nearly  half  of  the  distance 
between  the  optic  nerves  and  the  cephalic  end  of  the  cere- 
brum the  arachnoid  crosses  directly  from  one  frontal  lobe 
to  the  other  so  that  the  intercerebral  fissure  is  barely 
recognizable  as  a  slight  mcsal  depression.  But  at  the 
poim  indicated  b_v  1  the  fold  of  dura  constituting  the  falx 
(Figs.  801  and  804)  begins  and  forces  the  arachnoid  into 
the  depths  of  the  fissure.  The  arachnoid  dips  slightly 
into  the  Sylvian  fissure,  and  deeply  into  the  interval  be- 
tween the  cerebrum  and  the  cerebellum  on  account  of  the 
dural  fold,  tentorium  (Fig.  800,  8). 

C.  The  existence  of  a  considerable  interval,  the  crural 
("peduncular'')  cisterna  just  caudad  of  the  hypophysis, 
between  the  crura  and  adjacent  biain  surfaces  and  the 
arachnoid;  the  latter  was  torn  and  cut  in  removing  the 
brain,  and  the  sharp  artificial  margin  is  indicated  by  2. 

D.  The  existence  of  the  postcisterna  ("  cisterna  magna  " 
or  "  cerebello-medullaris  ")  between  the  oblongata  and  the 
cerebellum;  by  blowing  dorsad  at  either  side  of  the  ob- 
longata, where  the  arachnoid  is  torn,  air  entered  the  post- 
cisterna and  it  expanded  so  as  to  have  a  convex  outline 
as  in  Fig  807;  but  when  the  photograpli  was  taken  most 
of  the  air  had  escaped  and  the  extent  of  the  cisterna  is  in- 
dicated only  bj'  the  greater  vagueness  of  the  cerebellar 
outline  as  far  as  5  at  either  side. 

§  398.  As  to  details,  however,  our  knowledge  of  the 
arachnoid  is  even  less  complete  and  satisfactory  than  that 
of  the  dura  and  ]iia,  and  there  are  direct  contradictions  in 
the  accounts  by  different  anatomists  which  I  have  as  yet 
been  unable  to  reconcile.  As  stated  bj' Langdon  (1891), 
Bichat  described  (1802,  1813)  the  arachnoid  as  a  serous, 
shut  sack,  conforming  in 
all  essential  particular 
with  the  serosa  of  the 
other  cavities.  But  most 
recent  writers  follow  KOl- 
liker  (1860)  in  denj'ing  the 
existence  of  a  parietal  lay- 
er in  contact  with  the 
dura,  and  Tuke  regards 
(1882)  even  the  visceral 
layer  as  merely  an  element 
of  the  pia. 

§  399.  On  February 
17th,  1888,  I  made  and  re- 
■corded  the  following  ob- 
servation upon  a  child, 
still-born,  at  term.  No. 
2,258;  In  removing  the 
parietal  dura,  a  delicate 
membrane  separated  from 
it  more  or  less  easily  in 
different  localities  on  the 
two  sides ;  it  was  observed 
also  by  mv  colleague. 
Prof.  S!  H.  (iiagc* 

§  400.  On  D'c  c  e  m  b  e  r 
29th,  1890,  Dr.  Langdon's 
paper  (1891)  was  presented 
before  the  Association  of 
American  jVnatomists.  He 
records  observations  made 
upon  two  children,  at 
term,  and  one  adult.  His 
•summary  is  as  follows: 

"  The  arachnoid  is  a 
true  shut  sac,  similar  in 

structure  and  function  to  the  serosa  of  the  other  great  cav- 
ities. Its  parietal  layer  is  easily  separable  from  the  dura  at 
the  vertex  in  the  fetus  and  young  infant,  but  practically 

'  Although  this  distinctly  indicated  the  existence  of  a  parietal  (ec- 
tal)  layer  of  arachnoid.'al  that  time  I  supposed  the  subject,  3/«'jn'»(/c.s, 
would  be  treated  by  another,  and  wjis,  monK)ver.  then  fully  occupied 
with  the  articles  already  undertaken  ;  hence  the  observation  was  not 
Jnade  public  and  the  point  has  not  been  followed  up. 


inseparable  in  this  region  in  the  adult'.  At  the  base  of  the 
skull  it  is  demonstrable  as  a  separate  membrane,  even  in 
the  adult.  To  assert  that  the  parietal  layer  of  arachnoid 
is  absent  because  its  subepithelial  connective  tissue  has 
fused  at  the  vertex  with  the  dura  (connective  tissue),  is 
as  incon'ect  as  to  describe  the  great  omentum  as  one  layer 
of  peritoneum,  because  its  original  four  layers  have  be- 
come matted  and  adherent. " 

g  401.  During  the  preparation  of  the  article  Meninges 
in  the  first  editiim  of  the  Reference  Handbook  I  verified 
the  correctness  of  the  previous  observation  as  to  the  pres- 
ence of  an  ectal  or  dural  layer  of  arachnoid,  and  noted  its 
reflection  upon  the  carotid  and  vertebral  arteries  to  be- 
come continuous,  presumably,  with  the  ental,  pial.  or  vis- 
ceral laj'er.  But  no  such  reflection  occurs  at  tlie  nerve 
roots  unless  at  some  depth  within  the  foramens  of  exit, 
and  this  point  I  have  as  yet  not  had  time  to  determine. 

§  402.  Fig.  it04  illustrates :  A.  The  relative  positions 
of  the  meninges  (compare  Figs.  796  and  798). 

B.  The  formation  of  the  longitudinal  sinus  within  the 
substance  of  the  dura. 

C.  The  projection  of  the  arachnoid  villi  into  the  sinus 
and  the  parasinual  spaces;  see  the  article  Pacchionian, 
Bodies. 

D.  The  accumulation  of  the  villi  at  one  point,  on  the 
right,  to  such  an  extent  as  to  cause  the  protrusion  of  the 
dura,  and  presumably  a  depression  of  the  ental  surface 
of  the  cranium. 

E.  The  separability  of  the  arachnoid  from  the  pia,  leav- 
ing a  distinct  subarachnoid  space  increased  along  the 
fissure  lines. 

F.  The  conterminousness  of  the  arachnoid  and  the 
falx,  and  their  separation  by  a  distinct  interval. 

§  403.  Fig.  805  illustrates :  A.  The  complete  circum- 
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Fig.  8(M.— Transection  of  the  Dorsal,  Mesal  Region  of  the  Cerebrum,  to  Show  the  Meninges  and  Arach- 
noidal Villi.  Slightly  enlarged.  (From  Key  and  Retzius,  Taf.  xxix..  Fig.  4;  after  Shafer:  Quain,  ill., 
Fig.  IIM.) 

Piejj<7?-(7t)<in.— The  spinal  subarachnoid  space  IFig.  797.  ft,  li  was  injected  with  a  fine  blue  mass, 
which  filled  (and  distended?)  the  corresponding  spare  upon  the  cerebrum  and  entered  the  arachnoid 
villi.  The  .iriL'iniil  IlL'iire  is  api>r.ipTiiiti-lv  col.ired  ami  .m  a  laiger  scale.  .Indsriiiu'  fr"iii  the  relation  be- 
tween the  width  ..f  till-  fal.K  and  tlie  interval  hetween  it  and  the  I'allnsiilii.  the  plane  "f  section  was  not 
far  cephalad  of  the  s|ileniuin  (see  KiL'.  siiu.  c.c .,  callosuiii ;  f.  falx  ;  .s  longitudinal  sinus  ;  s.a.  (at  the 
left),  subarachnoid  space. 

Dt'feetx.— The  pia  is  not  so  distinct  as  I  would  make  it.  The  relation  of  the  arachnoid  to  the  ven- 
tral margin  of  the  falx  is  not  quite  clear.  There  is  no  extension  of  the  cortical  cinerea  upon  the  dor- 
sum of  the  callosuiii  as  an  indusium  (see  §217).  There  is  no  indication  of  the  existence  of  the  two 
layers  of  the  diini,  ..(/..  pcri"steal  and  encephalic,  described  by  Langdon  (Fig.  738).  The  falcial 
(inferior  longitudinal)  sinus  may  have  been  absent  in  this  case,  as  it  is  said  to  be  in  many.  The 
Ioeun(F  lntcnilf.-i  are  somewhat  indistinct,  probably  in  consequence  of  the  reduction  from  the  original 
figure,  where  they  are  much  more  clearly  shown. 


scription  of  the  true  encephalic  cavities,  excepting  at  the 
metapore. 

B.  The  non -communication  of  these  cavities  with  the 
pseudocele  (fifth  ventricle). 

C.  The  presence  of  considerable,  iri'egular  intervals, 
subarachnoid  spaces,  or  cisternas,  between  the  pia  and 
the  arachnoid. 

D.  The  continuity  of  the  largest  of  these,  postcisterna, 
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between  the  cerebellum,  postoblongata.  and  occipital  part 

of  the  cranium,  -with  the  spinal  subarachnoid  space. 
E.  The  relation  of  the  falcula  (falx  cerebelli)  to  the 


Fig.  805.— Medisection  of  thf  Cerehelhim  and  Adjacent  Parts.  (From 
.  Key  and  Retzius.  1875.  Taf.  viii.,  vii..  Fig.  1 ;  after  Shafer:  Quain, 
ili.^  Fig.  13i,  reduced  and  somewhat  modi- 
fled.)  Compare  Figs.  67*',  WO,  and  ml. 
1,  1'.  Atlas  vertebra ;  2,  2'.  axis  vertebra ; 
3,  dia<?ele  tthii'd  ventricle)  :  4,  epicele.  the 
cephalic  or  cerebellar  portion  of  the 
**  fourth  ventricle  "  ;  C,  cerebellum  ;  C.C., 
callosum ;  C.  callosal  gyrus ;  M,  post- 
oblongata; P.V.,  pons;  X,  falcula  (falx 
cerebelli)  ;  c.  medicommissure ;  c.c,  just 
dorsad  of  (behind)  the  myelocele  (central 
canal  of  the  cord)  ;  f.M.,  metapnrf  i"  for- 
amen of  Mageudie");  p,  hypophysis: 
t,  torcular. 

Prcjxwatio}) .—A  blue  ma^s  was  injects 
ed  into  the  spinal  subarachnoid  space  ;  the 
head  was  then  frozen  and  iiifdisfrted. 
The  original  includes  the  mcsal  aspi'd  of 
the  entire  head,  less  the  intf]Lniinent  and 
mandible.  The  tme  encephalic  cavities 
and  the  subarachnoid  spact^  are  colored, 
so  only  the  actual  mesal  parts  appear. 

Defect^.— In  the  original  tlifn-  is  no  in- 
dication of  the  arachnoid,  alili'-uirh  the 
circumscription  of  thesubiirarhnoid  space 
was  the  very  feature  supposed  to  be  illus- 
trated. Should  it  be  claimed  that  the 
arachnoid  is  sufUciently  indicated  by  the 
ental  boundary  line  of  the  dura,  the  an- 
swerwould  be  that,  although  in  places  the 
two  meninges  may  be  in  contact,  they  are 
not  in  all ;  furthermore,  as  distinctly 
shown  upon  Taf.  vi.  of  the  same  work, 
In  Figs.  i*01,  SfW,  and  807,  there  is  a  point 
near  the  crest  of  the  cerebellum  (nearly 
opposite  t)  where  the  arachnoid  (or  its 
ectal  layer)  leaves  the  cerebellum  and 
passes  directly  to  the  dura  at  the  foramen 
maumtm.  There  is  no  boundary  between 
the  metepicele  (fourth  ventriclei  and  the 
subarachnoid  space ;  even  if,  as  in  other 
cases,  the  membranous  roof  of  the  meta- 
cele  (metatela)  adheres  to  the  caudo-ven- 
tral  surface  of  the  cerebellum,  the  plexuses 
and  the  endyuia  constituting  its  ental 
surface  nuist  end  somewhere. 

Sin^e  the  cavities  are  not  colored,  they 
appear  as  white  areas  without  perspec- 
tive, as  if  the  preparation  were  a  thin 
mesal  slice.  Most  unfortunately,  probably 
through  some  defect  in  execuiiun.  there 
is  left  a  clear  line  between  the  epiphysis 
and  the  splenium,  as  if  there  wnre  a  pass- 
age from  the  diacele  (third  ventricle)  to 

the  irregrtilar  subarachnoid  space  between  the  splenium,  epiphysis, 
pregeminum,  and  cerebellum.  This  is  altogether  misleading,  for,  as 
shown  in  Figs.  ti7(t,  687.  759,  and  801,  and  statevl  in  §  66,  H.  the  dia- 
cele is  completely  circumscribed  at  that  pomt  by  the  endyma  reflect- 
ed from  the  velum  upon  the  epiphysis.  In  the  present  copy  this  de- 
fect has  been  remedied  so  far  as  it  could  be  by  uniting  the  epiphysis 
and  splenium  so  as  at  least  to  block  the  passage;  but  it  should 
be  remembered  that  it  is  closed  not  by  nervous  tissue  but  mem- 


branes. The  editors  of  Quain  have  represented  the  missing  meta- 
tela by  the  dotteil  line  from  near  the  number  4  to  near  the  abbrevisr 
tion  /.M.  A  continuous  hue  would  have  been  more  appropriate, 
and  separated  farther  from  the  metacelian  floor  ;  that  could  not  be 
changed  in  the  present  copy,  but  the  interval  representing  the  meta^ 
pore  (foramen  of  Magendie)  has  been  enlarged:  this,  however,  is 
conventional,  and  as  if  to  correspond  with  the  perhaps  unusual  con- 
dition shown  in  Fig.  690.  Finally,  the  falcula  (faLx  cerebelli), 
which  was  unmarked  in  Quain,  is  here  designated  by  a  cross  (x). 

mesal  portion,  vermis,  of  the  cerebellum.  In  Fig.  707  this 
is  obscured  by  the  fact  that  part  of  the  left  lateral  lobe 
remains. 

§  404.  T?te  Cisiernas. — At  several  regions  the  ental 
layer  of  arachnoid  is  separated  from  the  pia  by  consider- 
able spaces,  called  cisternas  by  Key  and  Retzius,  1875.  p. 
93.*     They  are  enumerated  and  described  by  Browning. 

^  405.  Fifi.  SOS  illustrates  :  A.  The  general  appearance 
of  this  aspect  of  the  cerebellum  together  with  the  oblon- 
gata and  pons;  in  Fig.  697  these  two  parts  were  omitted. 

B.  The  extent  of  the  postcisterna  {cisteriia  magna  or  c. 
€4^ rebello-mex^f/llan A)  upon  about  one-half  the  entire  caudal 
aspect :  there  is,  however,  considerable  variation  in  this 
respect. 

C.  The  definite  dorsal  and  lateral  limitation  of  the 
postcisterna,  although  the  boundary  line  is  undulating 
and  asymmetrical. 

D.  The  lack  of  ventral  boundary  of  the  cistema;  the 
ectal  layer  of  the  arachnoid  is  attached  to  the  dura  so 
that  this  cistema  is  continuous  with  the  spinal  subarach- 
noid space. 

E.  The  union  of  the  two  vertebral  arteries  to  fonn  the 
basilar. 

F.  The  origin  of  the  postcerebellar  arteries  from  the 
vertebrals  near  their  junction. 
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Fig. 


.—Caudal  (Lower)  Aspect  of  the  Cerebellum,  etc.;  376.     x  .9. 

Preparation.— Through  the  kindness  and  skill  of  Dr.  W.  C.  Krauss  (a  former  student, 
now  professor  in  the  Medical  Department  of  Niagara  University,  the  brain  was  received 
fresh  and  in  the  dura.  The  cavities  were  injected  with  alcohol ;  the  arteries  first  with  al- 
cohol and  then  with  the  starch  mixture  (see  article  Brain  :  Methods).  The  alcohol  passed 
through  the  metapore  into  the  postcisterna  and  thoroughly  preserved  all  theparietes;  it 
had  access  also  about  the  myel,  where  the  arachnoid  was  cut  in  removing  the  brain.  The 
ectal  layer  of  the  arachnoid  was  cut  away  along  the  line  of  its  attachment. 

Dcf(  cf.'*.— The  perspective  of  the  postoblongata  is  defective.  The  metapore  is  vaguely 
indicated  and  few  of  the  vessels  are  shown.  Of  the  lobes  only  the  tonsillas  are  outlined. 
The  flocculi  and  nen'e  roots  are  omitted,  also  the  rimulas  (interfoiiar  crevices)  on  the  left 
side.  The  most  serious  defect  is  the  no n -indication  of  the  dorsal  limit  of  the  endyma  which 
presumably  accompanies  the  metaplexuses ;  see  §  417. 

1.  3,  Branches  of  the  postcerebellar  artery,  the  former  passing  between  the  cerebellum 
and  the  oblongata,  the  latter  apparf  nlly  supplymg  the  corresponding  metaplexus  ;  2,  6,  edge 
of  the  ectal  layer  of  arachnoid  iM.uiidinir  the  area  whence  it  had  been  cut  away  ;  4,  loop  of 
postcerebellar  ariery.  an  examplf  <»f  its  toi-tuous  course  ;  5.  main  trunk  of  the  artery  near 
where  it  reaches  the  crest  of  the  cerebellum  :  its  branches  are  omitted ;  7,  mesal  ridge 
formed  by  the  vein  which  divides  into  a  right  and  left  branch  upon  the  caudal  surface; 
the  arachnoid  here  forms  a  somewhat  sharp  angle. 

G.  The  length  and  course  of  the  postcerebellar  artery, 
and  the  tortuous  course  of  its  central  portion. 

*  Admitting  that  most  of  the  cisternas  do  lie  between  the  arachnoid 
and  the  pia.  as  cnmmonlv  describe<i.  my  late'r  observations  lead  me  to 
regard  the  postcisterna  as  between  two  layers  of  the  ental  arachnoid 
itself  (see  Figs,  i^io  and  807). 
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H.  The  passage  of  a  branch  of  the  postcerebellar  artery 
mtsad  toward  the  metapore,  apparently  supplying  the 
metaplexus. 
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Fig.  807.— Sections  of  the  C'erebelluui  and  I'ustcistema ;  semidiagram- 
matic. 

A.  Dorsal  (cut)  surface  of  the  ventral  portion  of  the  cerebellum, 
together  with  the  adjacent  dura  and  the  large  '•subarachnr>id 
space,"  postcisterna,  commonly  calleil  risttrnn  mnana  or  c.  vtir- 
heUii-mcihinm-is.  At  the  meson  appi-ai-s  the  postyermis.  separated 
by  the  paravermlan  sulci  (1)  from  the  large  lateral  lobes;  3  is  the 
ental  layer  of  the  arachnoid.  The  meninges  are  here  represented 
by  lines  only. 

B.  Enlargement  of  the  meso-caudal  region  of  A.  The  meninges 
are  ln-re  rcju-cscnted  by  zones  conventionally  shaded  ;  2.  the  place  of 
.lunctiim  "f  the  nvo  layers  of  the  ental  arachnoid  at  the  margin  of 
the  postristt'ina. 

Pni  in  rut  h  oi  .—An  adult  cerebellum  (3,891 )  was  divided  at  a  plane 
correspondini:  with  the  Hne  X— Y  in  Fig.  V*V,,  so  as  to  separate  the 
dorsal  two-fifths;  on  fig.  S(ll  the  plane  of  section  would  be  indi- 
cated ai'proxiiniitely  by  a  linn  aimss  tlie  unsljaded  (cut)  surface 
conneiting  the  points  where  the  dottnl  lines  from  the  words  midu- 
lu»  and  •iiH-i'U  intersect  the  mafLnii  of  that  surface  ;  as  seen  in  Fig. 
KOii  it  pa.ssi's  dnisail  "f  tin'  plexuses.    Tlii'  ertal  layer  of  arachnoid  is 

reprcseiip'il  as  till-  i'"Tilii us  .■aiidal  bouTidarv  of  the  postcisterna, 

while  in  Fig.  sm;  it  is  sui^inwd  to  liavr  Iwen  trimmed  closely  along 
the  line  of  itsdeprcs>niri  from  the  ental  lavi-r  :{. 

Defects.  Yiir  rt-ailicr  couiparisoii  \\  itli  Fiir.  si  Hi  the  figures  should 
have  been  invcrt-'d  so  as  to  havf  tlu-  |i<istristeriia  nearer  the  reader. 
In  B  the  iiiistcisti-rna  is  enlaiL'cd  two  dlaiiii-ti-rs,  but  the  several 
zones  reiavsf'Uting  the  mt'iiing<'s  ate  <lis|irop<irtionatfly  widened. 
and  their  sliadmg  is  rop\i-ntioiial  for  dtsrrimination  only,  and  not 
for  the  indication  of  liisloloL'ical  struct  n  if.  'Itir  ectal  or  dura  I  layrr 
of  arachnoid  was  iiiad\crti'iitly  omitted,  and  there  is  no  indication 
of  the  two  layeis  of  tlie  dura  itself.  Tlio  ntuniTous  rimulas  ami  in- 
tervening foliiiuis  that  w<-ic  d(\id('d  ill  III'- section  are  not  indicated, 
and  the  usual  rflatioiis  of  tin' ].ia  and  tirarhimid  0.  each  oth.-r  and 
to  narrow  encephalic  de)tressions  gi'in-rally  are  illustrated  only  at 
the  paravermlan  sulci.  According  to  the, present  view*  that  the 
metapore  is  the  oriQce  of  an  evagination,  tin-  postcisterna  may  be 
lined,  in  part  at  least,  by  endyma  ;  but  it  was  not  recognized  in  this 
preparation,  and  even  in  the  embryo  represented  by  Blake  (189y, 
Fig.  36)  it  seems  to  have  disappeared  at  a  lower  level. 

I.  The  extension  of  the  metaplextises  dorsad  from  the 
metapoi'e  upon  the  cerebellum. 

§  406.  Postcisternii. — Notwithstanding  the  presumption 
that  all  the  cisternas  form  a  continuous  series,  my  obser- 
vations, up  to  the  present  time,  induce  me  to  regard  the 

*  At  the  time  §  S3  was  made  up  into  the  page  I  was  unaware  that 
the  German  edition  (1894)  of  Minot's  *'  Embryology  "  has  this  passage, 
p.  698:  "The  foramonot  Magendie  (Wilder's  metapore i  and  the  open- 
ings of  the  lateral  recesses.  aceordinL'  to  this  \  iew.  Would  he  not  true 
perforations  of  the  eiicndyma.  lutt  the  outlets  of  e\'aginations." 


space  in  the  angle  between  the  Cerebellum  and  the  ob- 
longata as  presenting  an  important  peculiarity,  viz..  as 
lying,  not  between  the  pia  and  the  visceral  arachnoid, 
but  between  two  layers  of  the  latter.  The  facts  upon 
which  this  view  is  btised  cannot  be  detailed  here.  The 
view  is  indicated  upon  Fig.  807. 

I  am  aware  of  the  difticulfies  involved  in  its  acceptance ; 
without  question,  the  postcisterna  coiunnuiicates  on  the 
one  hand  with  the  true  encephalic  cavities  through  the 
metapore,  and  on  the  other  with  the  spinal  subarachnoid 
space;  its  free  communication  with  the  other  cisternas, 
although  commonly  accepted,  seems  to  me  not  yet  clearly 
demonstrated. 

§  407.  h  there  Direct  Communication  of  the  Subarach- 
noid  Spaces  with  the  Intrarachnoid  {or  Subdural)  Spetce? — 
Whatever  view  they  adopt  regarding  the  constitution  of 
the  arachnoid  as  a  whole,  most  writers  agree  that  the 
arachnoid  covering  the  brain  and  myel  is  continuous,  ex- 
cepting for  the  capillary  spaces  about  the  nerve  roots  re- 
ferred to  in  §  401.  Hence,  while  the  ncurolymph  may 
pass  to  and  fro  between  the  true  enceplialic  cavities  and 
the  postcisterna  through  the  metapore,  and  may  thus 
enter  the  other  cisternas  {§  406)  and  the  spinal  subarach- 
noid space,  it  is  nevertheless  eoufuied  thereto. 

But  Dr.  Langdon  (1891)  holds  that  '"at  the  base  of  the 
cranium  there  are  two  points  where  the  visceral  [ental] 
arachnoid  is  deficient,  one  on  either  side,  in  the  '  bridge  ' 
of  arachnoid  which  stretches  across  from  the  cerebellar 
lobes  to  the  under  [ventral]  surface  on  the  oblongata. 
These  foramina  measure  about  half  an  inch  (13  mm.)  in 
longitudinal  diameter  by  one-fourth  inch  (6  mm.)  trans- 
verse!}', and  ai'c  crossed  by  three  or  four  tibrotis  bands, 
the  attachment  of  which  to  the  edges  of  the  openings 
produces  a  multiple  crescentic  appearance  of  their  mar- 
gins, which  suggests  the  name  '  lunvlede  foramina.'  " 

It  will  be  noted  that  the  location  of  these  alleged  luuu- 
late  foramina  in  the  arachnoid  corresponds  with  that  of 
the  ventral  enils  of  the  lateral  recesses.  Hence,  on  the 
one  hand,  if  both  are  natural,  the  transfer  of  the  neuro- 
lymph  from  the  true  encephalic  cavities  to  the  arachnoid 
space  is  provided  for;  on  the  other,  the  relation  of  the 
nerve  roots  to  both  the  pia  and  the  arachnoid  renders  both 
liable  to  rupture  during  extraction  ormanipulaticm  of  the 
brain.  Hess  implies  (1885,  Fig.  10,  «r.  )that  the  arach- 
noid was  cut  and  reflected  at  this  point.  On  the  whole 
subject,  and  on  the  metapore  see  the  later  observations 
of  Blake,  1900. 

§  408.  Fifi.  807  illustrates :  A.  The  usual  relation  of 
the  meninges  in  these  respects,  viz.,  the  independence  of 
the  dura;  Uie  adhesion  of  the  pia  to  the  brain  substance; 
the  dipping  of  the  pia  into  the  narrow  depression  at  either 
side  of  the  vermis  as  a  vascular  fold;  the  adhesion  of  the 
arachnoid  to  the  pia  over  most  of  the  cerebellum,  so  as 
to  constitute  a  piarachnoid  (Fig.  796). 

B.  On  the  caudal  aspect  of  the  cerebellum,  the  forma- 
tion of  a  considerable  space,  the  postcisterna,  bj'  the 
separation  of  an  ectal  layer  of  the  ental  or  visceral  layer 
of  the  iirachnoid. 

§  4(19.  The  inadequacy  of  the  foregoing  account  of  the 
jiostcisternti  and  its  relations  with  the  metapoi'e  is  fully 
conceded.  It  is  no  disparagement  to  the  labors  of  Blake 
and  others  to  add  that  no  account  known  to  me  is  alto- 
gether clear,  consistent,  correct,  and  coiuplete.  The  dif- 
ficulties involved  can  be  fully  appreciated  only  by  those 
who  have  already  attempted  to  elucidate  the  subject. 
The  material  must  be  specially  prepared  for  the  purpose 
and  examined  by  improved  methods,  both  anatomical  and 
histological.  Burt  G.  Wilder. 

§  410.  The  following  list  includes  treatises  upon  the 
gross  anatomy  of  the  brain,  mostly  recent,  likewise  a 
few  special  papers  ;  other  jjapers  are  named  in  the  text. 
Other  things  being  equal,  preference  is  given  to  such  as 
contain  full  bibliographies.  The  history  of  Neurology 
up  to  1822  is  given  in  Burdach.  For  current  literature 
consult  the  journal  of  Competrative  Neurology ;  Anato- 
mischer  Anzeiger  ;  Inde.e  Medicus ;  Neurologisehes  Centreil- 
bleitt ;    Brain;    L'EncephaU;    Nevrdxe ;   Jaliresherichte 
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fur  Anatmnie,  etc.    See  §  13.     A.  A.  A.  Proc.  stands  for 
Proceedinga  of  the  Association  of  American  Anatomists. 
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BRAIN,   ABSCESS    OF.— Cerebral  abscess  is  always 

tlie  result  of  the  introduction  of  pus-producing  germs 
into  the  tissues  of  the  brain.  The  organisms  which  are 
found  most  frequently  are  streptococcus  pyogenes  and 
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staphylococcus  pyogenes  aureus.  Staphylococcus  pyo- 
genes albus  and  citreus  are  also  found  occasionally,  but 
are  ahvaj'S  associated  with  the  former  ones.  When  the 
pus  from  the  brain  lesion  has  been  compared  ■nith  that 
from  the  primary  wound  or  otorrluea,  the  same  organisms 
have  frequently  been  foiuid  in  both  places.  Bacillus 
pyogenes  ftctidus  has  been  found  in  one  case  in  the 
abscess  and  in  the  di-scharge  from  the  ear.  Fraenkel's 
diplococcus  pneumoniae  was  obtained  in  a  meningeal 
abscess  which  accompanied  an  abscess  in  the  cerebellum. 
In  one  case  the  observer  was  unable  to  decide  whether 
the  germ  was  Eberth's  bacillus  cntericus  or  Neumann's 
bacillus  meningitidis  purulentse.  In  several  cases  p}"0- 
genic  organisms  were  associated  with  Gessard's  bacillus 
pyocvaneus.  In  two  cases  oidium  albicans  was  dis- 
covered; in  one  of  these  the  brain  contained  small  ab- 
scesses which  were  tilled  with  the  fungus. 

Sabrazes  reports  a  case  of  abscess  of  the  centrum  ovale, 
abscess  of  the  apex  of  the  right  lung,  anthracosis  of  the 
lungs  and  purulent  softening  of  an  infarction  in  the  right 
kidney.  The  pus  of  the  abscesses  contained  a  micro-or- 
ganism which  was  regarded  as  a  streptothrix.  It  is 
probable  that  the  lungs  were  the  primary  point  of  en- 
trance of  the  germs.  Ferre  and  Faguet  also  found  a 
streptothrix  in  a  cerebral  abscess.  Praenkel  obtained 
pure  cultures  of  tubercle  bacilli  from  the  pus  of  a  tuber- 
culous abscess  of  the  brain. 

These  various  germs  may  be  derived  from  any  part  of 
the  body,  but  in  the  large  majority  of  cases  the  primary 
lesion  is  located  in  the  vicinity  of  the  head  and  is  due 
either  to  injury  of  the  head  or  to  ear  disease. 

When  the  disease  is  due  to  injury  of  the  head  the  pyo- 
genic organisms  are  sometimes  introduced  directly  from 
the  outer  world.  For  example,  in  punctured  wounds  of 
the  skull,  the  foreign  bod)'  (splinter  of  wood,  dagger, 
etc.)  may  be  the  direct  carrier  of  the  staphylococci  and 
streptococci  into  the  brain.  Sometimes  the  skull  itself  is 
infected,  then  infection  thrombi  develop  in  the  diploic 
vessels,  and  the  bacilli  pass  along  the  perivascular  sheaths 
to  the  brain.  The  infective  injury  to  the  skull  may  also 
be  produced  without  fracture,  if  the  outer  tiible  has  been 
laid  bare. 

In  the  majority  of  cases  due  to  injury  the  abscess  is 
found  in  the  vicinitvof  the  injured  part  of  the  skull,  but 
in  exceptional  instances  it  is  foimd  on  the  opposite  side 
of  the  brain  (contrecoup). 

A  similar  pathological  condition  is  presented  b}-  affec- 
tions of  the  face  and  scalp,  which  may  set  up  thrombosis 
of  the  veins  and  thus  communicate  with  the  brain. 

Next  in  importance — jjerbajis  even  equal — to  traumatic 
causes  stand  intlammations  of  the  middle  ear.  The 
primary  lesion  is  generally  present  from  early  childhood, 
as  a  sequel  of  one  of  the  infectious  diseases  common  to 
that  period  of  life.  It  terminates  in  caries  of  the  petrous 
portion  of  the  temporal  bone,  attended  usually  with  sup- 
purative otitis  media. 

Caries  in  the  tympanic  cavity  usually  extends  most 
markedly  in  certain  directions.  When  it  spreads  through 
the  antrum  and  in\olves  the  mastoid  cells,  some  of  which 
are  adjacent  to  the  sigmoid  groove,  the  latter  is  apt  to  be 
involved  and  exposed.  When  the  caries  attiicks  the  roof 
of  the  middle  ear,  perforation  into  the  middle  fossa  of  the 
skull  freciuently  results.  AVhen  the  petrous  portion  is  the 
site  of  extensive  disease,  suppurative  leptomeningitis  of 
the  basal  ganglia  and  cerebellum  is  apt  to  occur:  even 
when  the  destruction  is  much  less  marked  and  the  in- 
ternal auditory  meatus  is  exposed,  the  infective  inflam- 
mation may  pass  along  the  sheaths  of  the  facial  and  au- 
ditory nerves.  In  perforation  of  the  tegmen,  the  abscess 
is  situated  in  the  tcmporo  sphenoidal  lobe;  in  perfora- 
tion into  the  sigmoid  groove,  the  abscess  is  generally 
located  in  the  cerebellum. 

The  mode  of  development  of  the  abscess  may  vary 
considerably. 

If  the  tegmen  is  involved  the  overlying  dura  mater  be- 
comes inflamed  and  adherent  to  the  adjacent  pia  mater, 
and  thus  the  veins  and  lymphatics  of  the  latter  are 
directly  aifected.      The  arterial  vessels  become  throm- 


bosed, and  particles  from  the  resulfing  emboli  are  carried 
with  the  pathogenic  cocci  to  the  interior  of  the  temporo- 
sphenoidal  lobe  where  they  give  rise  to  an  abscess.  As 
in  cases  of  injury,  the  process  may  also  creep  along  the 
perivascular  sheaths. 

When  the  perforation  takes  place  into  the  sigmoid 
groove,  the  outer  wall  of  the  sinus  undergoes  inflamma- 
tion; this  extends  through  to  the  inner  wall  and  thus 
induces  thrombosis.  The  thrombus  offers  a  nidus  for  tlie 
micrococci  which  pass  along  the  cerebellar  veins  to  the 
cerebellum.  It  must  be  remembered  in  this  connection 
that  the  cunent  of  blood  in  the  superflcial  veins  may 
flow  in  either  direction.  The  cerebellar  arteries  may  also 
be  thrombosed,  and  thus  convey  infected  emboli  to  the 
interior  of  the  cerebellum. 

Cereliellar  aliscess  may  also  be  due  to  direct  extension 
of  the  inflammation  through  the  dura  on  either  side  of 
the  sigmoid  sinus. 

In  young  children  the  infection  often  travels  through 
the  petroso-squamosal  suture. 

Cerebral  abscess  from  ear  disease  is  much  rarer  after 
acute  suppurative  otitis  media  than  after  the  chronic 
form.  In  rare  cases  it  follows  tuberculous  and  syphilitic 
affections  of  the  temporal  bone. 

(!)titic  abscesses  occur  generally  in  the  temporo-sphe- 
noidal  lobe  or  the  cerebellum  on  the  same  side  as  the 
aural  lesion.  In  119  cases  collected  by  Koerner,  79  de- 
veloped in  the  cerebrum  and  40  in  the  cerebellum. 

Infection  from  the  nose  and  its  appendages  is  much 
rarer.  In  a  case  reported  by  Dreyfuss,  the  infection, 
which  started  from  suppuration  of  the  antrum,  was  due 
to  thrombophlebitis  of  the  pterygopalatine  and  ophthal- 
mic plexuses.  In  another  case  the  process  extended  to 
the  adjacent  ethmoid  cells  and  caused  perforation  of  the 
lamina  cribrosii.  When  the  primary  lesion  affects  the 
frontal  sinuses,  the  posterior  wall  usually  undergoes  per- 
foration or  the  infection  takes  place  through  the  diploB. 
In  very  rare  cases  the  primary  infection  is  located  in  the 
orbit.  In  almost  all  of  this  group  of  cases  the  abscess  is 
situated  in  the  frontal  lobes. 

Embolic  abscesses  of  the  brain  may  be  due  to  infection 
in  anj'  part  of  the  body.  They  are  observed  particularly 
in  association  with  pufmonary  diseases(putrid  bronchitis, 
empyema,  gangrene,  tuberculous  cavities).  They  are 
less  frequent  after  sejitic  endocarditis,  suppurative  proc- 
esses in  the  abdomen,  joint  and  bone  suppuration. 
They  have  also  been  seen  after  t\phoid  fever,  scarlatina, 
diphtheria,  glanders,  and  general  pya-mia.  Boeftcher  re- 
ports a  case  after  pulmonary  suppuration  in  which  lung 
pigment  was  found  in  the  lirain.  In  two  instances  the 
abscess  was  due  to  the  presence  of  oidium  albicans. 

The  category  of  so  called  idiopathic  abscesses  of  the 
brain  is  being  continually  narrowed.  Although  the  ex- 
istence of  such  cases  cannot  be  absolutely  denied,  still 
none  should  be  pronounced  idiopathic  until  careful  search 
has  been  made  unsuccessfvUly  in  all  the  organs  for  some 
possible  source  of  infection. 

P.\THoi.oGic.A.L  An.vtomy. — An  analysis  of  4.58  cases 
collected  by  Le  Fort  and  Lehmann  showed  that  the  ab- 
scess occurred  in  the  cerebrum  in  337  cases,  in  the  cere- 
bellum in  113  cases,  in  the  cerebrum  and  cerebellum  in 
11  cases,  in  the  pons  Varolii  in  5  cases,  in  the  cerebral 
peduncle  in  1  case,  and  in  the  fourth  ventricle  in  1  case. 

According  to  Slacewen  93  per  cent,  of  traumatic  ab- 
scesses and  87  per  cent,  of  otitic  abscesses  are  solitary. 
The  majority  of  metastatic  abscesses  are  multiple.  Ab- 
scesses of  the  brain  vary  extremely  in  size.  Some  of 
the  multiple  abscesses  occurring  in  the  course  of  pya;mia 
or  ulcerative  endocarditis  may  be  the  size  of  a  pea.  Old 
chronic  abscesses  may  occupy  a  large  part  of  a  cerebral 
hemisphere,  or  perhaps  a  considerable  portion  of  the 
cerebellum. 

Acute  abscesses  contain  a  thin  pus,  usually  of  a  color 
varying  from  yellow  to  green,  sometimes  of  a  darker 
shade,  from  admixture  with  blood.  Under  the  micro- 
scope this  is  found  to  contain  pus  corpuscles,  drops  of 
myelin,  granular  matter,  and  detritus  of  the  nerve  ele- 
ments and  the  pathogenic  micro-organisms.     The  walls 
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of  the  abscess  are  usuallj'  irregular  and  jagged,  and  tear 
readily  from  the  contact  of  the  fingers.  The  cavity  is 
irregular  in  shape  at  first,  but  at  a  later  period  it  tends 
to  become  more  rounded.  For  a  varying  distance  around 
the  cavity  the  brain  substance  may  have  a  reddish, 
speckled  appearance  from  enlargement  of  the  blood- 
vessels and  the  presence  of  capillar)-  hemorrhages.  Still 
more  externally  the  brain  tissue  is  stained  slightly  yel- 
low and  softened  from  inflannuatory  a?dema.  The  latter 
phenomenon  is  observed  sometimes  over  a  large  area,  and 
often  appears  to  be  the  immediate  cause  of  death.  Some- 
times the  abscess  ruptures  into  one  of  the  lateral  veu- 


Tlie  membrane  rarely  insures  a  complete  standstill  of 
the  process,  inasmuch  as  it  undergoes  suppuration  in 
places  and  this  attacks  the  surrounding  brain  tissue. 
The  new  focus  may  again  be  surrounded  by  a  fresh 
membrane. 

The  contents  of  the  cavity  are  usually  somewhat  viscid, 
and  consist  of  broken-down  pus  globules,  drops  of  fat, 
cholesterin  crystals,  and  granular  matter.  In  a  very  few 
instances  the  contents  have  been  found  condensed  to  a 
thick,  cheesy  consistence,  and  in  one  case  it  is  stated  that 
earthy  matter  was  present  (calcification).  When  the  ab- 
scess is  of  large  size,  fluctuation  can  usually  be  detected 
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Fig.  80S.— Abscess  Cavity  in  the  Brain.     (Specimen  in  the  collection  ol  I'ruf.  M.  .\llen  Starr,  M.D.;  photograph  taken  hy  Dr.  Edward  Learning.) 


tricles,  and  in  rare  cases  the  pus  makes  its  way  through 
the  foramen  of  ^lonro  into  the  opposite  ventricle.  In 
such  cases  death  almost  always  occurs  before  ependymitis 
supervenes.  Softening  may  extend  to  the  ventricles  and 
produce  ependymitis  even  though  perforation  has  not 
occurred.  In  other  cases  the  abscess  ruptures  through 
the  cortex  (almost  always  at  the  convexity),  and  in  this 
event,  likewise,  death  may  supervene  before  the  develop- 
ment of  meningeal  inflammation.  But  in  a  large  num- 
ber of  such  cases  meningitis  occurs  at  the  site  of  rupture 
and  rapidly  spreads  over  the  entire  meninges.  Quite  a 
number  of  cases  have  been  reported  in  which  the  pus 
made  its  way  through  the  original  site  of  injury  to  the 
skull,  through  the  external  auditory  meatus,  through  the 
sphenoid  bones  into  the  nasal  cavity,  or  through  the 
orbital  plate  into  the  orbit. 

In  the  majority  of  cases  the  amount  of  healthy  tissue 
between  the  cortex  and  abscess  does  not  measure  more 
than  a  few  millimetres  in  thickness.  In  rare  cases  the 
abscess  may  be  situated  an  inch  or  even  moi'e  from  the 
cortex.  The  abscess  may  be  connected  bj'  a  naiTow  fis- 
tulous tract  with  the  meninges. 

Chronic  abscesses  are  usually  round  or  ovoid  in  shape, 
and  are  provided  generally  with  a  connective-tissue  mem- 
brane of  variable  thickness  which  lines  the  cavity.  Ru- 
dolph Meyer  states  that  about  sevea  weeks  usually  elapse 
before  the  formation  of  a  well-defined  membrane.  Lal- 
lemand  found  an  abscess  surrounded  by  a  soft  vascular 
membrane  in  a  case  which  proved  fatal  thirteen  days 
after  the  onset  of  the  first  symptoms.  Huguenin  found 
no  membrane  in  an  abscess  which  had  lasted  thirty-two 
days.  Equally  varying  statements  are  made  by  other 
•writers. 


upon  the  convexity;  the  convolutions  are  flattened  upon 
the  side  of  the  lesion,  and  sometimes  the  falx  cerebri  is 
pushed  toward  the  opposite  side  of  the  brain. 

When  the  abscess  is  situated  in  such  a  position  (particu- 
larly the  cerebellum)  that  the  escape  of  fluid  from  the 
ventricles  is  interfered  with,  internal  hydrocephalus  may 
be  the  result. 

The  com|)lications  of  cerebral  abscess  include  sujipura- 
tive  meningitis,  extradural  suppuration,  and  thrombosis 
of  the  sintises.  All  these  conditions  may  also  precede  the 
development  of  the  cerebral  abscess. 

According  to  Hessler,  among  106  abscesses  of  the  cere- 
brum 67  were  uncomplicated,  in  13  there  was  thrombosis 
of  the  sinuses,  in  26  meningitis.  Among  59  cerebellar 
abscesses  43  were  uncomplicated,  thrombosis  of  the 
sinuses  was  present  in  10,  and  meningitis  in  6  cases. 

Macewen  has  reported  a  remarkable  case  of  suppura- 
tive meningitis  in  the  posterior  fossa,  while  simple  serous 
meningitis  was  found  in  other  parts. 

Widespread  a?dema  of  the  brain  is  found  not  infre- 
quently in  cases  of  cerebral  abscess,  even  in  those  pro- 
vided with  a  thick  membrane,  and  which  do  not  appear 
to  have  given  rise  to  mtich  pressure.  General  cerebral 
annemia  is  also  observed  quite  often  under  such  circum- 
stances. The  development  of  these  sequelae  is  still  un- 
explained. 

Clixic.\i,  History. — The  sj'mptoms  of  an  acute  ab- 
scess of  the  brain  after  injury  vary  to  a  remarkable  ex- 
tent. Perhaps  the  immediate  symptoms  of  the  traumatism 
have  been  very  slight ;  the  scalp  has  been  wounded,  but 
the  bones  have  escaped  injury,  and  the  patient  is  not 
supposed  to  be  seriously  injured.  Or  the  patient  has 
presented  for  a  few  days"  the  signs  of  cerebral  concussion. 
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and  then  apparently  recovers.  For  a  variable  length  of 
time  (from  a  week  to  two  or  three  months)  he  continues 
in  apparently  good  health,  but  then  begins  to  complain 
of  headache,  dulness,  and  irritability.  The  headache  is 
one  of  the  most  constant  and  earliest  ot  all  the  general 
symptoms.  It  is  rarely  absent  but  varies  greatly  in  in- 
tensity. It  is  especially  severe  during  the  growth  of 
the  abscess,  and  usually  slight  during  the  period  of 
latency.  It  is  sometimes  felt  over  the  entire  head,  but  is 
generally  more  severe  on  the  side  of  the  abscess.  In 
Koerner's  twenty-one  cases  of  cerebellar  abscess,  the  pain 
was  located  in  the  occipital  region  only  eight  times.  Fain 
in  the  back  of  the  head  is  sometimes  observed  in  frontal 
abscesses.  Headache  is  often  accompanied  by  rigidity  of 
the  back  of  the  neck,  particularly  in  abscesses  of  the 
posterior  fossa. 

In  the  majority  of  cases,  according  to  Maceweu,  the 
temperature  is  normal  or  even  subnormal  during  the  en- 
tire course.  When  the  symptoms  begin  suddenly  fever 
may  be  present,  but  it  is  probable  that  the  febrile  move- 
ment is  partly  due,  in  many  cases,  to  the  primary  disease 
or  to  complications. 

As  a  rule,  the  pulse  is  slow  at  the  height  of  the  dis- 
ease. Toynbee  and  AVreden  described  cases  in  which 
it  fell  to  10-16  per  minute.  The  slowness  of  the  pulse 
may  persist  during  an  increase  of  the  bodily  tempera- 
ture. 

After  a  while  the  headache  increases  in  severity,  and 
the  patient  may  be  contincd  to  bed  on  account  of  the 
general  malaise.  The  irritability  and  excitement  like- 
wise increase,  delirium  supervenes,  and  epileptiform  con- 
vulsions mav  make  their  appearance. 

Then  the  delirium  changes  into  hebetude,  somnolence, 
and  coma;  the  pulse  becomes  rapid  and  irregular.  Death 
either  ensues  rapidly  or  recovery  slowly  occurs,  and  the 
patient  is  restored  apparently  to  health,  with  the  excep- 
tion, perhaps,  of  a  monoplegia  or  hemiplegia,  or  even 
without  any  local  symptoms.  He  then  enters  upon  the 
so-callefl  latent  stage.  The  symptoms  described  are  very 
like  those  of  acute  meningitis,  and,  indeed,  this  lesion 
may  be  associated  with  the  encephalitis  from  the  begin- 
ning, or  it  may  develop  secondarily. 

Sometimes  the  symptoms  begin  with  great  suddenness, 
and  at  once  assume  an  alarming  aspect. 

In  another  series  of  cases  the  symptoms  of  concussion 
or  compression  of  the  brain,  due  to  the  original  injury, 
continue  without  intermission  or  im]irovement,  and  are 
rapidly  merged  into  those  due  to  the  developing  en- 
cephalitis and  abscess  formation,  so  that  it  is  impossible 
to  tell  when  the  one  process  ends  and  the  other  begins. 
Such  cases  usually  run  a  more  rapid  course  than  the 
fonncr  variety. 

Finally,  not  a  few  cases  have  been  reported  in  which 
the  abscess  has  remained  entirely  latent  for  a  long  period, 
without  giving  the  least  indication  of  its  presence.  In 
fact,  the  autopsy  alone  may  reveal  the  existence  of  a 
hitherto  unsuspected  chronic  abscess.  In  a  case  observed 
by  Nauwerk,  the  period  of  latency  lasted  twenty-eight 
years. 

Sometimes  the  sole  symptom  of  the  so-called  latent 
stage  has  been  the  occurrence  of  epileptiform  convulsions, 
so  that  the  case  has  been  regarded  as  one  of  ordinary 
epilepsy.  In  other  cases,  chiUs,  followed  by  a  hot  stage 
and  sweating,  occur  at  in-egular,  or,  in  rare  cases,  per- 
fectly regular  intervals,  so  that  a  diagnosis  of  intermit- 
tent fever  has  been  made.  An  instance  of  this  kind  has 
come  under  my  own  observation.  Usually,  however, 
such  patients  also  sutler  from  violent  headache,  fre- 
quently localized  in  the  vicinity  of  the  abscess. 

Abscesses  of  the  frontal  lobe  are  more  apt  than  others 
to  be  unattended  with  symptoms  during  the  stage  of 
latency.  In  a  case  of  this  kind,  observed  by  me  in  the 
person  of  a  lunatic,  the  mental  condition  seemed  to  be 
somewhat  improved  during  the  period  of  latency  (one 
month).  The  night  before  her  death,  she  had  what  were 
supposed  to  be  hysterical  convulsions  (irregular  twisting 
movements  without  loss  of  consciousness),  as  the  patient 
had  exhibited  other  hysterical  symptoms  for  a  year  (the 


injury  which  gave  rise  to  the  atfscess  was  received  a 
mouth  before  the  onset  of  the  convulsive  seizures).  On 
the  following  morning  the  patient  was  found  dead  in 
bed.  The  autopsy  showed  an  abscess  of  the  frontal  lobe, 
which  had  bvu-st  (evidently  shortly  before  death)  through 
the  convexity. 

The  clinical  history  of  otitic  abscess  of  the  brain  is 
modified  bj-  the  symptomatology  of  the  primary  disease 
of  the  ear.  The  initial  symptoms  usually  consist  of  pain 
in  the  ear,  vomiting,  vertigo,  tinnitus,  and  rise  of  bodily 
temperature.  Inasmuch  as  all  these  symptoms  may  be 
the  result  of  simple  retention  of  pus  in  the  diseased  ear, 
it  may  be  impossible  to  determine  for  some  time  whether 
the  brain  has  really  become  involved.  The  condition  is 
still  further  obscured  by  the  fact  that  in  these  cases  we 
observe  frequent  complications  with  purulent  meningitis, 
pachymeningitis,  and  thrombosis  of  the  sinuses. 

In  the  majority  of  cases  the  abscess  runs  an  actite  or 
subacute  course. 

jNIental  obtuseness  generality  becomes  noticeable  soon 
after  the  onset  of  the  disea.se.  The  patient  answers 
questions  correctl}'  but  slowl}',  and,  when  the  eyes  are 
open,  stares  into  vacanc}'.  The  somnolence  may  deepen 
quite  rapiilly  into  coma. 

When  the  disease  runs  a  chronic  course,  the  history  is 
essentially  the  same  as  that  of  the  traumatic  varietJ^ 

On  account  of  their  embolic  origin  metastatic  abscess- 
es usually  develop  suddenly.  In  the  majority  of  cases 
the  emboli  enter  the  middle  cerebral  artery  and  "are  carried 
to  terminal  branches,  so  that  we  generally  find  evidences 
of  an  afl'ection  of  the  motor  region  of  the  brain.  Pure 
.lacksonian  epilepsy  is  not  an  uncommon  feature  of  these 
cases.  Paralytic  symptoms  ai'c  much  more  frequent. 
Various  aphasic  disturbances  have  also  been  observed. 
In  a  considerable  proportion  of  cases  the  abscesses  are 
multiple  and  the  focal  symptoms  are  thus  obscured. 

The  brain  symptoms  are  often  associated  with  evi- 
dences of  general  infection,  viz.,  fever,  chills  and  sweats, 
and  rapidly  developing  cachexia. 

It  is  imnecessary  to  say  that,  if  the  abscess  is  situated 
in  such  a  position  that  it  either  involves  the  cortex  in 
some  part  which  presides  over  a  special  function,  or 
destroys  the  white  matter  in  such  a  manner  as  to  cut 
across  the  fibres  leading  to  such  portions  of  the  cortex, 
the  corresponding  symptoms  will  be  jjroduced.  Thus, 
hemianopsia,  aphasia,  w-ord-deafness,  paralysis  of  indi- 
vidual nerves  (very  rarely),  monoplegia,  or  hemiplegia 
may  be  produced  in  this  manner.  As  occurs  likewise 
in  the  clinical  history  of  tumors  of  the  brain,  hemiple- 
gia results  usually  from  a  succession  of  monoplegias, 
due  evidently  to  a  gradual  spread  of  the  destructive 
process  froni  one  set  of  fibres  to  another.  This  fact 
may  be  of  invaluable  ser\ice  in  making  a  regional  diag- 
nosis. 

But,  unlike  tumors  of  the  brain,  cerebral  abscesses 
rarely  give  rise  to  paralysis  of  cerebral  nerves.  Choked 
disc  is  also  much  less  frequent  and  less  marked  than  in 
tiunors.  According  to  Oppeuheim,  choked  disc  is  much 
less  frequent  than  optic  neuritis.  The  affection  of  the 
optic  nerve  is  sometimes  confined  to  one  eye.  In  opera- 
tive cases  the  optic  disturbances  may  disappear  gradu- 
ally after  the  operation. 

The  frequent  absence  of  choked  disc  may  be  accounted 
for,  perhaps,  by  the  fact  that  the  encephalitis  spreads  by 
causing  acljacent  parts  of  the  brain  to  become  directly 
involved  in  the  inflammatory  jn-occss.  and  in  this  way 
less  pressure  is  produced  upon  adjacent  parts. 

In  a  certain  proportion  of  cases  all  "head  symptoms" 
are  entirelj^  wanting  during  the  so-called  latent  stage, 
and  we  are  sometimes  astounded  at  the  autopsy  at  dis- 
covering the  great  apparent  disproportion  between  the 
amount'of  brain  tissue  destroyed  and  the  slight  character 
of  the  symptoms  which  had  been  produced.  This  is  es- 
peciallystriking  if  we  compare  the  symptoms  with  those 
which  "usually  result  from  cerebral  hemorrhages,  even 
when  much  smaller  in  size.  It  must  be  remembered, 
however,  that  the  latter  lesion  is  usually  situated  in  such 
a  position  (internal  capsule  and  surrounding  parts)  that 
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comparatively  slight  destruction  of  tissue  interferes  ma- 
terially with  the  conduction  of  nervous  impulses. 

Vomiting  is  a  not  infrequent  symptom,  and  may  occur 
when  the  stomach  is  either  full  or  empty. 

In  certain  rare  cases,  the  sole  symptoms  observed  dur- 
ing the  period  of  latency  are  those  of  mental  derange- 
ment, and  tlie  patient  is  supposed  to  suffer  from  insanity 
as  the  result  of  injury  to  the  head.  In  a  case  recentlj' 
under  our  observation,  such  an  error  in  diagnosis  was 
made  by  a  very  eminent  neurologist,  and  the  true  na- 
ture of  the  case  was  revealed  onh-  at  tlie  autopsy, 
as  the  psychical  symptoms  persisted,  uncomplicated 
with  any  other  manifestations,  until  the  terminal  men- 
ingitis set  in. 

As  a  general  thing,  the  latent  period  is  brought  to  a 
close  by  a  sudden  irruption  of  symptoms,  beginning 
either  with  an  epileptiform  convulsion  or  a  series  of 
convulsions,  with  great  exacerbation  of  the  headache, 
mental  irritability  and  delirium,  or  with  sudden  coma. 
The  symptoms  which  follow  are  very  similar  in  character 
to  those  which  we  have  described  above  as  occurring  in 
acute  abscess.  After  a  short  period  (varying  usually 
from  a  few  hours  to  several  days),  the  symptoms  either 
terminate  fatally  (this  is  the  rule)  or  they  gradually  clear 
up.  But  sooner  or  later,  after  another  period  of  latenc.y, 
in  which  tlie  symptoms  are  more  violent  than  in  the  first 
period,  a  second  outburst  occurs,  which  terminates  fa- 
tally. 

From  the  reports  of  a  few  isolated  cases  it  seems  prob- 
able that  chronic  abscesses  may  undergo  spontaneous  re- 
covery, inasmuch  as  the  pus  becomes  cheesy  or  even 
calcareous.  But  such  an  event,  if  it  happens  at  all,  must 
be  extremely  rare. 

Di.\GNOSis. — In  making  a  diagnosis  of  abscess  of  the 
brain  great  imjiortance  attaches  to  etiological  consid- 
erations. We  are  rarely  justitied  in  making  the  diag- 
nosis unless  we  obtain  a  history  of  a  previous  in- 
jury to  the  head,  of  a  pumlent  disease  of  the  ear, 
nose,  or  other  adjacent  parts,  or  of  some  source  of  in- 
fectious emboli  in  distant  parts  of  the  body,  notably 
in  the  lungs. 

Injury  to  the  head  is  followed,  in  rare  cases,  by  tumor 
of  the  brain.  But  in  such  cases  it  will  usually  be  found 
that  the  primary  wound  was  not  infectious  in  character, 
and,  moreover,  the  symptoms  follow  one  another  in  a 
steadily  jirogressive  manner.  Furthermore,  choked  disc 
is  much  more  constant  and  pronounced  in  tumor  cerebri, 
while  the  subnormal  temperature,  or  the  fever  and  chills 
of  abscess  are  wanting. 

Injury  to  the  head  may  also  give  rise  to  other  symp- 
toms which  simulate  abscess  of  the  brain  but  which  are 
in  reality  due  to  liemorrhagic  encephalitis.  In  the  latter 
affection  the  symptoms  begin  suddenly.  They  may 
terminate  in  complete  recovery  or  rapid  death,  or  the 
majority  of  the  symptoms  may  disappear  and  leave  per- 
manent focal  symptoms. 

In  considering  suppurative  disease  of  the  middle  ear 
as  a  factor  in  the  diagnosis  of  cerebral  abscess,  it  should 
not  be  forgotten  that  severe  cerebral  symptoms  may  be 
produced  by  the  mere  retention  of  pus  in  otitis  media 
independently  of  the  existence  of  cerebral  lesions.  A 
numlier  of  cases  have  also  been  reported  in  which  optic 
netiritis  or  choked  disc  was  associated  with  simple  otitis 
media.  This  peculiar  combination  has  been  explained  in 
various  ways,  viz..  as  the  result  of  thrombosis  of  the 
sinuses,  of  infection  of  the  carotid  canal  and  extension 
along  its  lymph  channels  to  the  sheath  of  the  optic  nerve, 
and  of  serous  meningitis. 

Extra-dural  abscess  often  cannot  be  distinguished  from 
cerebral  abscess;  indeed,  in  many  cases  the  two  lesions 
are  combined.  According  to  Jansen,  extra-dural  ab- 
scesses exhibit  the  following  characteristic  features:  ('0 
thickening  of  the  bone,  subperiosteal  abscess  or  cpdema- 
tons  swelling  behind  the  mastoid  process;  (b)  pain  on 
pressure  and  percussion  in  this  region ;  (c)  impaired 
mobility  of  the  head,  particularly  around  the  sagittal 
axis ;  (d)  nystagmus  of  both  eyes,  on  voluntary  motion, 
chiefly  toward  the  side  of  the  healthy  ear. 


Otitic  thrombosis  of  the  sinuses  is  also  difficult  of  dif- 
ferentiation. In  the  majority  of  cases  there  is  consider- 
able intermittent  fever,  and  the  pulse  is  irregular  and 
rapid.  Jlany  cases  are  attended  with  chills,  sweats,  and 
profuse  diarrha^a.  In  some  cases  all  these  symptoms  may 
be  wanting.  In  thrombosis  of  the  cavernous  sinus  we 
find  a?dema  of  the  eyelids  and  surrounding  parts,  and 
protrusion  of  the  eyeball.  In  thrombosis  of  the  trans- 
verse sinus,  certain  symptoms  maj'  be  due  to  implication 
of  the  upper  part  of  the  jugular  vein.  Tliis  vein  is 
tender  on  pressure  and  may  be  felt  occasionally  as  a  hard 
cord.  Small  abscesses  may  develop  in  surrounding 
parts,  ffidema  behind  the  mastoid  process  is  very  fre- 
quent. 

Focal  symptoms  are  usuallj-  wanting  in  thrombosis  of 
the  sinuses. 

When  abscess  and  thrombosis  are  combined  the  condi- 
tion becomes  still  more  difficult  of  diagnosis. 

It  is  also  difficult  in  many  cases  to  differentiate  menin- 
gitis from  abscess.  The  former  disease  usually  runs  a 
more  rapid  course  than  abscess,  is  attendeil  with  con- 
siderable fever  and  acceleration  of  the  pulse,  general 
convulsions  are  frequent,  and  there  is  also  hyperaesthesia 
of  the  entire  skin  in  manj-  cases.  Rigidity  of  the  neck  i» 
a  common  symptom,  together  with  retraction  of  the  ab- 
domen and  increase  of  tlie  tendon  reflexes.  In  children 
all  these  symptoms  are  sometimes  produced  by  retention 
of  pus  in  the  middle  ear  and  may  be  relieved  by  evacua- 
tion of  the  pus. 

The  regional  diagnosis  must  be  made  according  to  the 
principles  laid  down  in  the  articles  on  Diagnoms  of  Local 
Leniona  and  on  Fu)tftions  of  the  Cerebral  Cortex  (both  in 
the  present  series  of  brain  articles). 

Prognosis. — The  prognosis  of  this  affection  has  been 
modified  very  materially  in  the  last  fifteen  years  by  the 
progress  in  antiseptic  surger}'.  Spontaneous  recovery 
by  caseation  or  calcification  of  the  abscess  or  by  rupture 
externally  is  extremely  rare.  But  operative  interference 
now  jiromises  a  good  measure  of  success.  Oppenheim 
found  that  in  53  cases  of  operation  upon  traumatic  cere- 
bral abscess  36  terminated  in  recovery.  Koerner  col- 
lated 93  operative  cases  of  otitic  cerebral  abscesses;  51 
cases  recovered  and  death  occurred  in  41  cases.  Mac- 
ewen's  results  were  remarkably  favorable.  Among  his- 
25  cases  of  cerebral  abscess  he  operated  upon  19,  and  of 
these  18  recovered. 

The  poorest  chances  of  successful  surgical  interference 
are  presented  by  metastatic  abscesses  in  which  there  is 
general  pyoemic infection.  Complication  with  thrombosia 
of  the  sinuses  or  meningitis  also  makes  the  prognosis, 
more  unfavorable. 

TRE.\TjrENT. — Medical  treatment  of  this  affection, 
apart  from  meeting  the  individual  symptoms  as  they 
arise,  is  utterly  useless,  as  we  possess  no  remedy  which 
will  cause  the  absorption  of  the  pus  after  it  has  once 
formed. 

Prophylactic  measures  are  useful,  perhaps,  in  prevent- 
ing encephalitis  after  injuries  to  the  head.  The  chief 
measures  are  absolute  mental  and  bodily  rest  (the  patient 
kept  on  his  back,  not  allowed  to  sit  up,  to  read,  or  to  talk 
with  those  around  him),  which  should  be  continued,  if 
the  injury  has  been  violent  enough  to  produce  uncon- 
sciousness, for  at  least  a  week  or  two  after  the  subsidence 
of  the  cerebral  symptoms.  In  addition,  the  bowels  should 
be  kept  thoroughly  open  by  some  mild  saline,  or  by  small 
doses  of  calomel. 

Prophylaxis  may  also  prove  of  benefit  in  diseases  of 
the  ear  and  nose.  Free  vent  to  the  pus  should  always 
be  secured,  and  paracentesis  performed  as  soon  as  reten- 
tion of  pus  develops. 

As  soon  as  the  diagnosis  is  assured,  operative  interfer- 
ence is  indicated.  In  some  cases  this  has  proved  success- 
ful, even  when  the  patient  was  in  a  moribund  condition 
or  a  complication  with  purulent  meningitis  had  de- 
veloped. In  some  instances  repeated  fijjerations  have 
been  necessary,  either  because  the  abscess  refilled  or  be- 
cause fresh  abscesses  developed  in  the  immediate  vicinity 
of  the  primary  one.  Leopold  Putzel. 
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BRAIN,  AN/EMIA  OF.— Ana?mia  is  a  condition  and 
not  a  disease  iu  the  proper  sense  of  the  term.  Moreover, 
it  is  a  condition  wliieli  rarelj'  or  never  exists  uncompli- 
cated. Tlie  causes  which  produce  it  are  very  apt  to  pro- 
duce independently  irritation  and  inflammation,  or  the 
same  conditions  which  at  lirst  bring  about  an  an;emia  of 
the  brain  may.  if  their  action  be  longer  continued,  excite 
in  its  ]ilace  a  cerebral  hypera>mia.  In  the  present  state 
of  our  knowledge  it  is,  moreover,  often  impossilile  for  us 
to  prove  whether  certain  symptoms  are  really  produced 
by  an  aua'mia  or  by  a  hy peritmia  of  the  brain,  and  in  such 
cases  we  are  forced  to  come  to  a  decision  on  very  imper- 
fect grounds. 

Of  the  fact  that  the  anaemia  in  itself  acts  as  an  irritant 
on  the  nerve  centres  there  can  be  no  doubt,  but  its  chief 
effect  on  them  is  produced  through  the  deprivation  of 
nutrition  which  it  causes.  Iu  con.sideriMg  auwmia  of  the 
brain,  it  is  not  possible  for  us  to  differentiate  the  symp- 
toms caused  by  deprivation  of  nutrition  to  the  cerebral 
tissues  through  loss  of  blood  and  those  caused  bj'  de- 
privation of  nutrition  to  the  same  parts  on  account  of 
the  poverty  of  the  blood  in  nutritive  material  suited  to 
their  needs.  Hence  the  term  cerebral  amemia  has  come 
to  denote  not  only  that  condition  in  which  there  is  an 
absolute  diminution  of  the  amount  of  blood  iu  the  brain, 
lut  also  all  those,  so  long  as  no  toxic  element  is  involved, 
in  which  the  blood  supplied  to  the  brain  is.  from  its  com- 
position, incapable  of  affording  due  and  sufficient  nourish- 
ment to  the  tissues.  As  a  change  in  the  condition  of  the 
blood  is  inmost  cases  concurrent  with  a  diminution  in  its 
amount,  we  may  fairly  say  that  cerebral  anaemia,  when 
universal,  is  usually  "a  complex  condition,  depending 
not  merely  upon  a  deficiency  of  the  quantity  of  blood 
supplied  to  the  brain,  but  also  upon  a  change  iu  its 
quality,  and  upon  a  diminution  in  the  intracranial  press- 
ure'' (Ross,  ii.,  611). 

Ana;miaof  the  brain  ma}' be  either  universal  or  partial, 
according  as  the  wluile  or  a  portion  only  of  the  organ  is 
involved.  Partial  aniemia,  except  when  caused  by  oc- 
clusion of  a  blood-vessel  through  pressure,  thrombosis. 
or  embolism,  is  rare,  and  its  symptoms  are  often  not 
recognizable  during  life. 

We  shall  hence  consider  here  oulj-  universal  cerebral 
ana?mia.  This  ma}'  be  either  acute  or  chronic,  and  it 
may  be  due  to  a  ct)ndition  confined  to  the  brain  alone  or 
may  form  part  of  a  general  ana?mia. 

Acute  unieersal  anirinia  uf  the  brain  is  always  the  result 
of  the  sudden  withdrawal  of  a  large  quantity  of  blood 
from  that  organ.  It  occurs  typically  iu  ligature  of  the 
large  arteries  in  the  neck,  the  innominate,  the  carotids, 
or  the  vertebrals.  These  operations  are  performed  usu- 
ally either  on  accoiuit  of  injury,  or  for  some  tumor  or 
aneurism.  The  vertebrals  were  formerly  sometimes  tied 
as  a  cure  for  epilepsy. 

1.  The  most  common  cause  of  acute  cerebral  ana!mia 
is,  however,  undoubtedly  hemorrhage.  This  may  oc- 
cur from  any  part  of  the  body,  provided  only  that 
sufficient  blood  be  lost  with  sufficient  rapidity.  Put- 
ting aside  hemorrhages  due  to  injuries,  the  more  com- 
mon forms  are  metrorrhagia,  especial!}'  post  partum, 
epistaxis,  haemoptysis,  and  hemorrhages  from  the  stom- 
ach and  intestines;  occasionally  also  the  rupture  of 
aneurisms. 

In  cases  of  hemorrhage  from  injury  the  influence  of 
shock  must  always  be  taken  into  account,  as  there  are 
few  cases  of  severe  injury  in  which  It  does  not  exist  to  a 
greater  or  less  degree.  The  pathological  condition  exist- 
ent in  shock  is  as  yet  unknown.  One  hypothesis  is  that 
maintained  by  Groningen,  that  the  complex  of  symptoms 
known  by  this  name  is  due  to  an  exhaustion  of  the 
medulla  oblongata  and  of  the  spinal  cord,  produced  by 
violent  and  severe  drains  upon  their  strength.  Other 
writers  consider  shock  as  due  to  sudden  changes  in  the 
calibre  of  the  blood-vessels.  Thus  it  is  defined  by  Fischer 
as  a  reflex  paralysis  of  the  vasomotor  nerves,  especially 
of  the  splanchnic,  produced  through  a  traumatic  con- 
cussion. However  this  may  be,  cerebral  anaemia  is  cer- 
tainly produced  by  shock,  and,  as  Travers  says  of  shock 


and  fainting:  "They  differ  in  degree  and  duration  moje 
than  iu  kind." 

2.  Acute  cerebral  aniemia  may  be  produced  bv  any 
sudden  change  in  the  distribution  of  the  blood  "m  the 
body  at  large.  Any  cause  which  suddenly  attracts  a 
large  quantity  of  blood  to  one  portion  of  the  body  will 
naturally  reduce  the  amount  which  can  go  to  theother 
parts,  and  hence  will  induce  au  anaemia  in  them.  This 
sudden  change  iu  the  general  distribution  of  Ijlood  in  the 
body  is  said  to  occur  after  violent  labor,  when,  the  uterine 
vessels  bemg  suddenly  released  from  pressure,  large 
quantities  of  blood  enter  them  freely  and  are  thus  witft- 
drawn  from  the  rest  of  the  body.  To  this  cause  are  prob- 
ably in  part  also  due  the  serious  symptoms  which  some- 
times occur  after  the  withdrawal  of  large  qiuintities  of 
fluid  from  the  pleural  or  peritoneal  cavities.  Another 
example  of  this  form  of  disturbance  is  given  in  the  action 
of  Junod's  boot,  which,  if  carelessly  used,  may  pn  voke 
dangerous  symptoms. 

3.  A  third  cause  of  this  form  of  anaemia  is  want  of 
energy  in  the  action  of  the  heart.  This  is  a  common 
cause  of  chronic  anaemia,  but  the  acute  form  may  readily 
be  produced  by  any  sudden  demand  for  increased  exertion 
on  the  already  weakened  heart.  This  is  readily  seen  in 
anaemic  persons  and  those  suffering  from  insufficient 
action  of  the  heart,  in  their  liability  to  faint  on  any  slight 
exertion,  or  even  on  rapid  change  of  position.  More 
especially  is  this  the  case  in  convalescents  from  acute 
febrile  diseases,  and  it  is  particularly  apt  to  occur  after 
acute  pneumonia.  This  freqtieutly  takes  place  when  the 
patient  rises  suddenly  from  the  horizontal  po.sition,  the 
change  in  the  distribution  of  the  blood,  which  imder 
normal  circumstances  would  not  be  perceived,  making 
itself  felt. 

In  organic  diseases  of  the  heart  cerebral  anaemia  iu  the 
acute  form  frequently  occurs,  more  especially  in  aortic 
regurgitation,  in  which  death  from  syncope  is  not  un- 
common. Persons  suffering  from  myocarditis  or  from 
fatty  degeneration  of  the  heart  are  likewise  peculiarly 
liable  to  attacks  of  fainting. 

Ana'mia  of  the  brain  may  in  like  manner  be  produced 
by  irritation  of  the  vagus  nerve  through  its  action  on  the 
heart.  Brown-Secjuard  and  others  have  found  that 
crushing  of  the  riglit  .semilunar  ganglion  causes  stoppage 
of  the  heart,  and  the  deaths  which  sometimes  occur  from 
syncope  in  nervous  and  delicate  persons,  who  are  suffer- 
ing from  hepatic  colic,  may  perhaps  be  referred  to  .some 
sunilar  cause.  We  may  also  mention  here,  though  with- 
out any  special  reference  to  the  method  of  their  causa- 
tion, those  cases  of  syncope  and  collapse  which  occtir  in 
perforation  of  the  stomach  (U-  intestines,  and  iu  which 
death  is  not  infrequent.  Hill  believes  that  "the  cerebral 
circulation  is  controlled  by  the  vaso-motor  centre  acting 
on  the  splanchnic  area." 

That  intestinal  disturbances  even  of  a  light  character 
are  especially  liable  to  produce  syncope  is  well  known. 
Even  a  transient  abdominal  pain  or  a  slight  attack  of  in- 
testinal colic  frequently  causes  thesymjjtoms  of  faintness 
or  even  actual  syncope.  Syncopal  cardialgia  and  a 
tendency  to  faint  are  said  to  be  esjiecially  common  in 
those  suffering  from  the  dyspepsia  of  gout. 

4.  Again,  a  diminution  of  the  amount  of  blood  in  the 
brain  sufficient  to  produce  the  symjitoms  of  cerebral 
anfemia  might  be  caused  through  the  spasmodic  contrac- 
tion of  the  cerebral  arteries.  This  is  supposed  to  occur, 
when,  from  emotion  or  mental  excitement,  there  is  pallor 
of  the  coimtenance,  and  even  loss  of  consciousness,  with- 
out any  failure  of  the  action  of  the  heart.  The  not  un- 
common occurrence  of  fainting  at  the  sight  of  surgical 
operations,  or  at  the  sight  of  blood,  would  come  under 
this  iiead.  Syncope,  and  even  sudden  death,  may  be 
caused  by  the  sudden  advent  of  any  strong  emotion — 
surprise,  terror,  grief,  or  joy.  How  far  shock  or  the 
irritation  of  the  vagus  comes"  into  play  in  these  cases  is 
yet  undecided. 

Nothnagel  considers  it  possible  that  in  attacks  of  epi- 
lepsy we  have  to  deal  with  a  spasmodic  contraction  of 
the  cerebral  blood-vessels,  due  to  the  irritation  of  a  cere- 
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bral  vaso-motor  centre ;  but  this  cannot  in  the  present 
state  of  our  knowledge  be  considered  as  proved.  Hill 
states  that  there  is  no  evidence  of  the  causation  of  cere- 
bral anjemia  by  spasm  of  the  cerebral  arterioles. 

The  occurrence  of  vaso-motor  nerves  on  the  vessels  of 
the  pia  seems  probable  according  to  the  latest  investiga- 
tions (Obersteiner,  Hill). 

Hill  states  that  "  in  every  experimental  condition  the 
cerebral  circulation  passively  follows  the  changes  In  the 
general  arterial  and  venous  pressures.  " 

That  cerebral  anaemia  may  also  be  excited  by  irritation 
or  stimulation  of  the  sensitive  nerves  is  well  known.  In- 
tense pain  may  produce  faintness  or  even  syncope,  but 
the  exact  method  of  action  by  which  this  effect  is  brought 
about  must  still  be  considered  undecided.  Nothnagel's 
and  Krauspe's  experiments  on  the  sciatic  and  crural 
nerves  do  not  appear  conclusive,  more  especially  in  the 
face  of  the  conflicting  results  obtained  by  Riegel.  Ross 
states  that  these  symptoms  "  may  result  from  reflex  irrita- 
tion of  the  vagus  or  direct  irritation  of  the  sympathetic. 
But  the  direct  efl'ect  produced  on  the  nerve  centres  must 
also  contribute  to  the  result."  Nothnagcl  considers  the 
cerebral  ana;mia  caused  by  catheterization  to  be  likewise 
due  to  irritation  of  the  vaso-motor  centres. 

5.  Cerebral  an.Tmia  may  in  like  manner  be  produced 
by  the  sudden  introduction  of  foreign  substances  into  the 
cavity  of  the  cranium,  thus  inducing  compression  of  the 
blood-vessels.  The  most  common  cause  of  this  is  an 
effusion  of  blood ;  liut  in  cerebral  or  meningeal  hemor- 
rhage the  pathological  condition  is  a  complex  one,  and 
it  does  not  properly  come  within  the  limits  of  this  article. 

6.  It  is  probable  that  acute  universal  ana>mia  of  the 
brain  may  be  induced  by  certain  poisons,  but  direct  proof 
in  this  regard  is  still  w-anting. 

C/irimie  iinirersal  aniptnia  of  the  S)'aift  may  be  produced 
not  only  by  all  the  causes  mentioned  above,  provided 
that  tlieiraction  be  gradual  and  continued  for  a  sufficient 
length  of  time,  but  also  by  all  conditions  of  the  system 
in  which  the  amount  of  blood  as  a  whole  is  much  lessened 
or  its  active  power  much  diminished.  Hence  in  all 
cases  of  general  anamiia  and  chlorosis  we  find  a  corre- 
sponding ana-mia  of  the  brain.  This  is  especially  apt  to 
occur  after  long  and  wasting  diseases,  sucli  as  phthisis 
pulmonum.  Pott's  disease,  or  long-continued  suppuration 
in  any  form.  More  jjartieularly  is  this  the  case  wlienever 
largequaiitities  of  fluid  of  any  sort  are  steadily  withdrawn 
from  the  body  for  any  length  of  time,  as  in  chronic  diar- 
rha?a.  Hyperlactation  is  a  not  infrequent  cause.  Noth- 
nagcl, moreover,  considers  that  many  of  the  symptoms 
occurring  in  cases  of  starvation  are  directly  referable  to 
cerebral  aniemia,  although  in  these  cases  tliere  probably 
always  exists  a  greater  or  less  amount  of  cerebral  irrita- 
tion. 

Ana?mia  of  the  brain  and  meninges  is  specially  apt  to 
occur  in  the  convalescent  stage  of  acute  febrile  diseases, 
"  the  late  cerebral  aniemia  of  severe  fevers  "  of  Jaccoud, 
who  considers,  how  ever,  that  this  is  not  a  simple  ansemia 
but  an  aniemia  with  dyscrasia. 

Affections  of  the  heart,  moreover,  are  not  uncommon 
factors  in  the  etiology  of  chronic  anosmia.  Whenever 
there  exists  a  weakness  of  the  cardiac  action,  whether 
due  to  functional  causes  or  to  organic  lesions,  we  may 
suspect  ana?mia  of  the  brain.  This  is  probalily  always 
present  to  a  greater  or  less  extent  in  cases  of  fatty  de- 
generation of  the  cardiac  walls  and  in  most  cases  of  un- 
compensated valvular  disease.  It  is  most  frequent  in 
insutficiencj'  of  the  aortic  valve. 

How  far  chronic  anremia  inaj'  be  brought  about  by  the 
presence  of  extraneous  substances  in  the  cranial  cavity 
is  an  open  question.  The  presence  of  inflammatory  exu- 
dations, transudations,  or  tumors  is  supposed  at  times  to 
cause  an  anaemia  by  pressure,  but  in  manj-  cases  an 
Irritative  process  seems  to  preponderate  and  a  hypercemia 
exists. 

Partial  or  cireumscribexl  anwmia  of  the  brai/i.is  caused 
b.v  the  diminution  of  the  calibre  of  the  blood-vessels  sup- 
plying a  portion  of  the  brain,  or  by  their  occlusion. 
Unilateral  ana'mia  is  produced  by  ligature  of  the  carotid. 


In  many  cases  it  is  but  temporary,  and  the  symptoms 
soon  disai)|)ear,  but  in  others  thej'  are  said  to  remain  and 
become  more  or  less  permanent.  "  This  depends,  at  least 
in  "art.  on  the  condition  of  the  communicating  arteries  of 
th(  jircle  of  "Willis,  irregularities  in  which  were  found  by 
Eh  mann  in  from  nineteen  to  twenty  per  cent,  of  the 
bodies  taken  at  random  and  examined  by  him. 

The  commonest  cause  of  partial  anaemia  in  the  brain 
is  thrombosis,  or  embolism,  by  which  a  blood-vessel  is 
partially  or  wholly  occluded.  The  presence  of  tumors 
or  exudations  may  likewise  cause  a  partial  anaemia  by 
pressure  exerted  over  a  vascular  area,  or  on  a  sjiecial 
blood-vessel.  How  far  local  spasm  of  the  cerebral  Itlood- 
vessels  may  cause  circumscribed  aniemia  is  still  doubtful. 
Nothnagcl  states  that  it  may  occur  in  hemicrania  and  in 
the  petit  mal  (epilepsy).  Eulenburg  says:  "The  group 
of  symptoms  called  hemicrania  sympathico-tonica  is  to 
be  explained  by  supposing  a  unilateral  tonic  spasm  of  the 
vessels  of  the  head  caused  by  tetanus  in  the  cervical 
region  of  the  sympathetic,  or  in  the  spinal  centre  of  the 
cervical  sympathetic." 

Symptomatology. — Experiments  made  on  compression 
of  the  carotids  in  health}'  male  adults  show  that  the  fol- 
lowing effects  are  produced.  In  the  first  place,  tliere  is 
pallor  of  the  countenance,  then  convulsive  efforts  to  close 
the  e_ves  are  seen,  with  contraction,  to  be  followed  later 
by  dilatation  of  tlie  pupils,  a  sighing  respiration,  dizzi- 
ness, staggering,  and  finally  imconsciousness.  A  sensa- 
tion of  choking  may  occur,  and  sometimes  vomiting  and 
general  convulsions.  How  far  these  symptoms  may  de- 
pend on  the  auiiimia  pure  and  simple,  and  how  far  they 
may  be  due  to  other  causes,  we  cannot  consider  here.  In 
the  present  condition  of  our  knowledge  it  is  not  possible 
to  determine  with  absolute  certainty,  in  regard  to  many 
of  the  symptoms  which  are  present  in  conjunction  with 
ana'mia,  as  to  whether  they  are  due  to  the  aniemia  itself 
or  to  various  concomitant  conditions;  while,  on  the  other 
hand,  there  are  many  conditions  in  which  the  symptoms 
generally  ascribed  to  anaemia  are  present,  and  in  which 
the  condition  and  circumstances  of  the  general  body 
wovdd  point  most  strongly  to  an  anremia  of  the  brain, 
and  yet  in  which,  on  post-mortem  examination,  the  actual 
state"  of  the  cerebrum  would  seem  to  be  rather  hyin'nenuo 
than  ansemic.  Thus  Flemming,  in  the  "  Patholouie  und 
Therapie  der  Psychosen,"  says:  "The  fluctuations  in  the 
quantitative  relations  of  nutrition  in  the  brain  vary  be- 
tween the  extremes  of  lack  and  of  excess  of  blood,  anamiia 
and  liyiier.'emia.  Under  circumstances  w-hich,  as  well 
from  the  precedent  inpiries  as  from  the  whole  behavior 
of  the  organism,  would  lead  us  to  conclude,  in  so  dispro- 
portionate a  blood  .supply  (oligiemia),  that  even  the  brain 
could  not  readily  be  provided  with  its  normal  needs,  we 
still  see  thepsychiciil  functions  altered  in  a  manner  which 
points  far  more  to  an  increased  supply  of  blood.  The 
autopsy  also,  in  such  cases,  shows  the  opposite  of  what 
we  should  expect  from  the  general  oligiemic  condition  of 
the  body.  It  shows  the  brain  throughout,  or  partially, 
on  its  surface,  or  in  its  internal  portions,  reddened  by  the 
blood  seen  through  the  tissues,  while  the  cut  surface  is 
dotted  with  numerous  bloody  points  and  the  vessels  are 
distended  with  blood.  In  short,  there  where  we  expected 
anaMiiia  it  shows  far  more  a  hypericmic  condition." 

Hence,  in  desciibing  the  symptoms  which  are  usually 
referred  to  aniemia  of  the  brain,  we  desire  that  these  facts 
be  constantly  borne  in  mind,  that  in  many  cases  symp- 
toms have  been  ascribed  to  aniemia  which  were  in  all 
probability  due  to  other  conditions  of  the  brain,  and  even 
■n-hen  the  "ana-mia  coexists  there  is  in  a  large  proportion 
of  eases  no  proof  that  the  symptoms  are  due  to  it  alone. 

In  acute  aniiemia  of  the  brain  we^have  a  series  of  symp- 
toms extending  all  the  way  from  general  weakness  to 
profound  insensibility,  and  which  are  known  according 
to  their  intensity  by  the  names  edysis,  lipothi/miri,  and 
ai/iicope.  All  these  are  apt  to  be  classed  together  under 
the  name  of  fainting  fit.  These  symptoms  are  suljjec- 
tively  usually  as  follows:  A  person  about  to  faint  usually 
notices  first  a  slight  oppression  in  the  breathing,  and  a 
sensation  of  lightness  in  the  head.     He  is  often  inclined 
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to  gape,  and  finds  difficulty  in  fixing  or  concentrating 
his  attention.  Gradually  the  respiration  becomes  deeper 
and  more  labored,  and  a  feeling  of  nausea  and  weight  in 
the  epigastrium  comes  on.  At  the  same  time  his  face 
becomes  paler  and  paler,  and  he  becomes  more  and  more- 
dizz}',  until  he  finds  it  difficult  to  maintain  his  equi- 
librium. His  head  feels  tense  and  his  ears  begin  to  ring. 
a  mist  comes  over  his  eyes,  and  at  times  he  is  scarcely 
able  to  see,  though  still  able  to  stagger  toward  the  fresh 
air.  He  is  often  nauseated,  and  perhaps  vomits.  Sur- 
roimding  voices  can  be  heard  but  not  distinguished,  and, 
unless  relieved,  he  becomes  Insensible  and  falls  without 
a  crj'  to  the  ground.  If  now  left  to  himself  he  ^generally 
soon  recovers,  but  recovery  can  be  readily  hastened  by 
the  presence  of  fresh  air,  or  by  gentle  stimulation  of  tlie 
olfactory  nerves.  Objectively,  the  principal  symptoms 
noticeable  are,  in  the  fir.st  place,  the  extreme  pallor  of 
the  face,  especially  marked  on  the  mucous  membrane  of 
the  lips,  the  gaping  and  deepened  respiration,  then  the 
staggering  or  loss  of  control  over  the  equilibrium.  The 
pupils  contract  at  first  and  then  dilate,  and  the  pulse  be- 
comes small  and  its  tension  is  diminished.  The  skin  is 
pale  and  cold,  and  a  cold  perspiration  breaks  out  over  the 
forehead  and  sometimes  over  the  entire  body.  This  stage 
ends  in  the  abolition  of  consciousness  and  of  voluntary 
movement. 

These  are  the  usual  s_vmptoms  in  a  slight  attack  of 
fainting  coming  on  gradually  from  e.\])0sure  to  heat  and 
close  air,  or  from  menfeil  emotion.  When  the  fainting, 
however,  comes  on  rapidly,  the  prodromal  symptoms 
may  not  appear,  but  the  patient  turns  pale  and  falls  in- 
sensible almost  immediately.  In  severe  cases,  in  addition 
to  the  previous  symptoms,  we  maj'  have  Jacksonian 
epilepsy  or  generalized  convulsions,  sometimes  extremely 
violent,  and  resembling  in  all  respects  epileptic  convul- 
sions. These  are  liable  to  occur  in  all  cases  of  sudden 
and  profuse  hemorrhage  in  previously  strong  and  healthy 
individuals. 

When  the  anaemic  condition  is  produced  more  slowly, 
either  from  long-continued  undernutrition  of  the  body  or 
as  the  result  of  a  severe  physical  strain,  as  a  serious  fever 
or  other  acute  illness,  the  symptoms  present  themselves 
in  a  somewhat  different  form.  In  children,  after  any 
severe  strain  on  the  ph_ysical  forces,  and  particularly 
after  intestinal  diseases,  in  which  a  considerable  amount 
of  fluid  is  rapidly  withdrawn  from  the  tissues,  we  meet 
with  the  so-called  hjidrencephah/id  disease,  for  our  knowl- 
edge of  which  we  are  still  principall.y  indebted  to  its  first 
describer,  JIarshall  Hall,  who  "first  gave  a  cursory 
sketch  of  this  morbid  affection  in  a  little  volume  of 
.  'Medical  Essays'  published  in  1825."  He  there  siiys; 
"The  state  of  exhaustion  is  very  apt  to  be  induced  in 
earlii  infunry,  and  as  the  reaction  is  feeble  at  this  period 
of  life,  the  case  soon  assumes  the  character  of  sinking. 
This  state  of  things  is  often  mistaken  for  inflammation  of 
the  brain  or  hydrencepbalus." 

In  adults  as  in  children,  chronic  universal  anaemia  of 
the  brain  is  lialjle  to  be  characterized  by  a  condition  of 
abnormal  stimulation,  both  mental  and  physical.  In 
both  there  is  the  same  restlessness,  uneasy  sleep,  and  in- 
tolerance of  light  and  soimd ;  while  in  adults  the  mental 
irritability  is  probably  more  prominent  only  because  it  is 
more  readily  shown.  In  the  severer  forms,  and  more 
particularly  in  cases  of  starvation,  deliiium,  the  "deliriimi 
of  inanition,"  is  liable  to  occur.  This  is  usually  active 
and  frequently  maniacal  in  character,  and  is  accompanied 
b}'  hallucinations,  illusions  of  sight  and  hearing,  and 
not  infrequently  by  delusions  of  persecution.  Noth- 
nagel  states  that  there  is  almost  always  an  undertone  of 
sadness,  and  that  hence  the  symptoms  as  a  -whole  belong 
to  the  type  named  melancholia  agitans.  It  is  said  that 
occasionally  this  may  jiass  into  permanent  insanity.  In 
regard  to  the  deliriiuu  of  starvation.  Louget  writes  as 
follows:  "There  is  some  consolation  for  us.  after  con- 
sidering the  pathological  conditions  in  which  hunger 
presents  itself,  with  tlie  character  of  inexorable  irresistible 
force,  in  turning  to  the  analogous  phenomena  which  are 
produced  in  the  healthy  individual  when  deprived  of 
Vol.  II.— 15 


food.  We  are  compelled  to  believe  that  under  these  cir- 
cumstances there  supervenes  a  pathological  state;  a 
peculiar  delirium,  that  of  hunger,  the  delirium  of  starva- 
tion appears ;  were  it  not  so,  we  should  refuse  to  admit 
that  the  sentiment  of  egotism  could  reach  the  degree  to 
which  we  see  it  carried  in  the  starving  man.  Hunger 
speaks  louder  than  laws,  religion,  feelings;  all  is  hushed 
before  its  imperious  commands." 

In  the  case  of  Lieutenant  Greely.  who  was  exposed  to 
slow  starvation  in  the  late  Lad_v" Franklin  Bay  Expedi- 
tion, the  following  record  was  made  by  Dr.  E.  H.  Green, 
June  22d,  1884,  the  day  of  rescue :  "  On  admission  fainted 
after  being  carried  below  in  the  wardroom,  and  vomited. 
Nervous  system:  excitable  and  irritable,  at  times  almost 
emotional,  eyes  wild  and  staring;  insists  on  talking, 
craving  news,  and  demanding  food,  complains  of  no 
pain."  His  bodily  weight  was  then  one  hundred  and 
twenty  poimds.  In  August,  1883,  it  bad  been  one  hun- 
dred and  sixty-eight  pounds.  The  next  day:  "No  sleep, 
mind  more  tranquil  but  too  active,  great  desire  to  talk 
and  read;  less  persistent  in  demanding  food;  complains 
of  soreness  in  limbs.  June  25th,  marked  improvement, 
mind  more  tranquil;  talks  quietly  without  excitement; 
slept  two  or  three  hours  naturally,  awoke  refreshed." 
After  this  there  was  steady  improvement.  The  details  in 
regard  to  the  other  organs  of  the  bod_y  are  purposelj- 
omitted,  as  not  being  relevant  to  our  subject,  but  there 
was  no  organic  lesion  anj-where.  All  the  symptoms  here 
present  were  probably  due  to  lack  of  food. 

We  must  here  again  emphasize  the  fact  that  in  these 
cases  it  is  impossible  in  the  present  state  of  our  knowl- 
edge to  decide  how  far  these  symptoms  are  actuallj-  due 
to  a  condition  of  cerebral  aniemia,  or  whether,  as  "some 
observers  think,  there  is  present  a  flusional  hypera^mia 
of  the  bntiu. 

Some  of  the  symptoms  present  in  cerebral  anfemia  de- 
serve especial  consideration,  and  among  these  we  should 
place  first  the  disturbances  of  the  organs  of  special  sense. 
Tinnitus  aurium  is  one  of  the  commonest  symptoms  of 
cerebral  ana-mia,  even  in  its  lighter  forms,  and  is  usual!}' 
accompanied  or  followed  by  partial  deafness.  It  is  prob- 
able that  these  symptoms  are  due,  at  least  in  part,  to 
irritation  of  the  auditory  nerve,  for  although  the  blunt- 
ing of  the  mental  perception  might  readily  be  adduced 
as  the  cause  of  deafness  it  could  harrlly  be  held  to  pro- 
duce a  ringing  in  the  ears.  Abercrombie's  oft-quoted 
case  of  a  much-weakened  and  ana'mic  patient,  who  was 
deaf  when  he  sat  upright  but  could  hear  well  when  he 
lay  down,  or  when  his  face  was  reddened,  woidd  tend  to 
confirm  this  view.  In  the  same  way  the  appearance  of 
specks  before  the  eyes  and  the  blurrmg  and  dimness  of 
vision  which  so  frequently  occur  may  be  referred  to 
irritation  of  the  optic  nerve.  The  occasional  occurrence 
of  total  amaurosis  would  also  seem  to  point  to  this.  It 
is  most  common  after  severe  hemon'hage,  especiall}'  from 
the  stomach,  rarer  in  connection  with  inanition.  It  may 
or  may  not  be  accompanied  by  severe  pain  in  the  head. 
It  may  come  on  suddenly  m  the  couise  of  a  few  hours  or 
it  maj'  take  several  days  to  develop.  Travers  sa^-s:  "It 
succeeds  somewhat  abruptly  to  uterine  flowing  and  large 
and  sudden  depletion  for  acute  diseases.  The  pain  is  not 
confined  to  the  region  of  the  orbit,  though  it  affects 
chiefly,  if  not  exclusively,  the  same  side  of  the  head:  it 
is  that  peculiar  nervous  pain  to  which  women  are  subject 
after  uterine  hemorrhage,  attended  with  a  sense  of  defined 
pressure,  as  of  an  iron  finger  on  the  brain,  and  sometimes 
a  distressing,  jarring  noise,  like  that  fif  a  mill  or  thresh- 
ing-floor, or  the  rattling  of  the  shingles  as  a  heavy  wave 
of  the  sea  recedes. "  Samelsohn  found  cause  in  one  case 
to  suspect  hemorrhage  into  the  sheath  of  the  ojitic  nerve. 
A.  von  Graefe  in  his  cases  found  nothing  on  immediate 
examination,  but  afterward  atrophj'  of  the  optic  papilla. 
Schweigger  (Transl.,  Philadelphia,  1878)  declares  that 
the  relation  between  loss  of  blood  and  disease  of  the 
optic  nerve  is  wholly  unexplained  and  that  the  latter  can- 
not be  due  to  simple  anaemia. 

Disorders  in  the  sphere  of  the  motor  nerves  may  be 
either  convulsive  or  paralytic.     Kussmaul  and  Tenner 
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have  shown  conclusively  that  in  rabbits  convulsions  are 
almost  uniformly  produced  in  cases  of  rapid,  profuse 
hemorrhage,  or  where  the  great  arterial  trunks  leading 
to  the  brain  are  ligatured,  except  in  the  case  of  very 
weak  animals  or  in  such  as  were  under  the  influence  of 
ether.  They  found,  however,  that  closure  of  all  four  of 
the  arteries,  both  carotids  and  both  vertebrals,  was  neces- 
sary in  order  to  produce  rapid  convulsions.  In  all  their 
cases  the  convulsions  weie  epileptic  in  character. 

In  man  convulsions  have  been  noticed  in  connection 
with  fainting,  from  the  earliest  times.  Hippocrates  says 
in  his  Aphorisms:  "  Sttoo/zoi  j/roi'-a;  7/  v-b  -Ai/puaio^  t] 
ntvuatoq"  (convulsions  arise  either  from  plethora  or  from 
anaemia).  Marshall  Hall,  in  his  observations  on  blood- 
letting, declares  that  "convulsion  is,  aft*r  syncope,  the 
most  familiar  of  the  immediate  effects  of  loss  of  blood. 
It  is  most  apt  to  occur  in  children  and  in  cases  of  slow 
and  excessive  detraction  of  blood."  .  .  .  And  again:  ''It 
is  most  apt  to  occur  in  cases  in  which  the  patient  has 
been  freely  bled  in  a  more  or  less  recumbent  position,  in 
which  the  blood  has  flowed  slowly,  or  in  which  time  has 
been  lost  during  the  operation," 

AniEmic  convulsions  rarely  occur  except  after  hemor- 
rhage, when  the  amount  of  blood  lost  must  be  consider- 
able. The  loss  must  occur  all  at  once,  or  nearly  so,  and 
the  patient  must  not  have  been  previously  in  a  much  de- 
bilitated condition.  Thus,  children  in  a  hydrencephaloid 
state,  and  persons  suffering  from  chronic  ansmia,  are 
not  likely  to  be  attacked  with  ana'mic  convulsions. 

In  contradistinction  to  convulsions  coiiiplete  paralysis 
wit  hout  coma  does  not  occur  in  universal  cerebral  anaemia, 
though  after  ligature  of  a  carotid  temporary  hemiparesis 
and  paralysis  are  not  uncommon.  If  the  paralysis  be 
permanent  there  is  probably  some  organic  lesion  pres- 
ent. 

The  general  weakness  of  the  limbs  in  syncope  may  be 
regarded  as  a  form  of  paresis.  "  Cheyne-Stokes  respira- 
tion and  Traube-Hcring  blood-pressure  curves  are  very 
common  in  states  of  partial  anaemia  of  the  bulbar  centres  " 
(Hill). 

The  Diagnosis  of  anaemia  of  the  brain,  except  in  those 
cases  of  partial  anfemia  due  to  the  obliteration  of  blood- 
vessels, which  do  not  come  under  consideration  here,  can 
be  made  only  through  consideration  of  the  accompanying 
general  symjitoms.  Inasmuch  as  in  hypersemia  of  the 
brain  the  local  symptoms  are  in  many  cases  the  same  as 
in  aniemia,  the  ditferentiation  of  these  two  opposite  con- 
ditions will  depend  much  on  the  history  of  the  case. 
Even  the  condition  of  the  vessels  of  the  face  and  head  is 
no  positive  proof  of  the  condition  of  the  internal  vessels, 
nor  would  an  increase  or  diminution  in  the  .supplv  of 
blood  in  the  retina  afford  more  than  a  presumption  that 
the  same  condition  existed  in  the  meninges.  The  condi- 
tion of  the  heart  and  the  influence  of  oosture  and  of  al- 
coholic stimulants  afford  further  aid  in  determining  the 
diagnosis. 

The  Prognosis  in  common  cases  of  syncope  is  decided- 
ly favorable,  although  even  in  ordinary  cases  of  fainting 
from  mental  infli.ences  fatal  results  now  and  then  occur. 
Less  favorable  is  it  in  cases  due  to  severe  hemorrhage, 
even  when  not  complicated  by  shock.  On  the  other 
hand,  in  those  cases  of  acute  sj'ncope  where  we  have 
reason  to  suspect  some  weakness  or  lesion  of  the  heart, 
— for  example,  in  all  cases  of  cardiac  disease,  and  in  con- 
valescence after  acute  febrile  diseases. — the  prognosis  is 
more  serious.  This  especially  applies  to  those  cases  in 
which  the  immediate  cause  of  the  syncope  is  some  sud- 
den change  of  jiosition.  In  cases  of  chronic  anfemia  in 
the  adult,  syncojie,  as  a  rule,  is  not  in  itself  a  very  seri- 
ous symptom,  but  whenever  a  prolonged  coma  occurs, 
especially  if  accompanied  by  convulsions,  there  is  cause 
for  anxiety.  In  the  hydrencephaloid  condition  in  chil- 
dren, if  the  patient  be  seen  and  the  disease  recognized  in 
time,  recovery  is  probable  under  judicious  treatment. 
The  prognosis  must  in  all  cases  depend,  in  this  as  in 
other  diseases,  in  great  part  upon  the  severity  of  the 
sj'mptoms.  The  condition  of  the  pupils  is  said  to  form 
an  important  element  in  the  prognosis,  contraction  al- 


wajs  preceding  dilatation,  while  they  become  normal 
again"  as  the  patient  approaches  recovery. 

Treatment. — In  simple  syncope  from  mental  emotion 
or  from  reflex  irritation  but  little  treatment  is  needed, 
except  that  the  patient  should  be  placed  in  a  horizontal 
position  and  should  be  allowed  plenty  of  fresh  air,  when 
recovery  generallj'  occurs  quickly.  Stimulants,  such  as 
ammonia,  applied  to  the  mucous  membrane  of  the  nose 
and  air  passages,  are  of  assistance.  As  the  syncope  be- 
comes more  severe,  we  employ  cutaneous  stimulants,  the 
simplest  and  best  of  which  is  the  sprinkling  of  cold  water 
over  the  face  and  chest.  Mustard  may  be  applied  to  the 
skin,  especially  over  the  cardiac  region ;  but  the  most 
effective  external  stimulant  is  the  electric  brush.  Internal 
cardiac  stimulants,  such  as  coffee,  alcohol,  or  ether,  are 
often  of  decided  benefit.  The  carbonic  dioxide  in  cham- 
pagne is  said  to  promote  the  rapid  absorption  of  the  al- 
cohol, and  hence  this  form  should,  when  convenient,  be 
used.  In  the  severer  cases,  when  the  unconsciousness 
becomes  prolonged,  especially  in  those  in  which  the  loss 
of  blood  has  been  very  great,  the  limbs  should  be  ban- 
daged, so  as  to  drive  all  the  blood  as  far  as  possible  into 
the  body  and  head.  As  a  last  resort,  transfusion  should 
be  attempted. 

In  cases  of  chronic  anamia  all  means  should  be  used 
to  improve  the  general  condition  and  strengthen  the 
bodily  forces.  Milk  is  often  the  best  form  of  nutriment, 
but  when  it  can  be  borne  a  generous  diet,  including  eggs 
and  meat,  is  advisable.  Wine  is  frequently  of  benefit 
when  given  in  suitable  doses,  and  in  severe  cases  it  is 
often  indispensable.  Alcohol  is  generally  of  much  im- 
portance in  cases  of  hydrencephaloid,  and  in  these  Noth- 
nagel  recommends  the  early  use  of  musk.  In  all  cases- 
the  surface  of  the  body  should  be  kept  warm,  if  neces- 
sary, by  the  direct  application  of  heat. 

When  mental  excitement  exists,  all  cutaneous  stimu- 
lants or  irritants  are  to  be  avoided,  as  they  are  said  to- 
increase  the  pain  and  restlessness.  Under  these  condi- 
tions opiates  often  act  well,  better  probably  than  chloral, 
which  has  also  been  recommended  by  good  authorities. 

William  N.  Bullard. 
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BRAIN  AND  NERVES.  CHEMISTRY  OF.— The  pro- 
portion of  water  in  the  nervous  tissues  varies  at  different 
ages  and  in  ditferent  parts.  It  is  more  abundant  in  the 
gray  than  in  the  white  matter  and  in  early  than  in  adult 
life.  In  the  gray  matter  of  the  adult  it  forms  about 
eighty-five  per  cent,  of  the  total  constituents,  in  the 
nerves  about  sixty -five  per  cent. 

The  solids  comprise  the  following: 

1.  Proteids.  including  nucleo-proteids,  globulins,  and, 
according  to  some,  albumins. 

2.  Substances  rich  in  combined  phosphoric  acid:  nu- 
clein.  protagon,  lecithin. 

3.  Complex  nitrogenous  substances,  yielding  a  carbo- 
hydrate on  decomposition  and  known  as  cerebrosides. 
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4.  Cholesterin,  a  complex  alcoliol  (C^iHisOH). 

5.  Ncurokcratiu,  a  substanco  i-i'scmbliug  ordinary  ker- 
atin (from  hair,  etc.)  and  found  in  neuroglia  and  the 
medullarj'  sheatlis. 

6.  Extractives:  Kreatin,  xanthin,  hypoxantbin,  inosit, 
lactic  acid,  uric  acid. 

7.  Inorganic  salts. 

Several  of  the  above  call  for  a  brief  note. 

Nudein  is  a  compound  formed  by  the  union  of  a  pro- 
teid  with  nucleic  acid.  Nucleic  acid  is  phosphoric  acid, 
P.Os.  combined  with  a  member  of  tlie  purin  group  (xan- 
thin. hypoxanthiu.  adeuin,  guunin). 

Prohigon,  discovered  in  18(55  by  Liebreich.  was  stated 
by  Hoppe-Seyler  and  others  not  to  be  a  definite  substance 
but  a  mere  mixture.  Recently,  however,  its  existence 
has  been  confirmed  by  numerous  workers.  Gamgee  and 
Blankeuhorn  suggest  C'leoHaosNsPOas  as  its  empirical 
formula,  but  others  claim  that  it  may  be  found  in  several 
closely  related  varieties.  On  decomposition  it  yields  one 
of  the  cerebrosides  and  the  decomposition  products  of 
lecithin  (fatty  acids,  glycero-phosphoric  acid,  and  cholin). 
It  may  be  obtained  as  a  loose,  white  powder.  It  dissolves 
in  eighty -five  per  cent,  alcohol  at  45°  C. ,  but  separates  on 
cooling  as  a  snow-white,  flaky  precipitate  consisting  of 
balls  or  groups  of  fine  crystalline  needles. 

The  Cerebrosides  are  complex  nitrogenous  substances, 
yielding  among  their  products  of  decomposition  fatty 
acids  and  a  carbohydrate  (galactose).  A  number  of 
varieties  have  been  described,  among  which  the  best 
recognized  are  cerebrin.  homocerebrin,  and  encephalin. 
Kossel  and  Freytag  give  the  formula  of  cerebrin  as 
C-oHnoNjOi3,  and  of  kerasin  or  homocerebrin  asCoHise 
N=0„. 

The  relative  proportions  of  the  above-mentioned  sub 
stances  vary  in  different  parts  of  the  nervous  system,  but 
the  following  figuresare  probably  ap]ir<>ximately  correct. 

The  total  .solids  vary  from  lo' to  41)  per  cent,  and  are 
made  up  as  follows:  Of  the  total  solids:  Proteids,  25  lo 
55  per  cent,  ;  nuclein,  1  per  cent.  ;  protagon.  5  to  10  per 
cent. ;  lecithin,  10  to  30  per  cent. :  cerebrosides.  0.5  to  10 
per  cent. ;  clKilesterin.  10  to  50  per  cent. ;  neurokeratin, 
3  to  6  per  cent. ;  salts,  0.5  to  2  per  cent. 

The  proteids  are  most  abundant  in  the  gray  matter, 
cholesterin  and  the  cerebrosides  in  the  white  matter.  The 
salts  are  given  as  follows  by  Geoghegan  in  parts  per 
1,000  of  brain: 


Total  nsh 3.9     to  7.1 

Potassium t>     tol.7 

Sodium 4     to  1.1 

Magnesium 0     to   .07 

Calcium 005  to   .02 


Chlorine 4   to  1.2 

POi 9   to  3.0 

COs 2   to    .7 

SO, 1    to    .2 

Fe  (P0,)3 Ulto    .09 


The  reaction  of  the  central  nervous  system,  especially 
the  gray  matter,  has  been  stated  by  many  writers  to  be 
acid  during  life,  but  according  to  Halliburton  it  does  not 
become  so  till  shortlv  after  death. 

T.   Wesley  MilU. 

William  S.  Morrow. 

BRAIN,  ANEURISM  OF  ARTERIES  OF.— Aneurisms 
of  the  cerebral  vessels  (independently  of  the  miliary  aneu- 
risms which  are  treated  of  in  the  discussion  of  Cerebral 
Hemorrhage)  are  comparatively  rare,  though  Coats  makes 
the  surprising  statement  that,  "in  persons  under  forty 
years  of  age  cerebral  hemorrhage  is  due  to  the  rupture  of 
aneurisms  in  the  great  majority  of  cases. " 

These  aneurisms  are  situated  commonly  on  the  arteries 
of  the  circle  of  'Willis,  and.  acconling  to  Lebert,  the  ves- 
sels are  affected  in  the  following  order  of  frecjuenc}': 
basilar,  middle  cerebral,  internal  carotid,  and  posterior 
communicating,  and  the  artery  of  the  corpus  callosum. 
The  middle  cerebral  and  basilar  are  involved  in  more 
than  half  the  cases.  The  other  vessels  are  only  excep- 
tionally the  site  of  this  lesion.  Robertson  reports  a  case 
in  which  an  aneurism  had  burst  into  the  right  lateral 
.ventricle.  It  was  situated  on  a  branch  of  the  right  middle 
cerebral  artery,  and  had  hollowed  out  a  bed  for  itself  in 
♦.he  substance  of  the  corpus  striatum  and  optic  thalamus. 


According  to  the  majority  of  writers,  the  vessels  of  the 
left  side  appear  to  be  affected  moi-e  frequently  than  those 
of  the  right  side,  but  in  Coats'  eleven  cases  all  were  situ- 
ated on  the  vessels  of  the  right  side  of  tlie  brain.  The 
male  sex  seems  to  furnish  a  much  larger  proportion  of 
the  cases  than  the  female  sex. 

The  anatomical  structure  of  cerebral  aneurisms  is  en- 
tirely similar  to  that  of  similar  lesions  in  otlier  vessels  of 
the  body,  and  therefore  need  not  be  discussed  here.  They 
vary  from  the  size  of  a  pea  to  that  of  a  hen's  egg,  though 
tumors  of  the  latter  dimensions  are  extremely  rare.  As 
a  rule,  they  do  not  exceed  the  size  of  a  hazelnut. 

The  immediate  causes  of  the  origin  of  this  lesion  have 
not  been  ascertained  very  clearly,  but  there  appears  to 
be  little  doubt  that  it  does  not  bear  such  close  relations- 
to  atheromatous  degeneration  as  aneurismal  dilatation  of 
other  vessels  of  the  body.  In  a  considerable  proportion 
of  cases  the  aneurism  is  the  result  of  embolism,  and  this 
explains  its  comparative  frequency  at  an  early  age  (endo- 
carditis, heart  disease).  Imperfect  closure  of  the  vessel 
by  the  embolus  leads  to  inflammatory  changes  in  the 
walls  of  the  vessel,  and,  as  the  lumen  is  still  partly  open 
for  the  passage  of  blood,  the  weakened  walls  yield'  to  the 
blood  pressure  and  an  aneurism  is  gradually  produced. 

Syphilis  acts  in  a  similar  manner  by  weakening  the 
walls  of  the  vessels. 

The  lesion  has  also  been  attributed  to  the  effects  of  in 
jury  to  the  head. 

The  aneurism  jiroduces  varicius  local  effects.  'When 
situated  in  the  circle  of  Willis  it  may  cause  erosion  of  the 
bones  at  the  ba.se  of  the  skull.  As  "a  matter  of  course,  it 
also  luoduces  ]3ressure  on  adjacent  soft  parts,  and  as  the 
circle  of  Willis  is  usually  involved,  the  various  cerebral 
nerves  are  mainly  subject  to  compression,  then  the  me- 
dulla oblongata,  pons  Varolii,  and  crura  cerebri.  Klippel 
reports  a  case  in  which  an  aneurism  of  the  light  posterior 
communicating  artery,  as  large  as  a  walnut,  had  com- 
pressed the  adjacent  brain  substance  from  the  edge  of 
the  pons  to  the  right  optic  nerve.  During  life  the  pa- 
tient had  suffered  from  ptosis  of  the  right  side  and  com- 
plete immobility  of  the  right  eye,  with  disturbance  of 
vision  on  both  sides. 

The  aneurismal  sac  may  also  press  upon  adjacent  ves- 
sels and  give  rise  to  thrombosis,  with  its  usual  train  of 
sequences.  In  other  words,  tlie  pressure  effects  are  very 
similar  to  those  of  other  forms  of  tumor  situated  at  the 
base  of  the  brain.  An  aneurysmal  murmur  has  been 
heard  in  a  few  cases,  on  auscultation  of  the  .skull.  In 
still  rarer  cases  this  murmur  has  been  heard  by  the  pa- 
tient himself. 

When  the  aneurism  is  situated  upon  the  basilar  artery- 
it  is  apt  to  give  rise  to  hemiplegia.  According  to  Lebert, 
this  occurred  nine  times  in  tliirty-one  cases.  Schmidt  re- 
ports a  case  in  which  a  diagnosis  of  cerebral  hemorrhage 
had  liecn  made : 

A  man,  aged  fifty -seven,  had  an  apoplectic  attack  with 
unconsciousness,  left  hemiplegia,  including  the  facial 
nerve;  the  pupils  were  sensitive  to  light;  sensibility  was 
intact.  The  condition  of  the  lower  limb  improved  con- 
siderably, the  arm  became  contractured.  Death  occurred. 
two  years  later  from  pneumonia. 

The  autopsy  disclosed  a  cylindrical  aneurism  of  the- 
basilar  artery,  extending  from  the  lower  end  of  the  pyra- 
mids on  the  left  to  the  corpora  candicantia  on  the  right. 
There  was  a  depression  of  the  pyramids  in  the  medulla 
olilongata,  and  its  edges  were  softened ;  also  a  depression 
in  the  pons,  chiefly  on  the  right  side.  There  was  distinct 
gray  degeneration  of  the  left  lateral  column  of  the  cord 
and  median  bundles  of  the  right  anterior  column. 

Although,  as  I  have  stated  above,  the  symptoms  of 
cerebral  aneurism  are  usually  very  similar  to  these  of 
other  kinds  of  tumors  situated  at  the  base  of  the  brain,  it 
differs  from  them  in  the  fact  that  choked  disc  is  a  very 
rare  symptom  in  the  history  of  the  former  affection.  In 
this  respect  it  is  somewhat  similar  to  cerebral  abscess,  and, 
like  the  latter,  it  may  also  remain  latent  until  the  occur- 
rence of  a  sudden  apoplectiform  attack,  due  to  the  rupture 
of  the  vessel.     In  quite  a  number  of  instances  it  has  been 
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found  that  the  first  rupture  of  the  vessel  did  not  prove 
fatal,  and  that  a  second  rupture  occurred  after  a  variable 
period,  sometimes  extending  over  a  couple  of  years. 

The  majority  of  writers  assert  that  the  rupture  of  the 
aneurism  gives  rise  to  meningeal  hemorrhage ;  but  this 
opinion  should  be  revised  in  view  of  the  fact  that  in  all 
(eleven)  of  Coats'  cases,  and  in  a  number  reported  by 
other  observers,  the  hemorrhage  took  place  into  the  sub- 
stance of  the  brain.  The  extravasation  is  generally  so 
extensive  that  it  breaks  through  the  brain  tissue  into  the 
lateral  ventricles,  and  often  also  into  the  other  ventricles. 

Treatment  of  this  affection  is  altogether  futile.  The 
most  that  can  be  done  is  to  relieve  the  pain  (which  is 
often  even  more  excruciating  than  that  caused  by  other 
forms  of  cerebral  tumor)  by  the  administration  of  mor- 
phine. Trial  may  be  made  of  potassium  iodide,  as  in 
aneurism  in  other  parts  of  the  bodj- . 

Leopold  Pntzel. 

BRAIN,  ATROPHY  OF.— As  applied  to  the  brain,  the 
term  atrophy  embraces  the  results  of  three  different  kinds 
of  morbid  processes.  In  the  first  two  there  is  really 
atrophy  in  the  ordinary  meaning  of  the  term — that  is, 
loss  of  substance  through  previousl}'  existing  disease. 
Thus:  First,  loss  of  substance,  either  from  idiopathic 
disease  inherent  in  the  brain,  progressive  general  paraly- 
sis; or  associated  with  general  disease,  infectious  fe- 
vers; or,  from  failure  of  nutrition,  senescence,  insanity. 
Second,  loss  of  substance  from  destruction  of  tissue,  or 
from  a  sclerosis  secondary  to  localized  destructive  lesions. 
In  the  third  class  there  is  no  proof  that  a  tissue  once  ex- 
isting has  been  destroyed,  and  the  term  atrophy  can  be 
used  only  by  a  certain  license.  But  for  practical  conveni- 
ence there  are  many  reasons  for  ranking  the  cases  in 
question  with  the  atrophies.  They  are,  third,  cases  of 
imperfect  development  of  -the  brain,  cerebral  agenesia, 
partial  or  general  (microcephalus). 

This  classification  of  cerebral  atrophies  is  traversed  by 
another  division  into  congenital  and  acquired;  since 
many  cases  of  arrested  development  of  the  brain  are 
clearly  traceable  to  diseases  identical  with  those  which 
occur  after  birth.  The  agenesia  is  then  secondary,  and 
except  from  its  intrauterine  origin,  could  be  referred  to 
the  second  class  of  cases. 

CoxGENn-\i.,  PniM.iRy,  and  Gentsral  Atrophy  of 
THE  Brain  constitutes  microcephalus,  the  rarest  form  of 
idiocy  (Ireland).  No  destructive  lesion  is  discernible,  but 
the  size  of  the  brain  as  a  whole  is  much  below  normal, 
and  the  iutcrual  proportion  of  its  parts  is  disturbed.  The 
dimensions  of  tlie  erauimn  correspond  to  those  of  the 
brain,  and  thus  during  life  the  size  of  the  latter  can  be 
estimated  by  measurements  of  the  former.  Normal 
mental  faculties  are  iiniinssible  with  an  adult  head  of 
from  eleven  to  thirteen  inches  in  circumference  and  from 
eight  to  nine  inches  from  the  root  of  the  nose  to  the  pos- 
terior border  of  the  occipital  bone.  A  circumference  of 
fourteen  to  seventeen  inches  and  an  anteroposterior 
diameter  of  eleven  to  twelve  decimetres  implies  a  brain 
too  small  for  ordinary  intelligence  (Voisin).  Ireland  calls 
microcephalic  all  adult  heads  below  seventeen  inches  in 
circumference. 

The  lightest  human  brain  on  record  weighed  six  ounces, 
in  a  cliild  five  months  old  (Sanders).  In  this  the  circumfer- 
ence of  the  head  was  less  than  six  inches.  Several  brains 
are  described  of  seven  ounces  (normal  weight  for  men, 
forty  to  fifty-two  and  one-half  ounces;  for  women,  thirty- 
five  to  forty-five  ounces.  In  microcephalic  brains,  the 
frontal  lobes  taper  to  a  point ;  the  occipital  lobes  either 
taper,  or  are  nuich  shortened,  in  either  case  exposing 
more  or  less  of  the  cerebellum.  The  parietal  and  temporo- 
sphenoidal  lobes  are  the  best  developed.  The  corpus 
callosum  is  often  thinned,  or  shortened  at  its  posterior 
end.  The  island  of  Reil  may  be  left  uncovered.  The 
convolutions  are  remarkably  simple ;  few  secondary  folds 
are  developed.  The  disposition  of  many  sulci  is  changed, 
the  fissure  of  Sylvius  shaped  like  a  V,  instead  of  a  Y 
(Vogt) ;  the  calcarine  fissure  is  prolonged  so  as  to  sepa- 
rate the  gyrus  foruicatus  fron.i  the  gyrus  hippocampi 


(Putnam-.Iacobi),  the  bridging  convolutions  of  the  occip- 
ital lobe  are  indistinct  or  wanting  (Betz).  In  a  celebrated 
hypothesis,  microcephalic  brains  have  been  considered  to 
constitute  anatomic  reversion  to  the  ape  type  (Vogt). 
There  is,  however,  no  constant  resemblance  between  the 
two ;  the  brain  of  the  microcephale  may  be  simpler  than 
that  of  orang  or  chimpanzee,  it  is  not  similar  (Gratiolet, 
Adridni). 

The  intelligence  of  microcephalic  individuals  who  sur- 
vive is  rudimentary,  but  at  various  degrees  removed  from 
imbecility,  complete  aphasic  idiocy.  There  is  no  definite 
proportion  between  the  degree  of  intelligence  and  the 
size  of  the  brain.  In  those  who  attain  adult  age  a  certain 
amount  of  speech  is  often  possible,  and  there  is  some 
power  of  attention,  memorj',  and  emotionalit}'.  Some- 
times the  amount  of  intelligence  is  remarkable,  if  we 
consider  the  dimensions  of  the  cranium  (case,  Antonia 
Grandoni;  circumference  of  head,  at  age  of  forty-one, 
thirteen  inches).  There  is  usuall.y  fidl  and  restless  use 
of  the  limbs,  and  the  impressions  of  the  senses  are  livelj'. 
The  absence  of  local  or  general  paresis  distinguishes  cases 
of  pure  microcephalus  from  those  in  which  the  arrest 
of  cerebral  development  is  associated  with  destructive 
lesions.  Sometimes,  however,  the  muscles  are  notably 
feeble,  the  characteristic  restlessness  of  microcephaly  is 
exchanged  for  immobility,  varied  by  rhythmic,  swaying 
motions  (Jleynert).  In  these  cases  there  is  probably 
nutritive  alteration  of  the  brain  tissue;  or  deficient 
elaboration  of  its  minute  structure  (Jastrowitz).  There 
may  be  persistence  of  the  molecular  substance  which 
precedes  the  formation  of  the  medullary  sheaths  to  the 
nerve  fibres,  or  of  the  large  granular  fat  cells,  which  be- 
long to  the  transitional  stage,  and  have  been  sometimes 
taken  as  evidence  of  congenital  inflammation  (Virchow). 

CoxGENiT.\L  Primary  (?)  .^.nd  Partial  Atrophy. — 
In  this  class  of  cases,  one  or  more  portions  of  the  enceph- 
alic masses  are  absent,  and  no  traces  remain  of  destruc- 
tive lesions  sufficient  to  account  for  their  disappearance. 
Thus  they  have  been  explained  by  a  primary  aberration 
of  development.  The  explanation  is  most  plausible  in 
regard  to  partial  or  total  defect  of  the  corpus  callosum 
(Hitzig).  This  great  commissure  begins  to  develop 
toward  the  end  of  the  fourth  month  of  pregnancy,  by 
buds  which  appear  on  the  iuternal  lateral  surfaces  of  the 
hemispheres,  and  grow  simultaneously  inward  and  back- 
ward. In  partial  defect  it  is  the  posterior  portion  of  the 
corpus  which  is  wanting,  showing  an  arrest  of  the  partly 
completed  process.  The  arrest  sometimes  involves  the 
fornix  trigonum  and  septum  lucidum,  sometimes  these 
are  intact-  In  all  recorded  cases,  the  anterior  white  com- 
missure is  preserved.  The  lateral  ventricles  are  dis- 
tended. This  fact  suggests  that  an  undeveloped  corpus 
has  been  destroyed  by  a  ventricular  effusion,  the  latter 
subsequently  reabsorbed.  The  cerebellum  has  several 
times  been  found  defective.  In  one  celebrated  case, 
unique  according  to  Hitzig.  the  organ  was  completely 
wanting,  being  reduced  to  two  small  knobs,  at  the  base 
of  a  serous  cyst  which  occupied  its  place  imder  the  ten- 
torium (Cruveilhier  and  Combetta.  case  Labrosse). 
Hitzig  explains  this  case  by  an  arrest  of  development; 
the  author,  much  more  plausibly,  by  a  serous  apoplexy 
which  had  occurred  in  early  or  in  fetal  life.  The  loss 
of  the  cerebellum  was  accompanied  by  total  absence  of 
the  pons ;  the  pyramids  arising  directly  from  the  cerebral 
peduncles.  In  Otto's  case,  the  cerebellum  was  very  much 
reduced  in  size  by  filling-  up  of  the  occipital  fossfe, 
through  inflammatory  thickening  of  the  bones.  The 
atroiihy  was  therefore  again  a  secondary  lesion.  Atrophy 
of  the  cerebral  hemispheres  is  usually  evidently  traceable 
to  destructive  lesions.  Sometimes,  however,  the  traces 
of  these  have  disappeared,  and  the  atrophy  then  seems 
primitive.  Cruveilhier  describes  the  reduction  of  one 
hemisphere  to  one-third  the  size  of  the  other.  The  space 
beneath  the  dura  mater  was  filled  with  serous  fluid.  Iso- 
lated groups  of  convolutions  are  often  atrophied:  thus, 
lower  part  of  the  central  convolution,  with  supramar- 
ginal  and  superior  temporo-sphenoidal  (Beach);  central 
convolutions  on  one  side  (Virchow's  Arcliir,  .luly,  1882); 
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central  convolutious  on  both  hemispheres  (McNutt); 
right  ascemlinir  parietal  convolution  (Bastian);  riglit 
cerebrum,  right  crus.  pons,  and  pyramid,  left  lateral 
pyramidal  tracts  (Pick);  paracentral  lobule,  superior  ex- 
tremity of  left  ascending  parietal  convolution  (Varigny). 
In  many  of  these  cases  a  primitive  arrest  of  development 
has  been  assumed:  in  none  is  it  demonstrated,  or  even 
probable  (Steften,  Brouardel,  Hasse).  The  entire  class 
of  cases  should  therefore  be  consolidated  with  secondary 
atrophies. 

Congenital  Secoxd.\ry  Atropht. — This  is  partial  or 
general,  according  eitlier  to  the  extent  of  the  destructive 
lesion,  or  of  the  interference  with  the  general  develop- 
ment of  the  brain  which  may  have  been  exerted  by  a 
localized  lesion.  Nutritive  processes  throughout  the 
brain  may  be  so  disturbed  that  nerve  tissues  cease  to 
grow,  nutrition  is  diverted  to  the  cranial  bones,  prema- 
ture ossification  of  the  skull  occurs,  with  some  degree  of 
microcephalus. 

On  the  other  hand,  with  a  fetal  hydrocephalus,  all 
the  brain  above  the  medulla  may  be  destroyed  and  con 
verted  into  a  serous  cyst,  while  the  cranial  bones  con- 
tinue to  grow,  until  after  birth  the  head  attains  a  cir- 
cumference of  two  feet  (Cruveilhier). 

The  lesions  leading  to  congenital  cerebral  atrophy  are 
produced  during  fetal  life,  and  do  not  differ  essentially 
from  those  which  may  be  occasioned  during  the  ])rocess 
of  parturition,  or  so  soon  after  birth  that  the  symptoma- 
tology becomes  identical  with  that  of  strictly  congenital 
lesions.  They  are,  in  addition  to  the  hydrocephalic  effu- 
sions just  mentioned,  hemorrhage,  inflammation,  and  soft- 
ening by  steatosis. 

Throughout  fetal  life  the  rapidly  growing  brain  is 
exposed  to  a  graded  series  of  accidents,  corresponding  to 
varying  tendencies  to  effusions  from  the  cerebral  blood- 
vessels— now  serous,  now  sanguiuolent.  At  a  certain 
degree  of  intensity  these  dropsies  or  hemorrhages  result 
in  complete  malformation  of  the  brain  (hydrencephalon, 
or  anencephalon);  more  limited  in  extent,  the  effusion 
results  in  the  formation  of  a  cyst,  whose  contents  maj' 
be  clear  ser\nn,  or  serum  stained  with  the  coloring  matter 
of  blood.  The  cyst  replaces  whatever  nerve  tissue  has 
been  destroyed.  Intra-uterine  cerebral  hemorrhage  is 
much  more  liable  to  occur  into  the  meninges  than  into 
the  substance  of  the  brain  itself.  A  clot  is  then  formed 
in  the  cavity  of  the  arachnoid,  and  lying  upon  one  or 
both  cerebral  hemispheres,  which  it  is  destined  to  com- 
press during  the  process  of  its  shrinkage.  The  subjacent 
tissues  atrophy  under  the  double  influence  of  the  pressure 
and  of  the  sclerosis  excited  by  its  irritation. 

Precisely  such  arachnoid  hemorrhage,  with  consecu- 
tive atrophy,  is  a  not  uncommon  accident  of  a  difficult 
parturition;  and  is  thus  the  efficient  cause  of  many  cases 
of  idiocy  and  spastic  contracture.  Hemorrhage  is  also 
possible,  but  much  less  frequent,  during  the  first  months 
or  }'ear  after  birth.  The  cerebral  atrophy,  however,  can 
be  called  congenital  only  when  dating  from  accidents 
which  occur  [irevious  to  all  distinct  psychic  develop- 
ments, thus  hardly  after  the  first  month. 

Meningo-encephalitis  is,  during  the  period  immediately 
succeeding  birth,  more  frequent  than  hemorrhage,  and 
also  occurs  before  birth.  An  intense  form,  occurring  at 
the  third  or  fovirth  month  of  pregnancy,  is  probably  the 
cause  of  the  pseudencephalic  monstrosity.  Traces  of  a 
more  tolerable,  and  even  extensive,  grade  of  inflamma- 
tion are  found  in  thickened  brain  membranes,  enclosing 
shrunken  masses  of  nerve  tissue,  or  even  empty  of  these. 
All  but  the  most  limited  and  localized  cases  of  menin- 
gitis are  liable  to  be  complicated  by  hemorrhage  from 
the  tender  blood-vessels.  Localized  basal  meningitis 
may  interfere  with  the  development  of  the  brain,  and 
thus,  if  the  paradox  be  permitted,  cause  a  species  of 
primary  atrophy,  with  premature  ossification  of  the 
skull.  The  most  striking  effect  of  such  lesion,  from  its 
proximity  to  tlie  optic  chiasma,  is  a  descending  neuritis 
and  atrophy  of  the  oiitic  nerves. 

_  "When  a  portion  of  the  brain  has  been  destroyed  by 
either  hemorrhage  or  inflammation,  serum  is  poured  out 


to  fill  the  threatened  vacuum.  This  non-encysted  fluid 
is  found  both  in  the  \entricles.  in  the  cavity  of  the 
arachuoid,  and  in  the  subarachnoid  space.  It  constitutes 
the  so-caUed  hydrocephalus  e  vacuo,  which  must  always 
be  interpreted  as  a  secondary  lesion,  and  not  as  the  essen- 
tial cause  of  the  symptoms  observed  during  life. 

In  certain  cases  a  portion  of  the  nerve  tissue  of  the 
brain  is  found  to  have  simply  disajipeared,  sometimes 
throughout  the  entire  depth  of  the  hemisphere,  thus 
leaving  an  opening  which  leads  from  the  convexity  pia 
to  one  of  the  ventricles  (iiorencephalic  defect,  Kunclrat). 
This  lesion  is  not  entirely  peculiar  to  the  new-born,  for 
it  has  been  found  in  adults  after  chronic  brain  disease 
(Cotard),  In  the  new-born,  however,  it  is  due  to  a  pecul- 
iar lesion,  a  steatosis  of  the  nerve  substance,  which  re- 
sults in  red  or  white  softening,  according  as  it  is  or  is 
not  complicated  by  vascular  congestion  and  capillary 
hemorrhage  (Parrot).  The  foci  of  steatosis  contain  "a 
great  number  of  granular  corpuscles,  due  to  the  fatty 
infiltration  of  neuroglia  cells:  also  free  granulations  and 
species  of  C}dinders,  resulting  from  deformation  of  the 
corpuscles  of  Gluge.  The  veins  are  occluded  by  thrombi. 
The  nerve  tissue  is  reduced  to  a  milky  jiulp,  and,  if  the 
process  lasts  long  enough,  is  gradually  reabsorbed.  The 
lesion  may  be  circumscribed  to  a  mass  the  size  of  a  filbert, 
or  may  extend  nearly  throughout  a  hemisphere.  In  the 
first  case  it  is  usually  multiple;  in  the  second,  the  corpus 
callosum  is  the  most  affected. 

One  of  the  most  important  anatomical  consequences  of 
any  of  the  above-described  lesions  of  the  brain  is  a  de- 
generation of  the  motor  tracts  which  lead  from  the  seat 
of  the  lesion  to  the  lateral  and  innermost  fasciculus  of  the 
anterior  columns  of  the  spinal  cord  (crossed  and  pyram- 
idal tract).  This  degeneration  involves  two  elements: 
ati'oi)hy  of  the  myeliue  sheaths  of  the  nerve  tubes,  and 
proliferation  of  the  neuroglia  tissue  between  them.  These 
elements  are  combined  in  various  proportions,  and  when 
the  atrophic  process  predoiuiuates,  it  is  difficult  to  say 
that  a  simple  agenesia  of  the  spinal  cord  has  not  com- 
plicated an  arrest  of  development  of  the  brain.  The 
fibres  of  the  pyramidal  tracts  assume  their  myeline 
sheaths  much  later  thau  the  other  segments  of  the  cord, 
beginning  at  the  fifth  month;  but  they  should  be  com- 
pleted at  birth  in  the  cord  (Flechsig),  though  still  incom- 
plete in  the  cerebral  peduncles  (Parrot).  Simple  defect 
of  these  sheaths,  therefore,  without  sclerosis,  might,  at 
birth  or  a  little  before  it,  result  from  a  check  to  the  de- 
velopmental process,  dating  from  some  epoch  of  the 
sixth,  ,seventh,  or  eighth  month  of  intra-uterine  life.  A 
lesion  occurring  during  the  last  month,  at  birth  or 
shortl.v  afterward,  can  determine  only  atrophy  of  the 
myeline  sheaths  through  propagation  of  a  nutritive  irri- 
tation, which  is  further  revealed  in  a  co-existing  prolifera- 
tion of  neuroglia.  This,  therefore,  serves  to  distinguish 
between  a  primary  and  a  secondary  atrophj'  of  the  brain, 
the  latter,  except  in  steatosis,  always  involving  irritation 
(see  case  McNutt).  This  degeneration  can  be  traced  by 
a  column  of  grayish  color,  contrasting  with  the  normal 
white,  in  the  cerebral  peduncle,  half  of  pons  and  pyramid, 
on  the  same  side  as  the  lesion ;  and  in  the  cord,  through 
the  posterior  portion  of  the  lateral  column  on  the  opposite 
side  (Tilrck).  A  similar  but  much  narrower  gray  tract 
occupies  the  inner  part  of  the  anterior  column  on  the 
same  side  as  the  cerebral  lesion.  When  the  primary 
lesion  is  bilateral,  the  second  is  so  as  well.  Under  the 
microscope,  the  proliferated  connective  tissue  is  readily 
traced  by  its  brilliant  coloration  with  caiinine.  Descend- 
ing degeneration  may  be  observed  after  the  steatosis  of 
the  brain,  but  much  more  rarel}'  and  less  completely 
than  at  other  ages  or  after  other  lesions ;  a  fact  which 
Parrot  attributes  to  the  incomplete  development  of  the 
cerebral  portion  of  the  pj-ramidal  tracts.  The  same  con- 
dition should  tend  to  avert  .sclerosis  after  any  lesions 
which  occur  early  in  fetal  life.  Conversely',  in  the  cases 
in  which  the  symptoms  of  "spastic  paralysis "  Indicate 
an  extensive  amount  of  secondary  sclerosis,  we  may  date 
the  primary  lesion  back  to  near  the  moment  of  parturition. 

According  to  Charcot,  no  cerebral  lesions  occasion  sec- 
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ondary  degeneration  unless  they  involve  the  tibres  of  the 
anterior  two-tliirds  of  tlie  iuternal  capsule.  These  con- 
tain the  superior  fibres  of  the  pj-ramidal  tract.  Atrophic 
lesions  of  the  cortex  are  followed  by  diminution  in  the 
size  of  the  corpus  striatum  on  the  same  side,  and,  what 
is  more  singular,  of  the  thalamus  as  well.  The  hemi- 
sphere of  the  cerebellum  opposite  to  the  lesion  shares  in 
the  atrophy.  When  the  lesion  is  localized  primitively  in 
one  side  of  the  cerebellum,  the  upper  motor  tracts  are 
unaffected,  but  the  olivary  body  on  the  opjiosite  side 
wastes.  Atrophic  lesions  of  the  basal  ganglia  are  similarly 
followed  by  atrophy  of  the  tracts  below  them,  while  those 
above  remain  unaffected.  Lesions  in  the  white  substance 
of  the  hemispheres  occasion  no  primary  atrophy  but 
what  is  due  to  direct  loss  of  substance,  and  no  secondary 
atrophy,  unless  they  involve  the  fibres  of  the  pyramidal 
tract  (.see  tit  supra). 

Symptoms  of  Congenital  Cerebral  Atrophy. — These  are 
of  two  kinds:  1,  Visible  lesions;  2,  disturbance  of  func- 
tions. 

1.  Hernia trophia  facialis  has  been  observed  at  birth, 
:and  then,  plausibly,  referred  to  a  cerebral  hemiagenesia 
(Emminghaus).  No  autopsies  exist  to  confirm  or  annul 
this  hypothesis.  The  hemiatrophiaof  the  brain,  if  exist- 
ing, could  be  a  coincidence  only  of  the  lesion  of  the  tri- 
geminus, to  which  this  singular  affection  is  usuallj- 
referred.  The  majority  of  reported  cases  are  acquired 
«fter  V)irth. 

Unilateral  or  even  monoplegia  atrophy  of  the  limbs  is, 
lowever,  frequently  in  cerebral  hemiatrophia  associated 
Tvith  motor  paralysis  and  different  forms  of  rigidity  of 
the  same  limbs.  Of  the  three  symptoms,  the  paralysis  is 
alone  congenital :  the  atrophy  of  a  limb  or  a  segment  of 
a  limb,  as  a  hand,  is  associated  with  diminished  size  of 
Ferrier's  cortical  motor  centre  for  the  part.  It  is  ques- 
tionable whether  the  cerebral  atrophy  is  tlicn  the  cause 
or  the  consequence  of  the  peripheric  lesion.  Similar 
wasting  of  the  cortical  motor  centre  has  been  seen  in  an 
individual  in  whom  the  leg  had  been  amputated  many 
years  before  death.  The  cerebral  atrophy  was  there  evi- 
dently secondary.  Many  cases  of  congenital  loss  of  the 
segment  of  a  limb  are  due  to  intra-uterino  amputation 
through  ligature  by  amniotic  bands.  The  accident  then 
essentially  resembles  that  of  extra-uterine  life. 

Atrophj',  in  congenitally  paralyzed  limbs,  appears 
after  a  time  to  be  much  more  extensive  than  that  of 
acquired  cerebral  paralysis.  This  is  because  the  diminu- 
tion of  size  depends  principally  upon  interference  with 
development.  There  is  not  loss  of  substiince  once  ac- 
quired, but  the  affected  limb  remains  behind  its  fellow 
in  growth.  Structural  defects  of  the  e.ve  and  ear  are  not 
imusual;  thus.coloboma  of  the  iris,  eyelids,  or  retina,  de- 
formities of  the  external  ear.  Associated  with  the  latter, 
as  coincidently  developed  from  the  superior  branchial 
arch,  may  be  malformations  of  the  mouth,  harelip,  cleft 
palate,  etc.  It  is  difficult  to  say,  however,  iu  what  pro- 
portion the  probability  of  such  defects  is  increased  by 
the  existence  of  a  cerebral  atrophy  compatible  with  life. 
Cerebral  malformations  of  non-viable  subjects  are  usu- 
ally associated  with  other  malformations  of  the  body. 

3.  Disturbance  of  function.  There  are  three  iu  the 
motor  sphere :  Paralysis,  rigidity,  and  convulsion ;  and 
to  these  must  be  added  defect  of  intelligence.  The  .sensi- 
bility is  obtuse  but  not  specifically  affected.  The  paraly- 
sis is  rarely  complete,  and  by  no  means  always  localized. 
A  general  paresis  of  all  the  muscles  of  the  body  is  the 
most  frequent  and  earliest  form  of  motor  disturbance, 
•even  in  well  defined  unilateral  cerebral  lesions.  The  in- 
fant is  able  to  move  all  its  limbs,  but  cannot  grasp  with 
the  hands,  stand  on  the  feet,  sit  up,  or  even  hold  its  head 
up.  Often  after  one.  two.  three,  or  four  years  the  child 
acquires  a  certain  amount  of  power  in  this  respect.  The 
motor  paresis  tends  gradually  to  disappear,  as  in  animals 
upon  whom  lesions  of  the  cortical  motor  centres  have 
Ijeen  inflicted.  When  this  happens,  the  cerebral  lesion 
in  children  may  also  be  referred  to  the  cortex,  and  the 
basal  ganglia  be  presumed  to  be  intact.  It  is  not  infre- 
quent, even,  that  congenital  cortical  lesions  which  render 


children  incurably  idiotic  are  unattended  by  any  paraly- 
sis whatever. 

The  symptoms  of  rigidity  are  especially  interesting. 
The  muscles  of  a  single  limb,  an  arm,  may  be  affected 
with  transient  attacks  of  rigidity,  but  the}' rarely  assume 
the  permanently  rigid  contraction  seen  as  a  late  symptom 
in  acquired  hemiplegia.  The  most  characteristic  form  is 
the  spastic  paraplegia  of  the  lower  extremities.  This  is 
by  no  means  exclusively  due  to  cerebral  agenesia,  for  it 
exists  without  cerebral  symptoms,  as  a  symptom  of 
primary  cord  disease.  But  when  it  is  congenital,  asso- 
ciated with  defective  intelligence  or  disorders  in  the 
range  of  the  cranial  nerves,  it  may  certainly  be  referred 
to  atrophia  cerebralis.  Many  entirely  superfluous  hj-- 
potheses  have  been  made  in  regard  to  this  disorder. 
There  are  two  forms.  In  one  the  muscles  of  the  lower 
limbs  are  permanently  rigid,  and  principall.v  the  abduct- 
ors of  the  thighs,  the  hamstring  muscles,  and  the  gastroc- 
nemii.  From  retraction  of  the  rigid  muscles  the  thighs 
are  abducted,  the  legs  partly  flexed  on  the  thighs,  l:he 
feet  on  the  legs.  In  the  other  form  the  muscles  are  sup- 
ple while  the  child  is  recumbent,  but  the  attempt  to  stand 
or  walk  is  immediately  followed  bj'  spasm  in  the  muscles 
indicated,  or  only  in  the  abductors,  so  that  the  limbs  are 
approximated  or  even  crossed. 

The  bilateral  character  of  spastic  paraplegia  does  not 
always  imply  a  double  lesion  of  the  cerebrum,  though 
this  was  demonstrated  in  one  remarkable  case  (JIcNutt) 
and  inferred  in  another  (Hutchinson).  The  immediate 
antecedent  of  all  the  spastic  s_vraptoms  observed  is,  as  in 
the  late  rigidity  of  acquired  hemiplegia,  secondary  scle- 
rosis of  the  pyramidal  tracts  in  the  lateral  columnsof  the 
cord.  Ninety-one  to  ninety -seven  per  cent,  of  the  fibres 
of  these  tracts  are  normally  crossed,  the  remainder  direct 
(Charcot).  The  probabilities  are,  therefore,  that  the  scle- 
rosis and  rigidity  remain  limited  to  the  side  opposite 
the  cerebral  lesion.  But  in  children  bilateral  spasm  may 
occur,  either  because  the  relatively  minute  extent  of  scle- 
rosis on  the  same  side  as  the  lesion  in  the  direct  pyramidal 
tract  exercises  a  greater  functional  effect,  or  because  the 
proportion  of  decussating  fibres  has  varied,  leaving  a 
much  larger  number  in  the  direct  portion  of  the  tract,- or 
because  there  has  been  a  second  decussation  of  motor 
fibres  in  the  cord  below  the  pyramids  (Charcot). 

When  spastic  symptoms  have  developed,  paresis  of  the 
rigid  limbs  is  liable  to  be  masked  by  them. 

The  third  motor  symptom,  convulsion,  is  irregular  in 
the  time  and  frequency  of  its  occurrence,  and  variable  in 
its  intensity.  Convulsions  coming  on  within  the  first 
week  or  two  after  birth  generally  indicate  that  the  cere- 
bral lesion  upon  which  the  atrophy  depends  has  been 
caused  during  parturition.  In  cerebral  atrophy  of  in- 
tra-uterine  origin  convulsions  are  delayed  for  several 
months  after  birth.  They  often  coincide  with  the  first 
symptoms  of  rigidity  in  the  limbs,  or  precede  these  a 
little,  and  seem,  therefore,  to  mark  the  development  of 
the  irritative  lesion  of  degeneration.  Convulsions  are 
never  due  directly  to  the  atrophy  itself,  but  only  to  the 
secondary  lesions,  as  they  descend  through  the  pons  and 
medulla.  The  convulsion  may  consist  in  a  momentarii- 
stiffening  of  the  body,  followed  by  clonic  agitation  of 
one  or  more  limbs,  or  it  may  be  a  complete  epileptiform 
paroxysm.  The  slighter  forms  are  often  frequently  re- 
peated, sometimes  even  in  a  single  day ;  the  complete  at- 
tacks occur  at  longer  intervals,  of  weeks  or  even  months. 
The  close  approximation  of  severe  convulsions  is  danger- 
ous, and  a  not  infrequent  cause  of  death.  The  intel- 
ligence is  invariably  imjiaired  when  the  atrophy  affects 
either  cerebral  hemisphere,  or  both,  and  is  often  deficient 
even  in  atrophy  of  tho.se  portions  of  the  encephalon 
whose  share  in  mental  processes  is  not  well  understood, 
as  the  corpus  callosum  or  cerebellum.  It  is  probable  in 
these  cases  that  the  finer  structure  of  the  cerebral  cortex 
is  imperfectly  elaborated,  even  when  no  gross  lesion  is 
visible. 

The  degree  of  mental  defect  varies  from  simple  flighti- 
ness  and  moral  obtuseness  (cases  of  atroph.y  of  the  cere- 
bellum) to  complete  idiocy,  and  all  intermediate  stages 
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of  imperfection  of  the  intelligence  are  observed.  The 
speech  is  sometimes  disproportionately  affected.  There 
may  be  comiilete  aphasia,  yet  the  e.xpression  of  the  face/ 
and  the  actions  indicate  considerable  intelligence.  It  is 
possible,  then,  as  Gerhardt  suggests,  that  the  lesion  is 
localized  in  the  speech  centre.  In  other  cases  there  is 
no  true  aphasia,  or  iuabilitj'  to  frame  verbal  conceptions, 
hut  articulation  is  interfered  with  by  spasms  of  the  facial 
muscles,  analogous  to  those  excited  in  the  limbs  by  the 
attempt  to  use  them. 

Complete  idioc}'  can  be  recognized  in  babies  of  three 
or  four  months  old  by  the  vacant  expression  of  face,  the 
inability  of  the  child  to  recognize  its  mother  or  nurse, 
its  inattention  to  all  the  usual  objects  of  baby  interest, 
the  absence  of  the  smiles  and  cooings  of  a  healthy  child. 
The  slighter  the  degree  of  mental  defect  the  later  is  its 
recognilion  possible,  as  it  will  become  apparent  only  as 
the  conditions  of  existence  become  complete. 

The  cranial  nerves  are  often  involved  in  either  the 
primary  lesions  which  have  caused  the  atrophy  or  in  the 
lesions  secondary  to  tliem.  Optic  neuritis  with  secondary 
nerve  atrophy  may  occur  independently  of  any  conditions 
of  increased  intracranial  pressure.  It  is  then  attribvitable 
to  a  descending  cerebritis.  Eaj-ly  blindness  in  an  infant 
renders  detection  of  mental  defect  difficult  or  impossible. 
With  or  without  blindness,  irribitive  lesions  of  the  sixth 
or  third  nerve  may  occasion  strabismus  or  nystagmus. 
Coloboma  of  the  iris,  as  well  as  congenital  defects  of 
other  parts  of  the  body,  is  not  infrequently  present. 

Acquired  Cerehral  Atrophy. — This  is  always  sec- 
ondary, but  may  be  general  or  partial. 

General  atrophy  of  the  brain  is  found  to  a  certain  ex- 
tent in  all  prolonged  wasting  diseases,  especially  phthisis. 
It  is  conspicuous  in  senile  decay,  but  is  not  associated 
necessarily  with  any  particular  age.  The  brain  is  heaviest 
at  thirty,  "but  while  some  brains  begin  to  degenerate  at 
sixty,  others  resist  decay  at  eighty  or  even  older.  The 
brain  is  always  wasted  in  alcoholism,  and  also  in  chronic 
insanity,  usually  as  a  whole,  sometimes  more  markedly 
in  one"  hemisphere,  or  in  certain  lobes,  especially  the 
frontal.  The  most  conspicuous  general  atrophy  is  seen 
in  diffuse  meningoencephalitis  (general  paresis  of  the 
insane).  The  total  weight  of  the  brain  may  sink  in  this 
disease  below  1,000  gm.  (mininuim  normal  weight  for 
man.  1,130  gm.),  and  abundant  serum  may  accumulate 
in  the  sulci.  The  frontal  lobes  are  the  most  shrunken; 
after  them  the  central  convolutions;  the  cerebellum  is 
always  intact  (Hitzig). 

In  all  cases  of  chronic  insanity,  and  most  markedly  in 
those  of  general  paresis,  the  ganglionic  cells  of  the  cortex 
degenerate,  become  filled  with  fatty  and  pigment  gran- 
ules, and  lose  their,  protoplasm,  nucleus,  and  axis  cylin- 
ders. 

In  general  cerebral  atrophy  both  hemispheres  are  found 
sunken,  retreating  from  the  crani;d  bones,  and  the  con- 
volutions are  thin  and  small,  sejiarated  by  wide  furrows. 
In  these  enlarged  sulci,  as  also  in  the  dilated  lateral  and 
third  ventricles,  a  serous  effusion  replaces  the  brain  sub- 
stance, as  in  congenital  atrophy.  The  cortical  cover  of 
the  ventricles  maybe  so  atrophied  that  the  arachnoid  and 
pia  come  in  contact  with  the  eiiendyma  entirely,  or  in 
limited  spaces,  constituting  an  acquired  porencephaly. 

Generalized  atrophy  may  also  result  from  localized 
lesions  of  the  cortex,  whose  ganglionic  cells  .seem  to  have 
an  influence  on  the  general  nutrition  of  the  brain,  an- 
alogous to  that  of  the  ganglionic  cells  of  the  cord  on  the 
peripheric  nerves.  Finally,  mental  inactivity  predisposes 
the  brain,  as  other  imused  organs,  to  atrophy.  Thus 
probably  is  explained  the  frequency  of  premature  senile 
atrophy"  among  peasants  and  other  uneducated  people. 

Partial  atriijihies  occur  at  the  seat  of  a  destructive 
lesion,  and  alst)  in  regions  functionally  correlated  with 
this.  Of  such  lesions,  hemorrhage  is  relatively  less 
prominent  than  in  fetal  life:  embolism  and  thrombosis 
from  atheroma  of  blood-vessels  are  the  most  frequent. 
Both  are  attended  by  red  or  white  softening,  or  even  by 
'  true  localized  encephalitis ;  the  brain  cortex  may  be  in- 
filtrated with  leucocytes  following  the  track  of  blood- 


vessels, and  evidently  exuded  from^them;  and  also  with 
the  granidar  corpuscles  of  Gluge,  resulting  from  fatty 
infiltration  of  neui'oglia  cells.  To  these  processes  are 
due  the  characteristic  yellow  patches  so  frequently  found 
on  the  cortex  of  the  brain,  varying  from  an  entirely  in 
significant  size  to  the  entire  surface  of  a  hemisphere,  and 
sometimes  penetrating  its  entire  thickness  (Cotard). 
Cysts  and  sclerosis  may  be  found  in  adult  life  as  in  con- 
genital agenesia,  and  the  waste  of  nerve  tissue  may  re- 
sult, in  either  case,  in  simple  defect ;  but  the  yellow 
patches  are  peculiar  to  acquired  atrophj'.  The  cj'sts  are 
surrounded  by  an  ochre-colored  zone,  where  the  nerve 
tissue  has  been  stained  by  hemorrhagic  effusion.  Local- 
ized meningitis,  or  the  outward-bearing  pressure  of  a 
ventricular  effusion,  may  also  determine  atrophies,  either 
partial,  or,  in  the  latter  case,  synunetrical  and  general- 
ized. Tumoi-sof  the  brain  necessarily  determine  atrophy 
of  the  nerve  tissue  they  replace;  Init  on  their  periphery 
there  is  an  irritative  hypertrophy,  due.  however,  to  pro- 
liferation of  the  neuroglia  cells  (Adamkiewicz).  A  band 
of  this  same  sclerosis  surrounds  the  focus  of  any  destruc- 
tive brain  lesion.  In  senile  atrophy  occurs  the  vacuola- 
tion  of  the  brain,  long  knownas  "I'etat  crible"  (Durand- 
Fardel),  due  to  the  enlargement  of  the  lymphatic  spaces 
surrounding  the  blood-vessels.  This  dilatation  results 
from  prolonged  and  intense  hyperaemia.  Hasse  observes 
that  in  jiartial  atrophy  the  ]irimary  destructive  lesions 
affect  all  elements  of  "the  brain  sulistance;  in  secondary 
atrophy  the  nerve  elements  alone.  But  in  general  diffuse 
atrophy,  as  from  diffuse  meningitis,  an  irritative  process 
is  first  initiated  in  the  neuroglia,  and  the  nerve  elements 
gradually  waste.  A  linear  cicatrix  never  forms  in  the 
brain,  w'hose  tissues  are  incapable  of  retracting;  but 
there  is  always  a  space  to  be  filled  by  a  liquid,  or  by 
debris,  or  by  newly  formed  connective  tissue. 

The  .si/iiiptains  of  acquired  cereljial  atrophy  are  essen- 
tially the  same  as  those  of  cerebral  agenesia,  but  differ- 
ently combined,  and  existing  in  different  proportions. 
When  the  lesion  occurs  in  adult  life,  it  can  cause  no 
arrest  of  development  in  the  limbs,  such  as  is  so  common 
in  agenesia.  Partial  paresis  or  i^aralysis  may  be  pro- 
duced when  the  lesion  is  situated  in  the  motoi-  tiacts. 
But  superficial  patches  of  atrophy  of  the  central  con- 
volutions may  be  found  in  persons  wlio  had  comiiletely 
recovered  from  the  paralysis  caused  by  tlu-  initial  lesion. 
As  in  agenesia,  the  rigid  contractions  of  paretic  or  para- 
lyzed muscles  develop  together  with  the  secondary  de- 
generations; the  "late  rigidity  "  of  hemiplegics  is  not  the 
immediate  consequence  of  the  primitive  lesion.  This 
rigidity  occupies  by  preference  the  superior  extremity, 
and  is  often  confined  to  that,  even  when  the  lower  ex- 
tremity is  also  paralyzed.  It  acts  in  the  sense  of  flexion, 
so  that  the  arm  is  drawn  to  the  side,  the  forearm  jiartially 
flexed,  the  two  last  phalanges  of  the  fingers  flexed,  while, 
from  atrophy  of  the  interosseous  muscles,  tlie  first  phalanx 
is  allowed  to  be  extended.  Hence  results  the  "claw- 
hand  "  as  characteri.stic  of  hemiplegia.  Tremors,  local- 
ized clonic  cramps,  and  general  epileptiform  convulsions 
occur.  The  latter  may  precede  the  cerebral  atrophy  and 
indicate  the  progress  of  a  localized  meningitis,  of  which 
this  atrophy  is  to  be  the  result;  or  they  may  indicate  the 
progress  oi'  a  descending  sclerosis  toward  the  pons;  or 
they  may  announce  the  termination  of  the  whole  morbid 
process.  Convulsions  are  most  frequent  with  lesions  of 
the  cerebellum,  the  cerebral  cortex,  and  the  ventricles; 
but  these  belong  to  the  primary  process,  not  to  the 
atrophy  itself.  In  the  former  "case  other  symptoms 
coincide — febrile  attacks,  temporary  strabismus,  irregu- 
larities of  the  pupils,  headache.  In"  the  latter  any  mental 
deficiency  previously  existing  deepens,  even  to  dementia, 
and  as  tlie  end  draw's  near  the  patient  becomes  comatose. 
In  the  atrophy  of  general  paresis,  the  loss  of  muscular 
power  is  an  early  and  prominent  symptom.  There  is  no 
rigidity.  The  m"ental  defects  in  acquired  cerebral  atrophy 
are  even  more  varying  in  nature  and  degree  than  the 
motor  symptoms.  Sometimes  for  many  years  these  may 
be  absolutely  nil:  then,  if  the  atrophy  progresses,  the 
mental  powers  become  gradually  impaired.     Simple  fail- 
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ure  of  the  intelligence  is  usually  proportioned  to  the  ex- 
tent of  the  lesion;  qualitative  alterations  of  special 
faculties  bear  a  more  or  less  definite  relation  to  the  seat 
of  the  lesion.  The  dissociations  of  the  speech  faculty- 
are  numerous,  giving  rise  to  aphasia,  amnesia,  agraphia, 
alalia,  and  their  combinations.  Failure  in  memory,  as  in 
all  chronic  cerebral  disease,  is  one  of  the  earliest  mental 
defects:  the  moral  sense,  dependent  on  the  ethical  mech- 
anisms, the  most  delicate  of  all  (Griesinger),  is  blurred. 

Localized  atrophies  have  been  of  great  service  in  in- 
vestigating the  problems  of  localization  in  cerebral  func- 
tions. 

Prognosis  of  cerebral  atrophy  depends  upon  the  extent 
of  lesion,  and  upon,  its  stationary  or  progressive  charac- 
ter. Wlicn  only  a  limited  amount  of  brain  ti.ssue  is  de- 
stroyed, its  function  may  be  vicariously  performed  by 
another  portion,  and  the  "loss  thus  repaired.  This  is  im- 
possible -nith  extensive  acquired  lesions.  In  the  famous 
cases  of  congenital  atrophy  of  the  cerebellum  or  corpus 
callosum,  however,  the  functions  of  these  parts  must 
have  been  performed  by  other  organs,  for  their  defect 
could  not  be  diagnosed  during  life. 

A  broad  distinction  exists  between  the  prognosis  of  con- 
genital and  that  of  acquired  atrophy,  in  that  the  former 
far  more  frequently  coincides  with  an  arrested  morbid 
process,  the  latter  with  one  that  is  either  continuously 
progressive  or  liable  to  renewal  after  temporary  arrest. 
The'' mental  defects  due  to  atrophy  of  any  portion  of  the 
adult  brain  cannot  be  repaired :  the  utmost  to  be  expected 
is  their  limitation;  the  probabilities  are  that  they  will 
steadily  or  intermittently  increase.  On  the  contrary,  in 
a  brain  partially  atrophied  while  still  in  process  of  de 
velopment,  a  vigorous  psychic  education  may  often  hope 
to  develop  faculties  by  exercise  of  the  intact  portions. 
The  difficulty  of  doing  so  increases  with  any  form  of  dis- 
turbance of  the  speech  faculty.  Congenital  paresis  tends 
spontaneously  to  diminish,  "and  muscular  power  may 
be  greatly  increa.sed  bj'  systematized  gymnastics.  The 
paresis  of"  acquired  atrophy,  unlike  the  paralysis  due  to 
destructive  lesions,  tends  to  permanence  or  to  increase ; 
the  latter  ease  being  the  rule  in  the  general  paresis  of  the 
insane.  JIuscular'rigidities,  contractures,  and  the  de- 
formities of  limbs  caused  by  them,  increase  for  a  long 
time  in  congenital  cases,  first  as  a  result  of  the  extend- 
ing spinal  degeneration,  then  as  a  consequence  of  malposi- 
tion and  adaptive  shortening.  The  latter  cause  may  be- 
greatly  palliated  by  appropriate  apparatus;  and  the 
prognosis  in  respect  to  deformity,  and  to  the  power  of 
walking  and  other  use  of  the  limbs,  is  hopeful  in  direct 
proportion  to  the  influence  of  malposition,  and  inversely 
to  that  of  the  lateral  sclerosis.  Corresponding  to  the 
lesser  extent  of  tlie  brain  lesion,  the  deforming  contract- 
ures of  acquired  atropliy  are  much  more  limited,  and 
therefore  of  less  importance ;  their  degree  of  amenability 
to  therapeutic  palliation  is  about  the  same.  General  ac- 
quired atrophy  is  not  followed  by  deformity,  for  all  the 
muscles  are  equally  affected.  The  duration  of  life  is 
quite  indefinite.  Death  is  never  the  direct  consequence 
of  the  atrophy,  but  results  from  asthenia  due  to  the  pro- 
gressive impairment  of  brain  nutrition :  from  cedema,  as 
the  walls  of  the  blood-vessels  become  more  altered  ;  from 
convulsions,  especially  associated  with  extension  of  sec- 
ondary irritation;  or  from  renewal  of  the  primary  ac- 
cidents (hemorrhage,  thrombosis,  meningo-encephalitis, 
etc.). 

Treatment  is  palliative,  and  in  the  directions  implied  in 
the  remarks  on  pro.gnosis.  The  primary  morbid  process, 
if  still  going  on,  must  be  treated  by  appropriate  meas- 
ures ;  and  an  important  point  of  the  diagnosis  is  the  de- 
cision whether  this  primary  process  is  or  is  not  arrested. 
In  congenital  atrophy,  the  mental  faculties  must  be 
awakened  as  far  as  possible  by  ps3'chological  education, 
which,  to  attain  the  end,  must  be  both  persevering  and 
profound.  The  muscular  paresis  must  be  combated  by 
gymnastic  exercises,  the  deformities  by  apparatus  able 
gradually  to  stretch  retracted  muscles,  to  support  limbs 
in  proper  position,  and  by  means  of  springs  and  artificial 
muscles  to  facilitate  attempts  at  voluntary  movements. 


The  proposal  to  relieve  the  deformities  due  to  rigidity  of 
the  adductor  femoris  muscles  by  circumcision — an  opera- 
tion intended  to  relieve  a  hypothetical  genital  irritation 
— is  most  irrational.  If  relief  ever  follow  this  operation, 
it  can  be  oul_v  in  cases  of  entirely  different  character,  a 
purely  functional  spasm,  possibly  associated  with  mas- 
turbation, and  having  nothing  to  do  with  lateral  sclerosis 
of  the  cord.  The  convulsions  which  are  so  common  in 
congenital  atrophy  require  the  usual  treatment.  For 
the  eye  symptoms  (blindness,  strabismus,  n.ystagmus) 
nothing  can  be  done. 

In  acquiredatrophy  treatment  mainly  consists  in  avert- 
ing conditions  which  are  likely  to  revive  the  primary 
accidents,  and  in  treating  these  as  they  arise.  The  earlier 
in  life  the  cerebral  lesion  occurs  the  more  the  conditions 
approach  those  of  congenital  atrophy ;  and  when  the  ac- 
cidents date  from  the  first  years  of  childhood  the  prac- 
tical treatment  is  identical  for  the  two  classes  of  cases. 
Conversely,  as  a  patient  approaches  old  age,  both  the 
primary  accidents  and  the  atrophy  are  more  liable  to  be 
progressive,  and  the  role  of  the  therapeutist  becomes 
more  purely  passive.  There  can  be  no  longer  ((uestion 
of  developing  a  brain,  checked  in  its  evolution,  but  only 
of  shielding  it  from  new  injuries  which  would  cause 
fresh  deterioration  of  faculties ;  hence  mental  strain  and 
excitement  of  all  kinds  are  to  be  avoided.  The  key- 
note of  the  treatment  is  the  necessity  for  repose  for  the 
nervous  processes  proper  and  for  the  cerebral  circulation. 
Regulation  of  the  social  medium  is  the  principal  factor 
for  the  first;  of  exercise  and  climate  for  the  second. 
Apparatus  for  deformitv  is  less  needed  and  less  tolerated 
than  in  children.  The  contractures  principally  affect 
the  upper  extremities,  instead  of,  as  in  children,  the 
lower;  and  it  is  much  more  diffictilt  to  facilitate  the 
functions  of  the  arms  than  of  the  legs  by  prothetic  ap- 
jiaratus.  Still,  with  ingenuity,  this  maj'  sometimes  be 
accomplished. 

Diiif/nosis. — In  congenital  or  early  cases  it  is  principally 
necessary  to  distinguish  between  primary  and  secondary 
cerebral  "atrophy,  and  between  the  latter  and  the  various 
lesions  upon  which  it  depends,  as  hydrocephalus,  hemor- 
rhage, meningo-encephalitis.  Primary  atrophy  may  be 
inferred  from"  deficient  or  idiotic  intelligence,  without 
motor  disturbances  or  lesions  of  the  special  senses,  while 
hydrocephalus  may  be  excluded  from  the  size  of  the  head. 
The  extreme  degrees  of  diffuse  primary  atrophy  consti- 
tute microcephalic  idiocy,  and  are  recognizable  usually 
from  the  minute  proportions  of  the  cranium.  The  diag- 
nosis cannot,  however,  always  be  made,  foi',  though 
rarely,  large  portions  of  the  encephalon  may  be  absent, 
without  any  more  defect  in  the  intelligence  than  is  often 
observed  without  gross  cerebral  lesion  at  all.  And,  on 
the  other  hand,  the  destructive  lesion  causing  a  secondary 
localized  atrophy  may  be  so  limited  that  the  descending 
degeneration  occasions  no  characteristic  symptoms,  yet 
the  finer  mechanisms  of  the  brain  may  be  so  jarred  that 
the  evolution  of  the  mind  is  permanently  impaired.  In 
any  case  in  which  the  associating  fibres  or  the  super- 
added convolutions  (Broadbent)  are  affected,  while  the 
motor  fibres  prolonged  from  the  crus  remain  intact,  im- 
becility with  preservation  of  muscular  fvmction  is  pos- 
sible. "  In  secondary  atrophy,  if  the  primary  morbid 
processes  have  been"  arrested  before  they  have  been  dis- 
covered, or  at  birth,  it  is  often  difficult,  in  the  latter  case 
impossilile,  to  distinguish  between  them.  Congenital 
hydrocejihalus  is  recognizable  when  the  head  is  already 
enlarged  at  birth,  ami  may  be  a  cause  of  dystocia. 
When  the  head  begins  to  enlarge  within  a  few  weeks 
after  birth,  it  is  probable  that  ventricular  effusion  has 
already  begun  before.  The  probability  is  greater  if 
spina  bifida"  coexist.  In  such  cases  it  is  sometimes  the 
symptoms  of  the  effusion,  sometimes  those  of  the  atrophy 
and  spinal  sclerosis,  that  predominate.  An  extrauterine 
cerebral  hemorrhage  or  attack  of  meningo-encephalitis  is 
indicated  by  the  usual  signs:  but  these  are  liable  to  be 
masked  in  infancy  by  convulsions  and  fever,  common  to 
both,  and  also  to  so  liiany  other  infantile  disorders.  Per- 
sistence of  an  inflammatory  process  may  be  indicated  by 
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irregular  recurrence  of  fever,  associated  witli  pain,  re- 
traction of  head,  pupillary  symptoms,  aud  other  charac- 
teristic signs  of  meningeal  irritation.  Still  these  may 
also  be  aroused  by  the  irritative  process  of  degeneration, 
especially  when  this  reaches  the  motor  tracts  in  the  pons 
and  medulla.  It  ma}'  be  stiid  that  in  secondary  atrophy 
at  any  age,  the  diagnosis  may  be  made  by  the  ci  lincidcuce 
of  three  symptoms:  mental  defect,  nuiscidar  paresis,  aud 
muscular  "contracture ;  these  coming  on  gradually  or  after 
a  period  of  stormy  cerebral  accidents.  The  various  other 
symptoms  enumerated  may  or  may  not  be  present; 
among  them  lesions  of  the  cranial  nerves  are  of  the  same 
order  as  the  rigidities  of  the  limb  muscles,  and,  like  them, 
may  be  referred  to  the  descending  sclerosis  accompany- 
ing" the  atrophy.  Convulsions  and  fever  may  be  due  to 
this  or  to  persistence  or  revival  of  the  primary  process. 

Ma )\t/  Put n a m -Jacohi. 

BRAIN  :  CEPHALOCELE.— (Synonyms:  Encephalo- 
cele,  Hydrocephalocele,  Hydrencephalocele,  Cephalhy- 
drocele.  Meningocele,  Hydromeningocelc,  Craniocele, 
Hernia  seu  Fungus  seu  Ectopia  Cerebri).  Hernia  of  the 
brain  or  meninges  is  a  name  given  to  a  protrusion  of  a 
portion  of  the  contents  of  the  cranial  cavitv  through  an 
opening  in  the  skull  beneath  the  scalp.  There  is  need  of 
greater  simplicity  in  what  is  now  a  rather  confusing  ter- 
minology, and  it  would  seem  that  the  best  designation  for 
all  of  these  tumors  as  a  class  is  cephalocele.  There  is  a 
correspondence  in  ajiplication  between  this  word  and  en- 
terocele  because  of  the  similarity  of  their  constituents. 
There  is  a  hernial  canal  or  opening  in  the  skull,  a  hernial 
sac  consisting  of  the  dura  mater,  the  hernial  contents  com- 
posed of  whatever  substance  or  fluid  may  be  forced  out 
from  the  cranial  cavity,  and,  finally,  the  various  coverings 
of  the  hernia,  such  as  the  pericranium,  fascia,  and  skin. 
It  is  necessiiry,  in  a  true  cephalocele,  that  the  dura  mater 
form  the  hernial  sac.  The  tumors  fonned  beneath  the 
scalp  in  traumatic  lesions  of  the  skull  and  dura,  by  the 
pouring  out  of  cerebro-spinal  fluid,  are  not  true  cephalo- 
celes,  and  are  more  jiropcrly  teiTned  jMeiido- ine ni ngoceles. 
Protrusion  of  brain  substance  in  compound  fractures  of 
the  skull  is  not  considered  here,  though  sometimes  im- 
properly called  a  hernia  cerebri ;  the  correct  designation 
is  prnhipsus  ccrebi'i. 

The  varieties  of  cephalocele  depend  upon  the  contents 
of  the  tumor.  Hence  we  have  a  meningocele  where  the 
hernial  contents  are  cerebrospinal  fluid  alone  pressing 
out  the  dura  mater;  a  hydrueephalocele,  where  the  tumor 
consists  of  an  internal  hydrocephalus  expanding  and 
forcing  outward  the  ventricular  walls;  and,  finally,  an 
encephalncele ,  composed  wholly  of  brain  substance  with 
more  or  less  fluid  usually  surrounding  it. 

These  tumors  are  mostly  of  congenital  origin,  but 
there  are  certain  rare  cases  in  which  they  are  acquired 
after  birth,  through  disease  of  the  cranial  bones  or  trau- 
matism. It  is  usual,  therefore,  to  distinguish  two  forms 
of  cephalocele,  the  congenital  and  the  acquired.  In  de- 
scribing the  latter  it  will  be  best  to  use  the  prefix  pseudo. 

CoNGENiT.M,  Cepii.\locele. — Thcsc  tumors  almost  al- 
ways have  their  peduncles  at  or  in  the  inunediate  neigh- 
borhood of  some  cranial  suture.  The  great  majority  are 
in  the  anteroposterior  median  line,  as  a  rule  either  in  the 
frontal  or  in  the  occipital  region.  According  to  Giovanni 
Reale,  who  collected  68  cases  of  cephalocele,  10  were  at 
the  nasal  root,  9  in  the  frontal  suture,  5  at  the  posterior 
fontanelle,  and  32  in  the  occipital  bone,  the  rest  arising 
from  some  of  the  lateral  sutures.  Larger  tabulated  8.5 
cases.  44  of  which  were  occipital  and  41  frontal  or  sin- 
cipital. The  favorite  location  of  the  sincipital  tumors  is 
at  the  root  of  the  nose,  either  at  the  inferior  part  of  the 
frontal  suture  or  at  the  junction  of  the  ethmoid  and 
frontal  bones.  The  hernial  canal  or  opening  is  generally 
bounded  by  the  separated  or  more  or  less  malformed 
ethmoid,  frontal,  nasal,  or  lachrymal  bones,  and  some- 
times even  b.y  the  nasal  process  of  the  superior  maxilla. 
Fenger  (Am.  Jntir.  Med.  Sciences,  1895.  cix.,  1),  in  an 
article  entitled  "Basal  Hernias  of  the  Brain,"  describes 
such  sincipital  tumors  as  differ  from  the  others  in  not 


protruding  in  the  face.  The  leasf  uncommon  form  is 
the  spheno-pharyngeal  cephalocele,  protruding  into  the 
uasiil  or  nasopharyngeal  cavit}'.  These  may  be  more 
common  than  is  supposed.  They  may  be  mistaken  for 
nasal  polyps.  The  occipital  cephaloceles  are  the  most 
frequent  of  all.  They  are  situated  either  in  or  near  the 
l)osterior  fontanelle.  or  lower  down  vuider  the  occipital 
protuberance,  where  the  hernial  ojiening  may  be  con- 
joined with  the  foramen  magnum  Hernial  protrusions 
from  other  sutures  are  much  more  rare,  although  they  do 
occur  in  the  greater  fontanelle,  in  the  squamous  suture, 
or  between  the  ethmoid  aud  sphenoid  bones  at  the  base 
of  the  skull. 

Cephalocele  is  uncommon,  Trelat  finding  but  3  in 
13.000  births,  and  Vines  1  in  5,000.  It  is  said  to  be  more 
common  in  females  than  in  males,  though  Z.  Lawrence, 
quoted  by  Erichsen  ("  Surgery,  "  vol.  ii.,  p.  878),  collected 
39  cases,  31  of  which  were  males. 

The  tumors  vary  in  size  from  that  of  a  pea  to  that  of 
a  child's  head.  The  occipital  are  always  the  largest,  and 
are  usually  hydrocephaloceles.  The  sincipital  tumors 
are,  as  a  rule,  small  and  simple  encephaloceles.  Menin- 
goceles may  exist  in  either  place,  but  are  more  common 
behind.  Hydrocephaloceles  are  rarely  sincipital,  owing- 
to  the  positions  and  conformations  of  the  ventricles, 
which  are  more  apt  to  dilate  posteriorly. 

The  occipital  hydrocephaloceles  are  usuallj'  constricted 
at  their  base,  often  pedunculated,  almost  globular  in 
form,  and  seldom  attached  by  broad  bases.  They  gen- 
erally contain  the  dropsical  posterior  horns  of  the  lateral 
ventricles  or  their  fetal  analogues.  Those  in  the  lower 
occi]utal  region  enclose  the  cerebellum  and  the  hydropic 
fourth  ventricle.  In  some  of  the  largest  hydrocei)halo- 
celes  have  been  found  a  great  part  of  the  cerebrum,  the 
cerebellum,  the  fourth  ventricle,  and  the  quadrigeminal 
bodies.  The  protruding  cephalic  parts  are  commonly  of 
inferior  or  defective  development,  often  ditticuU  to  recog- 
nize as  brain  substance,  owing  to  cystoid  degeneration  and 
•sclerosis  (Huebner).  P.  Berger  (Revue  de  Chic,  1890,  x., 
269)  reports  an  extirpation  of  an  encephalocele  and  a  case 
by  a  colleague  (Pcrier)  in  which  both  specimens  wei'e  care- 
fully examined  by  Ranvierand  Suchard,  showing  features 
not  hitherto  described.  In  both  were  found  histologically 
a  mixture  of  nervous  elements  of  both  cerebrum  and  cere- 
bellum without  lines  of  demarcation,  and  Berger  regarded 
these  tumors  as  forming  a  variety  of  central  neuromata 
such  as  have  been  described  by  Virchow  (tumors  formed 
in  the  ventricles  of  subjects  afflicted  with  congenital  hy- 
drocephalus). Berger  proposes  the  term  encejihiilonie  for 
this  species  of  encephalocele.  Sometimes  the  constriction 
at  the  hernial  opening  is  so  great  that  there  is  marked  stasis 
of  blood  in  the  pia,  which  may  lead  even  to  extravasa- 
tions. Occasionalh'  these  tumors  present  longitudinal 
constrictions  caused  by  the  venous  plexus  or  by  the  falces 
of  the  dura.  The  quantity  of  fluid  contents  varies,  but 
may  reach  two  quarts.  It  has  l)cen  ff)und  to  be  rich  in 
albumin,  with  a  specific  gravity  of  1.010-1. 012. 

The  meningoceles  of  the  occipital  region  are  quite  as 
large  as  the  hydrocephaloceles,  and  similar  in  shape, 
while  those  of  t"he  sincipital  and  lateral  areas  of  the  skull 
are  much  smaller.  One  very  large  meningocele  held  fluid 
which  had  a  specific  gravity  of  1.004,  and  contained  a 
small  quantity  of  albumin,  u"ric  acid,  chloride  of  sodium, 
and  biliary  coloring  matters  (Heineke). 

The  encephaloceles  are  usually  small  tumors  with  broad 
bases,  having  a  diameter  as  a  rule  between  1  and  3  cm., 
generally  occupying  a  position  at  the  root  of  the  nose, 
and  containing  often,  besides  cerebral  substance,  a  small 
quantity  of  subdural  fluid. 

Pathology. — There  are  several  theories  advanced  to  ac- 
count for  the  origin  of  these  congenital  tumors.  One  is, 
that  there  is  a  limited  ventricular  dropsy,  which  by 
jjressure  at  some  certain  circumscribed  portion  of  the 
skidl  expands  and  separates  the  cranial  bones  and  thus 
protrudes.  From  a  hydrocephalocele  thus  formed  an 
encephalocele  may  be  produced  later,  by  reabsorption  of 
the  dropsical  fluid ;  or  a  meningocele,  by  a  recession  of 
the  cerebral   substance    into  the  cranial  cavity.      The 
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Arguments  against  this  bypotliesis  are,  that  there  would 
scarcely  be  a  circumscription  of  the  dropsy  as  imagined, 
but  rather  a  tendency  to  a  general  hydrocephahis ;  and, 
furthermore,  Ackermann  and  Heinelie  have  determined 
that  tliere  is  a  diminution,  and  not  an  increase,  of  intra- 
cranial pressure  in  cases  of  cephalocele. 

A  more  probable  tlieory  jis  to  the  etiology  of  these 
tumors  is,  that  they  originate  in  the  early  embryological 


Tig.  809.— Double  Cephalocele,  in  AVhicli  the  Anterior  Tumor  is  Cov- 
ered by  the  Skin,  the  Posterior  by  the  Dura  Mater.     (After  Tarufll. ) 

periods,  when  the  cerebral  vesicle  and  its  fluid  contents 
«re  in  j^rocess  of  growtli,  and  their  osseous  capsule  is  not 
yet  developed.  There  is  theu  an  arrested  or  defective 
evolution  of  the  cranial  vavdt.  as  a  result  of  which  com- 
plete closure  of  the  skull  does  not  take  place,  and  a  cir- 
cumscribed portion  of  the  fetal  brain  vesicle  protrudes. 
According  to  this  hypothesis,  hj'drocephalocele  would 
belong  to  an  earlier  stage  of  development,  and  encephalo- 
cele  to  a  later,  when  the  protruding  portion  of  brain  no 
longer  exhibits  the  configuration  of  the  fetal  brain  vesicle 
as  it  does  in  the  former.  In  like  manner,  meningocele 
may  originate  either  hy  the  mere  e.\trusi(jn  of  the  dura 
mater  through  pressure  of  the  subdural  fluid,  or  b_y  the 
bursting  of  a  hydrocephalocele,  or  it  may  be  the  remnant 
■of  a  disorganized  encephalocele.  Meningocele  might  also 
spring  from  the  cerebral  vesicle  in  the  earliest  sti\ges  of 
•development,  as  a  mere  membranous  c^-st  without  brain 
substance.  Yet,  if  the  defect  in  the  skull  were  the  only 
factor  in  the  formation  of  these  tumors,  it  would  be  diffi- 
cult to  understand  why  they  are  not  present  in  every 
child  in  the  open  cranial  spaces,  the  fontanclles.  We 
are  comix'lled,  therefore,  to  recognize,  as  another  factor 
in  their  causation,  a  general  or  partial  hydrocephalus, 
either  internal  or  external. 

This  conception  of  the  embryological  origin  of  cephalo- 
celes  is  corroborated  by  the  fact  that  most  of  them  are 
found  in  front  of  and  behind  the  head,  in  the  median  line, 
which  is  the  most  marked  direction  of  growth  of  the 
cerebral  vesicle;  and  that  other  defects  and  malforma- 
tions of  the  skull,  face,  spine,  feet,  etc.,  are  often  ob- 
served in  connection  with  these  cases.  Thus,  striking 
departures  from  the  normal  shape  of  the  skull  are  par- 
ticularly noticeable  in  hydrocephalocele  and  the  large 
meningoceles,  where  there  is  often  asymmetry,  thicken- 
ing of  the  sutures,  microcephalus,  flattening  from  befoi'e 
backward,  and  sometimes  hydrocephalus;  while  in  the 
simpler  tumors  the  skull  presents,  as  a  rule,  a  wholly 
normal  configuration. 

What  may  be  the  ultimate  causes  of  these  defects  can 
only  be  surmised.  Premature  union  of  the  meninges 
with  the  amnion,  and  injuries  to  the  fetal  head  in  vtero, 
may  sometimes  be  the  occasion  of  their  development. 


Benger  {loc.  cit.)  reviews  all  the  theories  in  detail  (intra- 
cranial pressure  from  limited  drops}",  arrest  of  fetal 
cranial  development,  fetal  craniotabes)  and  believes 
himself  that  an  encephalocele  is  a  primitive  protrusion 
of  part  of  the  brain  previous  to  the  formation  of  the 
cranial  vault.  He  agrees  with  Fleischmann  and  Niemeyer 
that  the  cause  of  a  simple  encephalocele  may  lie  in  a 
hyperplasia  of  brain  substance. 

Lindfors  occupies  a  whole  number  of  \heKlin.  V/>rtrage 
(Leipsic,  1898,  Nos.  222,  223)  with  a  discussion  of  the  his- 
toiy,  etiology,  and  surgical  treatment  of  congenital  cere- 
bral hernias,  bringing  the  whole  .subject  well  up  to  date 
(April,  1898).  and  citing  three  f\ill  pages  of  literature. 
He  believes  there  are  many  different  forms  and  a  variety 
of  causes,  that  even  within  one  class  there  maybe  special 
individual  modifying  causes.  The  etiology  of  hydren- 
cephalocele  is  probably  the  same  as  that  of  hydrocephalus, 
but  acting  in  a  limited  area.  In  other  varieties,  hydro- 
cephalus, new  growth,  hygroma  of  meninges  (Virchow), 
amniotic  adhesions,  rachitic  condition  of  bones,  may  all 
have  a  [ilace  in  the  etiology  of  special  cases. 

Clinicrd  F(aturej<. — The  cutaneous  surfaces  of  the 
cephaloceles  are  usually  smooth,  more  or  less  distended, 
and  sometimes  very  vascular.  Occasionally  they  are  ex- 
coriated, or  present  old  cicatrices.  Angiomala  and  lipo- 
mata  have  been  described  as  forming  upon  cephaloceles 
(Larger.  Ried).  Hydrocephalocele  and  meningocele  ex- 
hibit a  distinct  sensation  of  fluctuation,  while  the  enceph- 
aloceles  have  more  of  a  sensation  of  softness  and  elas- 
ticity, but  also  show  fluctuation  if  surrounded  by  a 
sufticieut  quantity  of  fluid.  AVhen  the  coverings  are 
thin,  from  great  tension  by  fluid  contents,  these  tumors 
ma.y  be  translucent.  They  frequently  pulsate  synchro- 
nously with  the  pulse  and  respiratory  movements;  and 
their  tension  is  often  variable,  as  there  may  be  a  sinking 
of  the  tumor  in  sleep,  and  marked  bulging  out  in  the 
acts  of  crying  or  coughing.  They  may  sometimes  be 
diminished  in  size  by  pressure,  which  if  moderate  does 
no  harm,  but  if  great  not  infrequently  produces  symp- 
toms of  brain  compression,  such  as  vomiting,  retardation 
of  the  pulse,  unconsciousness,  and  convulsions.  Pulsa- 
tion is,  as  a  rule,  absent  in  meningocele  and  hydro- 
cephalocele, but  this  naturally  depends  directly  upon 
the  size  of  the  hernial  opening  in  the  skull,  and  the  inter- 
communicability  of  the  contents  of  the  sac  with  those  of 


Fig.  810.— Section  of  Cranium  in  a  Case  of  Sincipital  Cephalocele. 
'        (After  Vannoni.) 

the  cranium ;  these  tumors  also  show  generall.v  little 
variation  during  sleep,  coughing,  or  crying,  or  upon 
the  application  of  pressure,  unless  the  hernial  foramen  is 
large.  Symptoms  depend  to  a  great  extent,  too.  upon 
the  physiological  value  of  parts  protruded;  and  in  ceph- 
aloceles such  parts  are  often  very  different  from  their 
analogues  in  the  normally  developed  brain.  In  the  light 
of  the  recent  discoveries  in  cerebral  localization  these 
cases  might  often  afford  very  interesting  results  by  care- 
ful study. 

Prognosis. — Many  children  affected  with  meningocele 
or  hydrocephalocele  die  before  or  during  birth.     Some- 
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times  the  tumor  Inirsts  during  parturition.  Those  born 
living  rarely  last  many  years,  partly  on  account  of  the 
imperfect  conditions  of  their  brains,  aud  partly  because 
the  tumor  often  rapidly  increases  to  such  size,  by  the 
superaddition  of  cerebrospinal  fluid,  that  it  bursts  spon- 
taneously, causing  death  either  speedily,  in  coma  or  con- 
vulsions! or  slowly,  trom  a  consecutive  meningitis.     Re- 


TIG.  811. 


-A  Case  Observed  by  Dr.  Irving  C.  Rosse,  of  Washington, 
D.  C* 


•covery  after  such  evacuation  of  the  tumor  takes  place 
but  rarely.  Death  occurs  usually  in  the  first  two  or  three 
years  of  life,  but  a  few  children  with  meningocele  have 
attained  the  age  of  twelve,  and  even  seventeen  years. 

The  encephaloceles  being  smaller  and  simjiler  than  the 
varieties  just  mentioned,  still-birth  and  rupture  are  less 
common  in  cases  affected  with  them,  although  they  do 
■occur.  As  a  rule,  this  class  either  grows  slowly  or  re- 
mains stationary.  Whatever  disturliance  is  excited  is 
•due  to  disorder  of  braiu  function,  but  patients  suffering 
from  the  frontal  variety  live  longer  and  with  fewer  cere- 
bral symptoms  than  those  afflicted  with  the  occipital 
variety.  Children  with  occipital  encephaloceles  are  gen- 
erally idiots,  whereas  with  the  frontal  or  sincipital  tumors 
they  arc  more  commonly  of  quite  normal  intelligence. 
Many  ha\e  reached  adidt  age. 

Spontaneous  recovery  from  encephalocele  and  menin- 
gocele has  occurred,  according  to  the  observations  of 
Wernher,  Textor,  von  Bruns,  aud  Held,  by  closure  of  the 
cranial  defect  and  the  complete  isolation  of  the  tumor  as 
a  cyst  on  the  outside  of  the  skull.  Operative  procedures 
have  proved  successful  iu  some  instances. 

Didgiwsis. — Every  tumor  of  congenital  origin  situated 
along  the  median  line  of  the  liead.  in  the  region  of  the 
root  of  the  nose  or  in  the  glabellar  or  occipital  regions, 
should  excite  suspicion  of  a  cephalocele:  and  defects  or 
malformations  in  other  parts  of  the  skull  or  bodj-  would 
be  corroborative  evidence.  The  fact  of  its  being  con- 
genital must  first  of  all  be  determined ;  then  its  relation 
to  the  various  cranial  sutures.  The  diagnosis  is  easy 
when  the  tmnor  is  in  one  of  the  situations  that  have  been 
described,  when  there  are  pulsation  and  a  sensation  of 
fluctuation,  when  there  is  a  change  in  tension  during  sleep 
or  in  crying,  and  when  there  is  a  recession  of  its  contents 
into  the  skull  upon  pressure.  If.  at  the  same  time  with 
the  recession  of  the  brain  substance  or  cerebrospinal  fluid, 
symptoms  of  irritation  or  compression  of  the  brain  de- 
velop, if  there  is  an  increase  in  the  pulsatory  or  respira- 

*  The  case  sho\VTi  here  is  that  of  an  illegitimate  male  child  of  eight 
months.  The  tumor,  about  the  size  of  a 'walnut,  protruded  from  an 
opening  in  the  right  parietal  bone  just  above  and  behind  the  protu- 
berance. The  child  was  club-footi-il.  pctnHlBctylic,  and  had  double 
harelip.  Being  unable  to  fend,  ii  rlind  aft^r  three  days  from  inanition. 
The  mesenteric  glands  were  found  to  be  enlarged.— I.  C.  R. 


tory  brain  movements,  and  particularly  if  the  edges  of  the 
hernial  opening  in  the  skull  can  be  felt,  a  cephalocele  is 
certainly  present.  But  sometimes  most  of  these  pathog- 
nomonic symptoms  are  absent,  and  the  diagnosis  can 
be  made  only  from  the  seat  and  history  of  The  tumor. 
Although  seldom  necessary,  a  tine  aseptic  hypodermic 
needle  may  be  introduced  to  determine  the  character  of 
the  contents  and  the  presence  or  absence  of  an  opening 
in  the  skull. 

The  recognition  of  these  hernias  in  the  occipital  region 
is  easiest,  because  other  congenital  tumors  of  similar 
form  are  of  extreme  rarity  in  this  position ;  but  der- 
moids, angiomata,  and  sarcomata  of  prenatal  origin  may 
have  their  seat  at  the  nasiil  root,  in  the  frontal  region, 
or  at  the  inner  canthus  of  the  eye,  and  thus  lead  to  con- 
fusion. In  the  case  of  these  latter,  the  mode  of  develop- 
ment must  be  carefully  studied,  and  note  taken  of  \aria- 
tions  in  tension,  compressibility,  and  pulsation,  and  of  the 
appearance  of  cerebral  symptoms  upon  pressure.  An- 
giomata exhibit  pulsation  and  tension  changes,  and 
may  be  often  completelj'  compressed,  but  without  brain 
symptoms  or  the  discovery  of  an  opening  in  the  skull. 
Pulsation  and  coinpressibilitj-  are  lacking  in  dermoid 
tumors.  Cranial  sarcomata  which  are  congenital,  or 
which  appear  sliortly  after  bii'th,  may  present  brain 
symptoms  on  pressure;  there  may  also  be  an  opening  in 
the  skull  which  pulsates;  aud  finally  these  growths  may 
have  a  similarity  of  feel,  but  they  grow  much  more  rajjidl}- 
than  cephaloceles,  and  usutilly  are  wanting  in  the  more 
characteristic  symptoms  of  the  latter.  The  differentiation 
of  the  varieties  of  cephalocele  can  be  made  from  the  pe- 
culiarities that  have  already  been  described.  In  naso- 
])harvngeal  varietiesit  is  well  to  remember  their  occasion- 
ally close  resemblance  to  nasal  polypi. 

Trent  me  lit. — The  most  difficult  class  to  treat  are  the 
hydrocephaloceles,  but  measures  can  at  least  be  taken  to 
prevent  sudden  death  by  spontaneous  rupture  of  the  sac. 
This  is  still  more  important  in  meningocele  and  cepha- 
locele if  there  be  a  rapid  increase  of  fluid  and  tension,  as 
a  cure  is  possible  in  many  of  these  cases.  Equable  press- 
ure should  be  made  by  means  of  cotton  batting  and  a 


Fig.  812. — An  IrregiUar  Tumor  Pn  icet'dint:  froni  the  Cranial  Cavity  by 
a  Large  OpHning  Situated  Immediately  iu  lYi'Ui  of  the  Sphenoid,  and 
Behind  the  Stilt  Cartilaginous  Ethmoid.  NasitJ-phaiyngeal  cephalo- 
cele.   (Virchow.) 

bandage,  care  being  taken  not  to  produce  brain  symptoms 
by  too  strong  compression.  If  the  distention  increases 
puncture  should  be  made  with  a  hypodermic  needle,  with 
antiseptic  precautions,  and  the  fluid  slowly  aspirated — all 
of  it  if  the  tumor  be  small,  but  only  a  portion  in  the  case  of 
large  sacs.  Then  cover  with  aseptic  cotton  and  continue 
the  compression.     Puncture  may  be  repeated  at  appropri- 
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ate  intervals.  If  rupture  has  already  taken  place,  the  an- 
tiseptic dressing  and  pressure  bandage  should  nevertheless 
be  applied.  By  this  procedure  rupture  may  be  prevented , 
the  tumor  may  be  giadually  diminished  in  .size,  and  oc- 
casiouallv  even  dissipated.  Youths  or  adults  who  are 
occasionally  observed  with  stabile  encejihaloceles  should 
wear  protective  plates  properly  curved,  with  bandages. 


Fig.  813.— Posterior  H ydrencephalocele.     (Alter  Holnies.  > 

and  sometimes  compression  may  be  made  use  of,  if  it  be 
deemed  expedient  to  do  anything,  but  great  care  is  needed 
to  avoid  the  production  of  brain  symptoms.  Puncture 
in  simple  cncephalocelcs  is  jiermissible  only  in  case  of 
continual  augmentation  in  size — no  other  operative  pro- 
cedure is  advisable.  This  is  about  all  that  can  be  done 
without  risk.  In  many  cases  in  which  incisions  have 
been  made  into  these  tumors,  through  a  mistaken  diagno- 
sis, the  result  has  been  death  from  meningitis.  Puncture 
and  the  infection  of  iodine  have  been  fatal. 

IMeningoceles  are  more  amenable  to  treatment,  as  a 
rule,  than  the  other  forms  of  cephalocele.  Occasional 
punctm-cs,  together  with  compression,  have  met  fre- 
quently with  good  results.  Little  is  to  be  expected  from 
iodine  injection,  although  Paget  was  successful  with  it 
iu  one  instance.  The  stabile  meningoceles  should,  as  a 
rule,  be  let  alone,  because  they  communicate  almost  al- 
ways with  the  cranial  cavity.  Annandale  in  one  case 
ligatured  the  peduncle  and  removed  the  tumor,  the  child 
recovering  completely  in  spite  of  an  attack  of  measles. 
Thompson  has  also  cured  a  case  by  ligation.  Schatz 
cured  a  case  bj-  the  gradual  compression  of  a  clamp 
applied  to  the  sac.  Sklifasowsky  removed  an  occipital 
cephalocele  from  a  nine-months  child  with  a  ligature, 
the  resul  t  being  successful  The  procedure  is  permissible 
in  proper  cases  under  strictly  antiseptic  precautions. 
Many  operations  in  these  cases  have  been  undertaken 
since  the  inauguration  of  the  new  era  of  brain  surgery, 
and  much  can  now  be  achieved  in  the  treatment  of  con- 
genital cephaloceles,  guided  by  the  light  of  the  latest  dis- 
coveries in  cerebral  localization  and  by  our  improved 
techuiqtie  in  craniocerebral  operations,  which  was  for- 
merly imiiossiblc.  Fenger  (Ice.  cit.)  operated  success- 
fully on  a  nasal  type,  first  removing  the  polypoid  mass 
with  the  ccraseur.  There  was  free  discharge  of  cerebro- 
spinal fluid.  The  nostril  was  packed  with  iodoform 
gauze  preparatory  to  radical  operation  to  close  the  hollow 
peduncle.  He  then  did  an  osteoplastic  resection  of  the 
superior  maxilla  (as  devised  liy  von  Langenbeck),  and 
transfixed  and  ligatured  the  ])eduncle.  Aspiration  of  the 
tumor  for  fluid  had  been  twice  negative.  He  considers 
in  this  class  that  extirpation  should  always  be  practised 
even  if  the  tumor  is  small  and  causes  no  more  disturb- 
ance than  an  ordinary  polyp,  as  there  is  always  danger 
of  meningitis  from  accidental  injury  or  surface  inflam- 
mation. Preparatory  operations  are  necessary,  and  these 
vary  with  the  different  situations  in  the  nose. 

Jioller  (Deutsch.  Zntsclu:  f.  CMr.,  1898,  xlviii.,  23) 
has  an  article  on  the  surgical  treatment  of  hydrencepha- 
locele,  in  which  he  says  that  the  old  rule  of  Heineke 
against  operation  has  now  been  overthrown,  since  the 
day  when  von  Bergmann  openly  advised  radical  opera- 
tion wherever  possible  (1888).  Moller  cites  de  Ruyter's 
(von  Bergmann's  assistant)  rules,  as  follows: 


Meningocele  should  certainly  be  operated,  because  of 
possible  ulcerations,  because  the  tumor  presents  a  point 
of  lessened  resistance  in  which  a  meningitis  may  originate, 
and  because  the  patient  is  greatly  burdened  by  the  pres- 
ence of  the  tumor. 

Encephalocele  should  be  operated  unless  it  contains 
too  large  an  amount  of  brain  tissue.  It  usually  holds  a 
somewhat  unimportant  part  of  the  brain,  part  of  the 
occii)ital  or  frontal  lobe. 

Hydrencephalocele  should  not  be  operated  because  of 
its  communication  with  a  ventricle. 

To  combat  this  last  rule  of  de  Ruyter,  MOUer  cites  a 
case  of  successful  operation  on  an  occipital  liydren- 
cephalocele,  where  the  tumor  was  nearly  the  size  of  the 
infant's  head.  The  peduncle  was  solid,  the  lumen  having 
been  obliterated.  Examination  of  the  child  one  year 
after  operation  showed  it  to  be  in  good  condition  and  of 
apparently  normal  mental  development. 

Schmitz  (St.  Pttcriibiirg.  imd.  ll'ocA.,  1898,  N.  F.,  xv., 
193)  reviews  the  forms  of  cephalocele  and  methods  of 
operation,  giving  his  experience  of  seventeen  cases.  He 
concludes  that  the  permanent  results  of  operation  are 
very  unsatisfactory.  Life  is  prolonged,  but  in  the  case 
of  hydrocephalocele,  the  child  dies  of  hydrocephalus,  or 
remains  hydrocephalic.  This  he  saj-s  is  also  true  of 
meningoceles  which  show  any  signs  of  hydrocephalus. 
If  there  be  no  hydrocephalus,  the  prognosis  is  much 
better.  Schmitz  thinks  the  prognosis  is  best  for  the 
pure  ence])haloceles  or  solid  tumors.  It  is  important  to 
note  whether  the  tumor  remains  of  original  size  or  is  dis- 
liosed  to  grow,  and  whether  it  grows  slowly  or  rapidly. 
In  the  latter  case  we  must  assume  increasing  intracranial 
pressure,  and  we  have  therefore  a  hydrocephalocele,  or 
such  a  tj-pe  is  developing  from  the  original  encephalo- 
cele. Another  question  concerning  the  advisability  of 
operation  relates  to  the  contents  of  the  tumor.  If  sin- 
cipital, the  middle  frontal  convolution  is  involved,  and 
we  may  feel  justified  in  removing  a  small  portion.  No 
motor  and  little  mental  disturbance  will  result.  In  the 
occipital  class  there  is  usually  cerebellar  tissue  (hemi- 
sphere) and  less  frequently  parts  of  the  occipital  lobe, 
and  no  symptoms  are  likely  to  follow  removal  of  small 
peripheral  portions  of  the  cerebellum.  In  case  of  large 
prolapsus  of  brain  substance,  excision  should  not  be 
practised. 

Berger  (loc.  «Y.)  believes  radical  operation  to  be  justified 
in  cases  in  which  the  tumor  is  growing  and  in  which  the 
prognosis  is  bad  without  interference. 

THmann  (Berlin,  /din.  Wock,  1895,  xxxii.,  1055)  says 
that  the  old  methods  of  compression,  puncture,  iodine  in- 
jections, and  use  of  ligature  are  not  now  considered  in  the 


Fig.  8U.— Tiimur  Divided  in  Two.    (From  Reall.) 


treatment  of  meningocele.  Even  if  infection  is  avoided 
there  is  always  danger  of  meningitis.  He  cites  two  cases 
of  cephalocele  operated  at  Bardeleben's  clinic.  The  first 
was  an  occipital  meningocele,  the  size  of  an  apple,  re- 
moved a  few  weeks  after  birth.  The  child  developed 
normally.  The  tumor  had  a  very  small  lumen  and  thick 
walls  of  ffidematofls  fibrous  tissue.  The  second  case 
presented  a  congenital  occipital  meningocele  the  size  of 
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the  child's  head.  Operation  was  performed  one  day  after 
birth  because  of  insistence  of  the  father.  One  litre  of 
fluid  was  aspirated  and  the  tumor  sac  then  removed. 
There  was  improvement  at  tirst,  but  the  child  died  on 
the  twenty-tliird  day  with  paralysis  and  convulsions. 
The  case  was  one  of  meningocele  with  chronic  internal 
hydrocephalus.    He  discusses  fully  methods  of  operation. 

ACQUIUED  CePH.4^LOCELE  or  PsErDO-CEPH.\LOCELE. — 

Among  the  cephaloceles  which  originate  subsequently  to 
birth,  through  disease  of  the  cranial  bones  or  subcutaneous 
fractures,  the  most  common  is  the  pscudo-nieningocele. 
This  is  observed  almost  exclusively  in  infancy  or  early 
youth,  but,  in  very  rare  cases,  sometimes  in  adults  after 
healing  of  the  supeificial  skull  coverings  in  fractures. 
Conner*  has  written  the  best  article  upon  pseudo-menin- 
gocele  that  is  to  be  found  in  American  literature.  Under 
the  name  traumatic  cephalhydrocele  he  describes  2 
cases  occurring  in  his  own  practice,  and  makes  an  analy- 
sis of  22  others  collected  from  general  literature :  19  of 
these  were  due  to  subcutaneous  fractures  of  the  skull,  3 
to  old  gunshot  woiinds  of  the  skull  and  membranes 
where  the  scalp  had  reunited,  and  1  was  the  result  of 
trephining;  IT  of  the  cases  were  under  three  years  of 
age.  G.  Vivien  has  collected  8  cases,  and  Thomas  Smith 
(St.  Barth.  Hospital  Reports,  vol.  x.x.)  reported  2,  and 
described  20  analogous  cases.  All  of  Smith's  were  under 
sixteen  years  of  age. 

The  history  is  usually  that  a  child  falls  upon  its  head, 
and  that,  several  hours  or  days  after,  a  fluctuating  swell- 
ing develops  under  the  scalp,  which  may  at  first  be  dif- 
fuse, but  later,  as  a  rule,  assumes  the  form  of  a  sharply 
bounded  cystic  tumor.  It  may  reach  the  size  of  the  fist 
or  be  larger.  It  is  over  the  injured  spot,  fluctuates,  and 
often  pulsates.  There  is  sometimes  a  hardene<i  border 
to  the  tiunor.  Occasionally,  by  firm  pressure,  the  fluid 
may  be  made  to  recede  more  or  less  completely  into  the 
skull  cavity,  when  the  fractured  bone  may  be  felt. 
When  this  is  not  possible,  the  hreak  may  often  be  felt 
after  |iuncture  and  I'vacuation  of  the  tumor.  In  many 
of  these  cases  puncture  has  shown  the  contents  to  be 
cerebro-spiual  fluid.  In  post-mortem  examinations  which 
have  been  made,  the  fluid  has  been  found  to  lie  under 
the  pericranium,  lifting  it  with  its  outer  coverings  like  a 
cystic  sac;  a  cleft  is  observed  in  the  bone,  and  one  of 
tiie  same  size  or  smaller  in  the  dura  mater,  through 
which  the  sac  and  subdural  cavity  comnuuiicate.  Oc- 
casionally the  cortex  has  been  injured,  and  in  recent 
cases  there  would  be  signs  of  softening  and  of  laceration 
of  the  other  membranes.  In  a  case  of  Lucas,  the  pseudo- 
meningocele  communicated  with  the  open  inferior  horn 
of  the  left  ventricle.  Two  or  three  cases  may  be  men- 
tioned in  illustration  of  this  traumatic  form.  Southam 
{Biith/i  MidicalJoin-nut.  May  12th,  1888)  gives  the  details 
in  the  ease  of  a  male  infant,  aged  six  months,  that  fell 
downstairs  and  sustained  a  subcutaneous  tract lu'c  in  the 
right  parietooccipital  region.  Fourteen  days  later  there 
was  a  swelling  over  the  fracture,  oval,  .soft,  fluctuating, 
and  pulsating.  Moderate  pressure  was  applied  with  a 
pad  of  lint  and  a  bandage.  In  a  month  the  swelling  had 
disappeared  and  the  child  recovered.  There  was  still  a 
marked  depression  in  the  bone.  Conner's  first  case  was 
a  boy  twelve  and  a  half  years  of  age,  who  fell  from  a 
wagon,  a  wheel  passing  over  his  head.  He  was  not  un- 
conscious, and  walked  into  a  house  near  by.  There  was 
a  simple  depressed  fractiu'e  of  the  right  half  of  the  oc- 
cipital bone,  and  a  non-pulsating  swelling  over  the  frac- 
tured area,  which  he  supposed  to  be  due  to  extravasated 
blood.  A  week  later,  serum  began  to  ooze  from  the  nose, 
and  there  was  putflness  of  the  right  eyebrow.  He  punc- 
tured and  drew  olT  four  ounces  of  a  pale  straw-colored 
fluid.  The  sac  rapidl_y  refilled,  and  four  weeks  later  five 
ounces  were  removed.  There  were  four  subsequent  tap- 
pings, the  fluid  withdrawn  aggregating  nineteen  ounces. 
The  specific  gravity  was  1.007 ;  no  albumin ;  sodium  chlo- 
ride, 6.6  parts  per  1,000.     The  boy  was  never  unconscious 

*  Phineas  S.  Conner  :  American  Journal  of  llie  Medical  Sciences, 
vol.  Isxxviii.,  lS8i,  page  103. 


or  delirious,  but  there  were  some  insomnia  and  mental  irri- 
tability, and  the  pulse  ranged  from  100  to  120.  Conner's 
second  case  was  a  hydrocephalic  and  rachitic  colored 
child  about  two  years"of  age  that  fell  a  distance  of  five 
feet  upon  its  head.  There  was  no  scalp  wound,  but  a 
swelling  appeared  very  quickly  over  the  right  parietal 
bone.  In  a  few  days  it  measured  four  and  a  half  by 
three  and  a  half  inches,  and  exhibited  pulsation  and 
fluctuation.  A  radiating  fractm-e  could  be  felt  through 
the  tumor.  No  treatment  was  undertaken,  and  nine 
months  after  the  accident  the  swelling  had  disappeared. 
There  are  several  facts  which  explain  the  almost  ex- 
clusive prevalence  of  traumatic  pseudo-meningoccle  in 
children.  Possibly  the  flexibility  of  the  skull  gives  a 
peculiar  character  to  the  fracture.  The  intracranial 
pressure  is  certainly  relatively  greater  in  children  than  in 
adults,  and  a  more  active  secretion  of  cerebro-spinal  fluid 
is  probably  another  factor.  The  increase  in  subdural 
fluid  may  be  due  in  part  to  the  injury  to  the  head,  or  in 
part  to  nutritive  disturbance,  rachitis,  or  some  such 
thing,  which  tloes  not  give  rise  necessarily  to  a  general 
hydrocephalus.  The  pouring  out  of  the  fluid,  its  aug- 
mented secretion,  and  the  expansive  power  of  the  grow- 
ing brain,  all  aid  in  preventing  closure  of  the  osseous 


Sincipital  Cephalocele.     (After  Vannonl.) 


fissure,  and.  indeed,  may  actually  cause  its  enlargement, 
and  even  eversion  of  its  edges.  But  iiseudo-nieningocele 
is  not  a  constant  result  of  subcutiineous  fracture  in  child- 
hood, and  it  is  likely  that  various  causes  and  conditions 
conduce  to  its  formation. 

There  are  not  man^y  observations  as  to  the  further 
course  of  ti'auniatic  pseudo-meniugocele  in  children. 
Conner  found  that  fifty  per  cent,  of  the  cases  collected 
by  him  died  of  meningo-encephalitis.  In  some  patients 
the  tumor  remains  imchanged  in  spite  of  frequent  punc- 
ture, and  in  others  it  is  cured  b_v  this  means.  Spontaneous 
retrogression  may  take  place.  The  cleft  in  the  skull 
.generally  remains  oiieu.  and  hence  the  prognosis  is  al- 
vvaj'S  relatively  unfavorable.  These  cases  are  often  of 
considerable  forensic  intei'est.  Bayerthal  {Deutsch.  med. 
]\'iirlt.,  1,^98,  xxiv.,  ST-.IS)  relates  the  case  of  a  man  aged 
eighty -one  years,  with  a  pseudo-meningocele  still  per- 
sisting, due  to  a  brick  falling  u|3on  his  head  when  he  was 
nine  montlis  old.  The  man  was  always  normal,  except 
that  he  did  not  learn  to  walk  until  four  j^ears  of  age,  and 
that  he  developed  e]iilepsy  at  the  age  of  seventy-nine 
years.  This  is  the  only  recorded  case  of  such  long  persist- 
ence of  a  pseudo-meningocele. 

Pseudo-meningocele  in  adults  has  been  observed  several 
times  after  gunshot  wounds  of  the  skull,  when  the 
scalp  wound  lias  healed,  and  once  after  recovery  with 
defect  of  bone  from  trephining.  Vivien  mentions  three 
such  cases.  As  a  result  of  subcutaneous  fracture  in 
adults  it  has  apparently  not  been  observed,  and,  if  it 
occurs,  must  be  extraordinarilv  rare. 
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Pseudo-cephalocele  sometimes  results  from  syphilitic 
or  tuberculous  caries  of  the  skull  and  perforation  of  the 
dura  mater,  and  from  complicated  fractures  accompanied 
with  prolapsus  cerebri.  Such  cases  have  been  reported 
by  Bennett,  Tavignot,  Bryk,  Podrazki,  Spring,  Hawkins, 
Talko,  Bruns,  and  Kusmin.  In  one  case  only  did  the 
dura  mater  protrude. 

These  tumors  vary  from  two  to  five  inches  in  diameter, 
and  are  usually  of  a  .soft,  elastic  consistence.  The  skin 
over  them  is  either  smooth,  glossy,  and  pale  red,  or  in- 
flamed, indurated,  and  presenting  tistulous  openings. 
Sometimes  there  are  pulsiition  and  fluctuation.  Dizziness, 
retardation  of  the  pulse,  and  even  imconsciousness  can.  as 
a  rule,  be  produced  by  pressure  upon  these  tumors  with 
the  finger.  Partial  replacement  may  be  brought  about 
by  compression,  and  in  one  case  there  was  complete  return 
of  the  hernia  by  gradual  [iressure.  When  the  brain  has 
protruded,  this  was  doubtless  due  in  manj'  cases  to  the 
formation  of  cerebral  abscess  or  to  collections  of  pus  in 
the  cavity  of  the  skull ;  in  some  cases,  probably  to  oedema 
or  encephalitis  with  tumefaction  of  the  brain  in  the 
neighborhood  of  the  diseased  or  injured  skull. 

Treatment. — In  pseudo-mcningocele  continuous  and 
equable  pressure  should  be  employed,  wlien  practicable, 
but  thissliould  be  done  early.  If 'the  tumor  is  large  and 
tends  to  increase  in  size,  operative  interference  is  allow- 
able, and  this  is  best  carried  out  according  to  the 
methods  described  by  von  Bergmann  below.  Strict 
antiseptic  precautions  should  be  observed,  and  a  com- 
press subsequently  applied.  Irritative  injections  are 
not  advisable.  If  "the  opening  in  the  skull  remains  pa- 
tent, it  is  well  to  keep  it  shielded  by  a  plate  and  bandage 
for  the  prevention  of  a  renewal  of  the  tumoror  injury  to 
the  brain.  Tonics,  nutritious  diet,  and  lime  preparations 
are  indicated. 

Otlier  forms  of  pseudo-cephalocele  are  treated  accord- 
ing to  the  nature  of  the  bone  disease  or  injury.  In  sup- 
piTrative  processes  we  must  be  on  the  lookout  for  pus 
deposits  in  the  brain  or  skull  cavity,  and  remove  them. 
If  feasible,  with  careful  asepsis.  It  is  best  not  to  operate 
on  the  prolapsed  brain  itself,  but  in  this  we  must  be 
governed  by  what  we  have  recently  learned  with  regard 
to  the  physiological  value  of  the  different  convolutions. 
Hitlierto  such  heroic  measures  have  been  carried  out 
usually  as  a  result  of  error  in  diagnosis,  and  in  these 
cases  death  has  followed  from  meningitis,  encephalitis, 
or  liemorrhage.  Compression  should  naturally  be  re- 
sorted to  in  these  cases  only  when  there  are  no  symptoms 
of  inflammation  or  suppuration.  In  the  rare  pseudo- 
cephaloceles  of  adults  we  may  cautiously  puncture  and 
make  use  of  the  comjiress,  but  we  should  always  be  on 
the  liiokout  for  symjitoms  of  inflammation  and  abscess. 

Bayenthal  (!"r.  cit.)  advances  the  singular  theorj'  that 
the  presence  of  a  pseudo-meniugocele  may  be  of  adean- 
tiKje  to  the  patient  as  a  safety  valve  for  increased  intra- 
cranial pressure,  and  that  it  might  be  more  advanta- 
geous to  enlarge  it,  than  to  remove  it,  in  cases  showing 
cortical  irritation. 

Von  Bergmann  (on  "  Cephalhydrocele  Traumatica,"  St. 
Petersburg^  med.  Wuch.,  1897,  N.  F..  xiv.,  61)  sa.ys  that 
in  these  cases  he  always  presupposes  a  fracture  of  the 
skull — in  the  majority  of  the  cases  of  the  lateral  aspects 
of  the  skull — the  lined  fractures  being  vertical.  The  in- 
terval often  observed  between  the  bones  in  such  eases  Is 
doubtless  due  to  subsequent  absorption.  A  laceration 
of  the  dura  has  always  been  found  at  autopsy.  He  con- 
siders compression  of  service  only  in  a  few  cases,  and 
only  when  applied  early.  Puncture  is  successful  in  a 
few;  but  meningitis  is  to  be  feared.  In  33  cases  of 
Rahiu.  where  puncture  was  employed.  6  were  cured  and 
9  died.  Of  3  cases  treated  by  puncture  and  iodine,  2 
died  and  I  recovered  witii  ])rolapsus  cerebri.  Two  cases 
treated  by  incision  and  drainage  died.  He  cites  Kron- 
lein's  two  cases,  in  which  the  sac  was  removed  and 
drainage  employed.  Both  recovered.  One  had  to  wear 
a  plate,  and  in  the  other  epileptic  convulsions  returned 
seven  to  eight  months  after  operation.  Von  Bergmann 
concludes  as  follows: 


1.  Puncture  should  not  be  practised.  Injections  with 
iodine  are  still  more  inadvisable. 

2.  Compression  should  first  be  tried  (with  compress 
and  bandage  or  with  a  plate).  If  the  tumor  is  thereby 
kept  small  and  flat,  radical  operation  can  be  delayed. 

3.  If  the  tumor  increases  in  size,  the  method  of  Sla  jiner 
and  Dembrowski  is  simple  and  less  dangerous  than  the 
method  of  Kronlein.  This  consists  of  making  a  flap  of 
skin,  periosteum  and  bone  to  cover  the  defect  in  the  skull, 
first  empt3'ing  the  sac  and  dissecting  it  away  from  the- 
edge  of  the  bone.  Frederirh-  Peterson. 

BRAIN:     CEREBELLAR     DISEASE.— An    etiological 

factor  witli  specific  predilection  for  the  cerebellar  tissue 
does  not  e.\ist.  Whatever  causes  disease  of  other  organs 
and  tissues  of  the  body,  produces  occasionally  also  cere- 
bellar lesions.  Chronic  purulent  otitis  media  is  of  par- 
ticular etiological  significance:  cerebellar  abscess,  a  com- 
mon affection  of  the  cerebellum,  is  one  of  its  frequent 
complications. 

Prenatal  intrauterine  and  intrapartum  accidents  and 
mishaps  may  occasionally  lead  to  disease  of  the  cere- 
bellum, although  this  occurs  more  rarely  here  than  in 
the  otlier  parts  of  the  nervous  system. 

Ataxic  hereditaire  cerebelleuse  (Marie,  Nonne)  is  be- 
lieved to  be  a  hereditary  disease  of  the  cerebellum:  the- 
final  proof  that  the  cerebellum  only  and  primarily  is  the 
cause  and  seat  of  this  disorder  is,  liowever,  still  wanting. 

Cases  of  congenital  atrophies  and  scleroses  of  tlie  cere- 
bellum are  on  record.  Their  etiological  explanation  is 
still  very  obscure.  For  some  of  tliese  cases,  possible 
intrauterine  inflammations  or  traumatisms  or  intra- 
partum accidents  may  furnish  a  probable  etiology,  an- 
alogous to  similar  restilts  wrought  by  the  same  factors 
on  the  brain,  and  occasionally  on  the  cord. 

Specific  acute  infectious  diseases  like  poliomyelitis  and 
poliencephalitis  do  not  occur  in  the  cerebellum. 

If  any  damage  is  done  to  the  cerebellum  in  the  course 
of  acute  infectious  diseases,  it  has  not  been  recorded. 

The  chronic  infectious  diseases — syphilis  and  tuber- 
culosis— are  quite  freqiu-nt  causes  of  cerebellar  disease. 
Neither  appears  to  injure  the  cerebellum  directly,  and 
the  nietasyphilitic  toxins,  of  so  great  an  etiological  im- 
portance for  the  brain  and  cord,  show  no  affinity  for  the- 
cerebellar  tissue. 

The  cerebellar  degenerations  found,  in  ca.ses  of  tabes, 
are  manifestly  secondary  to  the  primary  disease. 

Solitary  tubercles  are  frequently  found  in  the  cere- 
bellum, and  localized  basal  tuberculous  meningitis  mar 
occasionally  damage  the  cerebellum. 

Formation  of  gimimatous  tumors  is  apparently  rarer 
than  that  of  the  tuberculous  variety,  and  the  syphilitic 
meningitis,  in  the  vicinity  of  the  cerebellum,  is  more 
frequent  than  the  tuberculous. 

Finally,  it  is  to  be  remembered  that  syphilis,  by  injur- 
ing tlie  blood-vessels,  is  occasionally  at  the  bottom  of 
cerebellar  mischief.  It  is  true,  this  is  vastly  less  often 
the  case  here  than  in  the  brain  or  cord,  partly  on  account 
of  causes  explained  further  on. 

Exogenous  intoxications  do  not  seem  to  harm  the  cere- 
bellum, although  the  picture  of  acute  alcoholism  is  be- 
lieved to  be  caused  by  cerebellar  disturbance. 

General  pathological  conditions  (anaemias,  diabetes, 
carcinoses,  etc.)  do  not  directly  influence  the  cerebellum. 

Arterio-caijillary  fibrosis  is  the  only  general  state  of 
etiological  significance. 

Hemorrhages,  embolisms,  and  thromboses  of  cerebellar 
blood-vessels  are  not  very  frequent. 

Embolism  of  cerebellar  art<'ries  is  apparently  a  great 
rarity.  This  is  in  part  due  to  the  anatomical  peculiarities 
of  the  cerebellar  vascular  supply.  All  three  cerebellar 
arteries  (arteria  cerebelli  inferior  posterior,  arteria  cere- 
belli  inferior  anterior,  and  arteria  cerebelli  superior)  leave 
their  principal  branches  at  a  right  angle,  and  therefore 
an  embolus  will  be  carried  away  by  the  circulation 
through  the  wider  basilar  artery,  and  will  be  finally 
lodged  in  the  arteria  cerebri  jiosterior. 

Thromboses  of  cerebellar  arteries  are  quite  rare ;  coca- 
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sionally  thromboses  of  the  vertebral  arteries  may  lead  to 
patches  of  softening  in  the  cerebellar  hemispheres. 

Hemorrhages  of  cerebellar  blood-vessels  are  also  not 
very  frequent. 

The  cerebellar  arteries  are  very  much  smaller  thau  the 
cerebral,  and  the  onlj'  larger  artery,  the  arteria  corporis 
dentati,  is  accordingly  the  one  that  is  most  frequently 
ruptured. 

Some  cases  of  acquired  cerebellar  atrophies  and  scle- 
roses are  perhaps  interprctable  in  a  .similar  way  on  an 
arteriosclerotic  basis,  as  are  analogous  conditions  of  the 
cord  or  brain. 

Inflammations  of  the  cerebellar  tissue  are  occasional 
findings,  but  a]i|iiirently  most  of  the  time  they  are  second- 
ary purulent  infectious. 

The  autochthonous  and  metastatic  tumors  of  the  cere- 
bellum have  here  the  same  causes  as  in  the  other  parts 
of  the  body. 

Disease  of  the  bones,  meninges,  and  other  contiguous 
tissues,  and  various  external  injuries,  lead  to  a  variety 
of  secondary  pathological  states  of  the  cerebellum. 

Symptoms. — About  twenty  years  ago,  Nothuagel  wrote 
in  the  classical  monograph  embodying  the  clinical 
thought  of  that  time  that  there  is  more  diversity  of  opin- 
ion and  controversy  concerning  the  symptomatology  of 
diseases  of  the  cerebellum  thau  of  any  other  part  of  the 
brain. 

At  present  there  are  still  some  who  have  this  opinion, 
and  occasionally  reports  are  heard  of  cases  of  disease  of 
the  cerebellum  "  without  symjitoms  '' ;  in  otlier  words,  the 
cerebellum  is  still  to  be  classed  under  the  "silent  areas." 
Increased  clinical  minuteness  diminishes  considerably, 
however,  the  niimberof  cases  of  disease  of  the  cerebellum 
"without  symptoms." 

At  an  earlier  date,  experimental  methods  were  em- 
ployed to  clear  up  this  question,  and  indeed  greater 
unanimity  was  reached.  The  results  obtained  by  ex- 
perimental physiologists  (Floureus,  Magendie,  Weir 
Mitchell,  Luciaui,  Ferrier,  and  Turner),  by  their  efforts  to 
ascertain  the  symptoms  of  irritation  aud  paralysis  of  this 
part  of  the  nervous  system,  furnish  a  safe  basis  for  the 
construction  of  the  symptomatological  picture.  How- 
ever, a  great  many  points  of  the  symptomatology  are 
still  under  discussion,  because  focal  and  distant  symp- 
toms are  not  kept  sufficiently  asunder  as  yet. 

The  symptoms  of  cerebellar  disease  that  may  be  termed 
focal  evidently  do  not  depend  upon  the  nature  of  the 
causative  lesions.  Tumors,  abscesses,  softenings,  degen- 
erations, etc.,  will  neces.sarily  give  symjotoms  more  or 
less  identical  of  irritation  or  jiaralysis  of  function. 

DiflPerenees  of  degree  only  and  not  of  kind  are  fre- 
quentlv  observed.  These  are  dependent  upon  the  char- 
acter of  the  lesion,  whether  slow  or  rapid,  destructive  or 
stationary. 

Territorial  variations  of  the  lesions  do  not  seem  to 
exert  any  considerable  influence. 

The  point  particularly  dwelt  upon  by  Nothnagel,  that 
only  a  lesion  of  the  vermis  leads  to  symptoms,  while 
lesions  of  the  hcmis]iheies  have  no  clinical  manifesta- 
tions, has  not  been  corroborated  as  fully  as  it  was  origi- 
nally claimed. 

All  of  the  foregoing  will  be  better  understood  when  a 
few  cardinal  points  of  the  physiology  and  pathology  of 
the  eei'ebelhun,  about  which  all  cliniciiins  and  experi- 
mental physiologists  seem  to  agree,  are  borne  in  mind. 
These  points  are,  first,  the  fact  of  the  anatomical  and 
physiological  homogeneity  of  the  cerebellum. 

Microscopically,  the  structure  of  the  cerebellar  hemi- 
spheres is  found  to  be  the  same  all  over,  and  on  that 
basis,  as  well  as  on  clinical  and  experimental  evidence, 
physiological  identity  is  conjectured.  Thus  it  is  evident 
that  one  part  can  easily  take  up  the  function  of  the  other. 

It  is  further  established  by  clinical  aud  experimental 
evidence  that  the  functions  of  the  cerebellum  are  taken 
up  by  other  parts  of  the  nervous  system,  particularly  by 
the  somfesthetic  cortical  areas  (Luciani). 

The  above-mentioned  dissensions  are  easily  understood, 
when  one  considers  that  the  experimental  physiologists 


observe  the  animal  throughout  th^  whole  time  of  the 
disease,  see  it,  as  it  were,  during  the  flourishing  period 
of  the  symptoms,  aud  in  the  perfod  when,  through  estab- 
lishment of  direct  or  indirect  compensation,  a  good  part 
of  the  symptoms  are  disguised  or  obscured;  and  that,  on 
the  other  hand,  clinical  observations  most  of  the  time 
extend  over  a  limited  period  only,  and  by  some  observers, 
cases  are  seen  with  fully  established  compensation,  and 
by  others  cases  more  or  less  compensated  or  not  at  all. 

After  these  remarks  it  is  safe  to  state  that  the  symp- 
toms of  disease  of  the  cerebellum,  no  matter  what  lesion 
gives  rise  to  them,  are  symptoms  referable  to  disorder  of 
the  equilibration,  regulation  and  adjustment  of  the  vol- 
untary movements,  and  are  comprised  in  the  name  of 
cerebellar  ataxia. 

Luciani  attempted  to  analyze  this  compound  phe- 
nomenon and  claims  that  it  is  composed  of  tlie  following 
three  elements:  asthenia,  atonia,  and  astasia.  All  these 
three  elements  give  rise  to  a  disorder  of  motor  function 
that  he  calls  mtjtor  dysmetry. 

The  point  to  which  the  compensation  has  progressed, 
necessarily  influences  the  intensity  of  the  ataxia.  Not- 
all  agree,  however,  with  Luciani,  and  particularly  the 
asthenia  and  the  atonia  are  denied  by  others. 

In  addition  to  this  cardinal  and  direct  or  focal  .symptom 
of  disease  of  the  cerebellum,  a  number  of  symptoms  are 
described  in  cases  of  cerebellar  disease,  the  "greatest  part 
of  which  can  manifestly  not  be  taken  as  focal  but  must 
be  designated  as  indirect  or  distant  s_vmptoms. 

The  principal  focal  synqitom  of  cerebellar  disease  is. 
the  cerebellar  ataxia.  This  ataxia  manifests  itself  on  the 
patient,  first  by  disturliauce  of  the  general  e(|uilil)rium  in 
the  form  of  swaying  that  becomes  markedly  increased 
when  the  eyes  are  closed  and  the  feet  put  together.  The 
gait  designated  as  cerebellar  gait,  and  according  to  the 
French  (demarche  d'ivresse)  gait  of  drunkenness,  is  very 
much  altered;  the  patient  progresses  in  a  zigzag  line, 
the  individual  sfejis  are  irregular  and  unciiual,  the  feet 
are  lifted  unduly  high  from  the  ground  and  brought 
down  heel  first  with  undue  force. 

These  evidences  of  static  and  locomotor  ataxia  are  dif- 
ferentiated from  the  same  symptoms  in  cases  of  genuine 
tabes  by  the  fact  that  patients  with  cerebellar  disease 
show  little  or  nothing  of  this  ataxia  when  in  bed. 

This  disorder  of  the  muscular  ap]iaratus  is  in  most 
cases  evidenced  exclusively  or  predominantly  in  the 
lower  extremities. 

A  group  of  motor  jihenomena,  called  forced  attitudes 
and  forced  movements,  form  the  focal  symptom  next 
in  importance.  The  head  and  trunk  of  the  patient  are 
either  permanently  deviated  toward  one  side,  or  the  iia- 
tient  performs  queer  rotatory  movements  around  his  own 
axis  toward  one  side  or  the  other — movements  evidently 
not  purposeful,  and  having  clearly  a  character  of  forced 
l)ro|iensity  (man^'ge  movements). 

The  side  toward  which  the  permanent  deviation  or  the 
forced  movement  is  directed  is  differently  n'jioited  by 
different  observers.  According  to  some,  the  head  oi-  the 
trunk  deviates  or  the  patient  moves  toward  the  side  of 
the  lesion ;  according  to  others,  toward  the  opposite  side; 
and  according  to  still  others,  the  passive  deviation  is 
toward  the  opposite  side,  while  the  active  movements 
are  toward  the  side  of  the  lesion. 

Another  explanation  of  this  diversity  is  based  on  the 
fact  that  lesions  are  either  irritative  or  paralyzing ;  irri- 
tative lesions  are  thought  to  produce  forced  movemeiitg 
toward  the  same  side,  and  paralyzing  lesions  forced  at- 
titudes toward  the  opposite  side. 

It  is  otherwise  stated  that  forced  movements  and  forced 
attitudes  are  dependent  upon  the  situation  of  the  lesion, 
and  they  are  then  interpreted  as  focal  symptoms  of  the 
cerebellar  peduncles,  particularly  of  the  middle  ones. 

The  forced  attitudes  are  clinically  more  frequently 
observed  than  the  forced  movements.  A  good  illustra- 
tion of  a  forced  attitude  is  given  in  the  accompanying 
picture  of  a  patient  in  whom  a  tumor  of  the  right  cere- 
bellar hemisphere  was  found,  in  which  the  deviation 
toward  the  same  side  is  seen  when  the  patient  is  in  a  re- 
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dining  position,  and  more  marlved  wlicu  she  is  standing 
(Fig.  817). 

The  two  symptoms  already  named,  i.e.,  tlie  cerebellar 
ataxia  and  the  forced  movements  and  attitudes,  are  the 
cardinal  focal  symptoms  of  cerebellar  disease.     But  in 


Fig.  816.— Case  of  Cerebellar  Tumor,  Showing  Peripheral  Facial  Palsy. 

almost  every  case  there  are  additional  sj'mptoms  re- 
corded; some  evidently  not  focal,  others  mooted  as  to 
their  localizing  signiticance,  which  are  discussed  seriatim 
below. 

Motor  Symptoms:  The  upper  extremities  do  not  al- 
ways escape  t  lie  characteristic  motor  disorder.  Here  the 
ataxia  is  not  so  marlved,  but  is  often  replaced  by  atacti- 
form  tremors  ami  unsteadiness,  occasional!}'  simulating 
the  intentional  variety.  The  head  may  show  similar  mo- 
tor unsteadiness,  although  rarely. 

Localized  unilateral  and  generalized  muscular  spasms, 
with  and  without  loss  of  consciousness,  are  frequently 
mentioned,  and  by  most  observers  are  interpreted  as  dis- 
tant synijitoms. 

Jlotor  paralysis  sensu  strictiori  is  occasionally  observed. 
Hemiplegias,  "paralysis  of  one-half  of  the  body,  are  fre- 
quently uientioned  in  older  histories  of  cerebellar  cases. 
Here,  too,  the  side  upon  which  the  paralysis  occurs  is  not 
uniformly  named;  at  one  time  the  paralysis  was  homo-, 
at  another  heterolateral  to  the  cerebellar  lesion. 

In  view  of  the  fact  that  experimental  evidence  has 
proven  the  honiolaliTal  intiueiiee  of  the  cerebellum,  it  is 
to  be  assumed  that  lu/niiplegic  symptoms  are  dependent 
upon  encroachment  of  the  lesion  upon  the  pyramidal 
tracts,  and  uotupon  lesion  of  the  cerebellar  tissue  proper. 
This  is  well  illustrated  by  the  accompanying  photograpli 
(Plate  XIV.),  which  represents  a  case  of  tumor  of  the 
cerebellum  in  which  the  observed  left-sided  hemi]ilegia, 
which  was  produced,  as  can  be  easily  seen  from  the 
photograj)!),  by  pressure  upon  the  left-sided  pyramidal 
tract,  gave  rise  to  diagnostic  difficulties. 

Various  disorders  of  the  ocular  musculature,  nystag- 
mus, strabismus,  ptosis,  paralysis  of  individual  ocular 
muscles  or  muscle  groups,  are  also  frequently  mentioned. 
The  greatest  part  of  these  symptoms  are  evidently  due 
to  pressure  upon  the  corpora  quadrigemina  or  oculo- 
motor nuclei ;  but  some  of  them  must  necessarily  be  taken 
as  focal  symptoms. 

Experimentally,  deviations  of  one  or  the  other  eye 


toward  the  same  or  the  opposite  side  of  the  lesion  were 
frequently  ascertained. 

The  facial  musculature  is  also  frequently  reported  to 
have  suffered.  Occasionallj'  this  disturbance  is  only 
slight  and  transient,  and  probably  of  a  nature  similar  to 
the  motor  disturbance  of  other  muscles— j.c,  a  cerebellar 
motor  dysmetr}';  but  most  of  the  time  it  is  due  to  com- 
pression of  the  adjacent  seventh  nerve.  It  is  then  a 
paralysis  of  the  peripheral  type,  involving  all  the  three 
branches  and  showing  more  or  less  disturlmnce  of  the 
electrical  reaction.  This  is  well  illustrated  in  the  accom- 
panying photograph  (Fig.  816). 

The  "motor  portion  of  the  fiftli  nerve  is  sometimes 
found  defective,  evidently  through  pressure  upon  the 
pcri]iheral  course  of  the  nerve. 

In  the  sensory  sphere  no  symptoms  directly  referable 
to  the  cerebellum  are  observed. 

The  sensibilities  (tactile,  algesic,  thermal  and  kines- 
thetic) are  mostly  unaltered.      If  sensory  disturbances 


Fig.  817.— Case  of  Cerebellar  Tumor.  Sbowiug  Hemiplegia  and  Devia- 
tion. 

are  foiuui,  as  in  a  case  of  cerebellar  abscess  lately  ob- 
served by  the  writer,  they  are  easily  traced  to  the 
spreading  of  the  disease  into  the  sensory  pathways. 

Of  the' special  senses  sight  and  smell  are  frequently 
found  inqiaired.  Choked  disc  and  optic  atrophy  are  fre- 
quent and  early  accompaniments  of  compressing  lesions 
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of  the  cerebellum.  The  old  belief,  however,  that  the 
cerebellum  is  iu  auj-  phj-siological  or  anatomical  connec- 
tion with  the  visual  centres,  has  long  since  been  dis- 
carded. Similarly,  anosmia,  the  loss  of  sense  of  smell, 
is  not  a  focal  symptom,  but  is  dependent  upon  the  press- 
ure of  hydrocephalic  tluid,  a  frequent  consequence  of 
cerebellar  disease,  upon  the  olfactory  bulbs. 

The  other  cranial  nerves  may  occasionally  suffer  in- 
directly. 

About  the  state  of  the  tonus  of  the  muscles,  the  reports 
are  almost  diametrically  opposite.  According  to  some 
there  is  a  normal  tonus  or  even  a  hypertonia :  according 
to  others  a  unilateral  or  bilateral  hypotomia ;  and  accord- 
ing to  still  others  there  is  at  one  time  some  rigidity,  at 
another  flaccidity. 

In  keeping  with  this,  the  reports  about  the  reflexes, 
particularly  the  knee  reflexes,  are  equally  contradictory. 
They  are  reported  to  be  present  or  exaggerated,  or  ab- 
sent or  diminished.  Jackson  and  others  report  variabil- 
ity of  the  findings,  and  I  have  found  it  so  in  the  patient 
whose  picture  is  here  reproduced,  and  whose  tonus  and 
reflexes  were  frequently  examined. 

Disordered  trophic  functions  are  reported  by  the  ex- 
perimental physiologists.  But  such  symptoms  have  not 
been  ascertained  clinically.  Occasionally  the  pes  cavus 
is  mentioned  in  this  connection,  but  this  is  evidently  the 
result  of  the  static  ataxia. 

Visceral  functions  are  rarely  disturbed.  Control  of 
the  sphincters  is  damaged  only  when  the  state  of  con- 
sciousness is  interfiled  with.  In  this  connection  it  is 
well  to  draw  attention  to  the  sj-mptom  complex  that  the 
French  call  syndrome  bulbo-protuberantielle  —  which 
consists  of  attacks  of  bradycardia  and  Cheyne-Stokes 
respiration. 

These  symptoms  are  evidently  referable  to  pressure  on 
the  medulla,  and  will  occur  in  any  lesion  in  this  neigh- 
borhood. The  same  may  be  said  of  the  occasionally  ob- 
served glycosuria  and  polyuria. 

The  mental  functions  are  primarily  not  altered  in  cere 
bellar  disease,  and  the  old  conception  of  the  intimate 
connection  of  the  cerebellum  with  the  sexual  instinct  is 
without  foundation. 

The  speech  is  frequently  altered.  The  disturbance  is 
of  the  dysarthric  type,  commonly  called  cerebellar  dys- 
arthria, and  occasionally  reminds  one  strongly  of  the 
syllabic  speech. 

Di.\GXOSis. — The  diagnosis  of  disease  of  the  cerebel- 
lum is  made  without  ditficulty  when  the  focal  S3"mptoms 
are  pronounced.  Freijuently,  however,  the  picture  is 
considerably  obscured  by  a  number  of  distant  symptoms 
or  by  compensation.  Joseph  Fraenktl. 

BRAIN:    CEREBRAL    HEMORRHAGE— Etiology.— 

The  most  frequent  cause  of  non-traumatic  cerebral  hem- 
orrhage is  the  occurrence  of  miliary  aneurisms  in  the 
vessels  of  the  brain.  These  aneurisms  are  0.1-1  mm.  in 
size  and  are  found  with  extreme  rarity  in  other  organs. 
Charcot  and  Bouchard,  who  were  the  first  to  recognize 
them  as  the  cause  of  hemorrhage,  regard  them  as  due  to 
chronic  periarteritis,  which  leads  to  an  excessive  prolifer- 
ation of  nuclei  in  the  lymphatic  sheaths  and  walls  of  the 
vessels,  and  sometimes  to  atrophy  and  disappearance  of 
the  muscular  coat.  These  writers  believe  that  the  im- 
plication of  the  tunica  intima,  which  is  alwaj'S  present 
in  such  cases,  is  secondary  to  the  affection  of  the  outer 
walls.  Almost  all  the  more  recent  writers  attach  the 
chief  importance  to  a  primary  affection  of  the  tunica 
media.  According  to  Koth,  the  intima  is  first  attacked 
by  waxy  degeneration.  Roth  states  that,  in  the  begin- 
ning, we  find  diffuse  cylindrical  dilatation  of  the  vessel, 
then  there  is  degeneration  of  the  muscular  coat,  occa- 
sionally of  a  waxy  character.  Next,  all  three  laj'^rs  of 
the  ves.sel  undergo  aneurismal  dilatation,  and  finally  the 
intima  and  adventitia  become  thickened  in  order  to  com- 
pensate for  the  atrophy  of  the  media. 

.Lowenfekl  claims  that  various  vascular  changes  may 
lead  to  ru|iture,  viz.,  simple  atrophy,  fatty  and  granular 
degeneration  or  ordinary  atheroma.     There  is  very  little 
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doubt,  however,  that  these  views  oljtain,  if  at  all,  only 
in  exceptional  cases. 

Miliary  aneurisms  are  always  very  minute,  and  some- 
times cannot  be  seen  without  the  aid  of  a  lens.  Charcot 
and  Bouchard  noticed  that  they  manifested  a  predilection 
for  certain  parts  of  the  brain,  being  found  with  diminish- 
ing frequency  in  the  following  regions:  optic  thalamus, 
corpus  striatum,  cerebral  cortex,  pons  Varolii,  cerebellum, 
centrum  ovale,  peduncles,  and  medulla  oblongata.  In 
the  very  large  majority  of  cases  they  are  situated  in  the 
corpus  striatum  and  optic  thalamus,  thus  explaining  the 
great  preponderance  of  hemorrhages  in  this  locality. 

It  has  long  been  thought  (and  many  clinicians  and 
pathologists  hold  this  view  at  the  present  time)  that 
atheroma  of  the  cerebral  vessels  is  one  of  the  main  causes 
of  cerebral  hemorrhage.  But  this  view  is  erroneous. 
Atheroma  of  the  brain  is  confined  usually  to  the  arteries 
of  the  circle  of  Willis,  and  it  is  not  uncommon  to  find 
these  vessels  as  rigid  and  unyielding  as  pipe  stems,  with- 
out a  trace  of  hemorrhage  in  the  brain.  In  rare  cases, 
even  the  vessels  of  the  pia  mater  have  been  found  to  be 
exquisitely  atheromatous,  although  no  vascular  rupture 
had  occurred.  On  the  other  hand,  it  is  not  uncommon 
to  find  extensive  hemorrhage,  although  atheroma  of  the 
vessels  is  entirely  absent  or  very  slight. 

Age  is  an  important  factor  iu  causation,  the  large  ma- 
jority of  cases  occurring  after  the  age  of  forty -five  years. 
But  cases  are  not  very  infrequent  at  an  earlier  period, 
and  they  may  also  occur  in  infancy  and  childhood. 
Billard  found  a  clot  in  the  left  corpus  striatum  in  an  in- 
fant three  days  old. 

Heredity  also  appears  sometimes  to  play  a  certain  part 
in  etiology,  but  it  acts  by  inducing  the  development  of 
miliary  aneurisms,  and  not  by  giving  rise  to  any  defect 
in  the  cerebral  tissues  proper. 

The  disease  also  occurs  quite  frequently,  during  the 
course  of  Bright's  disease,  associated  with  hypertrophy 
of  the  heart  without  valvular  lesion.  It  has  been  sup- 
posed that  the  cardiac  hypertroph3'  and  consequent  in- 
creased arterial  jjressure  are  the  active  factors  in  this 
condition,  but  it  is  more  probable  that  they  act  only  as 
exciting  causes,  the  real  cause  being  found  in  the  changes 
in  the  walls  of  the  vessels  (arteriosclerosis),  which  con- 
stitute an  integral  part  of  Bright's  disease. 

In  scurvy,  leukaemia,  ha;mophilia,  and  severe  infec- 
tious diseases,  minute  cerebral  hemorrhages  maj'  occur  as 
the  result  of  the  nutritive  changes  induced  in  the  walls  ■ 
of  tlie  vessels,  but  these  will  not  be  considered  in  this 
article. 

Violent  muscular  strain,  mental  excitement,  cold  baths, 
etc.,  are  also  adduced  as  causes,  but  they  prove  efficient 
only  if  a  lesion  of  the  vessels  is  present.  They  prob- 
ably act  by  causing  active  or  passive  cerebral  congestion. 

The  large  majority  of  cases  occur  in  the  male  sex,  the 
predisposing  and  exciting  causes  being  more  frequent  in 
males  than  in  females. 

P.YTiioLOGiCAi,  Anatomt. — If  the  patient  dies  soon 
after  the  occuiTence  of  a  cerebral  hemorrhage,  a  soft, 
black  clot  is  found,  which  can  be  readily  removed  from 
its  cavity,  and  is  usually  mixed  with  shreds  of  brain 
tissue.  The  surrounding  tissues  are  irregularly  torn, 
and  are  softened  and  blood-stained  for  some  distance 
around  the  clot.  Very  little  fluid  blood  is  present.  The 
size  of  the  clot  varies  from  a  minute  speck  (capillary 
hemorrhages)  to  a  mass  of  enormous  size,  which  may 
occupy  a  considerable  portion  of  one  lobe.  In  the  latter 
event  the  blood  usually  ruptures  into  the  lateral  ventri- 
cle, may  then  pass  into  tlie  opposite  lateral  ventricle, 
and  also  force  its  way  through  the  third  into  the  fourth 
ventricle.  More  rarely  the  hemorrhage  breaks  through 
the  cortex  and  appears  under  the  pia  mater,  usually 
upon  the  convexity.  When  the  hemorrhage  is  large  in 
amount,  pressure  effects  are  distinctl.y  perceptible.  The 
convolutions  may  be  flattened,  the  falx  cerebri  pushed 
forcibly  toward  the  opposite  side  of  the  brain,  and  even 
the  nerves  flattened  at  the  base  of  the  brain.  In  such 
cases  the  cerebral  tissues  are  usually  very  dry. 

If  the  loose  clot  is  gently  removed  and  the  tissues 
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slowly  moved  to  and  fro  under  water  in  order  to  remove 
the  more  adherent  shreds,  we  shall  usually  be  able  to 
find  the  artery  upon  which  the  ruptured  miliary  aneu- 
rism (sometimes  more  than  one)  is  situated. 

After  a  variable  period,  depending  chiefly  upon  the 
size  of  the  clot,  the  latter  begins  to  contract,  finally 
breaks  down,  as  it  does  in  other  localities,  and  absorp- 
tion then  begins.  The  extent  to  which  this  occurs  varies 
in  different  cases.  Sometimes  the  absorption  is  complete 
and  perhaps  nothing  will  be  left  at  tliesite  of  the  hemor- 
rhage but  a  narrow,  waxy,  yellowish  cicatrix,  which 
contains  a  variable  number  of  ha'matoidin  crj-stals.  The 
latter  may  also  be  scattered  through  the  surrounding 
tissues,  giving  them  a  reddish  yellow  color.  In  other 
cases  the  serum  is  not  absorbed,  and  a  cavity  remains 
which  may  be  lined  with  a  delicate  cyst  wall.  After  the 
lapse  of  time  it  often  becomes  difficult,  sometimes  im- 
possible, to  distinguish  these  cysts  from  the  remains  of 
spots  of  softening.     (Fig.  3,  Plate  XV.) 

The  changes  described  run  their  course  in  a  short  time. 
The  clot  remains  soft  for  three  or  four  days ;  absorption 
then  becomes  active  and  reaches  its  maximum  toward  the 
close  of  the  second  week.  If  absorption  is  not  complete, 
the  cavity  contains  serum  by  the  twentieth  day,  and  the 
cyst  wall  is  fully  formed  in  from  four  to  six  weeks. 

Hemorrhages  within  the  region  of  the  pyramidal  tracts. 
In  any  part  of  their  course  (and  also  those  in  the  motor 
regions  of  the  cortex),  give  rise  to  secondary'  descending 
degeneration,  which  extends  down  through  the  crus, 
pons,  and  mediilla  into  the  anterolateral  column  of  the 
opposite  side  of  the  spinal  cord.  In  very  rare  cases  the 
degeneration  finally  extends  into  the  anterior  gray  horns 
of  the  cord. 

Among  twenty  cases  of  descending  degeneration  of  the 
spinal  cord  due  to  unilateral  lesions  of  the  brain,  Pitres 
found  four  cases  in  which  the  degeneration  was  present 
in  both  lateral  columns,  though  more  markedly  on  the 
side  opposite  to  the  cerebral  lesion.  He  attributes  this 
phenomenon  to  very  incomplete  decussation  of  the  py- 
ramidal tracts  in  the  medulla  oblongata — the  variability 
of  which  has  been  clearly  demonstrated  by  Flechsig. 

After  hemorrhages  into  the  occipital  lobe  secondary 
degeneration  is  found  in  the  optic  radiations  and,  at  a 
much  later  period,  in  the  external  geniculate  body,  pul- 
viuar,  and  anterior  corpora  quadrigemina.  After  the 
lapse  of  years  this  degeneration  may  involve  the  optic 
tract  and  nerve. 

After  hemorrhage  into  the  second  or  the  third  frontal 
convolution  we  find  degeneration  of  the  dorsal  bundle  of 
the  lenticulo-striate  section  of  the  internal  capsule.  This 
is  followed  by  degeneration  of  the  median  segment  of 
the  cerebral  peduncle,  of  the  fibres  to  the  median  nucleus 
of  the  optic  thalamus,  and  of  the  anterior  portion  of  the 
lateral  nucleus  of  the  same  ganglion. 

After  hemorrhage  into  the  temporal  convolutions  de- 
generation of  the  most  lateral  portion  of  the  peduncle 
has  been  observed  in  several  cases. 

After  large  hemorrhages  into  the  tegmentum  of  the 
pons,  secondary  degeneration  of  the  fillet  takes  place,  not 
alone  in  an  ascending  but  also  in  a  descending  direction. 
This  extends  to  the  nuclei  of  the  posterior  columns  on 
the  opposite  .side  after  the  lapse  of  years,  and  the  gan- 
glion cells  there  undergo  atrophy. 

Almost  all  cases  of  old  hemorrhage  which  have  come 
under  our  observation  on  the  post-mortem  table  have 
exhibited,  irrespective  of  the  site  of  the  lesion,  an  atrophy 
of  the  brain.  This  is  observed  throughout  the  entire 
cerebral  hemisphere  on  the  side  of  the  hemorrhage,  and 
in  the  opposite  hemisphere  of  the  cerebellum.  The 
atrophy  of  the  latter  is  proportionately  less  marked  than 
that  of  the  cerebnuii,  but  it  appears  to  affect  all  parts 
alike.  The  cause  of  this  phenomenon  is  obscure,  but  it 
is  due  probably  to  partial  disuse  of  the  structures  im- 
plicated. 

Symptom.\tologt. — In  the  majority  of  cases  there  are 
no  precursory  manifestations  of  this  disease.  When  they 
are  present,  they  consist  of  vertigo,  headache,  ringing 
in  the  ears,  general  mental  inertia,  occasional  lapses  of 


memory,  atad  defective  speech.  Sometimes  slight  numb- 
ness and  a  feeling  of  weakness  may  be  felt  upon  one  side 
of  the  body.  The  latter  symjjtoms  are  generally  de- 
pendent on  a  slight  hemorrhage  which  has  already  oc- 
curred. The  other  prodromal  symptoms  are  supposed 
to  be  due  to  congestion  of  the  brain. 

As  a  rule,  however,  the  symptoms  begin  quite  sud- 
denly. In  a  considerable  proportion  of  cases  the  attack 
develops  during  sleep,  the  patient  going  to  bed  in  his 
usual  condition  of  health  and  awaking  in  the  morning  to 
find  himself  paralj'zed  on  one  side  of  the  body.  When 
the  attack  occurs  during  waking  hc'urs,  the  patient  gen- 
erally experiences  a  strange  sensation  in  the  head  and  an 
increasing  feeling  of  numbness  and  weakness  on  one 
side.  This  is  followed  rapidly  by  loss  of  power  on  that 
side,  and  the  patient,  if  standing,  falls  to  the  ground, 
and  in  a  certain  proportion  of  cases  becomes  unconscious. 
It  must  be  remembered,  however,  that  a  large  number 
of  ])atients  retain  their  consciousness  throughout  the  en- 
tire seizure.  Thus  it  has  been  noticed  that  even  twenty- 
four  hours  have  elapsed  from  the  onset  of  the  symptoms 
to  the  development  of  complete  hemiplegia  and  aphasia, 
the  patient  retaining  consciousness  and  the  control  of 
his  mental  faculties  during  this  entire  period.  The  dis- 
turbance of  consciousness  in  different  attacks  presents  all 
possible  grades  from  this  condition  to  complete  and  pro- 
found coma. 

In  the  most  severe  cases  the  patient  lies  motionless, 
with  a  turgid,  sometimes  livid  face,  the  pupils  varying 
but  usually  presenting  no  characteristic  appearance,  the 
cheeks  flaccid  and  flapping  loosely  with  re.siiiration. 
The  pulse  is  usually  slow,  full,  and  "hard;  the  arteries  of 
the  neck  pulsate  visibly.  Respiration  is  usually  slow, 
labored,  and  attended  with  stertor;  sometimes  Cheyne- 
Stokes  respiration  is  observed  and  is  generallv  of  fatal 
import.  All  the  limbs  may  be  in  a  condirion  of" complete 
resolution,  b\it  more  commonly  the  non-paralyzed  side 
manifests  a  slight  rigidity. 

A  not  infrequent  symptom  of  the  apoplectic  seizure 
is  the  so  called  conjugate  deviation  of  the  eyes  and  head. 
Both  eyes  are  usually  turned  away  from  the  paralyzed 
side,  "as  it  looking  toward  the  site  of  the  lesion." 
N3'stagmus  movements  may  be  noticed  at  times,  but  the 
axes  of  the  eyes  are  not  directed  bej'ond  the  median  line. 
The  head  is  also  turned  in  the  same  direction  as  the  eyes, 
and  offers  distinct  resistance  when  an  attempt  is  made 
to  restore  it  to  the  normal  position.  In  extremely  rare 
cases  this  symjitom  has  been  observed  in  attacks  of  cere- 
bral hemorrhage  unattended  with  loss  of  consciousness. 

This  peculiar  phenomenon  is  usually  noticed  when  the 
hemorrhage  occurs  in  the  parietal  lobe  (especially  near 
the  inferior  parietal  lobule),  although  it  is  also  observed 
at  times  when  other  parts  of  the  brain  are  implicated. 
According  to  Hughlings  Jackson,  conjugate  deviation 
is  of  sinister  prognostic  import  with  regard  to  the  recov- 
ery of  the  paralysis. 

When  the  hemorrhage  ruptures  into  the  ventricles,  or 
through  the  cortex  beneath  the  pia  mater,  contractures 
or  convulsions  are  frequently  noticed.  Pitres  states  that 
this  symptom  depends  upon  the  point  of  rupture  of  the 
hemorrhage  into  the  ventricle,  and  is  produced  only 
when  the  fronto-parietal  fibres  are  involved  by  the  lesion. 

It  has  been  stated  that  severe  hemorrhages  are  attended 
invariably  by  an  initial  depression  of  temperature  (one- 
fourth  to  one-half  hour  after  the  beginning  of  the  seizure), 
followed  in  a  few  hours  by  a  rapid  rise,  which  continues 
until  death  in  fatal  cases,  and  subsides  after  a  few  days 
in  the  non-fatal  cases.  In  some  instances  the  tempera- 
ture may  rise  from  the  very  beginning,  even  though  the 
disease  has  a  rapidly  fatal  termination. 

The  cutaneous  and  tendon  reflexes  are  usually  abol- 
ished or  greatly  diminished  during  the  period  of  coma. 
But  this  condition  soon  gives  jilace  to  an  increase  of  re- 
flex excitability,  with  the  exception  of  the  cremaster  and 
abdominal  reflexes,  which  are  found  to  be  diminished. 

As  a  general  rule,  the  patient  slowly  rallies  from  the 
comatose  condition,  consciousness  being  restored  usually 
in  a  period  varying  from  an  hour  or  more  to  a  couple  of 


242 


EXPLANATION    OF 
PLATE   XV, 


EXPLANATION    OF    PLATE    XV. 

Fig.  1. — "The  inner  surface  of  the  dura  mater  (right  half)  is  covered  with  a  pseudo  membrane 
which  is  colored  a  pale  red  in  some  parts,  a  dark  red  in  others,  and  which  clings  firmly  to 
the  dura.  On  the  left  side  there  is  presented  an  irregularly  shaped  yellowish-green  deposit 
which  rests  upon  an  older  layer  of  organized  e.vuded  material  of  a  darlc  red  color  and  in- 
filtrated with  blood.  The  explanation  of  these  conditions  is  this:  An  infectious  fibrino  puru- 
lent inHammation  has,  in  this  case,  been  grafted  upon  an  older  proliferative  process,  a  com- 
plication which  is  observed  only  in  rare  instances.  The  pseudo-membrane,  which  is  applied 
quite  uniformly  over  the  inner  surface  of  the  dura  mater,  is  composed  of  a  fibrous  connective 
tissue  which  in  some  parts  is  rich  in  cells  and  everywhere  is  liberally  supplied  with  blood-ves- 
sels (pachymeningitis  vasculosa).  In  many  places  throughout  the  layers  of  newly  formed 
tissue  there  may  be  seen  hemorrhagic  exudations,  some  of  older  and  others  of  more  recent  date. 
It  is  safe  to  assume  that  these  hemorrhages  have  come  from  the  imperfectly  developed  new 
blood-vessels,  through  a  process  of  diapeuesis  "     (Bollinger.) 

Fig.  2. — Apnpli.vi/  nf  the  Riyht  Hemisphere  of  the  Brain  {nucleus  candntiis  and  jiucleus  lentiformis ; 
capsuhi  interna).  "In  the  right  cerebral  liemisphcre,  ata  point  corresponding  to  the  location  of 
the  nucleus  lentiformis.  and  extending  from  this  outward  as  far  as  to  the  capsula  interna,  is 
an  irregularly  shaped  cavity,  somewhat  larger  than  an  English  walnut,  which  is  tilled  with 
dark,  reddish-brown  masses  of  clotted  blood.  lis  walls  in  some  places  show  a  rust}'  red  dis- 
coloration. Some  bloody  serum  is  present  in  the  right  lateral  ventricle.  The  rest  of  the  cere- 
bral parenchyma  is  tough,  the  brain  as  a  whole  being  atrophic  (it  weighs  1,230  gm.).  The 
large  arteries  at  the  base  of  the  brain  are  in  a  condition  of  marked  atheromatous  degeneration; 
the  artcria  pro  fossa  Sylvii  is  obliterated. 

"Among  the  other  pathological  conditions  found  in  this  woman,  who  was  sixty-nine  years 
of  age,  the  following  may  be  mentioned:  Chronic  interstitial  nephritis  and  hypertrophy  of  the 
heart  (both  ventricles),  which  weighed  475  gm.  (the  normal  weight  being  from  250  to  300 
gm.)."     (Bollinger.) 
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Fig.  2. 

Intracranial   Pathological  Conditions.      (After  Bollinger  ) 
Fig.  I.    Pachymeningitis  Interna  Haemorrhagica.  Fig.  2.    Apoplexy  of  the  Right  Hemisphere  of  the  Brain. 
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days.  Wlien  consciousness  is  restored  the  paralysis 
present  is  more  clearly  defined  and  is  found  to  consist 
usually  of  hemiplegia  of  motion,  frequently  associated 
with  aphasia  -nhen  situated  on  the  right  side  of  the  body. 

In  a  considerable  proportion,  perhaps  the  majority,  of 
cases  it  is  found,  when  the  patient  returns  to  conscious- 
ness, that  sensation  is  also  somewhat  impaired  on  the 
paralyzed  side.  In  addition  it  is  not  rare  to  find  that 
hemianesthesia  of  the  special  senses,  associated  witli 
hemiopia,  is  also  present.  Gowers  thinks  that  the  latter 
symptom  can  be  detected,  In  the  majority  of  cases,  dur- 
ing the  first  period  after  the  attack,  "ft'e  have  verified 
this  observation  in  a  number  of  instances.  As  a  rule, 
the  sensory  disturbances  disappear  almost  entirely  within 
one  or  two  weeks,  though  exceptionally  the}'  continue 
permanently,  while  the  motor  symptoms  clear  up  in 
great  part  or  entirely. 

In  the  majority  of  cases  improvement  continues  unin- 
terruptedly after  the  restoration  of  consciousness  until 
a  certain  definite  degree  of  paralysis  is  left  over.  In  a 
small  proportion  of  cases,  however,  symptoms  of  cere- 
bral irritation,  probably  owing  to  the  development  of 
encephalitis  around  the  clot,  make  their  appearance  at 
the  end  of  a  week  or  ten  days,  sometimes  as  early  as  two 
or  three  daj'S,  after  the  occurrence  of  the  hemorrhage. 
The  patient  then  complains  of  severe  headache,  the  tem- 
perature again  rises,  irritability,  and  even  delirium  may 
supervene.  These  symptoms  may  increase  in  severity 
and  a  fatal  termination  ensues,  or,  after  lasting  for  a 
week  or  more,  they  may  gradually  disappear,  leaving 
the  patient  in  about  the  same  condition  as  before  the  re- 
lapse. In  some  cases,  rigidit)'  or  contractures  develop 
during  this  condition,  and  subside  with  the  other  symp- 
toms. 

Acute  decubitus  (bedsore)  may  also  develop  during 
the  early  period  of  the  attack.  If  this  occurs,  it  will  be 
found  usually,  from  the  second  to  the  fourth  day,  that 
an  erythematous  patch  appears  upon  the  middle  of  the 
gluteal  region  of  the  paralyzed  side,  followed  rapidly 
(usually  the  next  day)  by  the  formation  of  bulls,  and 
then  by  rapid  sloughing  of  the  parts.  According  to 
Diprat,  the  acute  bedsore  is  sometimes  observed  upon 
the  healthy  side.  Charcot  states  that  death  almost  al- 
ways occurs  in  such  cases. 

Vasomotor  symjitoms  may  also  be  noticed  from  the 
very  onset  of  the  attack.  The  paralyzed,  side  is  then 
wanner  to  the  feel  than  the  non-affected  side,  and  is 
covered  with  more  profuse  perspiration ;  sometimes  the 
radial  pulse  is  fuller  on  the  hemiplegic  side ;  slight  adema 
of  the  skin  on  this  side  is  also  often  noticed.  These  symp- 
toms disappear  in  proportion  as  the  coma  subsides,  and, 
at  a  later  period,  may  give  place  to  vaso-motor  symptoms 
of  a  different  character,  which  will  be  mentioned  later. 

After  the  immediate  effects  of  the  hemorrhage  have 
pas.sed  off.  the  patient  may  live  for  years  without  a  re- 
currence. Subsequent  attacks  usually  occur,  however, 
unless  the  patient  dies  from  an  intercurrent  disease. 

The  hemiplegia  left  over  after  an  ordinary  attack  of 
cerebral  hemorrhage  presents  the  following  character- 
istics : 

The  paralysis  is  not  so  well  marked,  as  a  rule,  in  the 
face  as  in  the  limbs.  There  is  less  expression  and  power 
of  motion  in  the  lower  half  of  the  paralyzed  side  of  the 
face  than  on  the  opposite  side,  the  nasolabial  fold  is 
partly  or  entirely  effaced,  and  the  angle  of  the  mouth 
droops  and  sometimes  is  drawn  closer  to  che  median  line. 
The  frontalis  and  orbicularis  palpebrarum  usually  act  as 
well  as  those  on  the  non-paralyzed  side,  though  careful 
observation  often  shows  that  they  do  not  contract  quite 
as  vigorously  as  normally.  This  is  particularly  notice- 
able if  the  patient  be  directed  to  close  only  the  eye  of 
the  paralyzed  side.  The  paralysis  of  the  lower  half  of 
the  face  becomes  more  noticeable  during  voluntary 
movements,  while  in  laughing  both  sides  of  the  face  may 
contract  to  an  equal  degree.  Some  difficulty  in  mastica- 
tion may  arise  from  the  accumulation  of  food  between 
the  teeth  and  cheek  of  the  affected  side:  more  rarely 
there  is  slight  disturbance  of  deglutition.     The  tongue, 


when  protruded,  may  deviate  to  the  side  of  the  paralysis 
on  account  of  the  unopposed  action  of  the  genioglossus 
muscle  on  the  healthy  side.  It  must  be  remembered, 
however,  that  this  deflection  of  the  tongue  may  be  more 
apparent  at  times  than  real,  and  that  it  may  be  owing  to 
the  closer  approximation  of  the  angle  of  the  mouth  on 
the  paralyzed  side  to  the  median  line.  If  the  hemiplegia 
has  occurred  in  early  childhood  it  is  commonly  found 
after  the  lapse  of  a  few  years  (the  interval  being  shorter 
the  earlier  the  age  at  which  the  hemorrhage  occurred) 
that  the  bones  of  the  skull  and  face  on  the  paralyzed  side 
are  slightly  smaller  than  those  on  the  opposite  side.  The 
muscles  are  also  atrophied  to  a  slight  extent. 

Apart  from  aphasia,  the  discussion  of  which  will  be 
foimd  in  Vol.  I.,  speech  is  usually  not  affected  very  much, 
though  sometimes  there  is  considerable  thickness  and 
slowness  of  speech  from  the  diminished  mobility  of  the 
tongue  and  lips,  or  perhaps  from  the  impairment  of  men- 
tal power. 

The  upper  limb  is  usually  paralyzed  to  a  greater  ex- 
tent than  the  lower  limb,  i.e..  the  latter  recovers  much 
more  rapidly  and  thoroughly  than  the  former.  The 
upper  limb,  as  a  rule,  is  partially  flexed  in  all  the  joints, 
and  the  arm  drawn  alongside  the  chest.  The  power  of 
executing  coarse  movements  returns  first,  the  delicate 
manipulations  of  the  fingers  being  restored  last.  The 
tendon  reflexes  at  the  bend  of  the  elbow  and  the  wrist 
are  increased. 

In  walking  the  lower  limb  drags  along  the  ground, 
and  there  is  an  evident  effort  in  propelling  it  along.  It 
is  swung  more  at  the  hip,  and  the  pelvis  is  raised  higher 
upon  the  paralyzed  than  upon  the  non-affected  side  in 
order  to  allow  the  drooping  toes  to  clear  the  ground. 

As  an  almost  invariable  rule  in  adults  the  paralyzed 
limbs  do  not  undergo  any  noteworthy  atrophy,  although 
the  paralysis  may  have  lasted  for  years;  the  subcutane- 
ous adipose  tissue  may  disappear  to  a  considerable  extent. 
In  rare  cases,  however,  rapid  atrophy  takes  place,  some- 
times even  within  a  few  months,  and  is  more  marked  in 
the  upper  limb.  It  is  supposed  that  this  pecidiar  feature 
is  owing  to  the  implication  of  the  anterior  gray  horns  as 
a  secondary  result  of  the  descending  degeneration  of  the 
lateral  columns.  In  one  case  under  our  observation  the 
diagnosis  of  this  secondary  change  in  the  cord  was  veri- 
fied by  the  post-mortem  examination. 

In  hemiplegia  of  early  childhood  marked  atrophy  of 
all  the  tissues  of  the  paralyzed  limbs  always  takes  place, 
or,  at  least,  their  growth  does  not  correspond  with  that 
of  the  healthy  side.  Sometimes  this  atrophy  is  so  marked 
as  to  look,  at  the  first  glance,  like  that  resulting  from 
acute  infantile  paralysis. 

The  paralyzed  limbs  are  usually  cool  to  the  feel,  and 
the  skin  may  present  a  dusky,  mottled  appearance  from 
impaired  circulation ;  not  infrequently  the  radial  pulse  is 
smaller  than  on  the  other  side. 

In  addition  to  these  vaso-motor  disturbances,  trophic 
changes  may  also  occur,  and  are  more  marked  in  the 
upper  limb.  The  integument  sometimes  seems  to  be 
thinned  and  atrophic,  in  other  cases  it  appears  thicker 
than  normal.  The  nails  may  become  discolored,  lose 
their  gloss,  and  become  rough  from  excessive  develop- 
ment of  longitudinal  striations.  The  joints,  particularly 
the  shoulder,  hip,  and  fingers,  not  infretjuently  become 
affected.  The  joint  affection  is  very  rarely  acute  in  its 
origin.  When  this  does  occur,  phenomena  not  unlike 
articular  rheumatism  are  developed.  This  form  usually 
begins  in  from  two  to  four  weeks  after  the  apoplectic 
attack.  Much  more  frequently,  however,  chronic,  slowly 
progressing  changes  arise.  The  articular  ends  of  the 
bones  then  appear  to  enlarge,  and  at  the  same  time  a 
certain  amount  of  atrophy  appears  in  the  muscles  sur- 
rounding the  joint.  No  exudation  can  be  detected,  but 
the  joint  is  very  tender  on  pressure,  and  may  be  so  pain- 
ful on  movement  that  the  mobility  is  interfered  with  out 
of  all  proportion  to  the  actual  loss  of  muscular  power. 
This  condition  is  extremely  obstinate,  and  frequently 
resists  all  forms  of  treatment. 

Late  rigidity,  or  contracture,  is  a  very  frequent  sequel 
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of  hemiplegia.  The  upper  limb  is  involved  to  a  much 
greater  extent  than  the  lower  limb.  As  a  general  rule 
the  fingers  are  strongly  flexed,  sometimes  bent  forcibl)- 
into  the  pahn  of  the  hand ;  the  wrist  is  flexed  upon  the 
forearm,  and  the  latter  is  pronated  and  at  the  same  time 
slightly  flexed  on  the  arm.  Contracture  of  the  pectnralis 
major  muscle  draws  the  arm  against  the  chest.  In  the 
lower  limb  the  contracture  is  confined  chiefly  to  the 
muscles  of  the  calf,  which  draw  up  the  heel. 

It  is  very  often  found,  even  in  advanced  cases,  that 
the  contracture  disappears  iu  great  part  when  the  patients 
awake  in  the  morning.  Then  the  fingers,  which  could 
not  be  extended  previously  without,  a  very  great  effort 
on  the  part  of  the  physician,  are  relaxed  spontaneously, 
and  the  patient  may  even  be  able  to  execute  voluntary 
movements.  In  a  little  while,  however,  the  status  quo 
ante  is  restored.  This  condition  is  always  attended  by 
a  marked  increase  of  all  the  tendon  reflexes,  and  some- 
times by  increased  mechanical  excitability  of  the  para- 
lyzed muscles.  •  It  is  generally  believed  that  this  form  of 
contracture  is  due  to  descending  degeneration  of  the 
lateral  columns,  but  this  view  is  not  well  founded.  We 
have  seen  one  case  in  which  the  contracture  was  absent, 
although  well-marked  descending  degeneration  was 
found  at  the  autopsy.  Were  this  theory  true,  the  symp- 
tom in  question  should  be  present  in  all  cases  of  hemor- 
rhage or  other  lesion  affecting  the  pyramidal  tracts,  but 
in  reality  it  is  not  infrequently  absent  under  such  condi- 
tions. 

The  phenomenon  known  as  "  associated  movements  " 
is  also  observed  quite  often  in  hemiplegia,  particularly 
when  it  occurs  in  childhood.  As  a  rule,  strong  volun- 
tary effort  on  the  part  of  the  non-paralyzed  limbs  is  as- 
sociated with  an  involuntary  niovement  of  the  paralyzed 
parts.  Much  more  rarelj'  a  vigorous  attemj^t  to  move 
the  paralyzed  muscles  is  attended  with  an  involuntary 
movement  of  the  healthy  side. 

Post-hemiplegic  chorea  is  another  peculiar  phenom- 
enon, allied  perhaps  to  the  associated  movements  just 
referred  to.  It  occurs  with  greatly  preponderating  fre- 
quency in  the  hemiplegia  of  cliildliood,  but  is  observed 
not  very  rarely  in  adults.  The  period  of  its  develop- 
ment varies  greatly,  but  it  never  occurs  until  a  very  con- 
siderable amount  of  improvement  has  taken  place.  This 
symptom  is  also  found  to  be  nuicli  more  pronounced  iu 
tile  upper  than  in  the  lower  limb. 

The  movements  are  manifold  in  character.  Sometimes 
they  can  be  distinguished  in  no  respect  from  ordinary 
chorea;  and,  as  in  the  latter  disease,  in  some  cases  the 
movements  are  increased  on  effort,  in  others  they  are 
diminished. 

More  rarely  tremor  is  produced  like  that  seen  iu  paral- 
ysis agitans.  "or  the  movements  maybe  coarser.  Some 
cases  have  been  observed  in  which  the  movements  were 
of  an  ataxiform  character,  and  it  is  even  claimed  that 
true  ataxic  disturbances  may  be  produced.  Tliere  is 
very  little  doubt  that  athetosis  (slow,  constant  alterna- 
tion of  flexion  and  extension  of  the  fingers,  with  corre- 
sponding movements,  perhaps,  in  the  upper  portions  of 
the  arm,  more  rarely  in  the  lower  limb,  particularly  the 
toes)  is  merely  a  variety  of  post-hemiplegic  chorea, 
though  it  may  also  occur  independently  of  cerebral  hem- 
orrhage. 

In  children,  in  whom  post-hemiplegic  chorea  is  of  very 
frequent  occurrence,  this  symptom  often  becomes  com- 
plicated with  epileptiform  convulsions,  affecting  at  the 
onset  only  the  paralyzed  side,  but  later  spreading  usually 
to  the  other  side. 

Di.\GN0sis. — The  recognition  of  cerebral  hemorrhage 
is  often  attended  with  great  difficulty,  and  indeed  ma.y 
be  impossible.  The  disease  is  most  frequently  mistaken 
for  cerebral  embolism,  since  the  symptoms  of  both  affec- 
tions may  be  identical.  In  such  cases  a  provisional  diag- 
nosis can  be  made  only  from  attendant  circumstances. 
Embolism  is  usually  associated  with  cardiac  valvular 
disease,  thrombosis  of  the  heart,  or  aneurism  of  the  arch 
of  the  aorta.  As  a  matter  of  course,  however,  the  exist- 
ence of  these  lesions  does  not  preclude  the  occurrence  of 


cerebral  hemorrhage.  If  the  coma  occurs  with  great 
suddenness,  it  is  due  more  probably  to  embolism  than  to 
hemorrhage,  and  this  is  also  true  if  the  patient  recovers, 
within  a  week,  a  considerable  amount  of  power  in  the 
paralyzed  side.  Again,  embolism  is  comparatively  more 
frequent  before  the  age  of  forty,  though,  as  we  have 
seen  above,  hemorrhage  may  also  occur  at  any  age,  even 
in  infancy  and  childhood.  The  determination  of  the  co- 
existence of  chronic  interstitial  nephritis  favors  the  diag- 
nosis of  hemorrhage,  on  account  of  the  vascular  lesions 
so  often  present  in  the  former  disease.  On  the  other 
hand,  it  must  be  remembered  that  the  mere  presence  of 
albumin  in  the  urine  during  an  apoplectic  attack  pos- 
sesses no  significance  whatever. 

Cerebral  hemorrhage  must  also  be  distinguished  from 
cerebral  thrombosis.  In  the  latter  affectiou,  the  coma- 
tose condition,  if  it  develops  at  all,  is  usually  much 
slower  in  its  onset,  though  it  must  also  be  remembered 
that  exceptionally  the  symptoms  of  thrombosis  occur 
with  great  suddenness.  The  disease  is  peculiarly  an 
affection  of  old  age,  and  the  radial,  temporal,  and  other 
superficial  arteries  are  generally  found  to  be  very 
atheromatous.  When  the  thrombosis  is  the  result  of  "a 
syphilitic  affection  of  the  vessels,  it  is  almost  always 
preceded  by  another  train  of  sj'mptoms,  a  discussion  of 
which  will  be  found  under  the  head  of  syphilitic  lesions 
of  the  cerebral  vessels. 

Hemorrhage  into  the  pons  may  also  be  mistaken  for 
opium  poisoning,  if  it  is  attended,  as  is  usually  the  case, 
with  strongly  contracted  pupils.  In  the  former  affec- 
tion, liowever,  the  pulse  and  respiration  are  not  so  nota- 
bly retarded  as  in  the  latter,  and  the  coma  is  more  pro- 
found. Epileptiform  convulsions,  also,  are  not  an 
infrequent  accompaniment  of  pons  hemorrliage,  and  do 
not  form  a  part  of  the  history  of  opium  poisoning.  Of 
course  the  obscurity  is  cleared  up  if  the  patient  recovers 
consciousness. 

When  the  hemorrhage  occurs  during  infancy  or  child- 
hood, the  disease  must  also  be  differentiated  from  tuber- 
culous meningitis.  This  affection  may  also  be  attended 
with  unconsciousness  and  sometimes  distinct  hemiplegia, 
even  in  cases  in  which  the  autopsy  shows  a  tolerably 
uniform  distribution  of  tlie  lesion  over  both  hemispheres 
of  the  brain.  Meningitis,  however,  is  attended  with 
more  marked  piodromal  symptoms  than  cerebral  hemor- 
rhage; the  hemiplegia,  if  present,  is  not  verj-  profound, 
and  is  variable  in  degree  at  different  times,  as  are  also 
the  other  .symptoms  of  the  disease.  In  adults  meningitis 
rarely  simulates  the  history  of  cerebral  licmorrhage. 

But  however  careful  we  may  be  in  the  observation  of 
the  symptoms  and  of  the  attendant  circumstances,  very 
man}'  cases  will  be  encountered  in  which  the  diagnosis 
remains  doubtful  or  is  only  cleared  up  by  a  post- 
mortem examination.  Indeed,  as  was  remarked  in  the 
paragraph  on  the  pathological  anatomy  of  the  disease, 
even  a  post-mortem  examination,  if  made  long  after  the 
attack,  may  fail  to  ilecide  the  nature  of  the  affection. 

Even  if  a  diagnosis  of  cerebral  hemorrhage  has  been 
made,  it  is  extremely  difficult  to  localize  the  lesion  ac- 
curately with  any  degree  of  certainty  until  the  general 
pressure  symptoms  have  cleared  up,  leaving  only  these 
which  are  due  to  the  local  lesion. 

In  the  large  majority  of  cases  the  most  that  can  be 
done  during  the  comatose  stage  is  to  determine  the  side 
on  which  the  hemorrhage  has  occurred.  The  paralyzed 
side  of  the  body  is  usually  more  relaxed  tlian  the  non- 
paralyzed  side,  is  often  warmer,  and  tlie  reflexes  are  en- 
tirely abolished :  if  conjugate  deviation  of  the  eyes  and 
head  is  present,  it  is  directed  usuallv  toward  the  side  of 
the  lesion.  After  the  coma  and  the  general  pressure 
symptoms  have  subsided,  localization  of  the  lesion  must 
be  detennined  according  to  the  principles  laid  down  in 
this  H.^NDBOOK  under  the  headings.  Brain  :  Diannvm 
of  Lriral  Lesions,  and  Bruin  :  Functions  of  Cerebral  Corler. 

If  the  coma  is  very  profound,  and  rigidity  or  convul- 
sions make  their  appearance  at  the  onset,  together  with 
serious  respiratory  and  circulatory  disturbances,  the 
hemorrhage  has  probably  occurred  into  the  lateral  ven- 
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tricles  (from  surrounding  parts).  Hemorrhage  into  the 
pons  is  frequently  attended  by  marked  contraction  of 
the  pupils  and  profomid  coma,  and  when  the  paralysis 
can  be  determined,  it  is  usually  found  to  be  alternate, 
i.e.,  the  face  is  paralyzed  on  one  side,  the  limbs  on  the 
opposite  side. 

Prognosis. — This  varies  according  to  the  size  and 
situation  of  the  hemorrhage.  Other  things  being  equal, 
life  is  more  endangered  the  larger  the  Iiemorrhage. 
However,  even  hemorrhages  of  small  size,  if  situated  in 
the  pons  Varolii  or  medulla  oblongata,  are  ajit  to  prove 
rapidly  fatal,  and  hemorrhages  in  the  latter  locality  very 
rarely  terminate  in  recovery.  The  fatal  event  is  due  to 
direct  interference  with  the  functions  of  respiration  and 
circulation.  Cheyne-Stokes  respiration  is  an  extremely 
unfavorable  symptom,  and  is  almost  always  a  precursor 
of  impending  dissolution. 

Large  hemonhages  into  the  hemispheres,  or  tliose 
which  rupture  into  the  ventricles,  also  prove  fatal,  usu- 
ally by  direct  or  indirect  jircssure  on  the  centres  of  the 
pons  and  medulla.  Tlie  more  sudden  the  development 
of  Coma,  the  smaller  the  chances  of  recovery.  Acute 
decubitus,  which  occurs  during  the  comatose  stage,  is 
almost  invariably  followed  by  ileath.  Tlie  coexistence 
of  Bright's  disease  is  also  a  very  unfavorable  complication. 

As  regards  the  extent  of  recovery  from  the  |iaralysis, 
very  little  can  be  foretold  in  the  first  period  of  the  dis- 
ease. In  the  large  majority  of  cases  the  sensory  disturb- 
ances disappear  in  great  pai't  and  very  i-apidly. 

Power  of  motion  is  usually  restored  mticli  more  quickly 
in  the  lower  than  in  tlie  upper  limb.  When  the  reverse 
obtains,  it  has  been  generally  Ix'ld  that  an  mifavorable 
termination  will  ensue,  but  this  opinion  does  not  appear 
to  be  well  substantiated. 

The  occurrence  of  late  rigidity  must  be  regarded  as  an 
unfavorable  symi)tom.  insomuch  as  it  interferes,  in  the 
first  place,  directly  with  the  power  of  motion,  and,  in 
the  second  jilace,  improvement  in  the  latter  usually 
ceases  with  the  appearance  of  the  former.  This  also 
holds  good  of  posthemiplegic  chorea. 

Symptoms  of  mental  deterioration  are  usually  perma- 
nent, and  indeed,  in  man}'  cases,  are  steadily  progressive. 
As  a  rule,  however,  it  is  only  after  repeated  attacks  that 
a  condition  of  mental  impairment,  amounting  even  to 
imbecility,  develops.  In  very  exceptional  instances, 
epilepsy  follows  cerebral  hemorrhage. 

TuEATMENT. — Prophylactic  treatment  is  practically 
nil.  If  the  prodromal  syni])toms  are  prolonged,  the  jia- 
tient  should  be  kept  as  quiet  as  possible,  mentally  and 
physically,  and  care  taken  that  the  bowels  be  kept  thor- 
oughly open.  When  the  onset  of  a  hemorrhage  lias  been 
suspected,  I  have  been  in  the  habit  of  putting  my  pa- 
tient to  bed  for  a  week,  giving  bromide  of  potassiimi  in 
fifteen  to  tliirty  grain  dose.s,  t.i.d.,  and  a  mild  laxative 
or  enema  daily. 

If  tlie  Iiemorrhage  has  taken  place  or  is  occurring  at 
the  time  the  physician  is  called,  very  little,  if  anything, 
can  be  done  to  check  it.  Drugs  given  internally  for  tliis 
purpose  do  more  harm  than  good.  The  most  that  .should 
be  done  is  to  keep  the  head  slightly  elevated,  and  if  the 
carotids  and  temporals  are  piilsating  strongly,  apply  cold 
applications  to  the  head  or  leeches  to  the  forehead.  If 
the  pulse  continues  strong  during  the  comatose  .stage, 
nothing  more  need  be  done.  When  evidences  of  heart 
failure  arise  ammonia  and  stimulants  are  indicated. 

When  tlie  stationary  stage  of  paralysis  has  developed, 
treatment  is  u.seless  until  after  the  lapse  of  a  considerable 
period.  The  natural  tendency  of  the  paralysis  is  toward 
improvement  (though  complete  recovery  hardly  ever 
occurs),  and  until  this  tendency  becomes  manifest,  we 
may  rest  satisfied  either  that  motor  fibres  are  cut  across 
or  that  pressure  is  still  exerted  at  the  site  of  the  lesion, 
thus  interfering  with  nervous  conduction. 

Almost  the  onl)'  means  at  our  command  to  hasten  re- 
covery is  the  use  of  electricity.  This  may  be  employed 
in  two  ways,  either  to  the  brain  itself  ordirectlv  to  "the 
paralyzed  parts 

The  former  method  has  been  very  little  used  hitherto, 


and,  indeed,  it  is  not  probahle^that  much  good  can  be 
expected  from  it.  The  galvanic  current  alone  is  em- 
ployed for  this  purpose.  The  jiositive  pole  is  usually 
applied  to  the  side  on  which  the  hemorrhage  took  place, 
the  negative  pole  on  the  opposite  side  of  the  head.  The 
current  should  be  mild,  and  must  never  be  strong  enough 
to  produce  vertigo:  the  sittings  should  not  exceed  from 
two  to  five  minutes  in  duration. 

The  ordinary  method  (and  the  one  which  promises  by 
far  the  best  results)  of  employing  electricity  in  hemi- 
plegia is  the  direct  application  of  the  faradic  current  to 
the  paralyzed  muscles.  It  has  generally  been  held  that 
this  measure  should  not  be  employed  until  at  least  two 
or  three  months  have  elapsed  since  the  occurrence  of 
the  hemorrhage,  for  fear  of  causing  a  recurrence  of  the  dis- 
ease. There  is  very  little  reason,  liowever,  to  doubt  that 
this  fear  is  entirely  unfounded,  and  that  it  is  perfe'etlj' 
sate  to  begin  the  treatment  within  two  or  three  weeks 
after  the  stiitionary  period  has  begun. 

The  strength  of  current  employed  should  be  merely 
sufficient  to  jiroduce  distinct  contraction  of  the  jiaralyzed 
muscles:  the  sittings  may  be  held  every  other  day,  and 
their  duration  may  vary  from  fi\^e  to  fifteen  minutes. 

In  a  few  cases  an  astonishing  degree  of  improvement 
occurs  after  tlie  first  two  or  three  applications,  after 
whicli  very  little,  if  any,  progress  is  made.  As  a  rule, 
however,  improvement,  if  it  occur  at  all,  is  very  gradual, 
and  the  treatment  must  be  continued  patiently  for 
months. 

When  contractures  of  tlie  paralyzed  limbs  have  de- 
veloped, another  method  should  be  employed.  The  one 
usually  adopted  is  the  application  of  the  stabile  galvanic 
current  through  the  nerves  and  muscles  (nervo-niuscular 
current)  of  the  flexor  aspect  of  the  limbs  (the  parts  in 
which  the  contracture  is  usually  situated)  and  the  faradic 
current  to  the  antagonists.  Warm  batlis  and  massage 
are  also  useful  for  this  purpose. 

In  some  cases  painful  swelling  of  the  joints  is  extremely 
annoving  to  the  patient,  and  this  complication  is  very 
intractable  to  treatment.  It  is  best  combated  by  the  use 
of  a  strong  stabile  galvanic  current  passed  directly 
through  the  joint,  with  the  addition  of  repeated  small 
blisters  over  the  site  of  pain. 

Iodide  of  potassium,  in  doses  of  from  five  to  ten  grain,? 
t.i.d.,  is  usually  administered  as  a  matter  of  routine,  but 
it  is  more  than  doubtful  whether  this  drug  exerts  any 
beneficial  effect. 

In  our  liands  ergot  has  never  given  good  results,  no 
matter  in  what  stage  of  the  disease  it  has  been  employed. 
Careful  attentif)n  should  always  be  paid  to  the  condition 
of  the  bowels,  particularly  as  the  patients  are  apt  to  be 
constipated  for  a  long  time  after  the  attack. 

Leopold  Putzel. 

BRAIN:  CEREBRO-SPINAL  FLUID.— (Synonyms: 
cnli(Ajiiiii)li  :  (jer. ,  i'<rebrosiiiiiiilJ1ii.'<!<!fikeit ;  Fr. ,  liquide 
cephalo-rachidien  ;  Lat. ,  liqin/r  ci  n /ini.s/nnnlis.) 

An.vtomy. — The  cerebrospinal  fluid  is  found  in  the 
encephalic  and  myelic  ventricles,  and  in  the  subarachnoid 
and  subdural  spaces.  It  varies  in  amount  from  60  to  30O 
c.c,  increasing  somewhat  with  age.  It  is  not  lymph  and 
is  .sufficiently  characteristic  in  its  reactions  to"  be  distin- 
guished from  other  serous  fluids.  The  subarachnoid 
space  is  the  interval  between  the  arachnoid  and  the  pia, 
very  narrow  on  the  upper  and  lateral  aspects  of  the  en- 
cephalon,  crossed  by  numerous  bands  of  arachnoid 
tissue,  but  enlarged  in  certain  regions  at  the  base,  above 
the  corpus  callosum  and  over  the  optic  lobes,  called  the 
cisternse  subarachnoidales. 

These  are  in  communication  with  one  another  and 
have  as  tributaries  the  clefts  along  the  great  fissures 
(flumina),  wliich  themselves  liave  as  tributaries  the  spaces 
along  the  .secondarj'  and  tertiary  fissures  (rivi  and  rivuli 
of  Duret).  There  are  prolongations  of  this  space  around 
the  optic,  olfactory,  and  auditory  nerves,  and  a  connec- 
tion with  the  lymph  spaces  around  the  other  cranial  and 
spinal  nerves.  Communications  with  the  lymphatic 
vessels  of  the  nasal  mucous  membrane  and  deep  vessels 
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and  nodes  of  the  neck  also  exist.  These  connections 
have  been  demonstrated  b}'  the  injection  of  the  subarach- 
noid space  with  colored  fluids  which  have  filled  the 
lymph  vessels  of  the  nasal  raucous  membrane,  traversed 
the  lymph  spaces  of  the  nerves,  and  penetrated  the  deep 
cervical  vessels  and  nodes.  The  colored  fluid  has  also 
been  observed  to  pass  into  the  dural  sinuses  through 
the  arachnoidal  villi,  probabl.v  indirectly  by  filtration. 
Flatau,'  by  the  injection  of  colored  fluids,  was  able  to 
make  them  escape  from  the  nose.  Naunyn  and  Schreiber, 
quoted  by  Flatau.  have  demonstrated  the  same  thing, 
using  salt  solution,  the  flow  from  the  nose  being  accom- 
panied bj-  protrusion  of  the  eyeball  and  chemosis. 

According  to  Binswangcr  and  Berger"  the  subarach- 
noid space  also  receives  the  lymph  from  the  adventitial 
lymph  spaces  of  the  cerebral  cortex.  They  observed 
that  in  cases  of  intraventricular  hemorrhage  in  the  human 
subject,  blood  would  make  its  way  into  the  subarach- 
noid space  and  thence  into  the  intra-adventitial  spaces  of 
the  cortex.  Injection  of  a  carmine  mixture  into  the  sub- 
arachnoid of  a  dog  likewise  filled  the  cortical  intra-ad- 
ventitial spaces. 

These  observations  confirm  those  of  Key  and  Retzius. 

Subdural  injection  of  colored  material  has  demonstrat- 
ed the  following  connections  with  the  subdural  space 
(Schwalbe^): 

1.  The  deep  lymph  vessels  and  nodes  of  the  neck. 

2.  The  subdural  spaces  of  the  nerve  roots  and  lymph 
paths  of  peripheral  nerves  (Key  and  Retzius). 

3.  The  Ivmph  paths  of  the  dura  through  fine  clefts 
(Michel). 

4.  The  dural  sinuses  through  the  arachnoidal  villi. 
The  ventricles  communicate  with   the  subarachnoid 

space  by  the  foramen  of  Magendie  (metapore)  and  the 
aperturse  laterales  (foramina  of  Luschka).  The  connec- 
tion described  by  Merkel  and  ^lierzejewsky  in  the  de- 
scending horn  of  the  lateral  ventricle  is  probably  an 
artefact.  The  existence  of  the  metapore  and  the  aper- 
turte  laterales  has  recently  been  confirmed  by  Blake.'' 

There  is  no  direct  connection  between  the  subarachnoid 
and  subdural  spaces,  but  the  lymphatics  of  the  nasal 
mucous  membrane,  the  lymph  spaces  of  the  nerves,  and 
the  cranial  sinuses  through  the  arachnoidal  villi  can  be 
injected  from  both  cavities. 

The  histology  of  the  choroid  plexuses  of  the  lateral 
ventricles  has  recently  been  investigated  by  Pindlay.' 
who  finds  that  there  are  for  the  most  part  several  layers 
of  cells  on  the  villi  and  that  the  surface  cells  may  con- 
tain globules  which  are  extruded,  leaving  the  empty  cell 
membrane.  These  globules  may  be  found  in  the  ven- 
tricular fluid.  They  darken  with  osmic  acid  and  are 
probably  fatty  in  nature. 

Blood-vessels  are  very  numerous  in  the  choroid  plex- 
uses, and  nerves  too  have  been  demonstrated  in  the  plex- 
uses of  the  lateral  and  fourth  ventricles  (Benedikt),  so 
that  structurally  they  are  secretory  in  character. 

The  morphological  elements  are  very  scarce  in  the 
normal  fluid  and  consist  of  a  few  leucocytes,  endothelial 
cells,  and  occasional  globules  of  a  fatty  nature  derived 
from  the  cells  of  the  choroid  plexuses. 

The  experiments  of  Key  and  Retzius,'  confirmed  by 
Kollman,  seem  to  show  that  one  of  the  outflow  paths  for 
the  subarachnoid  and  subdural  spaces  is  b_v  the  way  of 
the  arachnoidal  villi  into  the  cranial  sinuses.  More 
xecentlj'  it  has  been  demonstrated  that  normal  Siiline  solu- 
tion tinged  with  methylene  blue  and  injected  into  the 
subarachnoid  space  can  be  traced  passing  into  the  sinuses 
and  veins,  and  in  a  few  minutes  the  blue  is  found  in  the 
stomach  and  bladder;  but  it  is  only  after  one  hour  of 
steady  injection  that  the  deep  cervical  nodes  begin  to  be 
tinged.  The  rapid  absorption  then  takes  place  rather  by 
the  blood-vessels  than  by  the  lymphatics. 

The  amount  of  cerebrospinal  fluid  increases  with  age 
and  with  brain  atrophy,  and  decreases  in  those  diseases 
in  which  the  volume  of  the  brain  is  augmented :  it  also 
varies  with  the  amount  of  blood  in  the  intracranial  vessels. 

Physiologt. — The  cerebro-spinal  fluid  forms  a  water 
bed  on  which  rests  the  base  of  the  middle  and  posterior 


parts  of  the  encephalon.  It  performs  an  important  func- 
tion in  protecting  the  brain  from  injury  and  the  circle  of 
Wilhs  Irom  compression.  It  also  helps  to  dissipate  the 
force  of  a  blow,  so  that  less  injur_y  is  done  at  the  point 
of  its  reception.  This  may  result  in  a  disruption  of 
brain  substance  in  a  region  far  removed  from  the  place 
of  injury.  For  example,  a  blow  received  on  the  front 
of  the  head  in  a  direction  downward  and  backward  may 
cause  hemorrhages  in  the  region  of  the  medulla  and 
fourth  ventricle,  as  a  result  of  the  ventricular  fluid  try- 
ing to  pass  through  the  narrow  aqueduct  of  Sylvius 
(Park ') : 

Sudden  tapping  of  this  water  bed  may  occasionally 
result  in  injury  to  the  brain  from  the  sudden  changed 
relations  of  the  encephalon  to  its  rigid  bony  case :  also 
where  the  ventricles  have  been  distended,  the  sudden 
withdrawal  of  fluid  may  leave  parts  unsupported,  re- 
sulting in  iujiu-y  to  the  brain  tissue. 

According  to  A.  and  E.  Cavazzani  *  secretion  and  ab- 
sorption of  the  cerebro-spinal  fluid  proceed  slowly.  To 
test  the  rate  of  secretion,  ferrocyanide  of  potassium  was 
injected  into  the  peritoneal  cavity  of  a  curarized  dog. 
The  salt  did  not  appear  in  the  cerebro-spinal  fluid  until 
after  an  hour  had  elapsed. 

To  test  the  rapidity  of  absorption  the  posterior  occip- 
ito-atlantal  ligaments  were  opened  and  4  c.c.  of  a  fifty- 
per  cent,  solution  of  iodide  of  potassium  was  injected 
into  the  arachnoid  space,  and  the  same  solution  was  also 
injected  into  the  encephalic  arachnoid  cavity.  The  salt 
was  foimd  in  the  urine  in  a  minimal  time  of  twenty 
minutes,  and  a  maximal  time  of  two  hours.  The  great 
difference  of  time  in  absorption  was  accounted  for  by  the 
variations  in  pressure  of  the  cerebro-spinal  fluid  and  the 
blood. 

Thomson's'  observations,  iu  several  cases,  of  the  spon- 
taneous flow  of  cerebro-spinal  fluid  from  the  nose  show 
that  the  secretion  may  be  quite  rapid,  the  flow  averaging 
500  c.c.  iu  twenty-four  hours.  Hill  "•  has  shown  that  the 
rate  of  secretion  depends  on  the  cerebral  capillary  press- 
ure and  that  this  can  be  easily  raised  by  («)  compression 
of  the  abdomen.  (It)  by  assumption  of  the  horizontal  posi- 
tion, and  sometimes  (c)  by  forced  expiration  with  the 
glottis  closed,  i.e.,  in  straining.  When,  however,  the 
amount  of  fluid  is  increa.sed.  its  chemical  characters 
change,  the  proportion  of  solids  decreasing. 

A.  Spina"  has  shown  that  increased  arterial  pressure 
due  to  intravenous  injections  of  suprarenal  extract  in 
curarized  dogs  causes  a  clear  fluid  to  e.xude  from  the 
cerebral  surface  drop  by  drop.  This  fluid  he  considers 
a  transudate.  It  is  probable  that  the  cerebro-spinal  fluid 
retains  its  peculiar  characters  under  normal  conditions  of 
pressure  only,  and  after  it  is  withdrawn,  its  place  is 
taken  largely  by  extraventricular  serous  transudate. 

There  are  three  sources  for  cerebro-spinal  fluid,  and  its 
character  is  dependent  upon  the  proportions  furnished 
by  the  different  sources.  The  first  and  most  important 
origin  is  as  a  secretion  into  the  ventricle  from  the  choroid 
plexuses;  second  in  importance,  as  a  transudate  into 
the  subarachnoid  and  subdural  cavities ;  and  third,  from 
the  intra-adventitial  lymph  spaces  of  the  cortex.  The 
relative  amount  of  the  intra-  and  extraventricular  fluid 
varies  from  time  to  time,  depending  on  the  intravascular 
and  intracranial  pressures,  a  prejionderance  of  the  in- 
travascular pressure  resulting  especialh-  in  an  increase 
of  the  extraventricular  fluid.  The  tension  of  the  cerebro- 
spinal fluid  is  from  5  to  7.3  mm.  of  mercury,  and  about 
equals  that  of  the  blood  in  the  capillaries,  varying  how- 
ever in  dilTerent  individuals. 

The  osmotic  tension  of  the  cerebro-spinal  fluid  is 
greater  than  that  of  serum  (Zanier). 

The  cerebrum  increases  in  volume  with  the  cardiac 
systole  and  expiration,  and  decreases  with  the  cardiac 
diastole  and  inspiration.  Accompanying  the  cerebral 
movements  is  an  ebb  and  flow  of  the  cerebro-spinal  fluid 
from  the  cranial  into  the  spinal  spaces  where  extra  room 
can  be  had  by  the  expansion  of  the  ligaments  and  the 
spaces  around  the  spinal  nerves.  Jlore  room  may  also 
be  had  for  the  brain  by  the  expres.sion  of  blood  from  the 
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encephalic  veins  and  sinuses.  There  is,  however,  very 
Uttle  motion  of  translation  of  the  fluid  accompanying  the 
cerebral  movements  (Elder).  Whenever  the  intracranial 
pressure  exceeds  the  cerebral  venous  pressure,  the  fluid 
rapidly  leaks  away,  and  hence  may  be  left  out  of  account 
in  thepathology  of  compression  (Hill). 

The  effect  of  intravenous  injection  of  cerebro-spinal 
fluid  has  been  investigated  by  Mott  and  Halliburton.'-' 
They  found  that  if  the  fluid  "is  taken  from  animals,  or 
from  cases  of  meningocele  or  chronic  hydrocephalus  in 
man,  and  injected  into  the  veins  of  animals,  no  effect  is 
produced.  If,  on  the  contrary,  the  fluid  is  obtained  from 
cases  of  brain  atrophy,  especially  from  cases  of  general 
paralysis  of  the  insane,  then  a  marked  lowering  of  arterial 
tension  is  noticed,  partly  cardiac  in  origin  but  principally 
due  to  the  local  action  of  the  poison  on  the  neuromuscu- 
lar apparatus  of  tlie  peripheral  vessels,  especially  in  the 
splanchnic  area.  This  is  believed  to  be  due  to  a  toxic 
substance  called  cholin  derived  from  the  disintegration 
of  the  lecithin  in  the  brain. 

Chemistry. — There  are  several  waj'S  in  which  the 
cerebro-spinal  fluid  may  be  obtained  for  examination. 
(1)  From  cases  of  chronic  hydrocephalus,  either  by 
puncture  during  life  or  after  death.  In  acute  hydro- 
cephalus the  fluid  is  not  normal,  but  is  an  exudate.  (2) 
In  cases  of  meningocele  and  spina  biflda  the  fluid  is 
normal,  but  only  the  first  tapping  can  be  so  considered, 
as  its  character  changes  in  the  later  tappings.  (3)  By 
lumbar  puncture.  (4)  The  fluid  may  be  collected  in 
cases  of  fracture  at  the  base  of  the  cranium,  as  it  drops 
from  the  nose  or  ear.  (5)  In  cases  of  spontaneous  flow- 
ing from  the  nose  and  ear.  (6)  In  animals,  by  estaljlisli- 
ing  a  permanent  fistula,  as  suggested  and  employed  l\v 
Cavazzani,'^  to  study  qualitative  and  quantitative  varia- 
tions. 

The  cerebro-spinal  fluid  is  a  clear  watery  fluid,  slightly 
saline  to  the  taste,  of  low  specific  gravity,  about  1.007. 
The  density  increases  in  proportion  to  the  greater  amoimt 
of  transuded  to  secreted  fluid,  and  it  is  also  higher  in  the 
morning  than  in  the  evening  (Thomson).  Its  reaction  is 
slightly  alkaline  or  neutral,  being  more  alkaline  in  the 
morning  than  at  night.  The  reaction  has  been  investi- 
gated in  diseased  conditions  by  Turner, '■'  who  found  in 
thirty-seven  cases  of  insanity  that  it  was  acid  to  phenol- 
phthalein,  alkaline  to  methyl  orange :  and  in  thirty  cases 
tested  with  litmus  there  was  an  amphoteric  reaction  in 
twenty -nine,  the  red  paper  finally  turning  blue,  with  an 
acid  reaction  in  one  case  onlj'.  These  same  reactions 
were  found  whether  the  test  was  made  immediately  after 
death  or  several  hours  later. 

The  chemical  composition  of  the  cerebro-spinal  fluid  is 
shown  in  the  following  analysis,  made  by  Halliburton,'^ 
of  fluid  removed  from  cases  of  spina  bifida. 


Water 

Solids 

Proteids  ... 
Extractives 
Salts 


Case  1. 

Female  aged 

nineteen  years, 

in  parts  per 

1,000. 


10.2.5 
.842 

9.626 


Case  2. 

Child  aged 

eleven  days, 

first  tapping,  in 

parts  per  1,000. 


989.877 

10.123 

1.602 

.631 

7.890 


Case  3. 

Child  aged 

thirteen  weelis, 

fourth  tapping, 

in  parts  per 

1.000. 

991.658 

8.342 

.199 

3.028 

.5.115 


A  comparison  of  the  relative  proportion  of  solids  in 
several  of  the  watery  fluids  of  the  body  is  shown  in  the 
subjoined  table  (Beaunis); 


Water. 

Solids. 

Lymph.  .        

95.8 
95.9 
98.6 
98.2 
98.8 

4.2 

4.1 

Aqueous  humor 

1.4 

Tears  .                       ...          

1.8 

1.2 

In  normal  cerebro-spinal  fluid,  proteids  are  small  in 
amount,  and  somewhat  variable"  in  quantity  and  kind. 
Fibrinogen  is  absent,  as  no  fibrin  is  formed  by  the  addi- 
tion of  fibrin  ferment.  Serum  albumin  is  absent,  as  all 
of  the  proteid  is  precipitated  by  saturation  with  ma.g- 
nesium  sulphate.  There  are  probably  present,  however, 
serimi  globulin,  generally  proto-albumosc,  sometimes 
hetero-albumose,  and  occasionally  peptones.  An  in- 
crease in  proteids  is  likelv  to  occur  in  tappings  subse- 
quent to  the  first,  but  never  equalling  that  fotmd  in  in- 
flammatory hydrocephalus. 

The  following  analysis,  in  the  case  of  a  bey  sis  months 
old  with  chronic  hydrocephalus,  illustrates  this  (Halli- 
burton"): 


Si 

First  tapping. 

1.006 

Second     " 

1.010 

Third 

1.010 

Percentages 
of  total 
proteids. 


0.045 

0.069 
0.272 


Kinds 
of  proteid 
present. 


Globulin 

Proto-albumose. 

Hete  r  o  -  a  1  b  u  - 
mose. 

Same  as  first  tap- 
ping. 

Serum  globulin. 

Serum  albumin. 

Traces  of  albu- 
moses. 


Reducing 
substance. 


Traces. 

Fairly  abundant. 
More  abundant. 


One  of  the  most  interesting  features  of  the  chetnistry 
of  the  cerebro-siiinal  fluid  is  the  presence  of  a  substance 
which,  like  sugar,  reduces  copper  salts.  It  has  been  con- 
sidered grape  sugar  by  many  observers  (Bernard,  C'avaz- 
zani,  Nawratzki,"  and  Panzer'''). 

Nawratzki  studied  this  fluid  in  the  calf,  horse,  and 
man.  In  the  calf,  working  with  two  litres  of  fluid,  he 
found  a  substance  which  reiluces  copper  and  bismuth 
oxide  in  alkaline  solution,  and  gives  the  phenylhydrazin 
reaction.  lie  obtained  crystals  having  the  form  and  melt- 
ing point  of  phenj' Iglucosazon,  SOo'-OOG'  C.  He  failed 
to  find  pyrocatechin,  peptone,  or  albumose,  and  con- 
siders the  proteid  a  globulin.  He  claims  that  the  reduc- 
ing substance  disappears  shortlv  after  death,  and  cites 
two  cases  in  which  the  fluid  drawn  by  lumbar  puncture 
during  life  showed  strong  reducing  action,  but  in  the 
same  individuals  after  death  this  action  was  lost.  Hal- 
liburton always  finds  the  reducing  substance,  but  claims 
it  is  not  grape  sugar,  for  the  following  reasons:  (1)  It 
does  not  reduce  bismuth  salts:  (3)  it  does  not  ferment 
with  yeast:  (3)  it  does  not  rotate  the  polarization  plane; 
(4)  it  does  not  yield  a  crystalline  compound  with  phenyl- 
hydrazin, as  does  sugar. 

This  reducing  body  can  be  obtained  as  follows: 

"  Acidified  alcohol  is  added  in  excess  to  the  fluid,  to 
precipitate  proteids:  this  is  filtered  off.  Tlie  filtrate  is 
evaporated  to  dryness  over  a  water  bath;  the  dry  residue 
is  again  taken  up  with  alcohol,  filtered,  and  again  evapo- 
rated to  dryness"  (Halliburton). 

The  crystalline  deposit  is  the  reducing  substance  and 
belongs  to  the  aroniatic  group  of  organic  compounds.  It 
is  soluble  in  ether,  alcohol,  and  water,  gives  a  green 
coloration  with  ferric  chloride,  brown  with  caustic  alka- 
lies, has  a  pimgent  taste  and  an  acid  reaction,  and  its 
crystals  are  needle-like  and  similar  to  those  of  pyrocate- 
chin. Halliburton  considers  the  reducing  substance  a 
normal  constituent  of  the  cerebro-spinal  fluid,  contiary  to 
Hoppe-Seyler,  who  finds  it  subsequent  to  the  first  tap- 
ping only.  It  certainly  increases  in  amount  after  the 
first  tappmg  (see  analysis).  Whether  it  exists  in  a  com- 
bined or  an  uncombined  state  is  not  known. 

Some  observers  have  noted  an  unusual  preponderance 
of  potassium  salts,  but  later  ones  have  found  the  propor- 
tion no  greater  than  that  of  the  blood,  lymph,  or  transu- 
dates generally. 

Briefly  stated,  the  chief  chemical  characteristics  of  the 
cerebro-spinal  fluid  are  the  following: 
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1.  It  is  a  clear  watery  fluid,  faintly  alkaline,  of  low 
specific  gravity,  about  1.007. 

2.  It  contains  no  fibrin  and  gives  no  precipitate  (mu- 
cin) on  adding  acetic  acid. 

3.  On  boiling  not  more  than  a  trace  of  turbidity  (serum 
globulin)  is  observed. 

4.  It  reduces  Fehling's  solution. 

5.  A  reducing  substance,  obtained  by  evaporating  to 
dryness  an  alcoholic  extract  of  the  fluid,  is  found  in 
needle-like  cr^'stals  having  a  pungent  taste  and  an  acid 
reaction,  and  resembling  pyrocatechin.  This  reducing 
substance  does  not  ferment  with  _veast,  nor  give  the 
phenylhydrazin  reaction,  nor  turn  the  polarization  plane. 

6.  It  contains  a  small  proportion  of  proteids  and  gen- 
erally no  albumin. 

Pathological  and  Clinical  Con^derations.  —  Since 
Quincke  called  attention  to  the  value  of  pimrture  of  the 
vertebral  canal  as  a  diagnostic  and  therapeutic  measure, 
and  to  the  ease  with  which  it  could  be  performed,  resort 
to  it  has  frequently  been  had. 

The  method  of  procedure  is  as  follows : 

The  patient  is  preferably  placed  in  the  recumbent  post- 
ure on  the  left  side,  with  the  bod}-  strongly  flexed  in  the 
lumbar  region.  The  pimcture  is  made  with  a  long 
aspirating  needle  between  the  second  and  third  or  the 
third  and  fourth  lumbar  vertebric,  a  few  millimetres 
outside  the  meilian  line.  In  a  child  of  about  two  years, 
the  puncture  should  be  opposite  the  mid-point  between 
the  lumbar  spines,  and  at  a  depth  of  about  2  cm.  the  sub- 
arachnoid chamber  will  be  reached.  In  the  adult  the 
pimcture  should  be  made  at  a  point  opposite  the  middle 
third  of  the  lower  border  of  the  spine  above,  on  account 
of  the  downward  inclination  of  the  spines,  and  the  needle 
should  slope  toward  the  median  line.  If  the  puncture 
be  made  in  the  median  line,  it  should  be  at  the  midpoint 
between  the  spines;  and  in  children  the  needle  should 
penetrate  in  a  nearly  horizontal  direction,  while  in  the 
adult  it  should  slope  uinvard  parallel  to  the  spines. 
Sahli  '*  recommends  that  the  puncture  be  made  between 
the  fifth  lumljar  and  the  base  of  the  sacrum,  especiall}'  if 
the  morphological  elements  are  to  be  sought  for.  Anfes- 
thcsia  is,  as  a  rule,  tmnecessary. 

AVhere  there  are  symptoms  of  intracranial  pressure  and 
only  small  amomitsof  fluid  can  be  obtained  by  puncture, 
the  cause  will  probably  be  an  interruption  of  the  connec- 
tion between  the  encephalic  and  spinal  spaces,  due  to 
exudate  or  tumor,  especially  of  the  cerebellum.  It  is 
possible,  however,  that  the  lack  of  fluid  might  be  due  to 
the  closure  of  the  aqueduct  of  Sylvius  or  the  metapore. 
Small  quantities  of  fluid  exclude  tuberculous  meningitis, 
acute  hydrocejihalus.  and  tetanus. 

The  cerebro-spinal  pressure  can  be  judged  by  the 
strength  of  flow  from  the  cannula,  a  strong  spurt  indicat- 
ing an  increased  pressure,  slow-coming  dropsa  decreased 
pressure.  It  can  be  more  accurately  measured  b.v  at- 
taching the  cannula  to  a  mercury,  or,  better,  to  a  water 
manometer,  the  normal  pressure  being  from  5  to  7. -3  mm. 
mercury.  When  the  pressure  is  much  raised  (15  to  60 
mm.  of  merciny)  meningitis  or  brain  tumor  is  indicated. 
The  specific  gravity  is  somewhat  variable,  but  an  in- 
creased density  points  to  meningitis,  although  this  affec- 
tion may  exist  with  normal  specific  gravity. 

Proteids  may  be  found  increased  in  tuberculous  menin- 
gitis, decreased  in  brain  tumors  and  serous  meningitis. 
The  variation  in  different  cases  of  the  same  kind  is  so 
great  that  the  proportion  of  proteids  loses  considerably 
in  diagnostic  .significance.  Lichtheim  and  Quincke  claim 
to  find  sugar  in  most  cases  of  brain  tumor.  This  does 
not  agree  with  the  observations  of  Furbringer,  who  foimd 
sugar  only  in  cases  of  diabetes  associated  with  tubercu- 
losis. 

Microscopic  Examination. — A  turbid  appearance  is  due 
to  leucocytes  and  indicates  inflammation,  but  in  tuber- 
culous meningitis  the  fluid  is  clear. 

In  tuberculous  meningitis,  tumor,  abscess,  and  chronic 
hydrocephalus  only  a  few  leucocytes  and  endothelial 
cells  are  to  be  found,  while  in  acute  meningitis  the  leuco- 
cytes are  more  plentiful,  and  in  the  purutent  form  they 


are  very  numerous.  It  is  important,  before  advising  op- 
eration in  cases  of  abscess  of  brain  and  sinus  thrombosis, 
to  exclude  purulent  meningitis.  This  is  often  readily 
done  by  a  microscopic  examination  of  the  puncture  fluid. 

Pure  blood  in  the  subarachnoid  space  indicates  either 
extensive  brain  laceration  or  intraventricular  hemor- 
rhages. In  subdural  hemorrhages,  a  small  amount  of 
blood  may  be  found ;  but  in  epidural  haematoma,  and  in 
hemorrhagic  pachymeningitis  only  very  small  quantities 
of  blood  are  found.  In  severe  traumatic  cases  the  pres- 
ence of  nearly  pure  blood  would  indicate  serious  brain 
injury  and  contraindicate  operation,  and  vice  versa:  the 
absence  of  blood  might  indicate  the  advisability  of  an 
operation.  In  non-inflammatory  diseases  of  the  brain,  as 
tumors  or  abscess,  no  clotting  occurs,  except  a  slight  one 
in  tuberculous  meningitis. 

In  cases  in  which  tuberculous  meningitis  is  suspected, 
some  of  the  puncture  fluid  should  be  centrifugalized  and 
examined  for  tubercle  bacilli.  Filrbringer  has  found  the 
bacilli  in  thirty  out  of  thirty-seven  cases.  Other  organ- 
isms that  have  been  found  are  the  diplococcus  intracellu- 
laris  (Weichselbaura)  in  cases  of  epidemic  cerebro-spinal 
meningitis,  and  the  streptococcus  and  the  diplococcus 
pneumoniiB  in  purulent  meningitis  secondary  to  otitis 
media.  The  staphylococcus  pyogenes  aureus"  and  albus 
are  also  sometimes  found. 

St.  Clair  Thomson  has  collected  from  the  literature 
nine  cases  of  undoubted  spontaneous  flow  of  the  cerebro- 
spinal fluid  from  the  nose,  and  twelve  probable  cases. 
This  condition  he  has  named  cerebro-spinal  rhinorrhoea. 
It  affects  the  sexes  about  equally,  and  is  a  disease  of  adult 
middle  life,  frequently  presenting  cerebral  and  eye  symp- 
toms. The  flow  is  usually  from  the  left  side  of  the  nose 
and  is  generally  continuous  day  and  night,  but  long  or 
short  periods  of  intermission  may  occur. 

The  method  of  escape  of  the  fluid  was  fo\md  in  one 
case  to  be  through  an  aperture  in  the  cribrifonu  plate  of 
the  ethmoid.  A  possible  explanation  is  that  the  lymph 
vessels  of  the  nasal  mucous  membrane,  which  are  in  com- 
munication with  the  subarachnoid  cavity,  may  furnish 
the  exit.  No  efticient  method  of  treatment  has  been 
found.  One  case  of  spontaneous  flow  from  the  ear  is 
recorded  in  which  the  membrana  tympani  was  intact  and 
no  evidence  of  injury  or  disease  was  present. 

Harry  B.  Ferris. 
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BRAIN,  CIRCULATION  OF.— All  the  larger  intra- 
cranial vessels  and  most  of  their  easily  visible  branches 
lie  in  the  enveloping  membranes — dura,  pia,  and  their 
processes.  Over  the  convexity  only  minute  branches 
enter  or  leave  the  brain  proper.  The  largest  arterial 
twigs  directly  entering  the  cerebrum  are  those  of  the 
(basal)  pre-  and   post-perforated  spaces.      The  largest 
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EXPLANATION    OF    PLATE    XVL 

Fig.  1. — The  arterial  areas  of  tlie  convexity 

Fig.  2.— Those  of  the  mesial  surface.  The  area  supplied  by  the  precerebral  is  in  Ijrown,  that  by  the 
mediccrebral  is  in  green,  and  that  by  the  postcerebral  is  in  blue.  The  maiu  branches  and  their 
directions  in  each  case  are  indicated  by  shades  of  the  primary  color. 


The  two  figures  on  this  plate  were  prepared  especially  for  this  work.     They  represent  an  aver- 
age between  the  two  sides  of  a  brain  examined  by  isolated  injection  of  the  individual  arteries. 
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venous  rootlets  directly  from  the  organ  are  the  corre- 
sponding perforants  and  some  in  the  cables.  Hence  the 
vessels  of  the  meninges  have  to  be  included  in  any  ac- 
count of  the  encephalic  circulation;  and  the  vascular 
distribution — especially  the  arterial — can  be  best  mapped 
out  on  the  surface.  From  studies  published  within  the 
last  thirty  years  our  knowledge  of  this  subject  has  been 
greatly  developed.  Our  aim"  is  to  reclassify  and  har- 
monize the  often  puzzling  independent  and  re-discoveries. 
NoMEXCL.\TrRE. — In  this  article  the  simplified  tei-ms  of 
Wilder  {vide  amended  list  in  New  York  Medirnl  Journal. 
November  25th,  1885)  will  be  employed.  These  are  ex- 
tended also — with  his  approval — to  the  veins,  sinuses, 
and  so-called  meningeal  vessels.  As  these  last  lie  wholly 
in  one  of  the  membranes,  the  dura,  the  general  term 
meningeal  does  not  accurately  define  them;  for  this  the 
unequivocal  dural  is  substituted. 


Intrinsic  Arteries  of  the  Brain. 

English 
paronyms. 


Common  Latin  names.    Proposed  names. 


Vertebra  lis 

Basilaris  (az.) 

Cerebellaris  superior  . . . 
Cerebellaris  anterior  .   . 

Cerebellaris  Inferior 

Cerebralis  anterior     i. 
Corporis  callosi  \  ' ' 

Cerebralis  media  ( 

Fossa"  Sylvii         f 

Profunda  cerebri      I 
Cerebralis  posterior  \  • ' 
Communieans    anterior 

{az.\ 
Comminiic:ins  postfrior. 

Choroiit''ii  antcTi"!- 

Cboniiili'U  pc.stiTinr  — 
Perforautes  anteriores  . 
Perforantes  posteriores 
Termatiea  ; 

Cerebralis    ant. !-  (az.) . 

media 


Abbre- 

via- 

Uons. 

Vertebralis Vertebral vrth. 

Basilaris Basilar hslr. 

Precerebellaris . . .  Precerebellar  —  prcfil. 
Medicerebellaris  .  Medicerebellar  . . .  mchi. 
Postcerebellaris  . .  Poslcerebellar  —  pcN. 

Precerebralis Precerebral prcb. 

Medicerebralis  . . .  Medicerebral mcb. 

Posteerebralis Postcerebral pcb. 

Precommunicans.  Precommunicant.  prcm. 

p.  isirommunicans  Post<*ommunicant  pcm. 


I'lvcijoroidea 
Posirlioroidea. . . 
rreperf  orantes . . 
Postperforantes . 


Preehoroid prchrd. 

Postehoroid pchrd. 

Preperforants prpf. 

Postperforants .. .  ppf. 


Termatiea Termatic 

Dural  Arteries. 

Meningea Duralis Dural. 

Meningea  anterior Preduralis Predural. 

Meningea  media Mediduralis Medidural. 

Meningea  pana Paniduralis Parvidural. 

Meningea  posterior Postdiiralis Postdui^l. 

Meningea  inferior t^ubduralis Subdural. 


trmc. 


Longitudinalis  superior 

(az.). 
Longitudinalis   Inferior 

taz.). 
Torcular  Hero-] 

Phili  I  („,  ) 

Confluens  sinu-P""'-'' 

um  J 

Spbenoparietalis    { 
Alae  parva*  i 

Petrosus  superior 

Petrosus  inferior 

Petrosus  anterior 

Rectus  (nz.) 

Lacunae  laterales  sinu- 

um. 


Siii».sf.<. 
Longitudinalis  . . 

Falclalis 


Longitudinal. 
FalciaL 


Torcular Torcular. 


Spbenoidalls Sphenoidal. 


Superpelrosus  — 

Subpetrosus 

Prepetrosus  

Tentorii  

Lacunie  parasinu- 
ales. 


Superpetrous. 
Subpetrous. 
Prepetrous. 
Tentorial. 
Parasinual  •  spaces. 


Cerebri  superior 

Cerebri  anterior  j 

Callosi    anterior    ex-  > 

tema  1 

Cerebri  media 

Fossa?  Sylvii 


Intrinsic  Fein*  of  the  Brain. 

Supercerebral. 


Supercerebralis  . 
Precerebralis  . . . 


Basilaris  Rosenthali     i 
Cerebri  inferior  s.  as-  > 

cendens  1 

Occipitalis  lateralis       ) 
Cerebralis  lateralis  et  .- 

inferioris  ' 

Occipitalis  interna        j 
Cerebri   posterior   in-  - 

ferior  ^ 

Callosi    posterior   ex- 
terna. 
Magna  tialeni     1 
Cerebri  interna^  (az.). 

communis       ' 
Cerebri  interna  s.  inti- 

ma  s.  profunda 
Right  and  left  vein  of 

Galen 


Medicei^bralis . 
Sylvu 


Subcerebralis  . . 
Postcerebralis. . 


Suboccipilalis . 
Callosalis 


Galeni  . 

Velaris . 


.  Medicerebral. 
,  Sylvian. 

.  Subcerebral. 

.  Postcerebral. 

.  SuboccipitaL 
.  Callosal. 

.  Galen's. 

.  Velar. 


*  The  form  parasinual  was  kindly  suggested  and  approved  by  Prof. 
B.  I.  Wheeler,  the  comparative  philologist. 


Corporis  striati  l_ 

LateraUs  ventriculi       )' 

Cornu  anterioris 

Septi  lucidi  I. 

.\ntr. -ventriculi  ( 

Cornu  posterioris 

Choroidea 

MeduUares  superiores.. 

Rami  corporis  striati . . . 

Rami  tbalami  optici 

Ramus  thalami  optici 
profundus    (Rosen- 1 
thai)  (' 

Pedunculi  cerebri        J 

Azygos  conarii  

Cerebelli  sup.  media 

Cerebelli  sup.  lateralis. . 

Cerebelh  inferior 

Durse  matris  cerebri  I. 
Meningea  1  ** 

Meningea  media 

ophthalmomeningea... , 


Taenialis ,^..  Tenial. 

Precomualis Precomual. 

Paraseptalis Paraseptal. 

Postcomualis Postcomual. 

Medicomualls....  Medicornual. 

Superalbales Superalbals. 

Striatales Striatal. 

Thalamici Thalamic. 

Thalamocruralis  .  Thalamocnuul. 

Conariahs Conarial.  - 

Supercerebellaris.  Supercerebellar. 
Paracerebellaris  .  Paracerebellar. 
Subcerebellaris...  Subcerebellar, 

Dural  Veins. 

Duralis Dural. 

MediduraUs Medidural. 

Ophtbalmoduralis  Ophthalmodural. 

Arteries. 


The  encranial  arteries  present  two  distinct  systems  of 
vessels: 

I.  The  dural,  commonly  called  meningeal. 

II.  The  intrinsic,  or  those  of  the  brain  proper. 
These  latter  do  not  anastomose  with  any  other  arteries. 

Rarely  there  are  marked  exceptions  to  this  rule,  and  per- 
haps oftener  slight  inosculations  about  the  sella  turcica. 

Heubner  (1874),  from  injections  in  adults,  says;  "The 
territories  of  the  medidural  and  of  the  cerebral  arteries 
must  be  considered  as  absolutely  independent  of  one  an- 
other." Langer  (1877),  speaking  of  infantile  and  young 
subjects,  states ;  (u)  that  one  or  two  dural  branches  of  the 
precerebral  anastomose  in  the  fal.x  witli  terminal  twigs 
of  the  dural  artery ;  (h)  also  that  pial  branches  of  the  pre- 
cerebral may  reach  minute  dural  arteries  accompanying 
the  supercerebral  veins  as  they  spring  over  to  the  dura 
near  the  longitudinal  sinus. 

I.  The  Dural  Vessels  ramify  in  the  exteinor  of  the 
dura.  In  a  general  way  it  is  true  that  the  pre-medi-  and 
post-dural  arteries  are  branches  respectively  of  the  in- 
ternal and  external  carotid  and  vertebral  arteiies.  These 
various  branches  interanastomose  freely,  so  that  dural 
infarction  does  not  occur.  They  are  distributed  not 
simply  to  the  dura,  but  also  to  the  diiiloic  cranial  bones; 
small  twigs  maj'  also  pass  to  extracranial  parts. 

1.  I'/ie  Branches  from  the  Krternal  Carotid  supply  the 
middle  belt,  and,  in  fact,  nearly  the  whole  of  the  dura. 
They  are : 

(1)  The  Medidural,  the  largest  and  most  constant  of  all 
the  dural  arteries,  arising  from  the  internal  maxillary 
and  entering  through  the  spinous  foramen.  Its  branches 
pass  up  the  divergent  sulci  meningei  (for  arteries  and 
accompanying  veins)  of  the  lateral  cranial  wall,  connect- 
ing at  the  top  with  those  from  the  opposite  side.  Of 
its  two  main  divisions,  the  larger  anterior  is  often  for  a 
short  distance  arched  over  to  a  canal. 

The  furrows  of  the  medidural  artery  on  the  entocranial 
wall  deepen  with  j-ears,  and  in  old  age  the  artery  sinks 
quite  into  them.  It  has  two  primary  branches,  a  larger 
cephalic  and  a  caudal,  the  former  again  soon  (at  the 
sphenoidal  angle  of  the  parietal  bone)  separating  into  two 
secondary  rami.  The  anterior  ramus  runs  up  behind  the 
coronal  suture,  though  a  little  more  obliquely,  being, 
according  to  ilarchant.  pretty  constantly  from  0  to  13 
mm.  (averaging  5  to  6  mm.)  away  at  the  foot  of  the 
suture,  about  1  cm.  at  its  middle,  and  15  mm.  at  its  dorsal 
part.  The  second  ramus  starts  on  tlie  entotemporal  sur- 
face 4  cm.  behind  the  pterion.  on  an  average.  At  its 
middle,  on  the  entoparietal  surface,  it  averages  54  mm. 
behind  the  coronal  suture.  Farther  dorsad,  the  distance 
is  ver}'  vaiiable.  30  mm.  more  or  less. 

The  primitive  caudal  branch  leaves  the  temporal 
squama  58  mm.  behind  the  pterion,  then  goes  toward, 
and  becomes  parallel  with,  the  lambdoidal  suture. 

The  relations  of  these  vessels  to  the  subjacent  cortex, 
important  clinically,  Duchaine  sums  up  thus:  (1)  The 
cephalic  branch  runs  up  opposite  the  frontal  lobe  some 
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centimetres  before  the  central  fissure,  rather  nearer  the 
coronal  suture.  (2)  The  midramus  starts  almost  opposite 
the  fissure,  then  runs  up  some  centimetres  behind  it.  (3) 
The  caudal  branch  is  always  a  centimetre  or  more  distant 
from  the  fissure,  and  is  still  farther  separated  above. 

Besides  man_v  minute  branches  to  the  sinus  walls,  out- 
going nerves,  and  orbit  (ride  infra),  it  may  send  to,  or  re- 
ceive from,  the  deep  temporal  region  minute  rami  per- 
forating tlie  interposed  nail;  in  young  subjects  (Hyrti) 
considerable  branches  may  pass  through  the  anterior 
fontanelle  and  the  sagittal  suture  to  the  soft  cranial  cov- 
erings. 

(3)  The  PariHdural,  an  inconstant  accessory  medidural, 
arising  close  to  tlie  latter,  or  even  directly  from  it,  and 
entering  by  the  oval  foramen.  It  goes  to  the  Gasserian 
ganglion  and  adjacent  dura. 

(3)  The  Mastoid  branch  of  the  occipital  (or  external 
carotid,  15  in  120  times,  Wyeth,  18T8),  entering  by  the 
mastoid  foramen,  within  which  it  always  sends  a  branch 
to  the  diplot'.  It  is  small,  variable,  and  destined  for  the 
wall  of  the  lateral  sinus  and  adjacent  dura.  Here  again 
a  reverse  course  has  been  observed,  where  the  postauricu- 
lar  arose  fromaduralarlery  by  emerging  through  a  fora- 
men in  the  mastoid  (Bankart). 

(4)  Siipradni-al  branch  or  Rtmus  Parietalis,  also  from 
the  occipital,  accompanying  the  emissary  through  the 
parietal  foramen.  It  is  usually  Insignificant,  and  often 
absent. 

(5)  The  Snbdiiml  branches  arc  very  small  and  variable. 
They  include  twigs  from  the  ascending  jiiiaryngeal,  oc- 
cipital, and  stylomastoid  arteries,  enter  b.y  the  pre-  and 
post-lacerated,  precondyloid,  and  stylomastoid  foramina, 
and  partly  supply  thedura  of  the  posterior  fossa  and 
basilar  sinuses. 

2.  Brancheifromthe  Internal  Carotid. — (1)  Thecavem- 
ous  carotid  yields  several  small  rami  to  the  sinus  wall, 
the  pituitary  body,  Gasserian  ganglion,  and  dura  about 
the  sella  turcica.  These  are  variously  styled  rereptacular 
and  rai/ed  arteries,  even  predural  in  case  of  any  prominent 
single  branch.  Their  field  of  distribution  and  that  of  the 
parvidural  are  evidently  complementary. 

(2)  Tlie  Predural  usually  refers  to  the  "one  ormore  slight 
branches  of  the  ethmoidal  arteries,  supplying  the  adja- 
cent dura  of  the  precranial  fossa. 

3.  Branch  from  the  Vertebral. — The  Postdural  artery 
ari.ses  opposite  or  just  below  the  occipital  foramen,  passes 
with  the  vertebral  into  the  cranial  cavity,  and  supplies 
the  dura  of  the  postcranial  fossa,  especially  the  posterior 
portions,  as  the  cerebellar  fal-\,  etc. 

Tlie  only  anastomoses  of  special  interest,  between 
dural  and  extradural  arteries,  are  with  those  of  the  orbit. 
Such  connections  always  CNist.  Often  a  medidural 
branch  enters,  through  either  the  sphenoidal  foiamen  or 
some  special  opening,  and  supplies  the  external  wall, 
even  substituting  partly  or  wholly  the  lachrymal  artery, 
or  a  branch  of  the  lachrymal  may  take  the  reverse  course. 
Very  rarely  the  medidural  arises  directly  from  the  oph- 
thalmic (Zuckerkandl.  four  ca.ses,  Hulston.  one),  and  then 
passes  b}'  the  sphenoidal  fissure  to  its  usual  distribution. 
This  possible  origin  should  be  borne  in  mind  in  the  rare 
operation  of  tying  the  medidural  at  the  base  of  the  skull. 

II.  Intrinsic  Arteries  (or  those  of  the  pia  and 
brain  substance). — In  removing  the  brain  from  the  skull 
we  sever  at  its  base  the  four  arteries  which  suffice  for  its 
entire  blood  sujiply.  These  are,  anteriorly,  the  two  car- 
otids entering  through  the  carotid  foramen  and  canal, 
posteriorly,  the  two  vertebrals  entering  beside  the  foramen 
magnum.  By  means  of  communicating  brandies  at  the 
base  of  the  brain — the  vertebrals  having  first  united,  and 
their  common  basilar  trunk  having  divided  into  the  two 
postcerebrals — the  primary  vessels  combine  to  form  the 
circle  of  Willis.  From  this  practically  all  and  only  the 
cerebral  arteries  emanate.  Previously,  however,  several 
branches  are  given  off  by  the  vertebrals  and  basilar; 
while  the  carotid  yields  only  the  oplithalniic.  The  latter 
is  said  always  to  originate  before  any  of  the  cerebral 
branches,  ancl  some  millimetres  before  the  bifurcation  of 
the  cerebral  carotid. 


The  VertehraU  and  Basilar  supply  in  their  course  the 
organs  of  the  posterior  fossa,  viz.,  cerebellum,  pons, 
oblongata,  and  their  adnexa.  In  approaching  tlie  distal 
border  of  the  pons  the  vertebrals  unite  to  form  the  mesal 
basilar.  This  is  occasionally  divided  within  by  a  septum, 
or  separates  into  two  vessels  which  soon  reunite.  The 
basilar  lies  in  the  median  sulcus  of  the  pons,  directly 
on  the  basilar  process  of  the  occipital  bone  ;  opposite  the 
central  border  of  the  pons  it  ends  in  the  two  postcerebrals. 
Only  occasional  variations  are  attributed  to  the  vertebrals : 
(1)  absence  of  one,  the  existing  vessel  being  joined  by  a 
branch  from  the  opposite  carotid;  (2)  both  may  join  the 
basilar  on  the  same  side;  (3)  or  one  may  be  represented 
by  two  or  three  branches  before  entering  the  formation 
of  the  basilar  trunk. 

The  lateral  branches  are : 

1.  PostrerebeUar.  the  largest  offshoot  of  the  vertebral. 
It  passes  around  the  oblongata,  beside  the  pneumogastric 
nerve,  to  supply  the  extremity  of  the  cerebellar  lobe  as 
far  as  the  median  line,  the  subvermis  and  adjacent  sur- 
face, and  the  plexus  of  the  luetepicade. 

2.  Recnrrent  Spinal  Twigs,  also  from  the  vertebral,  are 
given  as  follows  by  Kadyi ;  Immediately  after  the 
vertebrals  traverse  the  dura  there  arises  from  each  a  1 
mm.  thick  branch  (dorso-myelic).  which,  after  giving  up 
twigs  to  the  restiform  body,  descends  along  the  dorsal 
border  of  the  lateral  columns  of  the  cord.  This  is  homol- 
ogous with  other  branches  entering  by  the  dorsal  nerve 
roots.  Sometimes  this  arises  from  the  vertebral  in  com- 
mon with  the  postcerebellar. 

Near  the  union  of  the  vertebral  to  the  basilar  there 
arises — usually  one  on  each  side,  though  unequal — the 
niyelic  branch  for  the  ventromyel.  These  two,  how- 
ever, either  soon  or  offener  after  entering  the  spinal 
canal,  combine  to  form  the  azygoid  ventro-myelic  artery. 
They  are  thus  continuous  and  homologous  witli  the  other 
myelic  arterioles  coming  in  along  the  ventral  nerve 
roots. 

A  full  consideration  of  the  minute  details  of  the  arterial 
distribution  in  the  oblongata  is  given  by  Adamkiewicz 
(vide  Plate  XVII.).  These  vessels  come  wholly  from  the 
upper  (intracranial)  part  of  the  vertebrals  as  they  cross 
the  ventral  surface  of  tlie  oblongata. 

The  main  facts  regarding  tlie  three  classes  of  secondary 
or  nutrient  arterioles  (external  or  surface  vessels)  he  ac- 
cepts from  Duret;  1.  The  radicals,  direct  from  the  verte- 
brals, supply  the  outgoing  nerve  roots  (facial,  acoustic, 
glossopharyngeal,  vagus,  accessorius,  and  hypoglossus). 
2.  The  nuclears,  at  riglit  angles  from  the  one  or  two 
dorso-myelics  in  an  extent  of  3  to  4  cm.  These  pene- 
trate the  median  fissure,  at  tlie  bottom  of  which  they 
form  a  kind  of  sagittal  leader,  and  end  beneath-the  floor 
of  tlie  metepico'le  (fourth  ventricle).  3.  Arteries  for  the 
other  portions  of  the  oblongata  (olivary  bodies,  pyramids, 
corpora  restiformia),  in  part  at  least  from  the  myelics. 

Moreover,  oh  the  oblongatal  surface  is  a  rich  network 
of  vessels.  The  ventromyelics  opposite  the  oblongata 
give  off  a  multitude  of  twigs  that  take  a  very  sinuous 
course  and  soon  settle  into  the  furrows.  For  the  dorsal 
surface  of  the  oblongata  there  is  no  external  supply  until 
below  the  calamus — upper  end  of  myel.  Its  source  is 
the  dorsomyelics.  These  latter,  at  the  first  cervical 
roots,  turncaudad  between  the  accessory  nerve  roots 
(nearer  the  dorsal),  and  wlien  at  the  level  of  the  fourth  or 
fifth  cervical  roots  they  end  by  also  anastomosing  with 
vessels  of  lower  origin. 

From  the  middle  portion  of  the  vertebrals,  between  the 
ventro-  and  dorso-niyelics.  arise  the  largest  branches 
(subcerebellars),  but  these  dodge  the  oblongata  and  are 
wholly  for  the  cerebellum. 

Topographically,  Adamkiewicz  distinguishes  three  sets 
of  finer  or  nutrient  arterioles  (internal  or  substantial  ves- 
sels) after  the  manner  of  the  niyelic  supply. 

(1)  Ventro-fissurals,  relatively  large,  dividing  in  the 
ventral  commissure  into  two  branches,  one  to  each  side 
for  the  corresponding  ventro-niesal  cinerea.  In  the  ob- 
longata these  supply  principally  the  pyramidal  tracts  and 
decussation,  lemniscus,  interolivary  tract,  raphe,  and  the 
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following  nuclei — gray  dorsal  cohimna,  n.  pyramidalis. 
n,  arciformis,  oliva,  and  hypogloss\is. 

(2)  Dorso-fissurals.  of  course  only  caudad  of  the  cala- 
mus. These  divide  at  the  dorsal  commissure  into  two 
border  vessels,  and  are  for  the  substance  of  the  dorsal 
columns.  nucleu.s  gracilis,  accessorius  centre,  and  casu- 
ally the  hvpoglossus. 

(3)  Coronal,  radial,  or  lateral  system.  These  are  very 
numerous,  penetrate  the  alba  from  all  sides  (excepting  of 
coui-se  the  metepica'le).  and  in  part  reach  the  subjacent 
cinerea  to  then  help  form  its  mass  of  capillaries.  A  sub- 
class here — nuclear  arteries — consists  of  six  to  eight  rela- 
tively large  twigs  entering  the  angulus  restiformia  oliva- 
ris  and  running  parallel  toward  the  middle  of  the  floor  of 
the.  metepica'le,  to  supply  principally  the  centres  for 
glosso-pharyngeus,  vagus,  hypoglossus,  and  acusticus. 
The  following  parts  receive  these  radial  or  lateral  afflu- 
ents— the  ventral  columns,  lateral  nuclei,  lateral  cornu. 
caput  of  substantia  gelatiuosa.  nuclei  cuneati  gracilis,  ar- 
ciformis et  pyramidalis.  and  the  oliva  itself. 

3.  Medicfrehelliir,  usually  from  the  basilar  trunk.  This 
passes  along  the  middle  cerebellar  crus  to  thepreventrad 
surface  of  the  respective  cerebellar  hemisphere,  including 
the  flocculus. 

4.  T/vf/Kvcc;-.?*!  branches,  three  or  four  in  number.  These 
are  parallel  and  accessory  to  the  preceding. 

5.  Auditiva  Interna.  Starts  like  the  last,  but  passes  to 
the  internal  auditory  meatus  and  structures  of  the  inner 
«ar. 

6.  Pondculiir  branches.  These  immediately  enter  the 
pons  perpendicularly,  and  supply  its  substance.  They 
represent  true  terminal  arteries  (Heubner).  quite  com- 
parable to  the  perforants  of  the  cereljnmi.  From  the 
importance  of  the  tracts  supplied  they  have  likewise 
_great  interest  to  the  pathologist. 

7.  Siipercerebellar.  This  starts  near  the  end  of  the 
basilar,  passes  outward  along  the  front  border  of  the 
pons,  winds  around  the  crus  cerebri  near  the  optic  lobes, 
and  is  distributed  to  the  supervermis  and  general  dorsal 
surface  of  the  cerebellum.  It  also  supplies  the  post-optic 
arteries. 

The  basilar  branches  all  emanate  at  practically  a  right 
angle  to  the  mother  trunk.  Those  going  to  the  surface 
anastomose  much  more  freely  than  do  the  cerebral  arteries. 
Accordingly  Heubner  found  the  pia  districts  of  single 
arteries  much  less  definite  over  the  cerebellum  than 
over  the  cerebrum.  Moreover,  the  branches  of  the 
two  sides  communicate  dorsad  across  the  median  line: 
this  is  explained  by  the  development  of  the  cerebel- 
lum from  a  single  median  vesicle.  The  only  communi- 
cation between  this  system  of  vessels  and  the  cerebral — ■ 
except  through  the  basilar  trunk — is  by  small  branches 
of  the  precerebellars  and  postcerebrals  across  the  crura 
cerebri. 

Circle  op  Willis. — The  carotid  ends  at  the  outer 
angle  of  the  chiasma  in  two  main  branches,  the  pre-  and 
medi-cerebral  arteries.  At  about  1  cm.  in  front  of  the 
chiasma  the  two  precerebrals  are  connected  by  the  pre- 
communicant.  From  either  the  medicerebral  or  the 
carotid  passes  the  postcommunicant  to  the  corresponding 
postcerebral.  Hence  tlie  circle  (or  polygon)  of  Willis  is 
made  up  by  one  precommunicant,  two  precerebrals,  two 
medicerebrals  (or  two  carotids),  two  postcommunicants, 
and  two  postcerebrals.  This  is  the  classical  arrange- 
ment: from  it,  however,  there  are  frequent  and  important 
deviations.  Professor  Windle  found  that  it  held  in  only 
76,  or,  overlooking  any  disproportion  in  the  postcom- 
municants, in  119  out  of  300  cases.  Only  in  the  apes  do 
the  vertebrals  nearly  equal  the  carotids.  In  man.  Ehr- 
mann, from  157  measurements,  found  that  very  constantly 
the  basilar  trunk  was  equal  to  one  carotid  {i.e.,  furnished 
one  third  of  the  brain  supply).  The  communicants  are 
not  simply  to  re-establish  a  circulation  in  case  of  obliter- 
ation, but  they  nonnally  act  to  equalize  pressure  in  the 
local  vessels.  When  this  circle  is  complete  and  of  normal 
structure,  an  adequate  collateral  circvUation  is  established 
after  occlusion  of  any  one  part.  From  this  circle  and  the 
first  few  centimetres  of  its  branches  originate  a  multitude 


of  arterioles  passing  to  the  basal  ganglia  and  adjacent 
structures. 

Dercum  offers  "  A  Collection  of  Anomalies  of  the  Circle 
of  Willis"  (Jiiiinifil  of  Nermusand  Mental  Dineases.  1889, 
January),  and  3.  H.  Lloyd  (/*«/..  1890,  p.  225)  gives  such 
a  case  of  a  type  describeil  by  Duret  (right  vertebral  absent, 
both  precerebrals  from  left  carotid,  etc. ).  St.  John  Bullen 
{Journal  of  Menial  Science.  1890,  January,  p.  33)  bases  the 
following  statements  on  the  examination  of  1,565  brains 
(from  the  insane),  but  holds  statistics  too  uncertain. 
Arterial  variations  occur  much  oftener  in  general  para- 
lytics than  in  those  dying  of  other  forms-^this  applying 
equally  to  all  segments  of  the  circle  of  Willis. 

The  components  of  this  circle  and  their  branches: 

Tlie  Precommunicant. — This  is  a  transverse  branch 
beneath  the  rostrum,  from  1  to  2  mm.  in  size,  connecting 
the  two  precerebrals,  and  forming  the  anterior  side  of  the 
circle.  Windle  found  it  normal  in  159,  double  in  14,  in- 
completely so  (forked  at  one  extremity)  in  6,  triple  in  1, 
absent  in  8,  and  associated  with  union  of  the  precerebrals 
in  2.  Wilder  notes  the  latter  condition  in  6  out  of  7 
cases,  and  Starr  in  2  of  14.  Duret  saj's  that  when  double 
one  is  of  normal  size,  the  other  very  small.  Its  place  is 
sometimes  supplied  by  a  fasciculus  of  small  twigs.  The 
precommmiicant,  Bullen  finds,  may  be  absent,  or  merely 
rudimentary,  or  double.  Its  branches — more  numerous 
when  the  communicant  is  unusually  long — are: 

1.  The  Termatica,  a  mesiil  vessel  at  its  origin.  Wilder 
found  this  present  in  all  of  seven  brains  examined.  "  It 
usually  divides  soon  into  a  right  and  left  portion,  which 
supply  respectively  the  cinerea  forming  the  surface  of 
the  triangular  area  ventrad  of  the  genu  and  rostrum,  and 
then  extend  around  the  genu  to  the  dorsal  aspect  of  the 
callosum. "  Windle  notes  it  in  nine  of  his  cases.  It  passed 
along  the  longitudinal  fissure  for  two-thirds  of  the  length 
of  the  callosum,  and  divided  into  branches  supplying  the 
opposed  surfaces  of  the  hemispheres.  When  the  com- 
municant is  wanting,  this  vessel  may  start  from  the  junc- 
tion of  the  precerebrals. 

3.  Small  retrograde  rami  to  the  lamina  of  the  chiasm. 

3.  Arterioles  which  plunge  into  the  callosal  rostrum, 
and  very  often  one  or  two  considerable  branches  com- 
pletely perforating  the  rostrum  and  ramifying  on  the 
cintra  of  the  fornix,  the  anterior  commissure,  and  the 
septum. 

The  Precerebral  {vide  Plate  XVI.  and  Fig.  818,  3).— 
This  at  its  origin  is  almost  perpendicular  to  the  carotid. 
Often  the  artery  of  one  side  is  larger  than,  and  partly 
substitutes,  that  of  the  other  side.  Windle  found  it  nor- 
mal in  181  of  200  cases.  In  2  the  right  was  absent,  its 
place  being  partly  supplied  in  one  by  twigs  from  the 
right  medicerebral,  in  the  other  b)'  a  small  branch  from 
the  carotid.  In  1  the  right  was  double  the  size  of  the 
left;  in  1  the  two  united  to  a  single  trunk:  and  in  8  they 
united  for  a  short  distance,  six  times  replacing  and  twice 
accompanying  the  precommunicant.  Either  precerebral 
may,  according  to  Bullen,  (1)  be  replaced  by  two  small 
trunks;  or  (2)  be  absent,  its  region  being  supplied  by 
branches  of  the  opposite  artery. 

The  short  oblique  portion,  "dorsad  of  the  optic  nerve, 
between  carotid  and  precommunicant,  represents  part  of 
the  circle  of  Willis.  This  portion  may  give  off  the  fol- 
lowing branches:  1,  Arterioles  to  the  optic  nerve  of  the 
same  side.  2.  Lateral  arterioles  to  the  neighboring  con- 
volution and  the  callosal  ro.strum.  3.  When,  from  pre- 
mature division  of  the  carotid,  the  precerebral  goes  over 
a  longer  course,  it  much  oftener  gives  large  twigs  to  the 
caudate  ( preperforantes).  Duret  says  that  these  branches 
take  one  of  two  courses.  In  one  they  penetrate  almost 
within  the  expansion  of  the  olfactory  nerve,  perforate 
the  callosum  at  its  junction  with  the  lower  part  of  the 
caudate  head,  and  divide  into  five  or  six  almost  sub- 
ependymal ramifications  not  extending  beyond  the  first 
3  cm.  of  the  caudate.  In  the  other,  one  or  two  arterioles, 
of  about  1  mm.  diameter,  follow  a  retrograde  course  of 
3-4  cm.  to  the  preperforated  space  beneath  the  caudate, 
to  which  latter  exclusively  they  are  distributed. 

From  the  precommunicants  on.  the  precerebrals  run 
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side  by  side  around  tlje  genu  and  caudad  at  the  bottom 
of  the  longitudinal  fissure.  After  giving  off  the  first 
few  branclies  the  main  trunk  may  divide  into  three 
branches,  as  stated  by  Duret,  whose  description  is  largely 
followed;  or  several  successive  branches  are  given  off,  as 
in  the  accompanying  plate.  Together,  they  supply  the 
inner  two-thirds  of  the  ventral  surface  of  the  frontal 


Fig.  818.— Arteries  of  the  Base.  (After  Duret.>  1.  Carotid  ;  -'.  medlcerebral :  3,  precerebral ;  4, 
posteerebral ;  ,5,  preperforants  (striat*'  iirteries)  ;  6,  prechor\>id  ;  7,  iK>st<'uniinunk'ants :  8, 
postehoroid  ;  9,  medichoroid ;  10.  oallusjils  (terininatiou  of  precerebrals ) :  11.  niedloptlcs  ;  13, 
pretlialamlc  (postperforants).  The  carotids  are  drawn  frontad  to  show  the  preperforants. 
The  left  temporal  lobe  is  cut  away,  exposing  the  medicerehral  trunk  at  the  bottom  of  the  Syl- 
vian fissure,  and  also  its  branches  crossing  the  insula. 


lobe,  the  anterior  four-fifths  <}f  tlic  opposed  surface  of 
the  hemispheres,  the  callosum  (largely ),  and  a  portion  of 
the  conve.\il.y. 

1.  Subfroiitnl  twigs,  to  the  olfactory  groove  and  region 
as  far  as  subfrontal  sulcus.  2.  Prefrontal  branch,  to 
mesal  surface  of  superfrontal  and  convex  surface  of 
superfroutal  and  part  of  medifrontal  convolutions.  3. 
Medifroiital  branch,  to  the  callosal  convolution,  and 
paracentral  lobule.  After  doubling  the  crest  of  the 
hemisphere  it  terminates  about  the  dorsal  extremity  of 
the  central  fissure.  4.  Postfrontal  branch,  to  precuneus 
and  the  adjacent  portion  of  the  conve.xity,  nearly  or 
quite  reaching  the  occipital  fissure.  5.  CiiUosal  artery. 
This  may  pass  around  the  splenium  to  terminate  in  the 
pineal  gland,  and  even  posterior  commissure.  It  goes 
to  the  callosal  convolution  and  vault,  perforating  the 
latter  and  ramifying  over  the  whole  extent  of  the  roof  of 
the  paracocles. 

The  Cerebral  Carotid  (Fig.  818,  1).— As  a  rule  the  post- 
communicant  is  a  direct  branch  of  the  carotid,  though  it 
often  starts  from  the  niedicerebral.  In  the  former  case 
the  carotid,  from  this  branch  to  its  termination  at  the 


commencement  of  the  Sylvian  fissure  in  the  pre-  and 
medi-cerebrals,  forms  part  of  the  circle  of  Willis.  In  this 
short  course  a  few  lateral  branches  are  given  off: 

1.  Arterioles  to  the  external  angle  of  the  chiasm.- 
Either  these  or  the  chiasmic  arterioles  from  the  precere- 
bral supply  minute  twigs  to  the  first  portion  of  the  optic 
nerve.  3.  Frequently,  one  or  more  of  the  perforantes  to 
the  caudate.  3.  Prechoroid  (Fig. 
818,  6).  This  may  come  from  the 
niedicerebral.  or  even  from  the 
postcommunicant;  in  any  case  its 
origin  is  peripheral  to  that  of  the 
last  named.  It  is  directed  oblique- 
ly caudad  along  the  outer  side  of 
the  optic  tract  to  attain  the  cho- 
roid plexus  in  the  lateral  horn 
(through  the  extremity  of  the 
transverse  or  Bichat's  fissure).  It 
gives  off:  (a)  internal  and  slightly 
recurrent  branches  to  the  optic 
tract ;  (b)  internal  branches  for  the 
central  part  of  the  outer  aspect 
of  the  crus  cerebri  ;  (c)  external 
branches  to  the  uncus  (a  terminal 
arteriole,  Heubner) ;  ((f)  extremely 
fine  twigs  to  the  two-thirds  of  the 
choroid  plexus  that  it  is  stated  to 
traverse. 

In  general,  Kolisko's  work  cor- 
roborates that  of  Heubner.  In  a 
large  number  of  examinations  this 
vessel  was  never  absent.  It  has  a 
pretty  constant  diameter  of  0.5 
mm.  In  the  foetus  it  is  relatively 
very  large.  In  animals  (dogs, 
cats,  rabbits)  it  was  regvdarly  pres- 
ent, but  arose  from  the  Sylvian. 
The  branch  to  the  uncus  was  al- 
ways present,  but  has  free  anasto- 
mosis in  the  pia.  The  branches 
in  plexus  and  tela  also  anastomose 
freely  with  others  near;  but  those 
to  the  brain  substance  are  termi- 
nal. 

The  prechoroid  supplies  the  fol- 
lowing parts:  The  posterior  arm 
of  the  internal  capsule,  with  the 
lamina  niedullaris  externa  of  the 
thalamus  to  the  level  of  the  upper 
angle  of  the  midlenticular  seg- 
ment—usually only  the  posterior 
two-thirds;  the  white  substance 
back  of  the  internal  capsule  as  far 
as  the  roof  of  the  medicornu;  the 
inner  lenticular  segment;  the  un- 
cus ;  the  optic  tract  (in  its  pos- 
terior half);  the  lateral  choroid  plexus;  the  endyma  of 
the  posterior  and  lower  parts  of  the  paraccele ;  the 
greater  part  of  the  tail  of  the  caudatum;  exceptionally 
the  external  parts  of  the  upper  half  of  the  thalamus. 

But  the  posterior  arm  of  the  internal  capsule  is  also  in 
part  supplied  by  the  niedicerebral  and  postcommunicant 
(the  anterior  third  of  this  part  by  the  latter  vessel),  the 
deeper  parts  by  the  prechoroid  and  postcommunicant, 
and  the  upper  parts  (above  apex  of  midlenticular  .seg- 
ment) by  the  Sylvian  (lenticulo-optic  ramus  of  Duret). 

Circulator}-  disturbances  in  the  supply  territoiy  of  the 
prechoroid  cause  ojiposite  hemiplegia  by  softening  in  the 
posterior  segment  of  the  internal  capsule,  involving  the 
pyramidal  and  cranial-motor  tracts. 

Hemian.Tsthesia,  hemianopsia,  and  hemianosmia  may 
likewise  follow  closure  of  the  prechoroid,  but  are  usually 
headed  off  by  collateral  supply. 

When  the  postcommunicant  is  large,  its  blocking  may 
cause  opposite  facial  and  hypoglossal  paralysis,  since 
these  tracts  traverse  the  front  part  of  the  posterior  arm 
of  the  capsule. 

The  Medlcerebral  (i'i(f«  Plate  XVI.  and  Fig.  818,  2).— The 
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Arterial  Supply  of  Oblongata  (from  Adamkiewicz),  Enlarged  Six  Diameters. 
Fio.  1. — At  Decussatioa  of  Pvnuniils. 


ITs,  DorsiU  Cohiinii. 

Hg,  Niu'lfiis  gracilis, 

Nc,  Nucleus  cunciitus. 

Sgc,  Substautia  golatinosa  centnilis. 

Cep,  Caput  coruu  posterioris  (aut  tuberculum  Rolaudo). 

XII.  Root  of  hypoiclossus. 

Vr,  Uoinuaut  of  ventral  coluuiii. 

l^rk.  Uccussntion  cmiiH'iK'c. 

Pfl.  Pyraniiil. 

g.  Boundary  between  Py  and  Vr. 


S,  Arteria  suki. 

Sa,  A.  suk'i  (at  deeper  layers). 

Ace,  Aa.  centrales  cornuum  anteriorum. 

Aca,  Aa.  cornu  auterioris. 

Aid,  A.  nuclei  lateralis. 

Ax  />',  A.  tiibereuli  Rolaudo. 

AiK,  A.  nuclei  euncati. 

Ang,  Aa.  nuclei  gracilis. 

F,  A.  lissura'. 


Fio.  2.- 

II.  Ilypoglossus  nucleus. 

Va.  Post,  vagus  nucleus. 

Po.  Pouticulus  (velum  inediillare  posticum). 

Gl.  Glossopliarynge\is  nucleus. 

Ac,  Acusticus  nucleus. 

Lb,  Longitudinal  bundle. 

(Krause's  respiratory  fasciculus.) 
Cr,  Corpus  restifornie. 
X,  Ant.  vagus  nucle\is. 
IX.  Root  of  glossopliaryngeus. 
Aro.  Angulus  resliforniio  olivaris. 
0,  Oliva^ 

No,  Nucleus  pyraniidalis. 
(h».  Interolivary  tract. 
R,  Raphe. 


-Opposite  Middle  of  Metepiccple. 

Py,  Pyramid. 

A'cJ,  Nucleus  arciformis. 

S,  Arteria  sulci. 

See.  Atlliu'Mts  to  external  nestlikc  capillary  coils.  !ron> 

sulcus  artery. 
Sri,  Affluents  to  inner  same. 
AoU.  Sultlateial  olivary  artery. 
Am.  Olivary  ramus  from  sulcus  artery. 
AoU,  Subolivary  arteries. 
Aolm,  Jledilateral  olivary  artery. 
Aols.  Super-olivary  artery. 
An.  Arteries  of   I  lie  nuclei  (glossopharyngeus,  vagus, 

Ilypoglossus ). 
Vn.  Nuclear  vessels  (glossopharyngeus,  acusticus). 
F,  Aiteria  tissuni?. 


O.  Oliva. 
Br.  Pons. 


Fig.  3. — Longitudiual  Section  through  Olivary  Body. 

AoU,  Aa.  oliviB  laterales  infcriores. 
.■In,  Aa.  nudearife. 
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vessel  represents  the  most  direct  continuation  of  the  cere- 
bral carotid.  It  lies  at  the  bottom  of  the  Sylvian  fissure, 
as  do  also  the  primitive  portions  of  its  larger  branches 
as  they  spread  out  over  the  insula.  AVhen  the  postcom- 
municant  starts  from  tlie  medicerebral.  the  previous 
short  (4^6  mm.  long)  portion  of  the  latter  participates 
In  the  circle  of  Willis.  No  branches  are  assigned  to  this 
part. 

The  medicerebral  in  its  further  course  yields  two  classes 
of  branches:  (")  direct,  perforating,  or  nutrient  arterioles; 
(4)  large  and  small  pia  arteries. 

(a)  A  few  pcrforantes  (Fig.  818,  5,  5)  from  the  earlier 
part  of  this  artery  may  pass  directly  to  the  caudate  head, 
with  those  described  under  precerebral  and  mentioned 
under  carotid.  But  the  main  group  from  this  source  take  a 
somewhat  different  course,  and,  as  stated  by  Heubuer,  are 
often  detached  from  the  trunk  fafther  out  in  the  fissure. 
These  have  been  divided  into  two  sets.  The  first  to  leave 
the  trunk — lenticular  arteries — are  the  finer,  and  are  simi- 
lar in  deportment  to  the  preceding,  except  that  they  go 
to  the  first  and  second  segments  (apex)  of  the  lenticular 
nucleus.  The  second,  coarser  set  runs  along  the  base  of 
the  lenticular  nucleus  on  the  limit  of  the  externa!  cap- 
sule. A  portion  of  these  pass  caudad  and  dorsad  to  the 
thalamic  extremity  of  the  lenticular  nucleus,  and  termi- 
nate in  the  thalamus — knliculo-thalamie  arteries.  One 
arteriole,  noticeably  larger  than  any  of  the  others  and 
the  frequent  source  of  hemorrhage  in  this  region,  passes 
dorsad  and  mesad  to  the  third  segment  of  the  lenticular, 
where  it  gives  otf  many  side  twigs,  and  finally  divides 
into  four  or  five  terminal  branches,  supplying  also  the 
adjacent  internal  capsule,  etc.  Two  or  three  accompany- 
ing arterioles  extend  toward  the  third  segment,  and  may 
attain  the  tail  of  the  caudate.  Collectively  these  are 
termed  lenticulo-striate  arteries. 

A  further  group  might  be  made  of  the  small  direct 
vessels  traversing  the  insula  to  ^ain  and  supply  the 
claustrum  ;  as  this  is,  however,  a  derivative  of  the  ex- 
ternal gray  la_yer,  these  twigs  more  nearly  correspond  to 
the  general  cortical  and  albal  arterioles. 

Of  the  pcrforantes  as  a  whole,  it  may  be  said  that  they 
all  emanate  at  right  angles  from  the  inner  side  of  the 
mother  vessel.  Their  size  varies  from  0.5  to  1.5  mm. 
They  immediately  enter  the  brain  substance,  only  occa- 
sionally dividing,  and  never  anastomosing  before  doing 
so.  .  They  usuallj-  run  a  further  short  course  before 
branching.  The  ultimate  distribution  of  each  is  pencil- 
shaped.  They  are  destined  to  supply  the  central  gray 
nuclei  and  the  capsules,  notably  the  inner.  They  are  all 
true  terminal  arteries,  without  any  anastomoses  either 
between  themselves  or  with  other  arteries.  According  to 
the  French  school,  even  their  finest  capillaries  do  not  con- 
nect, but  on  this  point  the  Germans  teacli  otherwise. 

(b)  Pia  branches  of  the  medicerebral.  After  a  course 
of  1  to  2.5  cm.  the  main  trunk,  either  at  one  stroke 
or  success! vel,y,  divides  into  several  large  branches.  1. 
Previously,  however,  there  are  usually  a  few  small  rami 
for  the  adjacent  borders  of  the  frontal,  and  especially 
the  temporal,  lobes  (see  Plate  XVI.). 

2.  Frontal  brancli.  This  is  generally  the  first  large 
ramus.  Like  the  succeeding,  it  runs  some  distance  deep 
in  the  sulcus  and  subdivides  often,  at  least  before  ap- 
pearing externally.  It  is  especially  destined  for  the 
subfrontal  convolution.  It  supplies  the  orbital  surface 
of  the  frontal  lobe  external  to  the  orbital  fissure,  and  the 
convexity  dorsad  to  the  middle  of  the  medifrontal  gyrus, 
caudad  to  the  precentral  sulcus.  Duret  found  a  very 
constant  corresponding  artery  in  several  species  of  ani- 
mals. 

3.  Preparietal.  This  nourishes  the  precentral  and  ad- 
jacent extremity  of  medifrontal  convolutions,  and  may 
by  an  early  branch  include  the  postcentral  also. 

i.  Mediparietal.  This  may  gain  the  fissure  of  Rolando 
to  supply  not  only  the  postcentral  convolution,  but 
dorsad  a  portion  also  of  the  precentral.  It  may  also 
reach  the  adjacent  parietal  region. 

5.  Postparietal.  This  is  a  large  branch  in  the  horizon- 
tal Sylvian  fissure.     Its  ramifications  do  not  extend  be- 


yond the  parietal  or  occipital  fissure,  but  may  pass  be- 
j'ond  the  supertemporal. 

6.  Temporal.  This  is  included  under  the  last  by  many, 
but  it  is  often  an  early  and  large  branch  of  the  medicere- 
bral. By  its  numerous  considerable  subdivisions  it  then 
covers  practically  the  whole  external  temporal  surface. 
At  least  the  supertemporal  convolution  and  much  of  the 
meditemporal  are  regularly  supplied.  Its  distribution 
extends  nearly  to  the  suboccipital  convolution. 

There  is  no  special  artery  for  the  insula,  but  it  receives 
several  small  branches  from  the  preceding  as  they  cross  it. 

TJie  Postcrjmniunieiint. — Connecting  the  pre-  and  post- 
(carotid  and  vertebra!)  systems.  They  start  from  the 
carotid  or  medicerebral,  and  rim  directly  caudad  to  in- 
osculate with  the  corresponding  postcerebral  at  5-12 
mm.  from  the  latter's  origin.  They  pass  ventrad  of  the 
optic  tracts  and  also  encoimter  the  crura  cerebri.  In 
size  and  occurrence  these  vessels  are  variable,  and  fre- 
quently unsymmetrical.  The  left  is  more  often  the 
smaller  or  even  absent,  though  some  filiform  anastomosis 
from  a  corresponding  branch  of  the  carotid  usually  does 
exist.  As  a  very  large  branch  from  the  carotid,  espe- 
cially the  right,  it  may  replace  the  corresponding  postcere- 
bralwholly  or  in  part,  or  conversely;  a  large  left  com- 
municant has  been  observed  to  arise  from  the  postcerebral 
and  supply  the  same  medicerebral.  Aside  from  disparity 
in  size  (43  times)  the  postcommunicants  were  normal  in 
175  of  Windle's  cases.  Excepting  slight  anastomosis, 
both  were  absent  in  3  cases,  the  right  in  9,  the  left  in  18. 
In  7  both  were  very  small ;  in  2S  the  right  was  much 
larger  than  tlie  left;  in  15  the  reverse. 

Anomalies,  says  Bullen,  are  more  common  in  the  post- 
communicants  than  in  all  the  others.  Of  these  vessels, 
either  (1)  may  be  absent:  (3)  may  be  replaced  by  a  branch 
from  tlie  subcerebellar,  internal  carotid,  postcerebral.  or 
two  small  nutrient  branches  respectively  from  the  last 
two  vessels:  (3)  may  suppl)-  unusual  regions;  or  (4)  may 
be  unconnected  with  the  carotid  system. 

This  vessel  gives  off  laterally  pia  branches,  (a)  internal, 
(b)  external,  and  (c)  inconstant  penetrating  rami. 

(«)  1.  Chiasmic  branches  to  the  caudal  side  of  the 
chiasm.  3.  Twigs  to  the  tuber  cinereum  and  infun- 
dibulum,  a  descending  ramus  sujiplying  the  pituitary 
body.     3.  Two  to  the  mammillary  biidies. 

(*)  1.  To  the  optic  tract.  3.  To  the  cerebral  crura. 
3.  Often  considerable  branches  to  adjacent  temporal  gyri. 

(<•)  1.  Pret/ialaiiiic  Artery  (internal  and  anterior  optic 
of  Duret).  It  penetrates  between  the  tuber  cinereum  and 
mammillar)'  bodies,  and  ramifies  in  the  more  anterior 
jiart  of  theaula,  on  the  walls  of  the  infundibulum,  etc. 
2.  iledithalamic  artery  (posterior  internal  optic).  At 
times  large,  it  enters  tlie  postperforated  space  and  passes 
directly  dorsad  near  the  inner  thalamic  wall,  to  which 
and  the  gray  commissure  it  is  distrilnited.  This  vessel 
comes  as  often  from  the  postcerebral  as  from  the  post- 
comnumicant.  The  prethalamic  may  also  have  the  same 
origin. 

TJie  Postcerebrals,  from  the  end  of  the  basilar  to  the 
postcommunicants.  complete  the  circle  of  Willis.  This 
part  furnishes:  (1)  three  or  four  arterioles  to  the  internal 
aspect  of  the  crura  cerebri,  supplying  its  basal  layer,  the 
locus  niger,  etc. ;  (2)  little  branches  entering  the  thalamus 
through  the  postperforated  space.  These  accompany, 
and  often  include,  the  above-described  medithalamic 
artery. 

Windle  found  the  postcerebral  arteries  normal  in  173 
cases.  The  vessel  was  derived  from  the  carotid  instead 
of  the  basilar  in  11  cases  on  the  right,  9  on  the  left,  and 
4  on  both  sides.  There  were  3  postcerebrals  on  the  same 
side — the  smaller  from  the  liasilar,  the  larger  from  the 
carotid — in  3  cases:  1  on  the  right  and  3  on  the  left. 
Either  of  the  postcerebrals  may  (Bullen)  (1)  be  absent;  (3) 
be  a  branch  of  the  carotid  system ;  (3)  be  replaced  by  a 
large  postcommimicant ;  or  (i)  be  replaced  by  two  thread- 
like vessels  from  the  basilar. 

This  trunk,  in  passing  around  the  crus,  describes  a 
kind  of  semicircle,  directed  toward  the  transverse  fissure. 
Dorsad  of  the  crus,  at  about  1  cm.  from  the  optic  lobes, 
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it  turns  latero-caudad  to  gain  the  calcarine  fissure,  wliere 
it  breaks  up  to  supply  the  basilar  postcerehra!  region. 
From  its  crural  portions  it  supplies,  besides  other 
branches,  nearly  all  the  nutrient  arteries  of  the  coelian 
walls. 

1.  Little  twigs  to  the  outer  part  of  the  cms.  penelrat- 
ing  almost  immediately.  Instead  of  several  in  the  thala- 
mo-crural  sulcus,  tliere  may  be  a  single  larger  one,  par- 
allel to  the  main  stem. 

2.  The  fairly  constant  Medioptic  (median  quadrigem- 
inal),  giving  fine  offshoots  in  its  course  to  the  crus,  and 
terminating  in  a  bunch  of  fine  vessels  in  the  interval  of 
the  optic  h)bcs. 

3.  Posttkalaiiiic  (so-called  posterior  and  external'),  two 
or  three,  or  a  single  larger  one.  starting  midway  from 
this  portion  of  the  postcerebral,  and  following  the  crus 
to  enter  the  thalamus  between  the  geniculate  1)odies. 

4    Qeniculate,  emanating  directly,  or  from  the  thalamic. 

5.  Poslchm-oid  (posterior  and  lateral),  starting  near  the 
optic  lobes,  and  entering  between  the  layers  of  tlie  velum. 
It  always  divides  into  two  princijial  rami:  a  lateral  one 
for  the  third  of  the  choroitl  plextis  not  suiiiilied  by  the 
prechoroid  artery,  i.e.,  for  the  plexus  over  tlie  thalamus; 
the  other  more  median  one  for  the  vehim  (riim'is  velaris). 

6.  Medichoroid  (posterior  and  median  clioroidal),  from 
the  postcerebral  at  its  nearest  approach  to  the  median 
line.  It  courses  beside  the  conarium,  to  which  it  yields 
some  rami,  and  immediately  divides  into  two  branches, 
one  to  the  velum  of  the  aula,  the  other  exclusively  to  the 
choroid  plexus  of  the  same  cavity. 

The  choroid  ])lexi  and  velum  rejiresent  a  double  layer 
(fold)  of  the  pia,  within  wliich  tlie  coelian  arteries  and 
veins  course.  Duret  states  that  in  all  the  cteles  the  arte- 
ries to  the  velum  are  distinct  from  those  to  the  plexus, 
often  even  from  their  origin  at  the  postcerebral,  and  al- 
ways at  their  entrance  into  the  corresponding  cavity,  and 
that  they  never  mingle  in  tlicir  distribution.  From  the 
velar  arteries  are  detacheil  a  multitude  of  little  arterioles, 
which  penetrate  the  thalamus  1  to  1..5  cm.  They  have 
the  arrangement  of  cortical  arterioles,  and  are  pencillated. 
The  two  velar  branches  terminate  in  the  head  of  the  cau- 
date, either  simply  subependj'mal  or  passing  deeply  into 
its  substance.  The  velar  branches  to  the  aula  emit  little 
arterioles  laterally  at  intervals  of  about  a  millimetre. 
These  penetrate  perpendicularly  the  adjacent  wall.  They 
supply  also  the  posterior  and  gray  commissures,  and 
terminate  in  a  line  pencil  in  the  anterior  commissure. 
The  plexus  arteries,  on  the  contrary,  do  not  usually 
participate  in  the  nutrition  of  the  cadian  walls.  They 
divide  into  four  orfive  long  parallel  branches  from  which 
little  arterioles  pass  into  the  plexuses,  properly  speak- 
ing. They  enter  the  little  tufts  by  their  base,  and  form 
very  attenuated  and  sinuous  capillary  meshes.  It  has 
been  suggested  that  tliey  are  the  remains  of  former 
branches  ramifying  in  the  embryonic  cadian  pia.  and 
that  they  became  coiled  up  when  this  membrane  retracted. 

7.  Preoptic  (anterior  quadrigeminal),  very  short,  com- 
ing from  the  most  median  part  of  the  postcerebral,  or 
from  some  branch  of  the  latter.  It  forms  a  very  delicate 
pencil  over  the  preoptic  body.  This  makes  the  third 
pretty  constant  pair  of  optic  arteries,  as  these  lobes  are 
very  vascular.  They  have  some  anastomoses  across  the 
median  line. 

8.  Artery  of  the  cornu  Ammonis,  oftener  from  some 
branch  of  tlie  postcerebral  than  arising  directly.  It  does 
not  ramify  on  the  coelian  surface,  but  passes  between  the 
Ammonshorn  and  the  hippocampal  convolution,  to  trav- 
erse the  cortex  in  tlie  manner  of  external  arteries. 

9.  Variable  branches  to  adjacent  temporal  gyri. 
Final  Divisions  of  Postcerebral. — These  may  be  brought 

under  three  general  heads  (see  Plate  XVI.). 

1.  Preteniporal  branches  to  the  uncus  in  part,  and  the 
basal  surface  of  the  temporal  lobe  as  far  as  the  border  of 
the  convexity,  except  the  third  nearest  the  apex  of  the 
lobe,  which  is  supplied  from  the  medicerebral. 

2.  Pusttemparal  to  the  basal  surface  of  the  occipital 
lobe,  including  a  variable  amount  of  the  adjacent  tem- 
poral region,  and  doubling  the  border  of  the  convexity 


to  supply  a  little  of  the  external  occipital  region.  The 
hippocampus  may  be  supplied  from  the  parent  stem,  or 
from  either  1  or  2. 

3.  Occipital  artery.  This  runs  along  the  calcarine 
fissure,  sending  a  large  branch  through  the  occipital 
fissure ;  it  supplies  the  cuneus  and  general  median  sur- 
face of  the  postcerebral  lobe,  and  a  considerable  strip  of 
the  adjacent  occipital  convexity.  Spitzka  says  that  an 
artery  large  enough  to  cause  fatal  hemorrhage  enters  the 
gray  and  white  of  the  right  occipital  lobe. 

6ent:r.\l  Features  of  the  Arterial  Supply. — 
The  distribution  of  each  primary  trunk  includes:  (a)  bas- 
ilar or  nuclear  branches ;  and  (h)  pia  or  cortical  branches. 

(«)  These  are  the  pre-  and  post-perforating  and  coelian 
arteries,  arising  in  part  from  the  circle  of  Willis.  They 
supply  the  central  ganglia,  ccelian  structures,  and  in  part 
the  centrum  semiovale.  To  the  same  class  belong  the 
direct  arterioles  from  the  basilar  to  the  nuclei  in  the  pons. 
Excepting  occasional  and  unimportant  anastomoses,  these 
are  all  true  terminal  vessels.  They  divide  within  the  brain 
substance  at  an  acute,  and  not  a  right,  angle. 

(b)  The  jiia  branches  or  divisions  as  described  are 
only  averages,  complementary  variations  therefrom  al- 
waj'S  being  present;  though  it  is  claimed  tliat  while 
"  their  origin  is  often  very  variable,  their  distribution  is 
constant."  The  larger  arterial  trunks  correspond  to  the 
main  fissures.  To  a  marked  extent  it  is  true  that  the 
same  branch  does  not  supply  both  sides  of  a  sulcus. 
Branches  usually  leave  the  parent  stem  at  almost  or  quite 
a  right  angle.  Some  writers  try  to  show  a  freer  supply 
to  the  left  hemisphere.  Durefs  attempted  correlation  of 
arterial  distribution  and  physiological  function  was  at 
least  premature  (1877)  and  faulty. 

Anastomoses. — The  basal  circle  of  Willis  comprises  all 
the  communications  readily  demonstrable  on  the  unin- 
jected  pia  arteries  of  the  cerebrum.  Only  within  this 
circle  and  over  the  optic  lobes  are  there  any  minute  con- 
nections across  the  median  line  of  the  hemispheres. 

There  has  been  a  dispute  as  to  the  extent  to  which  the 
ramifications  of  adjacent  branches  on  either  hemisphere 
are  connected.  Duret,  after  numerous,  varied,  and  evi- 
dently careful  examinations,  says:  "Never  have  we. 
found  an  anastomotic  network  in  the  pia."  He  also 
notes  the  frequent  superposition  in  the  pia  of  fine  arterial 
ramifications.  Nevertheless  he  found  considerable  in- 
dividual differences,  and  regularly  some  fine  (0.2  to  0.25 
mm. )  communications,  especially  at  the  periphery,  i.e..  be- 
tween adjacent  territories  of  distribution.  On  p.  927  he 
acknow  ledges  that  in  the  great  iiiajority  of  cases,  owing  to 
anastomo.ses,  "however  rare  and  unimportant,"  softening 
from  occlusion  of  any  of  the  large  basilar  trunks  spares 
the  peripheral  parts  of  the  artery's  territory.  In  the 
four-months  foetus  he  found  abundant  fine  anastomoses. 
Heubner  (p.  174),  on  the  contrary,  says:  "The  chief  [pia] 
branches  end  in  a  kind  of  communicating  canal  system 
or  reservoir,  which  is  spread  out  in  the  shape  of  a  tubu- 
lar net  over  the  whole  surface  of  the  brain."  By  inject- 
ing "under  weak  finger  pressure"  he  found  plentiful 
anastomoses  up  to  1  mm.  in  diameter.  Heubner's  de- 
scription harmonizes  with  that  of  older  writers,  and  is 
corroborated  by  Lucas,  who  by  sufficiently  penetrating 
injections  was  able  to  clemonstrate  an  abundance  of  com- 
municating arterioles  up  to  0.2.5  mm.  (ride  Plate  XVIII., 
Fig.  2).  It  remains  true,  however,  that  when  the  com- 
municants of  the  circle  of  Willis  are  poorly  developed, 
the  peripheral  anastomoses  are,  in  a  large  number  of 
cases,  incapable  of  substituting  them. 

Direct  or  Nutrient  Arterioles  of  the  Convolutions. — These 
emanate  at  right  angles  from  the  pia  branches,  of  all 
sizes.  They  penetrate  the  crests  of  the  convolutions 
perpendicularly,  the  inclined  surfaces  obliquely.  They 
are  innumerable — scarcely  more  than  1  mm.  apart.  Ac- 
cording to  size  and  distribution  there  are  two  classes: 

1.  Cortical,  0.0.5  to  0.03  mm.  in  diameter.  The  finer 
stop  in  the  cortex  proper:  the  others  go  to  the  boundary 
of  gray  and  white.  The  capillary  network  from  these 
rami  has  been  divided  into  three  somewhat  differently 
characterized  layers,  each  parallel  to  the  rolling  surface. 
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2.  Albal  (arteriolie  longae).  0.08  to  0.14  mm.  in  diam- 
eter. These  are  almost  rectilinear,  can  be  followed  a 
distance  of  from  3  to  4  cm.,  and  branch  at  an  acute  angle. 
They  supply  a  considerable  portion  of  the  centrum  semi- 
ovale.  One  often  passes  down  along  the  axis  of  the  con- 
volution. A  group  of  live  or  six  at  the  bottom  of  a 
fissure  (in  section)  diverge  on  entering.  The  capillary 
network  of  the  albals  is  more  elongated  than  that  of  the 
corticals,  and  accompanies  the  fasciculi  of  nerve  fibres. 

Both  classes  anastomose  freely  in  their  liner  branches, 
though  in  general  pencillate. 

From  the  anatomical  arrangement  it  is  believed  that 
the  intravascular  pressure  is  less  in  the  gray  than  in  the 
white  substance. 

It  has  been  claimed  by  many  that  the  thyroid  gland 
acts  as  a  safety  diverticulum  to  the  cerebral  supply:  and 
furthermore,  that  the  lack  of  this  regulator  explained 
the  occurrence  of  so-called  cachexia  .strumipriva  after 
removal  of  that  gland;  but  any  such  special  function  of 
the  thyroid  is  at  least  not  proven. 

Width  of  Brain  Arteries. — To  make  a  relative  estimate 
of  the  capacity  of  the  arteries  at  the  base,  Bevan  Lewis 
("Examination  of  Brain,"  1882,  pp.  20-22)  determined 
their  average  diameters  in  45  cases  (insane).  That  of  the 
vertebral  was,  r.  3.147  mm.,  1.  3.42;  of  basilar.  3.82;  of 
postcerebral,  r.  3.658,  1.  2.56;  of  carotid,  r.  3.951,  1.  4.02; 
of  medicerebral,  r.  3.133,  1.  3.55;  and  of  precerebral,  r. 
8.73,  1.  2.66.  The  sectional  areas  are  of  course  propor- 
tional to  the  square  of  these  diameters.  As  a  rule,  the 
united  areas  of  branches  equal  very  nearly  the  area  of 
the  parent  trunk — excepting  the  preponderance  of  the 
vertebrals  over  the  basilar  (22.4  to  14,8). 

LOwenfeld  has  found  that  the  relation  of  the  artery 
width  to  the  brain  weight  is,  even  normallj',  st)mewhat 
variable,  and  that  often,  though  not  by  any  means  in  all 
cases,  the  width  of  the  brain  vessels  rises  and  falls  with 
the  width  of  the  aorta ;  moreover,  that  not  rarely  abnor- 
mal!}' small  brain  arteries  occur  in  otherwise  well-devel- 
oped arterial  systems.  He  also  made  out  a  (iifference  in 
the  two  sides,  the  left  carotid  being  usually  wider  than 
the  right. 

Pressure  in  the  Brain  Arteries. — A  further  matter,  noted 
by  St.  John  Bullen  (he.  cit. ),  may  partially  indicate  the  rel- 
ative pressures  in  the  main  brain  arteries.  He  remarked 
atheroma  of  the  basal  vessels  in  410  of  1,565  autopsies, 
or  26  per  cent,  of  the  total.  It  was  present  to  a  consider- 
able extent,  either  generally  dispersed  or  in  special 
trunks  only,  in  175  cases,  and  to  a  less  extent  in  235. 
The  relative  frequency  by  location  was:  medicerebral, 
38  per  cent. ;  basilar,  30  per  cent. ;  postcerebral,  21  per 
cent. ;  carotid,  10  per  cent. 

Mendel  (1891)  has  found  experimentally  that  the  press- 
ure in  the  cortical  arteries  is  materially  less  than  that  in 
the  carotids,  while  that  in  the  striatal  arteries  is  not 
materially  less.  This  he  attributes  to  the  fact  that  the 
latter  are  terminal  vessels,  though  it  is  doubtless  quite  as 
much  due  to  their  less  circuitous  supply.  He  further 
thus  explains  the  frequency  of  hemorrhage  in  the  striatal 
region. 

Tedeschi's  conclusions  regarding  the  brain  arteries 
refer  in  part  to  moot  points,  but  really  contain  nothing 
new  and  are  deceptive  in  statement. 

Veins. 
The  venous  passages  of  the  brain  and  its  membranes 
include : 

I.  The  dural  veins. 

II.  The  intrinsic  veins,  or  those  of  the  brain  proper. 

III.  The  sinuses. 

IV.  The  venous  exits  from  the  skull. 

All  the  intrinsic  and  most  of  the  dural  veins  discharge 
into  the  sinuses,  or  appendatoiy  spaces,  which  in  turn 
convey  the  blood  to  the  exits.  Otherwise  these  two  sets 
of  veins  are  separate  S3'stems,  not  interanastomosing. 
unless  occasionally  near  their  mouths.  The  intrinsic 
veins  without  exception  have  thin,  readily  collapsing 
walls,  while  the  sinuses  are  held  open  by  the  firm  enclos- 
ing dura.     In  general  it  may  be  stated  that  the  trulls  of 


all  these  vessels  are  devoid  of  imisnilar  elements,  though 
occasional  unstriped  fibres  have  been  observed  in  the  in- 
trinsic veins.  From  this  absence  of  activelj'  contracting 
fibres,  it  follows  that  these  vessels  play  a  merely  passive 
role  in  the  encephalic  circulation.  The  encranial  veins, 
like  the  external  veins  of  the  head,  are  devoid  of  true 
valves.  However,  at  the  orifices  of  the  diploe  veins 
(Dupuytren,  Langer,  doubted  by  Trolard)  and  in  the 
ophthalmo-dural  vein,  valves  may  occur.  It  has  also  Ix-en 
claimed  that  the  supercerebral  veins  in  part  present  a 
valvular  arrangement  at  their  discharge  into  the  longi- 
tudinal sinus.  The  general  impression  that  valves  never 
occur  in  any  of  the  veins  above  the  common  jugular  is 
therefore  incorrect. 

I.  Veins  of  the  Dttra  (including  those  of  the  diplog). 
— These  are  many  in  number,  but  all  of  small  size. 
They  anastomose  so  freely  that  they  might  almost  l^^'  de- 
nominated a  plexus.  In  position  they  are  comparable  to 
the  plexus  venosus  existing  between  dura  and  periosteum 
of  the  spinal  canal.  In  their  ultimate  distribution  they 
form  two  vascular  nets,  according  to  Langer,  one  in  the 
outer,  the  other  in  the  inner,  layer  of  the  dura.  The 
beautiful,  almost  regular,  interlacing  of  the  former, 
figured  by  Langer  from  the  fo'tus,  the  writer  is  able  to 
corroborate.  By  means  of  small  veinlets  penetrating  the 
inner  plate  of  the  skull,  the  dural  veins  communicate  ex- 
tensively with  those  of  the  diploe.     They  include ; 

1.  Medidnral,  or  Verne  Comites,  accompanying  the 
medidural  artery  and  its  branches.  The  two  on  either 
side  of  an  artery  repeatedly  connect  with  each  other  and 
with  neighboring  veinlets.  The  largest  pair  is  about  the 
common  trunk  of  the  artery.  One  of  these  passes  ex- 
ternally through  a  basal  foramen  to  the  pterygoid  veins. 
The  other  ends  in  the  medicerebral  vein  or  its  temporal 
sinus,  or  directly  in  the  sphenoidal  or  cavernous  sinus, 
with  which  latter  it  usually  at  least  connects.  The 
diploic  canals  have  some  special  openings  into  the  larger 
medidural  veins. 

2.  Siiiierdiiriils.  These  appear  in  part  as  direct  con- 
tinuations of  the  preceding,  and  then  are  double.  They 
pass  to  the  longitudinal  sinus,  largely  through  the  iuter- 
mediatiim  of  its  lateral  spaces.  Labbe  suggests  that  the 
supra-  and  medidural  veins  may  constitute  a  small  col- 
lateral path  between  the  long  sinus  and  basal  conduits. 

3.  Fdlrial  Tninklets  (Fig.  819,  k).  running  to  the  longi- 
tudinal sinus  and  to  the  falcial  sinus  when  present,  other- 
wise to  the  tentorial.  The  teutorials  go  to  the  lateral  and 
tentorial  sinuses,  also  in  part  by  way  of  the  parasinual 
spaces. 

4.  The  numerous  veinlets  for  the  other  dural  arteries, 
e.g.,  in  the  occipital  fossa,  have  a  more  independent 
course  and  end  iu  adjacent  sinuses. 

Venous  Canals  of  the  Diploe,  even  less  yielding  than  the 
sinuses.  Breschet's  description  is  somewhat  modified  by 
Trolard.  The  diploe  is  made  uji  of  little  areoUv.  These 
canalize  in  any  direction,  though  in  general  ventrad  to 
discharge  near  the  base.  These  canals  are  quite  unsym- 
metrical,  and  do  not  increase  in  size  in  their  course,  ex- 
cepting where  there  are  casual  enlargements:  areolae, 
conduits,  and  lacuntE  are  lined  with  a  smooth  membrane. 
Generall}'  the  diploe  begins  to  appear  about  the  tenth 
year,  though  small  straight  veins  are  evident  earlier. 
Resorption  of  the  cancelli  goes  on  continuously,  and 
after  fusion  of  the  sutures  they  may  pass  from  one  bone 
to  another.  In  the  aged  we  tind  a  sort  of  wide-spaced 
venous  plexus,  no  longer  canals.  There  are  several  ex- 
terior outlets  and  numerous  interior  ones.  Even  the  one 
through  the  supraorbital  notch  passes  to  the  ophthalmic 
vein  and  so  to  the  cavernous  sinus.  Casual  mention  will 
be  made  of  most  of  the  special  terminations. 

II.  Veins  of  the  Pi.4.  and  Bkain  Substance. — From 
their  derivation  and  discharge,  these  vessels  naturally 
fall  into  three  classes :  A.  The  supercerebrals,  passing 
to  the  longitudinal  sinus.  B.  The  internal  or  Galen's 
system,  tributary  to  the  tentorial  sinus.  C.  Basal  veins, 
ending  in  the  various  sinuses  of  the  base. 

A.  The  Supereerebral  veins  return  the  blood  from  the 
\  convexity  as  far  as  the  Sylvian  fissure,  and  from  the 
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median  surface  of  the  hemispheres  as  far  as  the  super- 
callosal  fissure.  Tliere  may  be  a  slight  interval  between 
the  frontal  set  and  the  others,  or  a  smaller  vein  may 
here  occur;  otherwise  they  are  all  fairly  equidistant. 
There  are  usually  six  to  eight  large  trunks  on  each  side. 
These  veins  tend  to  empt_v  into  the  sinus  in  pairs.  This 
Is  less  marked  in  the  frontal  set.  It  is  most  easily  demon- 
strable In  the  fcctus,  owing  to  the  absence  of  Pacchionian 
bodies,  or  thickening,  adhesions,  etc.,  at  the  border  of 
the  convexit.y.  The  last  pair  ends  in  the  sinus  some  3  to 
5  cm.  before  the  torcular.  The  second  or  third  pair  from 
the  last  may  be  somewhat  larger  than  the  others,  and 
then  represent  the  so-called  anastomotic  vein,  though  its 
size  is  quite  as  much  due  to  the  greater  width  of  the 
brain  in  this  part.  Although  Labbe  says  this  vein  runs 
along  the  postcentral  fissure,  it  is  probably  identical  with 
Krause's  fetal  rena  svlci  cenlralis.  Moreover,  each 
supe'rcerebral  vein  is  double,  also  best  seen  in  the  fcptus. 


sinus,  while  the  others  open  more  and  more  at  the  side, 
and  the  last  quite  at  the  bottom  of  the  sinus,  even  com- 
ing up  a  distance  through  the  falx. 

Toward  their  field  of  derivation  these  trunks  pursue 
an  indifferently  parallel  course.  In  general,  over  the 
cortical  area  the  finest  veinlets  are  richly  distributed 
everywhere,  from  the  bottom  of  the  fissures  to  the  crest 
of  the  convolutions. 

B.  The  Internal  System,  Trilmtary  to  the  Tentorial 
Sinus. — Along  its  course  this  mesal  sinus  receives  only 
unimportant,  mostly  dural,  veinlets.  At  its  commence- 
ment there  may  be  two  affluents :  (a)  the  f alcial  sinus :  (b) 
the  vena  Galeni. 

(a)  The  mconstscat  f alcial  sinus  also  receives  only  dural 
twigs  in  its  course,  but  at  its  commencement — opposite 
the  frontal  border  of  middle  third  of  callosum — may  take 
up  a  small  vein  or  veins  coming  from  the  frontal  third 
of  the  callosum,  and  from  the  bordering  convolutions. 


Fig.  819.— The  Vena  Galeni.     (From  the  author's  "Veins  of  the  Brain,"  etc.) 


The  two  constituent  veins  are  of  unequal  size,  the  lai'ger 
external  one  coming  from  the  convexity,  the  smaller 
inner  one  coming  from  the  median  surface  (of  hemi- 
sphere). They  may  soon  unite  to  one  trunk,  but  gener- 
ally, in  their  further  course  to  the  sinus,  they  lie  side  by 
side  within  a  common  sheath,  and  do  not  lose  their  in- 
tegrity as  independent  conduits  until  about  to  open  into 
the  sinus.  Commonly  some  of  the  paired,  as  well  as 
their  constituent  double  veins,  are  wanting  to  complete 
the  diagram. 

The  frontal  set  take  a  course  very  nearly  at  right 
angles  to  the  sinus,  or  the  first  of  them  ma}'  even  run 
caudad  along  the  sinus  before  discharging.  They  usu- 
ally spring  over  to  the  dura  a  couple  of  centimetres 
away  from  the  sinus.  This  point  has  since  been  more 
carefully  gone  over  by  Mittenzweig.  In  '200  cases  he 
fountl  .59  in  which  the  presupracerebals  (to  only  9  in 
which  the  postsupracerebrals)  jumped  over  from  the 
piarachnoid  to  the  dura  at  3  to  4  cm.  from  the  long  sinus 
— thus  favoring  their  rupture,  as  he  thinks.  Farther 
along  the  sinus  the  veins  take  a  more  and  more  oblique 
course  until  they  at  last  run  forward  a  distance  of  3  or  4 
cm.,  to  discharge  against  the  current.  At  the  border  of 
the  convexity,  or  farther  out  in  the  pia.  the  vein  makes 
the  necessary  bend  to  approach  the  sinus  as  described. 
It  then  runs  a  short  distance  in  the  pia,  becomes  in  the 
foetus  a  free  trunk  for  a  further  short  length,  and  finishes 
its  course  in  the  dura. 

Again,  the  frontal  set  open  at  the  lateral  angle  of  the 


Labbe  calls  this  the  interhemisph^ricnein,  and  says  that 
the  1  to  2  cm.  long  veinule  l)ifurcates,  sending  one  branch 
to  either  side.  A  parallel  term,  inesolobiea,  was  given  by 
Breschet  to  the  precerebral  vein. 

(b)  Vena  Galeni.  This  discharges  through  a  slit  in  the 
basal  wall  of  the  sinus,  just  caudad  of  the  free  border  of 
the  tentorium.  The  name  is  now  limited  to  the  short  (1 
cm.  long,  6  mm.  broad)  trunk  from  the  union  of  the  velar 
veins  to  the  sinus.  Within,  it  is  often  divided  by  a  longi- 
tudinal septum. 

The  course  of  Galen's  vein  and  that  of  the  adjacent 
portion  of  the  velars  is  very  peculiar.  The  vessels  sink  a 
little  after  crossing  the  optic  lobes,  then  encircle  the 
splenium,  and  become  subtentorial  before  ending  in  the 
sinus.  The  latter  bears  the  relation  thereto  of  a  tangent 
to  a  circle  (ride  Fig.  819). 

Galen's  vein  does  not  usually  receive  any  lateral  afflu- 
ents. It  arises  from  the  union  of  the  right  and  left  velar 
veins.  Each  of  these  consists  of  two  portions,  a  terminal 
bent  part  (jmrtiocurrata.  Fig.  820,  c  c)  from  the  conarium 
to  the  vena  Galeni,  and  a  peripheral,  or  coelian,  straight 
part  (portio  recta)  from  the  origin  of  these  veins,  opposite 
the  foramen  of  Monro.  The  two  curved  portions  start 
and  end  together,  but  midway  diverge  0.5  cm. :  they  re- 
ceive laterally  many  large  branches.  The  straight  por- 
tions nui  parallel  and  adjacent,  but  receive  only  few  and 
small  additions. 

The  affluents  to  the  portio  curvata  are  largely  of  cor- 
tical origin;  (1)  v.  suboccipitalis;  ("2)  v.  supercerebellaris ; 
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(8)  V.  callosalis;  (4)  v.  subcerebralis ;  (5)  vv.  optici  et 
conarialis;  (6)  v.  postcornualis. 

1.  The  Suboccipitul  vein  (Fig,  819,  b)  comes  from  the 
collateral  tissure  and  median  portion  of  the  suboccipital 
surface  of  the  cerebrum. 

3.  The  Supercerebellar  vein  (Fig.  819,  h),  oftener  a  single 
trunk,  but  occasionally  bilateral,  empties  into  the  main 
vein  near  its  termination,  or  even  directly  into  the  sinus 
tentorialis.  It  starts  from  many  little  branches  over  the 
dorsal  surface  of  the  cerebellum,  the  supervermis,  and  in 
its  further  course  takes  up  small  veins  from  the  crura 
cerebri,  and  at  times  also  from  the  optic  lobes. 

3.  Tlie  Galloml  vein  (Figs.  819  and  820,  g)  (first  men- 
tioned by  Labbe,  1879,  then  independently  described  by 
the  writer  in  1884)  ma}^  be  either  single  or  bilateral.  It 
is  a  small  but  long  vessel,  and  the  only  one  emptying  on 
the  concave  side  of  the  portio  curvata.  Its  origin  is  near 
the  midtile  of  the  callosum,  and  dorsad  as  far  as  the  cal- 
losal  fissure.  It  runs  caudad  at  the  bottom  of  the  longi- 
tudinal fissure,  and  curves  around  the  splenium  close  to 
Galen's  vein.  In  animals  (sheep)  its  size  almost  equals 
that  of  Galen's  vein. 

4.  The  Subcerebriil  (Fig.  819,  e)  is  a  large  vein,  though 
its  derivative  territorj'  is  very  variable.  It  forms  b}-  the 
union  of  manj-  branches — collectively  termed  Prehaml 
Vein^ — opposite  the  preperforated  space.  The  prebasilars 
include  the  first  five  next  following: 

(1)  The  Prererebriil  vein  takes  nearly  the  same  path,  but 
is  too  small  and  uncertain  to  be  well  compared  to  the 
precerebral  artery.  Its  derivative  area  is  very  much  less. 
It  comes  around  the  genu  to  the  base,  where  it  passes 
before  the  chiasm  to  the  subcerebral  vein.  The  right 
and  left  are  usually  of  unequal  size,  but  communicate, 
though  by  an  insignificant  branch  compared  to  the 
arterial  ]irecoramunicant.  The  two  veins  may  also  unite 
before  the  chiasm  and  pass  to  one  of  the  subcerebrals,  in 
which  case  there  are  one  or  more  slight  connections  in 
front  of  the  chiasm  with  the  other  subcerebral  vein. 
This  vein  receives  branches  from  the  genu  and  adjacent 
median  frontal  surface. 

(3)  The  Olfdcinvji  is  a  tiny  veinule,  very  constant,  and 
demonstrable  as  far  as  the  olfactory  bulb. 

(3)  Siibfriinttih.  One  of  these  is  frequently  more  de- 
veloped, and  may  emptj"  instead  directly  into  the  Sj'lviaa 
or  the  medicerebral  vein, 

(4)  The  Syltian.  vein,  as  shown  b)'  the  writer,  is  dis- 
tinct from  and  a  variable  complement  of  the  medicerebral 
vein  (vide  infra).  It  lies  at  the  bottom  of  the  baKi-Syhian 
Jksure,  covered  up,  except  near  its  termination,  by  the 
tip  of  the  temporal  lobe.  It  arises  in  the  region  of  the 
insula  from  a  great  number  of  radicles.  When  the  medi- 
cerebral is  poorly  represented,  the  S3'lvian  miy  take  tip 
twigs  from  the  surface  of  the  temporal  and  frontal  lobes; 
some  of  the  vena'  perforantes  pa.ss,  as  a  rule,  to  this  vein. 
There  is  here  often  a  group  of  perforantes,  separated  from 
the  others  and  coming  from  the  brain  substance  caudad 
of  the  veins. 

(5)  The  Venw  Preperforantes  are  small,  very  variable  in 
number,  and  take  a  straight  course  for  a  short  distance 
before  splitting  uj).  They  come  from  the  striate  nuclei 
and  adjacent  frontal  albalis.  Their  radicles  approximate 
those  of  the  precornual  veins,  yet  without  observable  an- 
astomoses. 

(6)  The  subcerebral  vein  receives,  in  its  course  obliquely 
across  the  optic  tracts  and  crura  cerebri,  several  small 
veinules  from  the  chiasm,  infundibulum,  mammillary 
bodies,  crura,  etc.  These  anastomose  freely  with  one  an- 
other, and  with  those  of  the  other  side,  thus  making  an 
outstretched  network  over  these  parts  which  coiuiect 
on  the  one  hand  with  a  small  network  before  the  chiasm, 
and  on  the  other  with  that  across  the  pons.  This  corre- 
sponds in  general  to  what  Labbe  terms  the  inferior  inter- 
hemispheric  veins.  Frequently  there  are  accessory  vein- 
ules from  the  basal  temporal  surface. 

(7)  The  Suhcornval  vein,  in  that  it  comes  from  the  end 
of  the  middle  horn,  is  comparable  to  the  prechoroid 
artery.  It  is  very  constant  in  occurrence,  but  not  in  size. 
Though  connected  with  the  choroid  plexus  of  the  medi- 
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cornu,  it  originates  in  the  cerebral  substance,  sometimes 
even  from  the  lateral  wall  of  the  postcornu,  oftener  op- 
posite the  caudad  border  of  the  thalamus,  where  branches 
are  received  from  the  albalis  lateral  to  the  thalanms  or 
from  other  directions.  In  its  course  along  the  lateral 
wall  of  the  horn  it  receives  many  accessions,  notably 
from  the  cornu  Ammonis,  and  as  it  curves  around  the 
end  of  the  horn  several  twigs  from  the  allialis  of  the 
temporal  apex. 

(8)  PoKtpeiforant,  at  least  one  considerable  veinule. 
The  post-perforating  veins  come,  according  to  Hedon, 
from  the  cinerea  of  the  w-alls  of  the  diacade,  and  even 
from  the  mesal  surface  of  the  thalamus.  He  also  claims 
that  in  the  striate  nuclei  the  perforating  veins  anastomose 
with  those  going  toward  the  cavities  and  Galen's  system. 
He  further  recognizes  the  communications  in  the  medi- 
cornu  between  the  choroidal  and  the  infracornual  veins. 

(9)  Cruriil  branches,  one  in  particular,  can  be  followed 
along  the  crus  to  the  cerebellum. 

5.  The  fine  Conarial  vein  and  variable  Optic,  twigs  often 
end  in  the  supercerebellar  vein  instead  of  directly  in  tlie 
velar.  They  originate  in  a  fine  venous  plexus  over  the 
optic  lobes  and  conarium,  which  appears  to  be  connected 
across  the  crura  cerebri  with  the  basal  network  described 
above. 

6.  The  Postcornual  vein  is  variable,  complementary  in 
derivation  to  the  subcornual.  It  may  arise  in  the  albalis 
near  the  tip  of  the  occipital  lobe,  and  then  runs  subepen- 
dymal along  the  cornual  wall.  The  parathalamic  branches 
above  ascribed  to  the  subcornual,  and  some  from  the  Am- 
nion's horn,  pass  often  in  jjart  to  the  jiostcornual.  The 
radiate  radicles  of  this  vein  are  traceable  through  the 
albalis  nearly  to  the  cortex  (Fig.  830,  q,  q). 

There  is  frequently  another  vein  intermediary  between 
(7)  and  6,  emptying  into  either  the  subcerebral  or  the  post- 
cornual. 

The  straight  portion  of  the  velar  vein  in  its  course 
through  the  velum  receives  the  following,  all  at  right 
angles. 

1.  The  Splenial  veins  (Fig.  819,/)  are  very  small,  and 
but  two  or  three  in  number  as  they  come  out  through  the 
fornix.  They  often  combine  with  thalamic  radicles  and 
empty  as  one  trunk  into  the  velar. 

2.  The  Thalanio- Crural  vein,  usually  one  on  each  .side, 
but  sometimes  multiple  (Fig.  830,  m,  m).  This  begins 
about  the  cerebral  crus,  makes  its  way  dorsad  and  mesad 
through  the  thalamus,  and  joins  the  portio  recta  at  about 
its  middle  point.  It  approaches  the  ventral  side  of  the 
velar,  and  hence  is  but  too  easily  overseen.  Neither  1 
nor  2  runs  any  length  in  the  velum. 

3.  The  Thalamic  veinules  are  very  variable  in  size, 
number,  and  position.  They  may  even  be  entirely 
wanting,  or  run  to  neighboring  veins,  e.g.,  the  post- 
cornuai.  These  arise  only  to  a  limited  extent  in  the 
thalamus;  they  come  chiefly  from  the  albalis  beyond, 
running  across  or  a  trifle  embedded  in  it.  Where  one  of 
these  is  specially  large  it  might  be  termed  the  Tram- 
thalamic. 

Opposite  or  toward  the  apex  of  the  thalamus,  the  velar 
veiu  is  formed  bj'  the  immediate  or  mediate  union  of 
several  small  trunks.  Most  of  these  are  in  a  cluster 
coming  in  laterally  between  thalamus  and  striatum ;  the 
latter  nucleus  appears  much  richer  in  veins  than  the 
former.  Of  all  but  the  first,  the  intracoelial  course  of 
these  veins  is  subependymal. 

1.  The  Medicornual  vein  (Fig.  830,  I)  takes  a  sinuous 
course  in  the  outer  edge  of  the  choroid  plexus,  of  aliout 
double  the  actual  distance.  Its  membranous  envelop- 
ment makes  it  a  counterpart  of  the  pia  veins,  and  hence 
the  actual  continuation  of  the  velar,  as  held  by  Bell.  It 
begins  in  the  middle  horn,  where  it  is  said  to  anastomose 
with  the  subcornual.  It  comes  out  of  the  horn  with  the 
plexus,  bends  to  follow  the  lateral  thalamic  border,  and 
ends  in  any  one  of  the  veins  near  the  commencement  of 
the  velar.  Meanwhile  it  receives  a  multitude  of  radicles 
from  the  plexus,  and  some  that  seem  to  come  from  the 
surface  of  the  thalamus. 

2,  The  Toenial  vein  comes  from  the  thalamo-striatal 
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groove,  beneath  the  tfenia.  Nevertheless  it  has  few 
tributaries  from  the  thalamus.  This  short  trunk  is  made 
up  by  three  sets  of  veinules:    (a)  Striatal.     Of  these 


Fig.  S20.— The  Coelian  Veins.     I  From  the  author's  "  Vein ;  of  the  Brain."  etc.) 


there  are  usually  two  or  three  larger  and  several  smaller 
branches,  coming  from  the  substance  and  surface  of  the 
caudate,  and  passing  to  the  tspnial  trunk  or  to  either  of 
the  following ;  (b)  A  prealbal  trend  of  veinules.  passing 
along  the  outer  ccelian  border  toward  the  precornu,  and 
thence  largely  to  the  albalis  of  the  frontal  lube,  (c)  An 
opposite  trend,  directly  caudad,  a  short  distance  along 
the  outer  co'lian  wall,  and  coming  from  the  lenticular 
nucleus,  the  internal  and  external  capsules,  and  the 
superimposed  portion  of  the  centrum  semiovale.  Many 
of  these  various  albal  radicles  can  be  followed  almost  to 
the  corte.x  ;  their  angles  of  union  are  acute, 

3,  The  Paraseptal  trunk  (Fig,  820,  o.  o\  This  short 
vessel,  with  its  two  constituent  Precurmial  veins,  is  the 
most  direct  continuation  of  the  velar.  Laterally  it  re- 
ceives small  Septal  and  Genual  accessions.  There  are 
usually  two  parallel  precornuals  ( /),  //).  They  come  from 
the  extremity  of  the  horn  and  follow  its  contour  ai'ound 
to  the  septimi,  or  run  in  the  adjacent  border  of  the  cau- 
date, though  they  take  up  no  important  radicles  from 
that  nucleus.  Their  mvdtitude  of  radicles  come  from  the 
albalis  in  the  basal  portion  of  the  frontal  lobe,  also  de- 
monstrable nearly  to  the  cortex. 


4.  The  Superalbah  (Fig.  820,  n,  n)  are  commonly  two 
small  trunks  that  appear  at  the  outer  border  of  the  ccele, 
opposite  the  body  of  the  caudate,  cross  the  latter,  and 
empty  through  the  tsenial  or  para- 
septal trunk.  They  come  from 
the  coelian  roof,  and  the  frontal 
and  parietal  albalis  dorsad  of  those 
previously  described, 

C,  Basal  Veins  (Fig,  821).— 
These  do  not  constitute  a  system 
in  the  sense  of  having  a  common 
point  of  discharge — in  fact,  they 
have  already  been  described  in 
part  under  Subcerebral  Vein,  Al- 
though they  are  quite  irregular 
in  tenuination — small  veins  seem 
occasionally  to  end  at  any  point  in 
the  basal  sinuses — .still  there  are 
four  frequent  points  of  discharge: 
(1)  Cavernous  and  (sphenoidal) 
sinus;  (2)  superpetrosal  sinus;  (3) 
middle  of  lateral  sinus;  (4)  some 
sinus  about  the  foramen  magnum, 
1,  Some  small  veins  from  the 
pituitary  bod}^  and  other  struc- 
tures about  the  sella  turcica  have 
been  described  as  tributary  to  the 
vene  circle  of  Ridley,  But  the 
largest  vein  discharging  at  this 
point  is  the  Medicerebral.  a  super- 
ficial vessel  following  the  Sylvian 
fissure.  This  should  be  distin- 
guished from  the  smaller  though 
complementary  Sylvian  vein  cours- 
ing at  the  bottom  of  the  fissure. 
The  medicerebral  is  inclined  to  be 
double,  i.e..  there  are  then  two- 
parallel  adjacent  veins,  one  taking 
up  frontal  branches,  the  other 
only  temporal.  In  this  case  one 
vein  may  receive  some  of  the  pre- 
basals  above  described  and  empty 
into  the  sphenoidal  or  the  cavern- 
ous sinus,  while  the  other  runs 
meso-caudad  in  the  dura  across 
the  temporal  fossa  to  the  middle 
of  the  superpetrosal  sinus.  This 
latter  is  the  course  that  the  whole 
medicerebral  vein  takes  in  many 
cases,  as  Trolard  rightly  says;  the 
dural  portion  may  be  termed  the 
Temporal  Sinus;  by  one  or  two- 
lateral  orifices  it  communicates 
with  the  medidural  veins  which  it 
crosses, 
2.  The  discharge  of  the  subcerebral  vein  through  the 
vein  of  Galen,  as  given  above,  holds  for  about  one-half 
the  cases — not  always  alike  on  the  two  sides.  The  main 
trimk  may  be  diminished  by  the  termination  of  some  of 
its  usual  prebasal  constituents  in  the  cavernous  sinus  or 
medicerebral  vein.  Whether  larger  or  smaller,  the  trunk 
as  often  passes  to  a  basal  sinus  (superpetrosal)  by  turn- 
ing ventrad  instead  of  dorsad  on  reaching  the  cerebral 
crus. 

One  or  more  Precerebellar  T>ift.«  from  the  flocculus  region 
(Floccular  Vein)  pass  to  the  superpetrosal  sinus,  with  the 
subcerebral  vein,  when  this  terminates  at  the  base;  other- 
wise they  seem  to  connect  with  this  by  veinules  along 
the  lateral  surface  of  the  cerebral  crus.  Among  the 
cerebellar  veins  Hedon,  referring  to  Merkel.  mentions 
one  that  "comes  from  the  flocculus  and  empties  into  the 
superpetrosal  sinus.  An  important  branch  of  mis  vein 
rises  from  the  interior  of  the  cerebellum  in  the  region  of 
the  dentatum,  receives  also  veins  from  the  cerebellar 
medipeduncle,  and  emerges  with  the  peduncle  under 
the  flocculus.  The  main  trunk  can  acquire  a  very  con- 
siderable size  when  it  receives  a  branch  of  the  basilar 
rein"  (precerebellar  vein.  Fig,  821). 
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3.  Tlie  Postcerebral  Veins  (Fig.  831,  M)  usually  unite 
into  one  trunk  just  at  the  point  where,  turning  caudad, 
tliey  form  an  ampulla  in  the  dura  and  enter  tlie  sinus. 
This  is  at  the  lateral  border  of  the  occipital  lobe,  opposite 
the  exoccipital  tissure.  These  veins  come  in  part  from  the 
convexity,  in  part  from  the  basal  surface  of  the  occipital 
lobe.  The  latter  may  be  single  or  multiple;  tlicir  deriva- 
tive area  is  lateral  to  that  of  the  suboccipital  vein.  TJie 
former  is  represented  by  one  large  trunk  from  tlie  direc- 
tion of  the  Sylvian  fissure;  it  receives  varying  temporal 
branches  and  larger  ones  from  the  external  occipital  sur- 
face. The  ParacerebelUir  VeiiiK  are  smaller  than  tlie  post- 
cerebrals,  but  often  empt_y  opposite  them,  tliougli.  of 
course,  subtentorial  in  origin.  They  come  from  tlie  lateral 
portion  of  the  cerebellum.  Tlie  very  inconstant  Pontcere- 
hellar  M  h»i,  one  or  more  in  number,  terminate  in  the 
lateral  sinus  near  the  torcular.  or  even  in  tlie  tentorial. 

4.  Tlie  Stibeereielki r  Veins  include  any  small  vessels  at 
the  bottom  of  the  posterior  fossa  discharging  into  the 
occipital  sinus. 

The  cerebellar  veins, — supra-,  pre-,  para-,  post-,  and 
sub-, — are  but  partially  distinct  from  the  cerebral  veins. 

OUongatii  Region. — The  ventro-mesal  chain  of  myelic 
veins  (.see  Fig.  821,  o  )  is  continued  cephalad  on  tlie  ven- 
tral surface  of  the  oblongata  to  the  furrow  between  this 
and  the  pons,  there  connecting  with  a  fine  venous  net- 
work over  the  surface  of  the  latter 
(Kadyi).  This  plexus  in  turn  also 
connects  with  the  veins  of  the  cere- 
bellum and  of  the  base  forward. 

Besides  irregular  smaller  ones, 
there  are  in  particular  two  constant 
and  considerable  veins  passing  from 
this  plexus,  one  on  either  side  along 
the  trigeminal  nerve  to  the  sinus 
petrosus  (or  cavernosus). 

From  the  above-mentioned  chain 
on  the  ventral  surface  of  the  olilon- 
gata,  between  the  pj'ramids,  there 
frequently  arises  a  little  trunk  (up 
to  0.5  mm.  or  more  thick)  that  joins 
one  of  the  hypoglossal  root  bundles 
and  passes  out  with  it  through  the 
precondyloid  foramen — doulitless  a 
part  of  Lusclika's  plexus  venosus 
hypoglossi. 

The  dorso-myelic  chain  of  veins 
is  continued  cephalad  over  the  ob- 
longata. From  a  constant  m(>sal 
vein  here  a  small  veinule  traverses 
the  arachnoid,  covering  the  cisterua 
magna.  Sometimes  this  adjoins  the 
accessory  nerve,  and  Kadyi  tliinks 
it  probably  empties  into  tlie  sinus 
plexus  about  the  foramen  magnum. 

GeNER.\I-  FE.\TirRES  OF  THE  IN- 
TRINSIC Veins.  —  Communications. 
— In  this  regard  the  pia  veins  must 
be  distinguished  from  those  of  tlie 
brain  substance.  In  contrast  to  the 
arteries,  the  pia  veins  communicate 
freely,  not  only  indirectly  through 
the  sinuses,  but  everywhere  on  the 
surface  by  a  network  of  small  ves- 
sels, as  well  as  frequently  by  anas- 
tomoses between  larger  trunks. 
The  veins  of  the  convexity  might 
almost  be  said  to  radiate  from  the 
Sylvian  fissure  (horizontal  Sylvian). 
At  least  several  of  the  larger  ones 
connect  toward  the  middle  of  the 
convexity.  Of  these,  four  mav  be 
specified":  (1)  One  of  the  fnnital 
supercerebrals  (fronto-dorsad);  (2) 
the  second  or  third  from  the  last  su- 
percerebral  (caudo-dor.sad);  ('A)  the 
external  trunk  of  the  postcerebral 
(caudo-veutrad);    4,    the    medicere- 


bral  (fronto-ventrad).  Or  any  two  of  these  trunks  may 
communicate  independently,  eg.,  the  inedi-  and  post- 
cerebral  veins  by  a  large  anastomosis  directly  across  the 
temporal  lobe  (intrapial,  of  course).  There  are  many 
other  connecting  veins,  not  as  markedly  bridging  the 
fissures,  however.  The  great  anastomotic  vein  of  Tro- 
lard  is  No.  (4)  (medicerebral)  when  continuous  with  No. 
(2).  Labbe's  illustration  includes  also  No.  (3).  Trolard 
says  it  "sometimes  takes  origin  at  the  side  of  the  longi- 
tudinal sinus,  but  oflener  it  forms  by  the  union  of  veins 
anastomosing  at  the  middle  part  of  the  convexity."  He 
encountered  it  twenty-five  times  in  thirty  subjects.  Ac- 
cording to  Labbe  this  anastomosis,  instead  of  being  with 
the  medicerebral,  may,  in  its  absence,  be  with  the  deeper 
Sylvian  vein.  Practically  these  various  anastomoses 
present  a  collateral  path  in  the  pia,  between  longitudinal, 
lateral,  and  cavernous  (sphenoidal  or  superpetrosal)  si- 
nuses. The  ba.sal  veins,  excepting  the  iierforauts  and. 
the  cerebellars,  have  ample  though  smaller  anastomoses, 
including  an  indifferent  counterpart  of  the  circle  of  AVillis. 
It  is  evident  that  the  derivative  area  of  the  pia  veins  can 
never  be  closely  defined. 

The  internal  system  must  be  separated  into  those  veins 
uniting  in  the  curved  portion  of  the  velar,  and  those 
tributary  to  the  straight  portion.  The  foniier,  as  the 
writer  has  elsewhere  shown,  have  the  following  sets  of 


Fig.  821.— Vefn.s  of  the  Base  (?i  natural  size).  The  two  sides  represent  respectively  the  more 
common  arrangements  of  these  veins.  Those  of  the  myel  and  oblongata  are  largely  after 
Kadyi.  A.  A.  Supracerebrals  ;  B,  ramus  to  olfactory  bulb ;  C.  V.  subfrontals  ;  D,  precerebral ; 
E,  E,  Sylvian  or  insular;  K,  medicerebral  (to  cavernous  sinus) :  F'.  postmedicerebral  (per 
temporal  sinus  to  superpetrosal)  :  G,  G,  preperforantes ;  H.  postpei-forantes :  I,  subcerebral 
(toGalen's  vein);  I',  subcerebral  (when  emptying  at  ba-se);  J.  J,  subcomuals  ;  K,  K,  precere- 
bellars  and  flocculars:  L,  L,  hypoglossals  ito  precondyloid  emiss:iry)  ;  M,  p<.)stcerebral  (to 
lateral  sinus) ;  N,  paracerebellar  (to  lateral  sinus)  ;  O,  ventromyelic  (anterior  spinal). 
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anastomoses:  (1)  Between  the  callosal  vein — including 
practically  the  rare  interhemispberic  vein — and  the  me- 
dian branches  of  the  supercerebrals,  across  the  callosal 
fissure ;  (3)  between  the  suboccipital  vein  and  the  basal 
branches  of  the  postccrebral ;  (3)  between  tlie  supercere- 
bellarand  other  cerebellar  veins :  (4)  between  thesubeere- 
bral  vein — when,  as  in  about  one-half  the  cases,  this  dis- 
charges into  the  velar — and  tlie  many  veins  adjacent  to 
its  derivative  area.  These  communications  are  all  in  the 
pia;  from  clinical  cases  we  know  that  these  may  suffice 
to  compensate  fairly  when  only  the  tentorial  sinus  and 
the  short  common  vein  of  Galen  are  closed.  They  do 
not  .suffice,  however,  when  there  is  any  impediment  to 
this  collateral  discharge,  and  possibly  not  when  the  sub- 
cerebral  vein  ends  elsewhere.  Of  the  veins  passing  to 
the  portio  recta  of  the  velar  vein,  only  one,  the  medi- 
cornual,  has  superficial  anastomoses.  As  this  is  a  long, 
tortuous  vessel,  and  connects  with  the  subcornual  only 
by  small  and  questionable  anastomoses,  it  is  of  itself 
entirely  unable  to  compensate  when  the  portio  curvata 
becomes  occluded.  We  have,  remaining,  the  various 
coelian  veins  coming  directly  from  the  brain  substance, 
to  which  the  postcornual  may  also  be  added.  Neither 
between  these  nor  between  their  subdivisions  short  of 
the  ultimate  capillaries  did  the  writer  succeed  in  finding 
any  anastomoses.  The  same  holds  true  for  the  perforat- 
ing veins  of  the  base.  There  still  might  be  intrasub- 
stantial  connections  between  these  vesselsand  the  cortical 
veinules.  However,  the  apparently  positive  results  of 
injections  by  Duret,  and  especially  by  Labbe,  are  all  ex- 
plicable by  the  surface  anastomoses  above  described. 
There  may  be  such  occasional  but  inadequate  connections 
paralleled  by  the  rare  ones  between  the  otherwise  terminal 
perforating  and  ccelian  arterioles.  Hedon  (1888)  says 
that  a  few  do  exist.  Clinical  evidence  also  goes  to  show 
that  the  veins  emanating  from  the  co'lial  walls  are  all 
essentially  terminal  vessels,  and  that  closure  of  the  velar 
vein — unless  just  at  its  mouth — cannot  be  compensated. 

Curiical  Veinules.— Jiwrei  found  only  six  or  eight  in 
the  section  of  a  medium-sized  convolution,  one  or  two 
emanating  perpendicularly  at  the  dorsum  of  the  gyrus, 
and  from  four  to  six  by  the  sides.  However,  they  had 
a  diameter  triple  that  of  the  arterioles.  They  start 
princi|)ally  from  the  capillary  transition  plexus — between 
gray  and  white — and  from  tlie  deeper  albalis. 

l)ereli>p>iientiil. — From  various  peculiaiities  in  the  vas- 
cular supply  of  the  human  l.irain,  more  especially  the 
caiidad  displacement  peripherally  of  the  postsupracere- 
bral  veins,  the  writer  has  adduced  evidence  favorable  in 
a  general  way  to  Hill's  theory  of  a  developmental  rota- 
tion of  the  brain,  and  showing  further  that  in  any  such 
rotation  the  brain  and  pia  have  glided  caudad  under  the 
dura  and  brain  case. 

Here  may  be  added  a  casual  observation  of  a  persistent 
fetal  form,  made  at  the  autopsy  of  a  child  of  twenty- 
two  months,  dead  of  tubercular  meningitis.  The  large 
left  medicerebral  vein  took  the  temporal  course  in  a  deep 
groove  (per  temporal  sinus,  intradural),  and  passed  out 
at  the  foramen  jugulare  spurium  instead  of  passing  to  the 
suprapetrosal  sinus,  first,  however,  connecting  with  a 
much  smaller  prepetrosal  sinus.  No  such  appearance  on 
the  right. 

General  Relations  op  the  Veins  and  Arteries. 
— In  the  pia,  over  the  convexity  and  on  the  median  sur- 
face, the  arteries  lie  beneath  the  veins  (Labbe).  as  gen- 
erally in  the  body  elsewhere.  But  over  the  insula,  and 
evidently  in  the  sulci  generally,  the  writer  has  observed 
the  reverse;  while  of  the  finer  pial  arborizations  Labbe 
asserts  that  the  venous  lie  beneath  the  arterial.  Though 
the  larger  veins  often  jump  across  from  one  gyrus  to  the 
next,  the  arteries  go  down  with  the  pia  more  or  less 
deeply  into  the  fissures,  to  come  up  near  or  distant  over 
the  next  gyrus. 

Only  by  a  forced  comparison  can  any  of  these  veins  be 
said  to  accompany  the  arteries.  B3'  contrast,  the  dural 
vessels  conform  in  their  general  bearing  to  those  else- 
where ;  they  have  abundant  collateral  anastomoses,  most 
of  the  arterial  branches  are  accompanied  by  two  veins,  etc. 


Dwight  quotes  the  suggestion  that,  as  the  blood  in  the 
internal  jugular  and  carotid  flows  in  opposite  directions, 
the  arterial  pulsations  might  interfere  with  the  venous 
discharge,  if  both  lay  in  a  common  canal.  Trolard  drew 
a  strong  analogy  between  the  vertebral  artery,  surrounded 
by  the  vertebral  vein  and  plexus,  and  the  carotid  through 
the  cavernous  sinus.  "The  supply  arteries  of  the  en- 
cephalon  bathe  (?)  in  venous  blood;  the  carotids  from  the 
moment  they  enter  the  carotid  canal ;  the  vertebrals  from 
the  moment  they  penetrate  the  vertebral  canal."  This 
point  has  been  elaborated  by  Rlidinger  (eide  abstract 
in  Boston  Medical  and  ISurgiced  .limrnid.  1888,  ii.,  323). 
He  shows  that  by  this  cushioning  the  jjulsatory  move- 
ments of  the  arteries  are  not  abolished  as  they  would 
be  if  they  filled  the  bony  canals.  The  diameter  of  the 
carotid  canal  he  gives  as  5-7  mm. :  that  of  the  artery, 
8—4.3  mm.  In  the  cavernous  sinus  the  artery,  though 
situated  at  one  side  of  the  cavity,  is  not  in  contact  with 
either  the  bone  or  the  dura. 

The  various  retarding  bends  and  angles  in  both  classes 
of  vessels  can  only  be  referred  to.  They  affect  very  un- 
equally the  circulation  in  the  different  parts.  The  exist- 
ence in  the  pia  of  vessels  larger  than  capillaries,  connect- 
ing the  arteries  with  the  veins,  has  been  many  times 
asserted  and  denied — the  last  investigator,  Labbe,  con- 
triving to  do  both.    This  point  still  awaits  final  settlement. 

III.  The  DiRAL  Sinuses. — The  encranial  sinuses  arc 
all  intradural,  and  all  except  the  tentorial  (with  the  fal- 
cial)  lie  against  the  cranial  wall.  They  do  not  collapse 
on  being  slit  open,  nor  do  they  admit  of  much  distention 
— the  falcial  and  the  parasinual  spaces  excepted.  They 
are  lined  by  a  continuation  of  the  inner  membrane  of  the 
jugular.  Allen  counts  16  sinuses- — 10  paired  (sym- 
metrical), and  6  unjxiired  (azygous).  But  their  number 
depends  so  much  on  the  way  "they  are  divided  as  to  cause 
the  remark  that  the  easiest  piece  of  anatomical  work  was 
to  descrilie  a  new  sinus. 

They  have  been  variously  classified:  {a)  In  two  re- 
ciprocally perpendicular  planes,  the  vertical  plane  in- 
cluding the  longitudinal  and  tentorial  (plus  falcial),  the 
horizontal  including  the  remaining;  or  (4)  in  three  hori- 
zontal planes;  or  (<•)  as  connecting  at  three  points,  viz., 
the  torcular  and  the  two  cavernous  sinuses  (to  which 
Trolard  sought  to  add  a  precondyloid  confluens) ;  or  {(I) 
according  to  the  area  drained. 

Tlie  LmKjitvdiiuil  Siniiii. — This,  the  longest  sinus,  runs 
parallel  to  the  sagittal  suture,  slightly  grooving  the  bone 
in  a  curved  line  from  near  the  crista  galli  to  the  internal 
occipital  protuberance.  It  lies  between  the  folds  of  the 
falx,  as  they  diverge  to  contin\ie  as  the  parietal  dura. 
Its  section  presents  a  rounded  triangle,  incrca^ng  in  size 
from  the  accession  of  large  veins.  Its  lumen  toward  the 
bottom  is  crossed  liy  numerous  irregular  strands  (trabec- 
ulaj,  chorda'  Willisii).  The  openings  from  the  supercere- 
bral  veins  are  usually  larger  than  those  from  the  para- 
sinual spaces  (and  dural  veins).  The  sini  sulialterni  of 
Malacarne  are  often  seen  in  the  falx  just  beneath  the 
sinus,  and  present  more  or  less  developed  parallel  narrow 
passages  freely  connecting  with  the  main  vessel.  At  the 
torcular  this  sinus  more  often  turns  into  the  right  lateral. 
Rarel}'  it,  or  its  tributaries,  drops  down  through  the  falx 
to  the  falcial  sinus,  or  just  before  the  torcular  to  the 
tentorial,  or  even  divides,  following  the  lambda  sutures 
to  each  lateral  sinus.  The  whole  longitudinal  sinus  may 
be  occluded  without  causing  disastrous  results. 

Falcial  tiiriKS. — This  may  run  along  about  two-thirds 
of  the  free  border  fif  the  falx  or  near  the  border,  and  then 
represents  the  continuation  of  the  tentorial  sinus.  It  is 
rather  a  large  dural  vein  than  a  sinus.  At  its  commence- 
ment the  occasional  interhemisphcric  veins  empty.  Its 
only  lateral  tributaries  are  usually  small  dural  veinules, 
though  part  of  the  supercerebral  veins  or  of  the  longi- 
tudinal sinus  have  in  rare  instances  been  seen  to  turn  this 
way.  On  the  contrary,  Knott  once  saw  the  falcial  pass 
to  the  longitudinal,  and  some  connection  between  the 
two  is  not  uncommon. 

But,  as  stated  by  Luschka,  this  sinus  is  very  variable 
in  size  and  occurrence.     In  a  series  of  adult  subjects  the 
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writer  found  that  its  average  occurrence  was  only  one  in 
sis;  in  the  faMus  it  was  never  present.  Trolard's  at- 
tempt at  presenting  this  as  an  important  anastomosis 
between  the  dorsal  and  internal  systems,  or  as  a  safety 
diverticle  of  the  latter,  was  quite  overdrawn. 

Tentorial  .Siitiis. — This  lies  at  the  junction  of  the  falx 
and  tentorium  (Figs.  819  and  820.  k).  It  extends  in  full 
size  from  the  torcular  to  the  intersection  of  the  free 
falcial  and  tentorial  borders  opposite  the  point  where  it 
receives  its  main  tributary,  the  vein  of  Galen.  Its  sec- 
tion is  a  triangle  with  narrow  base  resting  on  the  ten- 
torium. Laterally  it  takes  up  small  dural  radicles,  and 
often  a  supercerebellar  vein.  It  is  straight,  lies  in  the 
ipedian  line,  and  is  directed  caudad.  "It  opens  into  the 
lateral  sinus  by  an  oval  mouth  formed  by  strong  pillars 
of  fibres. " 

Toriicnlar.  — A  confluens  sinuum  in  the  sense  of  the  old 
writers  does  not  exist.  "  The  right  lateral  sinus  for  the 
most  part  begins  higher  than  the  left,  and  may  be  con- 
sidered as  the  continuation  of  the  longitudinal.  In  some 
subjects  the  right  or  left  lateral  sinus  begins  from  the 
longitudinal  one,  while  that  of  the  other  side  is  continu- 
ous from  the  tentorial :  and  then  the  lateial  sinuses  are 
separated  at  their  origin  b\-  a  membraiious  isthmus" 
(Charles  Bell,  1827).  Rudinger  speaks  of  a  "  valvular 
arrangement "  separating  the  two  currents.  In  26  out  of 
Knott's  44  cases,  the  tentorial  opened  into  the  left  lateral 
sinus,  in  6  into  the  right,  in  13  mesially.  The  statistics 
given  below,  on  the  larger  jugular  canal,  bear  on  this 
question.  This  peculiarit)'  of  the  paths  at  the  torcular 
tends  to  prevent  a  reflux  of  blood  from  one  into  the 
other,  or  any  interference  of  the  currents. 

However,  in  a  considerable  minority  of  cases  the  cur- 
rents must  intermingle.  From  the  arrangements  of  the 
sinuses  at  the  torcular,  thrombosis  of  the  longitudinal 
and  right  lateral  is  more  often  associated  than  of  the 
longitudinal  and  left.  A  comparison  of  the  few  casual 
cases  at  liaud  sliows  6  of  the  former  to  3  (or  possibly  3) 
of  the  latter.  Of  course,  much  more  frequently — in  12 — 
aU  three  sinuses  were  involved. 

Lateral  SinuK. — This  runs  from  the  torcular,  at  first  in 
the  attached  tentorial  border,  then  curves  (flexura  sin 
inoidea)  to  follow  the  groove  in  the  mastoid  and  gains  the 
jugular  canal.  It  has  been  seen  to  take  a  more  basal 
course,  running  first  in  the  cerebellar  falx,  then  beside 
the  foramen  magnum  to  its  usual  exit.  From  tlie  exten- 
sive investigations  of  Ilartmann.  Rudinger,  Bezold.  and 
Politzer,  it  appears  that  frequently  the  sigmoid  portion 
approaches  within  a  few  millimetres  of  the  posterior 
wall  of  the  auditory  meatus.  The  one  into  which  the 
longitudinal  sinus  turns,  usually  the  right,  is  double  the 
size  of  the  other,  and  also  a  trifle  longer.  Rarely,  one 
lateral  is  minimal  in  size  or  even  absent.  It  receives 
laterally  the  postcerebral  and  paracerebellar  veins  and 
superpetrosal  sinus,  and  gives  ofi  two  inconstant  emis- 
saries. 

Korner  (1889)  has  shown  that  intracranial  disease  from 
caries  of  the  jjetrous  is  more  frequent  on  the  right,  and 
from  a  study  of  449  skidls  he  attributes  this  to  the  fact 
that  the  lateral  sinus  at  its  sigmoid  flexure  enters  deeper 
into  the  mastoid  and  the  petrous  pj-ramid  on  the  right 
than  on  the  left,  and  thus  on  the  right  approaches  nearer 
the  primary  focus  of  disease.  In  23  cases  on  the  right 
and  8  on  the  left,  there  were  gaps  in  the  bony  partition. 
He  also  holds  that  in  the  brachycephali  the  sigmoid  ex- 
cavation goes  lowerand  deeper  than  in  the  dolichocephali. 
and  that  hence  in  the  former  such  encranial  sequelse  fol- 
low more  readily ;  but  this  has  been  disputed  by  Schlilzke. 

Birmingham,"  of  Dublin  {Brit.  Med.  Journ.,  1890,  ii., 
683).  from  an  examination  of  100  recent  dry  specimens, 
points  out  that  the  relations  of  the  lateral  sinus  to  the 
surface  are  extremely  uncertain,  owing  both  to  variations 
in  the  sinus  cuives  and  to  irregularities  in  the  bones.  It 
be.gins  opposite  the  external  occipital  protuberance  in 
50  per  cent. :  lower  (by  never  more  than  one-half  inch) 
in  33  per  cent.  ;  and  higher  in  17  per  cent.  It  does  not 
run  forward  horizontally,  but  is  distinctly  arched.  The 
bend  of  the  sinus  where   it  turns  down  at  the  asterion 


may  vary,  within  wide  limits,  ffom  a  gentle  to  a  very 
sharp  curve.  It  then  runs  down  in  front  of  the  post- 
niastoid  margin,  about  one-half  inch  behind  the  meatus, 
and  turns  into  the  jugular  foramen  about  one-quarter 
inch  below  the  level  of  the  meatus  floor.  Occa.sion- 
ally  the  sinus  is  only  one-twelfth  of  an  inch  from  the 
surface. 

Carernous  Sinus  (Plate  XVIII.,  Fig.  1),  distinguished 
by  its  irregular  outline  and  cellular  or  reticulated  ap- 
pearance from  intercrossing  fibrous  bands.  It  represents 
a  colossal  perivascular  structure  about  the'earotid,  in  a 
way  similar  to  that  established  by  Braune  and  his  school 
for  certain  lymphatics  accompanying  veins.  The  late 
von  Langer,  in  one  of  his  last  publications,  based  on  cor- 
rosion and  other  preparations  from  infantile  subjects, 
showed  that  the  cavernous  sinus  is  originally  a  plexiform 
network  of  veins,  which,  by  fusion  of  its  channels,  takes 
on  its  later  characteristics.  The  wall  resorption  goes  on 
to  old  age,  when  villous  offshoots  of  the  remaining  tra- 
beculsB  are  often  seen  to  project  into  its  cavity.  It  is 
traversed  by  the  carotid  (cavernous  portion).  All  the 
orliital  nerves  except  the  optic  pass  near  or  through  its 
outer  wall.  Besides  veins  and  emissaries,  it  is  thecom- 
municating  centre  for  all  the  prebasal  sinuses.  Prontad 
it  tapers  to  the  ophthalmic  vein — the  swollen  end  of 
which  has  been  dubbed  Sinus  Op/il/ialmieiis. 

Laterality,  the  cavernous  receives  tiie  Sphenoi&il  Sinus. 
This  runs  out  along  the  dependent  .side  of  the  lesser 
sphenoidal  wing.  Knott  notes  great  variability  in  its 
size,  though  never  complete  ab.sence,  a  small  veinat  least 
lieing  found.  Peripherally  it  receives  or  connects  with 
a  medidural  vein,  and  also  a  diploic  canal,  and  may  take 
u])  the  medicerebral  and  connect  with  ophthalmodural 
veins. 

The  Subsplienoidal  Sinvs,  on  the  great  wing  of  the  bone, 
was  found  by  Knott  fourteen  times  on  the  right  and  nine 
on  the  left  side. 

Me.sad,  the  cavernosi  connect  by  the  two  Transverse 
Sinuses — which  alone  deserve  to  be  called  transverse. 
These  follow  the  walls  of  the  sella  turcica,  curve  slightly 
to  enclose  the  pituitary  bodv.  and  complete  the  so  called 
vene-circle  of  Ridley  (Plate "XVIIL,  Fig.  1). 

Sinus  Prapetrosus  (jugularis  spurius  of  Luschka, 
petroso-squamosus  of  Hyrtl,  petrosus  anterior  of  Bell). 
This  occasional  sinus,  at  the  bottom  of  the  temporal  fossa, 
describes  a  curve  along  the  petrosquamous  suture,  from 
the  spinous  foramen — connecting  with  the  medidural 
vein  and  also  with  the  cavernou.5  sinvis — to  either  (or 
both)  the  emissarium  temporale  or  the  petrous  portion  of 
tlie  lateral  sinus  (often  by  perforating  the  prominent 
petrous  ridge).  Its  physiological  interest  arises  from 
the  prominent  part  which  it  ])iays  in  the  foetus.  Zuck- 
erkandl  (1873)  found  this  sinus  22  rimes  in  380  skulls. 
Knott,  4  times  in  44,  found  what  appears  to  have  been  a 
continuation  of  this  sinus  to  the  sphenoidal :  in  7  of  44 
subjects  he  found  the  prepetrosal  on  both  sides,  in  19  on 
one  side  only. 

Catidad,  the  cavernous  empties  into  the  oblique  su- 
per- and  sub-petrosal  sinuses,  but  principally  the  former. 
The  Superpetrosal  Sinns  starts  from  the  cavernous,  runs 
in  the  prolonged  attached  border  of  the  tentorium  along 
the  dorsal  ridge  of  the  petrous  bone,  and  enters  the  lateral 
sinus  against  the  current  at  the  beginning  of  its  sigmoid 
flexure.  It  alone  offers  a  direct  encranial  connection  be- 
tween the  prebasal  and  lateral  sinuses.  The  temporal 
sinus  (medicerebral  or  anastomotic  vein)  and  the  subcer- 
ebral  vein  discharge  into  this  in  nearly  one-half  the 
cases,  the  precerebellar  vein  more  constantly.  As  a  con- 
sequence, its  size  varies  considerably.  thou,gh  it  is  usu- 
ally small.  The  vestibular  and  even  tympanic  veins  of 
the  ear  pass  to  the  superpetrosal  sinus,  either  direetly  or 
liy  a  dural  vein.  In  his  forty-four  subjects.  Knott  notes 
its  absence  twice  on  the  right  and  once  on  the  left. 

The  shorter  Subpetrnsal  Sinns  runs  in  the  petro-occipital 
groove,  from  the  cavernous  sinus  to  the  subpetrosal  vein, 
which,  by  bending  before  its  discharge  into  the  jugular 
vein,  .secures  an  unimpeded  outlet  for  this  sinus  (for  con- 
nections, vide  infra.  Vena  Subpetrosa). 
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Oa-ipito-Bum'lar  Plexus. — In  the  occipital  fossa  are  sev- 
eral sinus  canals  that  vary  much  in  size  and  ilistribution. 
The  Occipital  Sinus,  usuall}' bilateral,  runs  along  the  cere- 
bellar falx  and  connects  with  the  lateral  sinuses  by  small 
mouths  beside  the  torcular.  Pre-,  trans-,  and  post- 
occipitals  have  been  made  out.  The  so-called  circular 
sinus  of  the  foramen  magnum  is  more  often  incomplete 
dorsad  of  the  hole.  The  basilar  sinuses  over  the  like- 
named  process  connect  with  the  preceding  and  with  the 
prebasal  sinuses.  Langer  has  shown  that,  like  the  cav- 
ernous sinus,  all  of  these  are  the  persistent  channels  of 
what  originally,  in  the  ffctus,  was  a  vein  ple.xus;  and  he 
has  also  corroborated  Virchow's  description  of  their  en- 
largement in  the  aged. 

Parammal  Spaces. — These  areolar  venous  pockets  or 
derivative  reservoirs  (lacunfe,  recessus  lateralis),  though 
described  with  increasing  definiteness  by  a  long  series 
of  observers,  find  but  little  mention  in  the  text-books. 
Their  principal  development  is  opposite  the  middle  of 
the  longitudinal  sinus  (bilateral).  As  numerous  minute 
spaces  the.y  further  occur  along  nearly  the  whole  length 
of  the  said"  sinus,  and  also  (Langer)  beneath  it  In  the  falx, 
beside  the  lateral  sinuses,  on  both  sides  of  the  tentorial 
sinus,  and  it  is  said  even  about  the  cavernosi.  The  di- 
lated intradural  termination  of  the  postcerebral  and  para- 
cerebellar  veins  has  also  been  thus  classed.  They  all 
occupy  the  attenuated  space  between  the  dural  layers 
lateral  to  the  sinuses,  and  hence  are  very  shallow  and  of 
irregular  outline.  They  have  a  lining  membrane,  also 
many  intercrossing  fibrous  filaments,  and  are  injectable 
froni  or  with  the  sinuses.  In  position  and  characteristics 
they  arc  intermediary  between  dural  veins  and  sinuses. 
Wliere  present  they  receive  most  if  not  all  the  dural 
veins.  The  larger  spaces  are  traversed  by  incoming  pia 
veins  with  which  they  connect  by  one  or  more  openings. 
They  increa.se  in  size  as  life  advances,  and  then  have  in- 
timate relations  with  the  Pacchionian  granulations — so 
much  so  that  thcj'  have  even  been  termed  Pacchionian 
blood  cavities.  The  circulation  in  their  interior  is  not 
believed  to  be  very  active  and  the  spaces  have  repeatedly 
been  found  thrombosed. 

On  opening  a  sinus  or  the  jugular  canal  blood  tisually 
flows  out  in  a  more  or  less  pulsjitory  stream  showing  that 
the  ruling  interior  pressure  is  po.sitive.  In  the  cases  of 
operative  perforation  of  a  lateral  sinus  (Jacoby,  Knapp, 
Benton,  Guye,  Owen,  Reeve,  von  Baracz,  and  others, 
usually  ending  in  recovery)  there  is  no  record  of  air 
being  aspirated.  But  in  one  case  of  opening  of  the 
longitudinal  (Genzmer.  1877)  so  much  air  was  aspirated 
as  to  prove  quickly  fatal,  and  Francois-Franck  (1881)  has 
endeavored  by  experiments  to  show  that  aspiration  can 
be  communicated  through  the  vertebral  veins  to  the 
diploic  canals  of  the  occiput. 

Occlusion. — Blocking  of  any  single  sinus  is  not  neces- 
sarily dangerous,  though  occlusion  of  a  cavernous  or  the 
tentorial  is  always  a  serious  matter. 

By  experimental  blocking  of  the  dural  sinuses  in  the 
dog!  Ferrari  (1888)  has  shown  that  a  large  part  of  the 
whole  sinus  system,  e.g..  all  the  sinuses  of  the  calvarium, 
may  be  rendered  impermeable  without  injury  to  the 
functions  of  the  brain.  However,  occlusion  of  the  col- 
lective blood  elTerents  from  the  skull  is  of  course  quickly 
fatal,  being  usually  preceded  by  an  epileptic  attack. 
But  all  this  and  more  had  been  already  determined  bj- 
clinical  experience  in  man. 

IV.  Venous  Openings  through  the  Skui-l  (Ejns- 
SARIA,  ETC.). — From  their  number  and  pathological  im- 
portance, and  for  clearness  of  description,  these  passages 
ought  to  constitute  a  separate  class.  Each  of  the  cranial 
bones  (except  the  ethmoid)  has  a  foramen  pennitting 
direct  communication  between  the  dural  sinuses  and  veins 
and  the  exterior  veins;  still  these  are  of  very  unequal 
size,  and  in  part  disappear  in  the  adult.  There  is  but 
little  topographical  correspondence  between  the  position 
of  these  exits  and  the  area  drained  through  them ;  nor  is 
the  area  in  any  case  closely  definable.  They  may  all  act 
as  efferent  vessels;,  although  the  ophthalmic  veins  are 
usually    afferent — partially    so,   says    Sesemann.    1869 ; 


largely  so,  Gurwitsch,  1883,  and  Merkel — and  certain  of 
the  others  may  conduct  either  way  according  to  circiun- 
stances.  Only  Nos.  2,  6,  7,  and  8  are  superficial,  while 
7,  8,  11,  and  perhaps  4,  belong  rather  to  the  dural  and 
diploic  system.  Nearly  all  the  blood  normally  passes 
out  through  the  two  postlacerated  foramina  with  their 
four  canals.  But  any  one  of  the  exits  and,  so  far  as 
known,  an}'  two — or,  in  case  of  the  smaller  emissaria, 
several — may  be  permanently  closed  without  causing 
serious  harm.  Both  internal  jugulars  have  been  tied  in 
the  same  subject  (Pilger,  188(1)  without  other  evil  con- 
sequences than  a  temporary  headache. 

1.  Jugular  Canal. — In  the  lateral  part  of  the  postlac- 
erated foraijien.  This,  by  far  the  largest  of  all  the  exits, 
leads  from  the  sigmoid  flexure  of  the  lateral  sinus  to  the 
bulb  or  gulf  of  the  internal  juguln.r  vein.  Its  path 
through  the  foramen  is  often  more  or  less  separated  from 
the  passing  nerves,  etc.,  by  a  bony  septum,  thus  forming 
a  true  jugular  foramen.  Rarely  it  is  very  small  on  one 
side,  or  even  absent  (four  or  five  known  cases). 

By  adding  the  series  of  159  skulls  examined  by  Dwight 
to  the  100  by  Rudinger,  we  have  259.  In  173  of  these 
the  right  jugular  foramen  was  larger  than  the  left  {i.e., 
about  two-thirds),  in  65  the  reverse  (one-quarter),  and 
in  21  the  two  were  equal  (one-twelfth).  This  harmonizes 
with  what  was  said  above  (sub  Torcular). 

2.  Emissarium  Ma.itai(lfum,  of  most  importance  in 
fetal  life.  It  arises  directly  from  the  lateral  sinus,  and 
empties  usually  into  the  occipital  vein  (extracranial), 
sometimes  into  the  postauricular,  or  even  directly  into 
the  external  jugular.  In  the  16  perfect  skulls  ex- 
amined by  Green  {Amaican  Journal  of  Otology,  vol.  iii.), 
it  was  absent  on  both  sides  in  1,  and  on  one  side  in  1.  It 
was  always  just  behind  the  posterior  limit  of  the  mastoid 
process.  The  external  opening  was  opposite  the  meatus 
(at  about  the  middle  of  the  perpendicular  height  of  the 
mastoid)  in  20,  above  this  in  2,  below  in  6,  and  directly 
on  the  base  of  the  skull  in  1.  Its  diameter  measured  5 
mm.  in  1,  4  mm.  in  4,  3  nmi.  in  10,  2  mm.  in  10,  and  0.5 
mm.  in  4. 

3.  Emissarium  Postconduloideum  (postjugular  vein), 
passing  from  the  lateral  sinus  near  its  termination  to  the 
upper  cervical  or  verteliral  veins.  In  44  skidls,  Knott 
found  this  on  both  sides  in  cnly  13,  on  the  right  in  21, 
and  on  the  left  in  10,  In  Dwight's  series  of  142  skulls, 
with  luiequal  jugular  foramina,  the  postcondyhnd  fora- 
men was  larger  on  the  same  side  as  the  larger  jugular  in 
53,  on  the  other  side  in  37,  and  equal  or  absent  in  52  (this 
foramen  being  wholly'  for  the  transit  of  the  emissary). 

4.  Emissarium  Prfvcondyloideum,  connecting  with  the 
occi])ital  sinus  or  its  basal  prolongation,  taking  up  a 
diploic  vein,  and  passing  in  part  to  the  i)repetrosal  vein, 
in  part  to  the  plexus  about  the  vertebral.  As  plexus 
venfisus  hypoglossi,  Luschka  described  a  cluster  of  veins 
about  the  hyjioglossal  bundles  as  they  unite  in  the  inner 
portion  of  tlie  foramen,  from  which  two  \eins  passed 
dowr,  the  canal.  Trolard  says  that  externally  the  pre- 
condyloid  foramen  presents  a  deep  cavity  in  which  is 
lodged  a  true  venous  confluens.  Ventrad  its  wall  is  hid- 
den b}'  the  external  part  of  the  atlo-occipital  ligament. 
He  says  that  this  confluens  receives  five  veins:  (1)  Ven 
trad  and  mesad.  the  medilacerate;  (2)  latero- ventrad,  a 
connection  with  the  subpetrosal  vein;  (3)  dorsad,  a  pre- 
condyloid  vein;  (4)  latero-dorsad,  an  inconstant  vertebral 
vein  (passing  between  atlas  and  occiput,  behind  the  in- 
ternal jugular,  sometimes  in  a  bony  canal);  (5)  a  little 
vein  on  the  preatlooccipital  ligament,  communicating 
across  with  the  intraspinal  sinuses. 

Dwight,  in  the  same  series  of  142  skulls,  found  the 
precondyloid  foramen  larger  on  the  same  side  as  the 
jugular  in  16,  on  the  other  side  in  11,  the  two  sides  equal 
in  115.  "There  does  not  appear  to  be  any  definite  rela- 
tion between  their  size  and  that  of  the  postcondyloids." 

5.  Small  uncertain  veins  through  the  foramen  magnum 
or  beside  the  vertebral  arteries,  connecting  some  mar- 
ginal sinus  or  vein  with  the  vertebral  and  spinal  vessels. 
The  fine  veins  in  the  spinal  cord  also  connect  with  intra- 
substantial  ones  above. 
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EXPLANATION    OF    PLATE    XVIIL 

Fig.  1. — Sinus  Cavernosi  et  Intercavemosi — Sinus  Circularis  of  Ridley. 

Inferior  aspect  of  a  corrosion  preparation  from  a  child,  with  afferents  and  efferonts  (some 
what  enlarged,  and  also  arbitrary  as  to  execution  of  smaller  vessels).  Prom  Langers  ■'  Der 
Sinus  cavernosus  der  harten  Hirnhaut,"  Sitzbi:  d.  k.  Akad..  1885.  Vienna  (Fig.  5). 

F.O.,  Vena  ophthalmiea  superior  et  inferior. 

S.i.c,  Sinus  intercavemosi. 

E,  Emissary  veins  passing  thrciugli  the  oval  foramen  to  the  pterygoid  plexus. 

S.p.i.,  Sinus  petrosus  inferior. 

L,  Space  for  the  dorsum  ephippii. 

Fig.  2. — Fine  anastomotic  network  between  three  arterial  twigs  in  tlie  jiia  of  the  parietal  region 
(Lucas,  Paris  Thesis,  1879.) 

Fig.  3. — Lobule  of  a  choroidal  villus;  one  portion  bare  of  epithelium.  Sinuous  vascular  loop.  En 
largement,  .500  diameters.     (From  Luschka.) 

a.  Portion  covered  by  epithelium. 

b.  Fibrillary  connective  tissue. 

c.  Structureless  connecting  substance  extending  well  beyond  the  capillaries. 

Fig.  4. — Very  perfectly  injected  vessels  of  a  choroidal  villus.  Two  hilus  vessels,  a  vein,  and  an 
artery.  Loops,  vascular  nets,  etc.  Enlargement,  .50  diameters.  (From  Luschka's  "  Die  Ader- 
geflechte  des  menschlichen  Gehirns."  \B5o.  Taf.  ii..  Fig.  2.) 
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6.  Emissarium  Occipitale,  a  small  mesal  conduit  from 
the  torcular  through  the  occipital  protuberance  to  the 
external  veins  of  the  occiput.  It  is  often,  but  not  always 
sinuous,  and  takes  up  an  azygoid  diploic  trunk.  Knott 
found  it  as  a  small  but  traceable  vein  in  6  of  his  44 
cases.  In  most  of  the  others  there  was  a  small  vein 
piercing  one  of  the  bone  plates  and  anastomosing^with 
the  diploB  veins. 

7.  Einhmrium  Parietale. — In  100  skulls  Gruber  found 
the  parietal  foramen  on  both  sides  in  29,  on  the  right  in 
19,  on  the  left  in  13;  average  distance  from  angle  of  oc- 
cipital siiuiima,  3-5  cm. ;  distance  from  sagittal  suture, 
2-1"  mm.  Their  size  varies  ordinarily  from  J  to  1  mm. 
They  do  not  terminate  internally  directly  in  the  long- 
sinus,  but  in  the  parasinual  spaces  or  dural  veins. 

8.  Dipliiic  Connections. — Innumerable  small  openings 
through  the  inner  plate  of  the  skull  connect  the  dural 
veins  and  spaces  with  the  diploi?  canals.  These  are 
largest  and  most  numerous  along  the  longitudinal  sinus 
(corrosion  preparation). 

9.  Orbitiil  Vonnertions. — {a)  The  ophthalmic  vein  is, 
next  to  the  jugular,  the  largest  and  most  constant  of  all 
the  passages.  It  empties  largely  into  the  cavernous  sinus 
(through  the  orliital  fissure,  where  it  bears  a  constant 
constriction),  but  has  free  anastomosis  with  the  prefacial 
vein  at  the  inner  canthus.  Allen  says  that  formerly  the 
trunk  of  the  facial  was  opened  at  this  point  to  relieve 
cerebral  congestion,  (h)  The  central  retinal  vein  has  full 
anastomoses  with  the  ophthalmic,  but  goes  as  a  rule  to 
the  cavernous  sinus,  or  frequently  to  a  tine  venous  plexus 
around  the  optic  nerve,  and  then  by  several  veinules  in 
part  to  the  subophthalmic  vein,  in  part  to  the  said  sinus. 
(<■)  The  smaller  subophthalmic  vein  or  veins  connect 
doubly  with  the  larger  into  which,  or  oftener  into  the 
sinus  cavernosus,  they  discharge  (always  afferent,  say 
Sesemannand  H.  Jleyer).  Peripherally,  they  anastomose 
witli  facial  and  even  pterygoid  veins.  (d)  The  o]ih- 
thalmo-dural  vein  of  Hyrtl  (1859)  is  practically  included 
under  (lie  more  or  less  constant  connection  of  the  medi- 
cerebral  vein  and  the  sphenoid  sinus.  Occasionally  this 
sinus  or  vein  has  a  small  anastomo.sis.  thmugli  the  lateral 
part  of  the  orbital  foramen,  with  the  ophthalmic  or  other 
orbital  vein.  Evident!}',  the  vena  aberrans  of  Verga 
(1856)  should  be  classed  here.  As  a  passage  from  the 
ophthalmic  vein  or  cavernous  sinus  to  the  lateral  sinus, 
Knott  mentions  one  case  (on  right);  or  between  ophthal- 
mic vein  and  superpetrosal  sinus,  three  instances  (on 
left). 

10.  The  Emismrji  of  t)w  Foramen  Rotundinn  from  the 
■cavernous  sinus,  and  accompanying  the  superior  maxil- 
lary nerve  as  described  by  Nuhn,  was  twice  s^u  by 
Knott  (on  right). 

11.  The  medidural  vein  discharges  largely  through  the 
omd,  or  sjiiimii/i.  foramen.  Nuhn  described  a  pair  of 
veins  which,  after  traversing  the  oval  foramen,  formed  a 
plexus  about  the  inferior  maxillary  nerve  and  terminated 
in  the  infratemporal  veins.  Knott  found  these  veins  on 
both  sides  in  18;  two  veins  on  right  and  one  on  left  in  6, 
the  reverse  in  4;  a  single  vein  on  each  side  in  11 ;  no  vein 
on  one  side  in  5.  Luschka  and  Trolard  describe  a  vein, 
from  the  cavernous  sinus,  that  receives  dural  veins  from 
the  anterior  petrous  surface  and  departs  through  the  oval 
foramen ;  in  this  case  the  medidural  emerges  through  the 
spinous  foramen. 

12.  Ple.riis  s.  Sinus  Caroticus. — Bell  (1827)  mentions  a 
Tena  sodalis  arteria  carotidis.  as  an  emissarj'  from  a  petrous 
sinus,  descending  through  the  carotid  canal.  Rektorzik 
(1858)  seems  to  have  rediscovered  this.  A  prolongation 
of  the  cavernous  sinus  into  the  carotid  canal  constitutes 
the  sinus  caroticus.  This  breaks  up  into  a  plexus  of 
small  veins  aliout  the  artery,  converging  to  one  or  more 
small  trunks  below,  that  may  pass  to  the  internal  jugular. 
It  may  connect  with  11  and  13.  Knott  was  always  able 
to  find  this  communication,  though  the  vessels  varied 
much  in  size  and  number. 

13.  Vena  Medilarerata. — Englisch  is  credited  with 
having  described  (1863)  a  constant  communication,  out- 
side the  skidl,  between  the  cavernous  sinus  and  the  sub- 


petrosal  vein.  As  inferior  petro-occipital  sinus,  Trolard 
indepeudentlj-  described  the  same.  "On  the  exterior 
base  of  the  cranium  a  small  vein  occupies  a  groove  ex- 
tending between  the  two  lacerated  foramina.  Its  direc- 
tion islatero-eaudad.  It  inosculates  with  cavernous  sinus 
or  carotid  plexus,  and  with  the  precondyloid  confluens  " 
(vide  snpra,  sub  4).  Knott  found  this  in  14  out  of  33 
cases. 

14.  Vena,  Subpetrosa,  from  the  subpetrosal  sinus,  through 
the  premedian  portion  of  the  foramen  postlacerum,  to 
the  jugular  vein.  Here  it  is  separated — not  rarely  by 
bony  lamina,  thus  forming  the  foramen  anomalum  of 
Gruber,  1869 — by  three  nerve  trunks  from  the  jugular 
canal.  From  numerous  investigations  Gruber  foimd  that 
only  rarely  did  this  vein  pass  quite  through  the  foramen 
before  entering  the  jugular,  and  that  then  it  first  con- 
nected with  the  termination  of  the  lateral  sinus.  How- 
ever, in  8  out  of  22  times  Knott  found  that  the  vena  sub- 
petrosa ended  at  about  the  level  of  the  lower  margin  of 
the  jugular  foramen,  in  9  a  little  above,  and  in  5  a  little 
below.  It  connects  also  with  the  precondyloid  vein  or 
confluens,  and  commonly  receives  the  internal  auditory 
veins. 

To  these  may  be  added  the  following,  of  rare  occur- 
rence in  the  adult- 

15.  Emis.sariiim  Tlsmpwa^e (foramen  jugularespurium). 
This  is  held  to  be  a  relic  of  the  primary  jugular  vein. 
When  present,  it  proceeds  from  the  pre])etrosal  sinus, 
jjerforates  the  temporal  bone  lieneath  the  root  of  the 
zygomatic  arch,  emerges  just  beliind  the  glenoid  fossa  at 
the  edge  of  the  porus  acusticus  externus,  and  ends  in  the 
external  jugular  svstem. 

16.  Foramen  Ceecnm,  in  fetal  life  a  communication  be- 
tween the  longitudinal  sinus  and  the  veins  of  the  frontal 
sinus,  ethmoid  bone,  and  nose.  Rarely,  if  ever,  observed 
in  the  adult. 

17.  The  very  rare  pathological  venous  blood  tumors  of 
the  cranium  {ride  Mastin,  Jonrnalof  the  Ameriran  Medical 
Association,  1886),  arterio-venous  aneurisms  of  the  scalp, 
etc.,  occasionally  communicate  on  tlie  one  hand  with  ex- 
ternal veins  of  the  head,  on  the  other  through  openings 
in  the  bone  usually  with  the  long  sinus. 

18.  Possibly  a  couple  should  be  added  from  Hiidon. 
Small  rami  accompany  the  olfactory  bundles  through  the 
cribriform  plate  of  the  ethmoid,  of  course  connecting 
above  with  the  vein  of  the  olfactory  bull).  "  A  vein  leaves 
the  aquednct  of  Fallopius  by  the  stylomastoid  foramen 
to  anastomose  with  the  external  jugular  or  post-auricu- 
lar (Sperino).  It  joins,  according  to  Blandin.  a  small 
dural  ramus  traversing  the  hiatus  of  Fallopius." 

Lymph.\tic  System  in  the  Bit.\iN. — There  are  no 
lymphatic  glands  in  the  cranial  cavity ;  nor  docs  the  brain 
possess  a  system  of  independent  lymphatics.  Within  the 
brain  substance  all  the  larger  lymph  passages  accom- 
liauy  the  blood-vessels  as  cylindrical  enveloping  spaces. 
These  are  at  least  twofold  :  (a)  Adrentitial  spaces  between 
media  and  adventitia,  which  latter  are  not  closely  bound 
together  in  the  vessels  of  the  central  nervous  systenr  as 
in  the  remainder  of  the  body :  (J)  perirascnlar  spaces  of 
His  and  Robin,  connecting  witli  the  subpial  or  so-called 
ejiicerebral  space.  Their  cxi.stence  in  normal  tissues  has 
been  repeatedly  disputed,  and  unquestionably  their  size 
is  artificiallj'  much  increased  by  the  usual  methods  of 
preparation.  The  latest  investigators,  Rossbach  and 
Sehrwald,  assert  very  positively  the  real  existence  of 
these  spaces.  They  worked  by  Golgi's  method,  claiming 
that  this  marks  the  lymph,  and  thus  the  lymph  spaces, 
rather  than  the  ganglion  cell  and  its  processes. 

The  beginning  of  the  l}-mph  passages  is  to  be  sought 
in  the  very  narrow  spaces  surrounding  the  ganglion  cells 
— pericelhdar  spaces  (Obersteiner).  To  each  of  these  latter 
spaces  run,  according  to  Rossbach  and  Sehrwald,  many 
fine  canals  (rootlets),  often  coming  a  long  distance  through 
the  albalis,  and  starting  about  vessels  and  from  glial 
lymph  spaces.  These  surround  the  protoplasmic  cell 
processes.  The,  efferents  from  these  cell  spaces  pass  along 
the  apex  process,  branch,  and  empty  into  perivascular 
and  superficial  glial  spaces,  or  directly  into  the  epicere- 
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bral  space.  The  lymph  system  of  eacli  ganglion  cell 
has  no  direct  anastomoses  with  that  about  any  other  such 
cell.  They  also  describe  a  lymphatic  plexus  about  the 
glia  cells  {periglial  space),  especially  in  the  external 
cortical  laj'er,  and  in  the  first  subcortical  albalis.  These 
are  often  intermediary  between  the  pericellular  spaces 
and  the  perivascular  spaces,  into  which  latter  and  the 
epicerebral  space  they  empty. 

The  results  of  Rossbach  and  Sehrwald,  regarding 
lymphatics  in  the  brain  substance,  are  evidently  dis- 
credited by  Frommann  (O?)^*?.  /.  med.  TTVss.,  1888,  pp. 
881,  882).  As  regards  the  hypojihysis,  Pisenti  and  Viola 
(ibid.,  1890,  pp.  451,4.52)  believe  that  certain  structures 
observed  by  them  represent  lymph  spaces.  A  cortical 
lymph-connective  system  has  been  studied  by  Bevan 
Lewis. 

Tlie  lymphatics  of  the  choroid  plexus  in  the  paracccle 
unite  (Arnold)  to  one  trunk  following  Galen's  vein.  In 
the  ependyma  lymphatic  networks  have  occasionallj' 
been  observed. 

The  lymph  passages  collect  in  the  pia  to  larger  trunks, 
follow  the  course  of  the  veins,  and  pass  out,  in  part 
through  the  jugular  foramen  to  superjugular  glands,  in 
part  through  the  carotid  canal  to  the  deep  cervical  glands, 
in  part  beside  the  vertebral  vessels  to  the  infrajugular 
glands. 

Little  evidence  of  lymphatics  in  the  myel  is  found  by 
Kadyi.  The  perivascular  spaces  of  His  occur,  but  are 
likely  of  artificial  origin.  From  the  results  of  one  injec- 
tion he  figures  a  network  of  voluminous  canals  running 
longitudinally  beside  the  central  canal,  and  that  possibly 
represent  a  lymphatic  system. 

Serous  Cavities,  Cerebrospinal  Fluid,  etc. — Be- 
tween dura  and  arachnoidea  is  the  subdural  space.  In 
the  normal  condition  this  contains  only  a  capillary  layer 
of  flviid.  The  dura  has  a  system  of  lymphatics  accom- 
panying the  blood  capillaries,  within  their  adventitia. 
Besides,  in  the  endothelium  of  the  dura  independent  lym 
phatic  plexi  and  stomata  have  been  described,  presenting 
a  communication  with  the  subdural  space,  and  conduct- 
ing off  the  subdural  fluid.  Through  the  oval  and  spinous 
foramina  pass  (Arnold)  lymphatics  to  the  deep  facial 
glands,  probably  coming  from  the  dura. 

The  interstices  of  the  pia,  i.e.,  the  somewhat  broken 
room  between  arachnoid  and  pia  proper,  constitute  the 
subarachnoidal  space  (carum  subarachnoidah).  This  is 
the  retainer  of  the  cerebro-spinal  (cephalo-rachidian )  fluid. 
AlUiough  this  fluid  can  pass  back  and  forth  between  the 
corresponding  cephalic  and  spinal  spaces,  it  is  no  longer 
held  that  there  is  a  continuous  ebb  and  flow  from  one  to  , 
the  other  at  each  respiratory  movement  and  even  pulsa- 
tion. This  space  is  exceeding!}'  attenuated  wherever  the 
brain  lies  close  to  the  skull,  as  over  the  convexity.  At 
other  points  it  forms  lacuna-like  pockets,  termed  by  Ke_v 
and  Retzius  cisterns'.  Among  these  may  be  mentioned: 
Cisterna  magna  {ccrebcUn-ohhiuiata),  where  the  arachnoid 
spreads  across  from  the  caudad  border  of  the  cerebellum 
to  the  oblongata;  cistertM  fnmtis  (laterales  et  media) ; 
cisterna  Sylrii ;  and  over  the  optic  lobes  the  cisterna 
ambiens.  The  cables  connect  with  these  cavities  (the 
coelian  fluid  comes  from  the  choroid  plexuses — ride  Plate 
XYIIL,  Figs.  3  and  4);  the  metepiccele  with  the  cisterna 
magna  through  the  foramen  Magendii  and  the  aper- 
turte  lateralcs;  the  paraccrle  with  the  diaciele  jjer  the 
foramen  of  Munro;  and  the  diacccle  with  the  metepicoele 
through  the  aqueduct.  There  is  no  canalis  Bichati,  for- 
merly supposed  to  connect  the  paraco?le  with  the  sub- 
dural sjjaee.  Hence,  while  the  ccelian  and  subarachnoid 
cavities  are  united,  neither  has  any  direct  connection 
with  the  subdural  space.  An  indirect  connection  may  be 
offered  by  the  nasal  lymph  net,  as  this  may  be  injected 
from  the"  subdural  as  well  as  subarachnoidal  space,  by 
■way  of  perineural  lymph  passages  about  outgoing  nerves. 
Another  assumed  indirect  connection  is  by  Pacchionian 
bodies  and  the  sinuses.  The  experiments  of  Key  and 
Retzius,  confirmed  by  Kollmann  (1880),  seemed  to  show 
that  the  perforations  of  the  dura — opposite  venous  spaces 
— by  these  bodies  furnish  one  of  the  principal  discharge 


paths  for  both  subarachnoidal  and  subdural  spaces. 
Probably,  however,  their  injections  produced  artificial 
openings,  not  existing  intra  vitam.  Certainly  they  do 
not  usually  attain  any  development  until  long  after  youth 
has  passed.  Fiirther  reasons  in  opposition  are  given  by 
Adamkiewicz  in  his  polemic  (Eulenburg's  "Real-Ency- 
clopiidie,"  188(),  art.  "Gehirndruck")  against  Bergmann's 
theory  of  brain  compression,  and  in  favor  of  his  own 
somewhat  novel  views.  Material  injected  into  the  sub- 
arachnoidal space  in  animals  traverses  the  supercer- 
vical and  submaxillary  glands.  In  man  it  can  pass  out 
in  the  optic  sheath  to  the  bulb,  in  the  sheath  of  the  facial 
and  the  acoustic  as  far  as  the  internal  a\iditory  meatus — 
whence  fracture  of  the  petrous  with  tearing  of  the  nerve 
sheath  leads  to  oozing  out  of  cerebro-spinal  fluid — and 
finally  to  the  l3'mphatics  in  the  nasal  mucous  membrane, 
the  supposed  path  of  meningeal  infection  from  nasal 
sources. 

The  writer  has  recently  shown  that  during  the  whole 
of  fetal  life  in  the  human  subject,  there  exist  efferent 
passages  for  the  cerebro-spinal  fluid  along  the  larger 
nerve  trunks  from  the  spinal  cord,  notably  those  from 
the  lumbar  enlargement.  After  birth,  however,  these 
promptly  close  up.  In  the  lower  animals  they  are  more 
persistent. 

The  subarachnoidal  cisternse  protect  the  large  basal 
vessels  from  compression,  and  in  like  manner  the  peri- 
cellular spaces  shield  the  enclosed  cell  and  its  process 
from  shock  and  pressure.  Further,  the  perivascular 
channels  protect  the  brain  substance  (His)  in  a  more  gen- 
eral way.  William  Browning. 
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Plate  XIX. 


Representation  (in  the  two  lower  pictures)  of  the  condition  known  as  "  Choked  Disk,"  as  seen  with  the 
ophthalmoscope  For  purposes  of  comparison,  the  appearance  of  the  normal  fundus  ocull  is  shown  in  the 
upper  picture.— C/vr»m  Haab — Atlas  of  Ophthalmoscopy.) 
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BRAIN,  COMPRESSION  OF.— Notwithstanding  the 
unhappy  use  of  a  word  that  does  not  describe  the  subtile 
condition  it  is  meant  to  express,  the  term  compression  is 
a  convenient  one  that  seems  justified  by  the  necessities  of 
analysis  and  study.  It  is  generally  used  in  a  pathological 
sense  to  describe  a  complexity  of  symptoms  arising  from 
a  particular  state  of  the  brain  characterized  mainly  by 
disorder  of  the  circulation  within  the  cranium,  and  mani- 
fested b}'  more  or  less  derangement  of  the  three  great 
faculties  of  the  nerrous  system. 

As  a  principle  used  to  account  for  the  phenomena  of 
brain  disease,  and  as  a  complication  that  is  often  present 
after  various  lesions  of  the  brain  and  its  membranes,  the 
special  and  differential  diagnosis  of  compression  is  of 
grave  importance,  and  includes  a  wide  range  of  cerebral 
pathology.  The  prevailing  opinions  of  writers  ou  this 
subject  are  somewhat  misleading,  since  compression,  in 
its  true  sense  of  occupation  of  less  space,  is  a  condition 
of  the  brain  which  in  most  ca.ses  seems  to  be  a,ssumed 
rather  than  demonstrated  to  exist,  and  it  is  rare  to  find  a 
case  of  compression  in  which  there  are  not  present  the 
symptoms  both  of  concussion  and  laceration  of  the  brain. 

Etioi-ogt. — The  squeezing  of  its  constituent  parts  or 
the  diminution  of  volume  that  is  supposed  to  interfere 
with  the  functions  of  the  brain  maj-  be  effected  by  press- 
ure from  without  the  encephalon.  or  by  tension  within 
its  proper  substance.  The  condition  arises  from  a  great 
varietj'  of  causes,  most  ccnmon  of  which  are  cerebral 
tumor,  hemorrhage,  and  inflammatory  foci.  Hyper- 
trophy of  the  brain,  simple  congestion,  hydrocephalus, 
and  effusion  from  various  causes  may  result  in  compres- 
sion. The  effusion  ma)'  take  place  quickly  or  slowly. 
Some  experiments,  however,  point  to  the  fact  that  the 
symptoms  of  compression  are  not  to  be  attributed  to 
augmentation  of  tension  of  the  cephalo-rachidian  liquid. 

Other  causes  are  foreign  bodies,  loose  splinters,  or 
larger  portions  of  depressed  bone,  and,  in  fact,  any  in- 
jury of  the  head,  whether  simple  contusion,  scalp  wound, 
or  fracture  of  the  skull.  Whatever  be  the  cause  of  com- 
pression, it  should  be  borne  in  mind  that  the  most  char- 
acteristic symptoms  are  brought  about  by  sudden  action, 
for  compression  established  slowly  upon  the  brains  of 
animals  by  the  injection  of  a  liquid  causes  no  apprecia- 
ble symptom,  unless  the  quantity  injected  be  unusually 
large;  and  it  should  be  further  remembered  that,  in  the 
human  subject,  appreciable  symptoms  of  compression 
are  not  always  induced  by  such  causes  as  sanguineous 
extravasation  into  the  cranium  and  the  cerebral  ventricles, 
nor  by  the  pressure  of  a  foreign  body,  a  tumor,  or  a 
fracture. 

Symptoms. — Loss  of  con-sciousness  and  paralysis,  which 
vary  according  to  the  seat  and  extent  of  the  compression, 
are  symptomatic  of  the  condition,  no  matter  whether  the 
compression  be  sudden,  like  that  following  a  wound  or 
some  mechanical  injury  of  the  skull  and  its  contents,  or 
whether  it  be  slow,  as  that  following  enlargement  of  the 
brain  from  extravasation  of  blond,  lymph,  pus,  serum,  or 
tumors.  Paralysis,  esceptingthat  of  oneortheothereye, 
is  always  on  the  side  opposite  to  that  which  is  the  seat  of 
inj  ury .  The  symptoms  may  come  ou  almost  immediately 
after  any  injury  of  the  brain  that  disorganizes  its  sub- 
stance :  but  there  are  other  cases  in  which  compression 
takes  place  slowly  and  after  a  certain  lapse  of  time.  The 
initial  symptoms  that  characterize  this  period  are  mainly 
subjective  and  those  of  congestion,  as  vertigo,  head- 
ache, confusion  of  ideas,  nausea,  and,  on  rare  occasions, 
vomiting.  Then  follows  a  lethargic  sleep  and  more  or 
less  paralysis,  and  the  patient  cannot  be  aroused  by  any 
stimulus.  The  face  is  suffused  and  dusky,  it  wears  an 
expression  of  well-pronounced  stupor,  and  the  eyelids 
are  usually  closed  and  immovable;  respiration  is  slow, 
labored,  and  stertorous,  something  like  the  act  of  snor- 


ing, and  the  peculiar  blowing  movements  of  the  lips 
in  expiration  have  been  compared  to  the  act  of  smoking 
a  pipe.  Deglutition  is  impossible,  and  the  tendon  reflexes 
are  abolished.  As  the  intracranial  trouble  increases  the 
pulse  becomes  slow  and  labored.  It  may  be  hard  and 
frequent,  or  small  and  intermittent.  Sometimes  it  is 
very  irregular,  and  the  symptoms  may  resemble  those  of 
anaemia  of  the  brain  and  medulla,  brought  about  by  ex- 
perimental means.  Paralysis  of  the  sphincters  is  gener- 
ally present,  with  involuntary  evacuations;  or  the  patient 
may  have  torpidity  of  the  bowels  and  obstinate  con- 
stipation. Retention  of  urine,  often  present  from  pa- 
ralysis of  the  bladder,  is  followed  by  incontinence  as  the 
result  of  overflow  from  distention.  The  skin  may  be 
cool  or  it  may  be  hot  and  perspiring,  and  the  tempera- 
ture, though  generally  normal,  may  reach  as  high  as 
106"  F.  One  or  both  of  the  pupils  may  be  contracted  or 
dilated,  or  they  may  rest  immobile  and  unresponsive  to 
the  action  of  light.  The  symptoms  of  optic  neuritis  may 
also  be  present,  and  sometimes  nystagmus  is  noted.  Pa- 
ralysis both  of  motion  and  of  sensation,  in  one  or  both  ex- 
tremities, may  exist  in  case  the  compression  is  exercised 
on  the  hemispheres,  and  convulsive  movements  and 
twitching  of  the  limbs  may  occur  on  the  paralyzed  side 
or  on  the  opposite  sitle.  Death  occurs  from  arrest  of 
respiration.     (See  Ch/iui  and  Asp/tyxia.) 

Diagnosis. — These  pathognomonic  symptoms,  which 
are  chiefly  owing  to  effusion  under  the  dura  or  to  fracture 
of  the  inner  table  of  the  skull  with  resulting  secondary 
ansemia,  are  not  alwa_ys  met  with,  nor  do  such  injuries 
as  those  inflicted  by  nails  and  arrow-heads  driven  into  the 
skull,  and  even  by  missiles  lodged  in  the  brain,  always 
produce  the  symptoms  of  compression.  Sometimes  the 
brain  may  be  compressed  without  any  disturbance  of  its 
functions.  Pressure  from  an  abscess,  causing  a  hollow 
in  the  brain  as  large  as  a  man's  fist,  has  been  known  to 
cause  no  symptom  of  compres.sion.  It  is,  moreover,  doubt- 
ful whether  depressed  fracture  be  a  frequent  cause  of 
compression,  since  the  injury  is  always  complicated  by 
laceration,  the  symptoms  of  which  are  often  mistaken 
for  those  of  compression ;  and  it  is  often  difficult  and  al- 
ways embarrassing  to  determine,  after  an  injury  of  the 
head,  whether  we  have  to  deal  with  a  contusion  of  the 
brain,  a  simple  concussion,  or  the  more  problematical 
symptoms  of  cerebral  compression.  One  state  so  often 
merges  into  the  other  that  the  attempt  to  establish  a  clear 
basis  for  a  sure  diagnosis  of  the  respective  conditions 
seems  hopelessly  confused  and  intricate.  Roughly  speak- 
ing, the  most  characteristic  symptom  of  concussion  is 
somnolence  and  intensity  of  the  evil  from  the  outset ; 
contusion  manifests  itself  by  agitation,  delirium,  convul- 
sions, contractions,  and  the  delay  of  febrile  symptoms; 
while  the  most  salient  symptom  of  compression  is  paraly- 
sis, except  in  the  case  of  effusion  of  blood  into  the  convex- 
ity of  the  hemispheres  or  into  the  ventricles,  when  con- 
tracture or  tonic  muscular  spasm  of  extended  duration  is 
the  more  prominent  phenomenon.  Without  being  a  sure 
sign,  paralysis  constitutes  at  least  a  valuable  element  in 
the  diagnosis  of  a  condition  that  has  no  single  confirmative 
sign.  If  there  be  an  unequivocal  sign  of  cerebral  com- 
pression in  the  majority  of  cases  following  injuries  of  the 
head,  it  is.  perhaps,  that  furnished  by  obstruction  of  the 
venous  circulation,  in  consequence  of  which  the  blood  of 
the  eye  is  not  returned  into  the  cavernous  sinus,  when  we 
find  with  the  ophthalmoscope  papillary  or  peripapillary 
congestion,  a  general  or  partial  serous  infiltration  of  the 
papilla,  and  a  strong  dilatation  with  tortuosity  of  the  ret- 
inal veins.  (These  appearances  are  shown  in  the  accom- 
panying colored  plate. )  In  concussion  the  fundus  of  the 
eye  retains  its  normal  state :  in  compression  there  is  al- 
ways serous  peripapillary  infiltration,  dilatation,  tortuos- 
ity, and  sometimes  thrombosis  of  the  veins  of  the  retina. 
The  intraocular  changes  herewith  portrayed  are  not  al- 
ways pathognomonic,  but  they  lend  to  the  diagnosis  an 
additional  source  of  correctness.  As  a  rule,  when  the  eye- 
grounds  show  arrest  of  the  retino-choroidal  circulation, 
we  have  an  indication  of  the  arrest  of  cardiac  circulation 
and  of  the  nervous  fimctions. 
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Pathology, — According  to  many  observers,  tlie  gen- 
eral symptoms  of  compression  are  owing  to  cortical 
anaemia,  and  the  general  impairment  of  cerebral  function 
is  owing  to  disturbance  in  the  capillary  circulation,  wiiicb 
prevents  the  normal  interchange  between  the  blood  and 
the  tissues,  and  results  in  physiological  death  of  the  af- 
fected portion  of  the  brain.  In  compression,  the  blood 
may  be  e.\travasated  upon  the  surface  of  the  brain,  the 
effusion  taking  place  between  the  skull  and  the  dura, 
and  in  the  cavity  of  the  arachnoid,  or  in  the  intei'veuing 
spaces  that  separate  the  membranes  frfim  the  brain,  or  it 
may  be  effused  Into  the  ventricular  cavities,  or  into  the 
substance  proper  of  the  brain,  Tlie  volume  of  an  ex- 
travasation between  the  dura  and  the  bone  is  sometimes 
very  large;  but,  as  a  rule,  effusions  of  this  kind  are  al- 
vrays  much  larger  at  the  vault  of  the  cranium  than  at  its 
base.  Sanguinary  effusions  between  the  dura  and  the 
bone,  according  to  the  summaiized  opinions  of  writers 
on  the  subject,  generally  coa,gulate  into  a  firm  clot  that 
may  either  be  absorbed  or  undergo  organization  and  be- 
come adherent  to  both  the  bone  and  the  dura.  This  clot 
never  becomes  encysted  as  do  clots  in  the  cavity  of  the 
arachnoid,  Imt  may  undergo  ossification.  It  is  also  sus- 
ceptible of  other  changes.  Thus,  for  example,  it  may 
lead  to  necrosis  of  the  neighboring  bones  of  the  skull, 
which  may  be  perforated  by  an  abscess  having  as  its 
foyer  the  sanguineous  effusion. 

Blood  extravasated  between  the  layers  of  the  arachnoid, 
•especially  on  that  part  which  covers  the  cerebrum,  is  of 
common  occurrence  in  the  severest  head  injuries,  and 
forms  at  the  convexity  of  the  hemisphere  a  thin,  evenly 
spread  layer.  It  clots  rapidly,  loses  its  coloring  matter, 
undergoes  organization,  assuming  the  form  of  a  false 
membrane  or  of  a  membranous  cyst,  and  may  be  absorbed 
and  take  on  a  secreting  action  like  other  cysts. 

Effusions  between  the  visceral  layer  of  the  arachnoid 
and  the  pia  are  less  common  than  those  in  the  cavity  of 
the  arachnoid,  and  are  generally  associated  with  some  in- 
jury of  the  brain  itself.  They  spread  extensively  into  the 
spaces  usually  occupied  by  the  cerebro-spinal  fluid,  and 
do  not  become  encysted  as  in  other  situations. 

Traumatic  effusions  into  the  brain  substance  may  occur 
in  any  situation.  They  are  generally  associated  with  lacer- 
ation or  other  severe  injury  of  the  brain,  and  are  for  the 
most  part  fatal.  Should  recovery  take  place,  the  blood  clot 
undergoes  changes  similar  to  those  observed  in  the  organi- 
zation of  an  ordinary  clot  from  cerebral  hemorrhage. 

All  effusions  of  blood  between  the  dura  and  the  brain 
are  susceptible  of  being  reabsorbed,  of  being  encysted  in 
a  false  membrane,  and  of  giving  place  to  encephalitis, 
meningitis,  and  other  grave  symptoms  that  come  emi- 
nently within  the  province  of  surgery ;  in  fact,  it  is  chiefly 
from  this  point  of  view  that  compression  has  been  treated 
by  the  great  masters. 

Clinical  and  experimental  facts  show  that  in  compres- 
sion from  injury  of  the  occipital  region  death  results  not 
from  failure  of  the  heart,  as  often  surmised,  but  from 
failure  of  the  respiration.  The  symptoms  are  not  me- 
chanical but  depend  on  trouble  of  circulation  in  the  bulb, 
and  have  their  point  of  departure  in  the  cortex  of  the 
hemisiiheres  including  the  vaso-motor  centre. 

In  place  of  attributing  many  of  the  troubles  grouped 
under  the  subtile  heading  of  t'ompression  to  pressure  ex- 
erted upon  the  brain,  it  would  be  better  to  attribute  them 
to  congestion,  to  contusion,  to  laceration  of  the  cerebral 
substance,  and  to  interference  with  the  fimction  of  the 
respiratory  centre,  which  puts  us  in  a  position  to  doubt 
whether  the  effects  of  compression  tipon  the  liraiu  are 
not  susceptible  of  further  and  more  convincing  proof. 

Prognosis. — The  integrity  of  the  brain  is  not  compro- 
mised by  mere  compression  itself,  nor  is  the  condition  a 
very  fatal  one.  Its  gravity  depends  on  consecutive  in- 
flammation, secondary  an«mia.  and  the  effect  on  the 
respiratory  centre.  Sometimes  the  symptoms  disappear 
spontaneously  and  gradually  without  interference. 

The  Treatment  of  compression  raises  many  c|uestions 
of  operative  interference,  which  are  discussed  elsewhere 
under  their  respective  headings.    The  whole  end  of  treat- 


ment is  to  restore  interrupted  respiration  and  prevent 
cerebral  inflammation.  In  endeavoring  to  do  this,  artifi- 
cial respiration  and  heat  to  the  head  by  irrigation  appear 
most  commendable.  Irving  C.  Rosxe. 

BRArN,  CONCUSSION  OF  THE.— (Concussion  of  the 
cord  is  analogous  to  concussion  of  the  In'ain.)  The  term 
"  concussion  of  the  brain  "  comes  down  to  us  from  the 
earliest  ages;  it  was  used  by  Hippocrates,  Galen,  and  Cel- 
sus ;  its  modern  significance  was  given  it  by  Boirel,  but 
it  was  Littre  who  first  studied  the  subject  post  mortem, 
in  1705. 

The  subject  of  concussion  of  the  brain,  or  commotio 
cerebri,  has  received  much  attention  from  vaiious  work- 
ers, especially  in  the  last  fifty  years.  The  theories  con- 
cerning it  have  varied  widely,  even  to  the  extent  of 
contradiction.  The  general  cause  of  this  condition — trau- 
matism— and  the  characteristic  symptoms  of  the  same — 
sudden  imconsciousness,  feebleness  of  heart  and  respira- 
tion— are  well  known ;  but  what  occurs  in  the  cells  af- 
fected is  as  yet  undiscovered. 

Vemeuil,  the  eminent  French  surgeon  and  writer, 
after  much  observation  and  experience  on  this  subject, 
formulates  the  following  definition:  "It  is  a  series  of 
phenomena  occurring  more  or  less  suddenly  which  result 
from  a  luechanical  shaking  (jarring  movement)  of  the 
anatomical  cells,  tissues,  and  organs,  characterized  by 
temporary  excitation  or  depression  of  the  properties, 
offices,  or  uses  of  the  parts  which  are  shaken;  and  as  a 
result  there  are  caused  anatomical  changes  similar  to 
those  which  are  normally  seen  in  the  successive  phases  of 
functional  activity  and  ftmctional  repose." 

According  to  Pick,  this  term  was  first  used  because 
there  was  thought  to  be  a  shock  and  molecular  disturb- 
ance to  the  cerebral  tissues  with  no  visible  lesions  or 
lacerations.  This  cannot  hold,  since  the  autopsy  almost 
invariably  discloses  macroscopic  lesions.  However,  these 
lesions  are  not  necessaiily  the  cause  of  the  insensibility. 
It  has  been  shown  by  William  Savory  that  the  state  of 
unconsciousness  and  insensibility  passes  away,  while  the 
lesions  remain.  In  many  cases  the  extent  of  the  lesion  is 
not  sufficient  to  produce  the  existing  symptoms,  and, 
again,  the  lesions  may  be  present  when  tliere  is  no  insen-  ' 
siliility. 

There  are  three  grades :  mild,  severe,  and  fatal. 

In  explanation  of  the  mildest  grade  the  following  has 
been  offered:  The  cerebral  cortex,  owing  to  a  momen- 
tary deprivation  of  nutrition,  following  lowered  blood 
pressure  and  fall  of  temperature,  ceases  for  the  time  being 
to  function,  and  so  follow  loss  of  memory  and  uncon- 
sciousness. 

In  the  more  severe  type  the  molecular  disturbance  is 
more  violent  and  is  naturally  followed  by  graver  symp- 
toms. Jlental  functions  are  temporarily  suspended,  the 
condition  of  the  patient  somewhat  resembles  sleep,  al- 
though the  eyes  are  often  in  motion  unnaturall}'  with 
closed  lids:  or  if  at  rest,  they  are  not  upturned  and  di- 
vergent as  in  normal  individuals.  This  may  be  termed 
"  the  sleep  of  concussion. "  There  is  no  snoring.  Indeed, 
there  may  be  disturbances  of  the  cardio-pulmonary  func- 
tions or  paralyses  of  different  parts  of  the  body  from 
localized  lesions  of  the  brain. 

In  the  fatal  form,  death  may  follow  at  once  or  after  a 
few  hours. 

Etiology  asd  Pathology. — The  gross  cause  of  cere- 
bral concussion  is,  beyond  doubt,  some  form  of  trauma- 
tism either  applied  directly  to  the  head  or  indirectly 
transmitted,  as  in  the  case  of  a  fall  upon  the  feet — when 
the  shock  is  transmitted  through  the  spine, — or  in  that 
of  a  blow  or  a  fall  upon  the  chin.  But  the  changes  pro- 
duced in  the  brain  substance  and  the  subsequent  results 
have  been  the  subjects  of  much  argument. 

Treves  groups  the  theories  of  concussion  under  three 
heads: 

1.  Molecular  disturbances. 

2.  Multiple  hemorrhages. 

3.  Vascular  disturbances. 

In  the  molecular  form  of  disturbances  the  brain  sub- 
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stance  is  thrown  into  vibrations  bj-  the  violence  trans- 
mitted to  it.  The  old  idea  that  obtained,  viz..  that  there 
were  no  macroscopical  lesions,  has  been  entirely  over- 
thrown by  modern  workers,  for.  as  has  been  noted,  in  all 
fatal  cases  which  come  to  autopsy  macroscopical  lesions 
consisting  of  hemorrhages  or  lacerations  are  almost  in- 
variably discovered.  Not  infrequently,  however,  these 
hemorrhages  arc  too  insignilicant  to  be  the  cause  of  death 
or  even  of  the  symptoms  of  concussion.  That  cerebral 
anaemia  exists  is  hardly  disputed.  The  cause  of  this  ana?- 
mia  has  offered  a  field"  for  discussion. 

Duret  describes  "  the  cone  of  depression  and  the  cone 
of  bulging,"  meaning  bj'  the  first  the  point  which  re- 
ceives the  injury  and  by  the  second  the  area  just  oppo- 
site. The  force  of  the  injury  imparts  to  the  cerebro- 
spinal Huid  an  impetus  which  drives  it  from  the  lateral 
ventricles  into  the  third  ventricle  through  the  aqueduct 
of  Sylvius  into  the  fourth,  and  the  latter,  receiving  more 
Huid"  than  it  loses,  becomes  distended.  This  distention 
causes  a  stimulation  of  the  restiform  bodies  resulting 
in  cerebral  ana?mia.  Duret  also  believes  that  the  small 
hemorrhages  are  due  to  the  blood-vessels  losing  the  sup- 
port of  the  cerebro-spinal  fluid. 

Ansinia  may  exist  by  displacement  of  blood  following 
the  indentation  of  the  skull.  According  to  Fischer  the 
loss  of  vascular  tone  may  result  from  the  nervous  shock 
of  the  injury  and  may  cause  permanent  vascular  degen- 
eration. Emotion  is  probably  followed  by  a  loss  of  vas- 
cular tone.  The  results  of  shock  are  sometimes  similar. 
Possibly  this  mechanical  vibration  causes  both  physical 
and  chemical  changes  in  tlie  nerve  cell. 

Phel])s  believes  that  the  stimulation  of  the  restiform 
bodies  residting  in  efferent  reflex  action  causes  direct 
capillary  contraction. 

After  the  cortical  centres  have  received  a  shock  there 
is  instituted  an  instability  of  cerebral  nutrition  due  prob- 
ably to  increased  sensitiveness  of  the  vaso-motor  centres 
and  a  liability  to  ana?mia  or  hyperiemia  from  very  slight 
causes.  (.)ftentimes  individuals  after  head  injuries  are 
unable  to  luidcrgo  severe  labor  or  exposure  to  the  sun  or 
the  effects  of  alcohol.  These  facts  were  clearly  recog- 
nized in  the  late  Civil  War,  for  men  who  had  suffered  in- 
juries of  the  head  were  relegated  to  the  invalid  corps. 

Sv.MPTOMS. — The  most  characteristic  symptoms  of  this 
condition  are  sudden  imconsciousness.  loss  of  memory  for 
■  events  just  preceding  or  during  the  injury,  muscular 
weakness,  dtdled  sensibilities,  general  prostration,  vomit- 
ing, and  changes  in  the  circulatory  system,  as  illustrated 
by  the  respiration  and  the  pulse. 

These  .symptoms  vary  in  their  intensity  and  duration 
in  accordance  with  the  severity  of  the  injury  sustained. 
They  may  be  very  slight,  consisting  only  of  momentary 
unconsciousness,  pallor,  and  mild  interference  with  respi- 
ration ;  or  they  may  be  so  severe  as  to  be  followed  by  death 
in  a  few  moments.     Treves  notes  three  stages : 

1.  Stage  of  collapse. 

2.  Stage  of  reaction. 

3.  Stage  of  convalescence. 

This  is  a  convenient  and  comprehensive  classification. 

The  clinical  picture  of  the  mildest  grade  is  illustrated 
by  what  is  familiarly  known  as  the  state  of  being 
"stunned."  In  this  condition  the  patient  hears  strange 
noises,  there  are  visual  disturbances,  dizziness,  general 
weakness,  inability  to  stand  or  to  use  the  arms ;  the  eyes 
lose  their  natural  expression,  the  eyelids  close.  The  pulse 
is  always  weak  ;  sometimes  it  is  slow,  at  other  times  it  is 
rapid — more  generally  the  former;  and  it  is  probable  that 
immediately  after  the  injuiy  it  is  always  slow.  Respira- 
tion is  disturbed,  irregular,  and  now  and  then  of  a  sigh- 
ing character.  The  paralysis  which  occurs  is  generally 
only  temporary  as  well  as  functional,  for  these  phenomena 
disappear  with  returning  consciousness. 

In  eases  of  well-marked  concussion  the  superficial  re- 
flexes and  knee-jerks  are  not  pronounced,  neither  are  the 
cranial  reflexes.     In  slight  cases  these  are  sluggish. 

A  common  symptom  is  delirium.  This  may  be  violent 
or  mild,  the  nocturnal  form  being  most  characteristic  in 
cases  of  cerebral  traumatism. 


In  the  more  severe  cases  the  symptoms  are  more  accent- 
uated. The  unconsciousness  may  amount  to  coma,  the 
patient  being  incapable  of  being  aroused ;  he  cannot  even 
swallow.  There  are  successive  attacks  of  vomiting;  the 
pulse  is  irregular,  small,  and  generally  very  slow.  Res- 
piration can  scarcely  be  detected.  The  "skin  is  cold. 
The  pupils  are  equal  and  more  or  less  dilated,  their 
reaction  to  light  varying  with  the  extent  of  the  injury. 
There  is  incontinence  of  rectum  and  bladder,  for  although 
the  sphincters  of  these  organs  are  relaxed  the  organs 
themselves  are  not  paralyzed.  The  temperature  is"  the 
saiue  on  both  sides  of  the  body  ;  rectal  temperature  is  in- 
variably subnormal,  even  falling  to  95°  F. 

In  the  stage  of  reaction  there  is  a  general  improvement 
in  the  liodily  functions.  The  temperature  tises,  the  skin 
becomes  warm,  circulation  improves,  respiration  is 
stronger,  and  the  pulse  gradually  becomes  normal.  This 
stage  is  ushered  in  by  vomiting.  Consciousness  comes 
back  by  degrees,  and  with  returning  consciousness  head- 
ache often  supervenes.  The  loss  of  memory  noted  in  this 
stage  may  refer  only  to  events  just  preceding  the  re- 
ceiiit  of  the  injury,  or  it  maj-  also  include  those  which  oc- 
curred at  the  time  of  injury.  The  loss  of  memory  may 
continue  for  some  time  after  consciousness  is  fully  re- 
gained. During  this  stage  the  patient  may  die  with 
sj'mptoms  of  encephalitis  or  of  spreading  O'dema.  Efl'u- 
sion  of  blood  may  often  cause  death  in  injury  to  the  liead 
with  or  without  any  marked  external  injury.  Effusions 
may  occur  upon  the  surface  of  the  brain  after  superficial 
lacerations  of  its  substance. 

The  duration  of  the  stage  of  convalescence  may  be 
from  a  few  days  to  weeks  or  even  mimths.  When  re- 
covery is  prolonged  it  is  fair  to  assume  that  laceration 
has  taken  place.  Such  an  hypothesis  would  also  ac- 
count for  those  cases  in  which  complete  recovery  never 
takes  place  and  in  which  mental  clistui-bances  pei-sist. 

Di.\GNOSis. — Concussion  of  the  brain  should  be  differ- 
entiated from  opium  poisoning,  alcoholic  coma,  com- 
pression, and  contusion.  From  opimn  jioisoning  it  should 
be  distinguished  by  the  narrow  pupils  and  stertorous 
breathing,  which  .serve  as  diagnostic  differences.  It  is 
often  of  medico-legal  importance  to  diagnose  this  state 
from  alcoholic  coma.  While  in  the  latter  the  odor  of 
alcohol  might  at  first  sight  seem  conclusive,  it  must  not 
be  forgotten  that  the  brain  lesion  may  also  be  present, 
having  been  received  after  the  alcohol  had  been  taken; 
also  that  alcohol  in  some  form  may  have  been  given  after 
the  receipt  of  the  injury.  At  all  events,  when  a  perfectly 
clear  history  pointing  unmistakably  to  alcoholism  cannot 
be  obtained,  give  the  patient  the  benefit  of  the  doubt 
and  treat  with  a  view  to  the  existence  of  the  possible 
brain  lesion,  opium  of  course  having  been  excluded. 

Bourneville  differentiates  apoplexy  and  non-traumatic 
hemorrhages  from  concussion  by  the  temperature,  which 
is  subnormal  in  the  former,  later  becoming  normal  when 
recovery  is  to  take  place,  but  rising  to  an  extreme  degree 
in  cases  that  terminate  fatally;  whereas  in  traumatic 
lesions  the  temperature  rises  at  once  while 'the  results  are 
uncertain. 

The  history  will  also  throw  much  light  on  the  diagnosis. 
Between  concussion  and  compression  the  following  table 
will  lie  found  to  contain  the  points  of  differentiation : 


Concitssion. 

Onset  of  symptoms  immediately 
after  injury  received. 

Onset  sudden.  Immediate  uncon- 
sciousness. 

Muscular  system  senerally  re- 
laxed, no  definite  paralysis. 

Pulse  always  weak,  generally 
slow,  sometimes  rapid,  and  ir- 
regular. 

Respirations  slow  and  shallow, 
may  be  sigUing. 

There  is  incontinence  of  urine. 
The  pupils  are  equal,  dilated,  and 
react  to  light. 

The  surface  temperature  is  equal 
on  the  two  sides. 


Coyyiprc^sion. 

Onset  of  symptoms  some  time  after 
receipt  of  injury. 

Headache  and  drowsiness,  grad- 
ually increasing  to  unconscious- 
ness. 

Definite  paralysis,  local  or  gen- 
eral. 

Early  slow,  becoming  rapid  as  the 
condition  advances. 

Early  respiration  is  regular  and 
slow,  later  becoming  irregular, 
resembling  Cheyne-Stokes 

Retention  and  overflow  of  urine. 

Pupils  are  irregular  till  the  last 
stage,  then  are  dilated  and  do 
not  react  To  hght. 

Temperature  is  generally  irregu- 
lar. 
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Prognosis. — The  prognosis  must  always  be  guarded. 
In  slight  cases  recovery  is  generally  to  be  expected. 
Unfavorable  signs  are  coma,  very  slow  pulse,  convul- 
sions, and  paralysis.  Signs  of  compression  and  of  lacera- 
tions in  the  stage  of  reaction  modify  the  prognosis. 

Tre.\t.ment. — The  treatment  must  vary  with  the  stage 
at  wliich  the  case  is  seen.  If  an  external  wound  e.xists  it 
must  be'  treated,  as  in  ordinary  cases,  according  to  its 
character.  General  directions  for  the  stage  of  collapse 
are  to  regulate  the  depression  of  the  circulatory  and 
respiratory  systems  by  means  of  warmth  applied  to  the 
body ;  stimulants  may  be  administereil  by  the  mouth  if 
the  patient  can  swallow ;  per  rectum,  or  hy  podermatically . 
Alcohol  is  contraindicated  unless  stimulation  is  indicated. 
The  stimulants  that  may  be  used  are  ether,  musk,  strych- 
nine, atropine,  sparteine,  nitroglycerin,  camphor;  coun- 
ter-irritants such  as  sinapisms  may  be  applied  over  the 
pra>cordium  and  epigastrium  or  to  the  calves  of  the  legs. 
If  the  patient  continues  to  be  unable  to  swallow  he  may 
be  fed  through  a  .stomach  tube  or  per  rectum.  Black 
coflfee  enemata  are  also  useful. 

In  the  stage  of  reaction  stimulants  should  be  withheld, 
the  diet  should  be  light,  and  the  bowels  should  be  kept 
open  by  purgatives  and  enemata.  Darkness  and  quiet 
are  essential.  When  recovery  is  delayed  shaving  the 
head  and  the  application  of  cold  by  Leitcr's  bags  are  to 
be  commended:  calomel  and  salines  are  beneficial. 

In  the  stage  of  convalescence  the  patient  should  not  be 
permitted  to  work  and  should  be  shielded  from  all  men- 
tal excitement.  Fresh  air,  rest,  and  light  diet  are  es- 
sential, 

Cliloral  hydrate  and  potassium  bromide  are  indicated 
in  cases  of  irritation.  Potassium  bromide  aids  in  pre- 
venting inflammation.  There  must  be  no  constriction  at 
the  neck;  the  head  must  be  kept  low;  the  scalp  should 
be  shaved  and  examined  with  care,  for  in  fractures  of  the 
skull  there  are  often  no  symptoms  of  a  concussion  for 
days  or  even  weeks. 

"  Railway  spine  "  or  spinal  concussion,  formerly  used  to 
describe  the  results  of  concussion,  is  a  misnomer. 

Traumatic  neurasthenia  may  result ;  this  is  similar  to 
the  condition  following  injuries  to  the  spine  when  health, 
on  account  of  organic  disease  or  of  overstrained  nerves,  is 
at  a  low  ebb  at  the  time  of  the  injury.  Traumatic  in- 
flammation of  the  brain  or  of  its  membi-anes  may  result. 
Abscesses  maj'  also  follow. 

Cerebral  irritation  is  a  condition  sometimes  following 
concussion.  Its  symptoms  are  probably  owing  to  bruis- 
ing of  the  frontal  lobes.  The  patient  lies  on  the  side 
with  the  limbs  curled  up  and  is  unconscious.  He  is  rest- 
less and  very  irritable;  the  eyelids  are  closed;  the  pulse 
is  slow — from  40  to  50;  there  is  an  absence  of  heat  in  the 
regions  of  the  head  and  spinal  cord ;  and  generally  there 
is  incontinence  of  faeces  and  urine. 

This  condition  may  continue  for  as  long  a  time  as  three 
weeks.  The  patient  then  extends  the  extremities  and  as- 
sumes the  supine  position.  The  temperature  becomes  nor- 
mal, the  pulse  more  rapid,  and  recovery  may  supervene. 
On  the  other  hand,  the  mind  may  be  permanently  affected. 
There  is  absence  of  memory  during  the  illness. 

The  findings  at  the  autopsy  table  have  been  substan- 
tiated by  the  animal  experiments  performed  by  Koch, 
Fiehlene,  "Wittkowski,  Albert,  Goltz,  and  others. 

Emyna  E.  Walker. 

BRAIN,  DEVELOPMENT  OF  THE.— The  develop- 
ment of  tlie  brain  is  bound  up  with  that  of  the  nervous 
system  at  large.  ^Vhile  in  the  lower  animals  the  nerve 
cells  appear  scattered  or  grouped  in  various  parts  of  the 
body,  and  such  scattered  ganglion  cells  are  found  in  even 
the  highest  animals,  yet  it  is  characteristic  of  the  central 
nervous  sj'stem  as  found  in  vertebrates  that  the  nervous 
structures  are  collected  into  a  common  aggregate  which 
contains  only  such  admixture  of  other  than  nervous 
tissue  as  may  serve  to  protect,  support,  and  insulate  the 
latter.  It  is  obvious  that  the  ordinary  vegetative  func- 
tions of  life  and  many  adaptive  processes  may  be  satis- 
factorily performed  without  a  nervous  system  as  such. 


as  may  be  seen  in  the  higher  plants.  The  development 
of  a  central  system,  then,  is  an  indication  of  preparation 
for  higher  functions  than  those  of  nutrition  and  metabol- 
ism or  even  of  complex  adjustment  to  the  environment. 

Early  Singes. — After  the  egg  has  been  differentiated 
into  an  animal  and  a  vegetative  pole  and  after  the  vegeta- 
tive cells  (by  a  process  of  invagination  or  substitute  for 
it)  have  acquired  an  internal  position,  the  cells  remain- 
ing at  the  periphery  (ectoderm  or  epiblast  layer)  repre- 
sent the  rudiments  from  which  are  to  spring  all  the  cells 
and  specific  organs  not  only  of  the  central  nervous  system 
but  of  the  sensory  apparatus  which  forms  the  avenue 
from  the  external  world  to  the  central  system.  The 
ectoderm  also  contains,  of  course,  the  forerunners  of  the 
cells  of  the  epidermis  at  large. 

In  general,  the  rudiments  of  the  central  nervous  system 
collect  in  a  broad  longitudinal  band  extending  along  the 
dorsum  of  the  embryo,  while  the  rudiments  of  the  sense 
organs  exhibit  a  tendency  to  be  arranged  in  one  or  more 
series  along  either  side  of  the  central  band  or  medullary 
plate  (Fig.  823).*  In  lower,  especially  aquatic,  forms  this 
lateral  sensory  band  is  evident  in  late  life  as  the  series  of 
lateral-line  organs,  and  it  is  plain  that  some  or  all  of  the 


Fig.  822  (Nos.  I  to  4).— Transverse  Setlions  through  the  Neural  Plate 
and  Neural  Tube  of  an  Embryo  Birrt.  thd.  Notochord ;  hu,  ento- 
derm ;  »if,  neural  folds :  inu,  neural  groove  :  mi;),  neural  plate  ;  nc^ 
neural  canal ;  nt,  neural  tube ;  so,  soniatopleure ;  ,sp,  splanchno- 
pleure.  (Mihalkovlcs  and  Balfour.)  In  No.  4  the  rudiment  of  the 
spinal  ganglia  is  represented  but  not  lettered. 

organs  of  special  sense  obey  the  same  law  of  serial 
arrangement,  the  ear  in  particular  betraying  relation- 
ships to  the  lateral-line  system.  (Compare  Vol.  I. ,  p.  637.) 
The  Neural  Plate  and  Tube. — The  neural  or  medullary 
plate  is  supported  from  below  by  a  band  of  cells  derived 
from  the  original  entoderm  which  separates  from  the 
latter  to  form  a  solid  rod  (perhaps  theoretically  a  tube  at 
one  stage),  called  the  chorda  dorsalis.  The  medullary 
plate  glows  more  rapidly  than  the  adjacent  ectodermal 
tissue,  and  thus  forms  a  raised  border  on  either  side  with 
a  groove  in  the  median  dorsal  line.  This  medullary 
groove  is  continuous  behind  with  the  lip  of  the  blastopore 
or  opening  left  after  the  invagination  of  the  entoderm. 
As  the  lateral  margins  of  the  medullary  groove  rise 
higher  above  the  surface  (both  nervous  and  epidermal 
portions  participating  in  the  growth),  the  groove  is  trans- 
formed into  a  tube.  The  concrescence  of  the  lips  of  the 
fold  begins  at  a  point  corresponding  with  the  site  of  the 
future  midbrain.  In  the  vicinity  of  the  blastopore  the 
groove  may  remain  open  for  some  time,  and  there  is  formed 
a  direct  communication  with  the  primitive  digestive  tract 
through  what  is  known  as  the  canalis  neurentericus,  a 

•  These  and  several  of  the  following  cuts  are  introduced  without 
change  from  the  article  by  Professor  H.  F.  t)sbom  in  the  former  edition. 
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FlO.  823.-  Median  Section  of  Brain  ol  Bird  Km- 
bryo,  to  Show  Hypophysis  and  Pharyngeal  Sac. 


communication  that  is  disturbed  only  by  the  final  closing 
of  the  blastopore.  At  the  cephalic  extremity  also  the 
closing  of  the  tube  is  long  delayed,  and  there  is  left  an 

opening  called 
the  neuropore 
communicating 
with  the  exteri- 
or at  the  front  of 
the  head. 

In  bony  fishes 
and  other  verte- 
b  r  a  t  e  s  whose 
eggs  have  much 
yolk,  the  tube 
may  be  formed 
first  as  an  ap- 
parently solid 
cord  of  cells,  l)ut 
the  final  result 
is  the  same. 

At  the  cepha- 
lic extremity  of 
the  digestive 
tract,  which  at 
this  stage  ends 
in  a  blind  sac 
separated  from 
the  pharyngeal 
invagination  by  the  portion  of  the  ectoderm  known  as 
the  septum  of  Remak,  is  a  region  of  fusion  calleil  the 
area  reuniens.  Here  the  cephalic  end  of  the  chorda, 
the  base  of  the  brain 
tube,  and  the  angle  of 
the  enteric  cavity  tend  to 
adhere  temporarily.  On 
the  cephalic  .side  of  the 
septum  tlie  ectoderm 
gives  rise  to  (an  aiipar- 
ently  single)  median  in- 
vagination which  ex- 
tends dorsally  to  meet  a 
similar  outgrowth  of  the 
infundibular  region  of 
the  brain,  combining 
with  the  latter  to  form 
the  hypophysis  or  pitu- 
itary bod}'.  On  the  op- 
posite side  of  the  sep- 
tum a  somewhat  similar 
outgrowth  from  the 
cephalic  dorsal  angle  of 
the  digestive  tract  forms 
the  so-called  Seessel's  sac,  which  in  some  cases  seems  to 
connect  with  the  cephalic  end  of  the  chorda.  In  birds  at 
least  this  sac  is  distinct  from  the  chorda  which  subse- 

5  cKori". 


■Hifl^)" 


Fig.  834.— Later  Stage  of  Hypophysis. 


Htjpoph.ijsii 


FIO.  825.— Illustration  Showing  the  Relation  between  Chordal  Sac, 
Alimentary  Canal,  andBraln  Flexure  in  Opossum.    (From  Selenka.) 

quently  degenerates  and  leaves  a  convoluted  thread-like 
vestige  behind  it  that  is  closely  connected  with  the  site 


of  origin  of  Seessel's  sac.  The  latter,  after  the  breaking 
through  of  the  septum,  comes,  in  birds,  to  lie  in  connec- 
tion with  the  base  of  the  hypophysis  (Fig,  833). 

This  region  seems  to  mark  the  morphological  front  of 
the  liead,  and  the  medullary  tube  is  often  open  at  front, 
forming  a  neuropore  (Fig.  826).  Gradually  the  tube  ex- 
tends cephalically,  and  the  base  and  roof  unite  along  a 
line  a  part  of  which  becomes  that  part  of  the  base  of  the 


Fig.  826.  —Brain  of  Torpedo,  to  Show  the  Neuropore,  «.p. 

brain  occupied  by  the  postoptic  and  preoptic  recesses, 
the  remaining  part  being  the  lamina  terminalis  (Fig.  836). 
The  portion  of  the  brain  developed  ceiihalad  of  the  area 
reuniens,  i.e.,  in  front  of  the  cephalic  end  of  the  chorda,  is 
called  the  prechordal  as  distinguished  from  the  remain- 
ing, or  epichordal  part  of  the  brain,  and  is  morphologi- 
cally different  from  the  latter.  In  early  stages  of  the  de- 
velopment of  the  brain  tube  it  appears  segmented,  and 
many  attempts  have  been  made  to  prove  that  these  seg- 
ments, or  neuromeres,  have  a  morphological  significance 
and  that  they  correspond  with  the  segments  discoverable 
in  other  and  especially  the  mesodennal  tissues.  It  has 
also  been  supposed  that  evidence  of  this  primitive  seg- 

.*fT!  tm 
iPP^  /^E%  tow 


Fig.  827  (Nos.  8to  14). —Horizontal  Sections  of  the  Forebrain  (Sand  9, 
of  a  bird ;  10  to  14,  of  a  rabbit) .  (KoUiker,  Mihalkovics,  Liiwe.)  cal. 
Corpus  callosura:  chd,  choroid  ple.xus ;  /j/ir,  foramen  of  Monro; 
frx^  fornix;  hms,  cerebral  vesicle;  hemisphere:  inf,  infundlbu- 
lum  ;  »isc.  mesencephalon;  s(m,  stem:  !<ti\  corpora  striata;  trm, 
lamina  terminalis:  thm,  optic  thalami :  vc.  ventriculus  communis; 
vtr^,  fifth  ventricle ;  i'',  lateral  ventricle ;  v^,  third  ventricle.  Other 
letters  as  above. 

mentation  could  be  seen  in  the  arrangement  of  the  roots 
of  the  cranial  nerves.  On  the  whole,  however,  it  must 
be  admitted  that,  while  it  is  not  difficult  to  detect  the 
segmental  arrangement  in  the  epichordal  part  of  the 
brain,  the  prechordal  portion  either  was  not  derived  from 
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Fib.  828  (Nos.  l.T  to  19K— Vertical  Sections  of  the  Brain  ( 15  to  18,  o(  the 
rabbit;  19.  of  the  bird).  (Mihalkovics.)  cJil.  Cerebellum:  chti*, 
tela  vasculosa :  clid^y  choroid  plexus  of  third  ventricle :  cpc,  epen- 
cephalon :  /ip?*,  hypophysis;  i7,  iter;  jw^,  prosencephalon;  pxc'. 
diencephalon  ;  pns^  pons  Varolii ;  smr,  sulcus  of  Monro ;  r*.  fourth 
ventricle. 

a  segmented  rudiment,  or,  if  so,  it  has  stiffered  sucli 
complete  alteration  as  to  prevent  the  identilication  of 
the  neuromeres.* 

In  all  vertebrates  the  por- 
tion of  the  medullary  tube 
destined  to  become  brain  is 
divided  at  an  early  stage  into 
three  enibryonie  vesicles,  the 
forebrain.  midbrain,  and  hind- 
bi'ain  respectively  (Figs.  827 
and  829).  In  all  higher  verte- 
brates the  midbrain  is  the  site 
of  a  very  important  flexure 
which  is  formed  at  an  early 
emliryonic  stage  and  causes 
the  forebrain  to  assume  a  ven- 
tral position  with  reference  to 
the  retuainder  of  the  brain. 
The  division  into  three  lobes 
FIG.  829.-Dorsal  View  of  Chick  homologous  with  the  vesicles 
of  Fifty-Eight  Hours,    (.\fter    mav  take  place  in  some  cases 

arSinali;  FJ^.^o'r'el  ^^f^ff  .'^^  '"'"f  "^  ^V'^f  t"'^*'- 
brain;  Opt.  c,  optic  vesicle;  but  this  may  be  looked  upon 
M-b.,  midbrain ;  H.,  heart.  as  an  instance  of  retardation 
in  the  development  of  the 
tube  and  Is  of  no  morphological  signiUcance. 
Embryonic  Brain  Zones. — After    the   closing    of    the 


H-b. 


Fig.  8.30  (Nos.  3(1  and 31). —Transverse  Sections  through  the  Forebrain 
of  a  Rabbit,  Showing  the  Development  of  the  Optic  Vesicles  and 
Rudimentary  Parts  of  the  Eye.  (Kolliker.)  i.  Lens  ;  ftp/i,  hypoph- 
ysis ;  opV,  primary  optic  vesicle ;  opf^,  secondary  optic  vesicle. 

medullary  tube  the  dorsal  and  ventral  median  portions 
are  thinner  than  the  lateral  walls  and  have  been  called 


*  Locy  and  his  school  identify  eleven  neuromeres  in  the  brain,  Ave 
of  them  being  cephalad  of  the  cerebellum. 


by  His  basal  plate  and  roof  plate  respectively,  though 
they  are  rather  lines  or  zones  than  plates.     On  either  side 


,   ^*        AT<i 


Fig.  &31.— Figure  of  Hu- 
man Embryonic  Brain, 
(From  His.)  ,1,  Optic 
vesicle ;  H.  prosenceph- 
alon :  Z,  diencephalon ; 
3/,  mesencephalon ;  7, 
isthmus;  Tr,  infundib- 
ulum  ;  Pm,  mammillare  ;  Br.  pons ;  Hh. 
cprcbclluiu  ;  R/,  roof  of  fourth  ventricle ; 
<ih.  auditory  vesicle;  A',  medulla;  Nit. 
cervical  Ilc.vure. 


Fig.  833.— Youngest 
Stage  of  Ichthy- 
ophis.  I,  Infnndib- 
ulum ;  AJil.  optic 
vesicle ;  Zh.  dien- 
cephalon ;  Mh.  mes- 
encephalon ;  Rh, 
metencephalon. 


the  walls  are  divided  into  a  dorsal  and  a  ventral  zone, 
called  lespectivelj-  fundamental  and  alar  zones  or  plates. 


Fig.  833.— An  Older  Em- 
bryo of  Ichthyophis. 
Ep.  Epiphysis  ;  Ast.  op- 
tic peduncle  ;  Sh.  mes- 
encephalic flexure :  Bb, 
pons  flexure. 


Fig.  8»4.— Embryo 
of  a  Still  Later 
Stage. 


The  fundamental  plate  is  the  site  for  the  development  of 
the  motor  cells  and  is  the  zone  of  origin  for  the  ventral 


mse 


dtf 
\      \      'itm. 
tmp  i>pt   „^ 

Fig.  83.5  (Nos.  20  to  23).— Lateral  Views  of  the  Brain  (20.  of  a  bird  ;  21. 
22,  of  a  human  embryo;  Z\.  of  a  pig).  (Mihalkovics.)  frt.  Fron- 
tal lobe ;  orp,  occipital  lobe  ;  (ilf.  olfactory  lobe  ;  pr(,  parietal  lobe ; 
qnm.  corpora  quadrigemina;  (ihl.  medulla  oblongaui ;  prt.  parietal 
lobe ;  rc-i,  recessus  lateralis ;  s\v.  SyUian  flssure ;  ^pn.  spinal  cord  ; 
f  mp,  temporal  lobe.    Other  letters  as  above. 

or  motor  nerve  roots,  while  the  alar  plate  includes  the 
zone  of  the  sensory  roots. 

That  part  of  thebase  of  the  brain  tube  which  is  adjacent 
to  the  area  reuniens  forms  an  expansion  in  a  ventral,  caii 
dal,  and  cephalic  direction,  giving  rise  to  the  fundus  basi 
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laris  with  a  cephalic  ex- 
tension, the  recessiis 
opticus,  and  a  caudal 
prolongation,  the  reces- 
siis infundibuli.  The 
recessus  opticus  is  di- 
vided into  the  preoptic 
and  the  postoptic  divi- 
sion by  the  chiasm.  At 
the  apex  of  the  iufun- 
dibulum  is  the  place  of 
the  pituitary,  while  the 
tuber  cinereiim  with  its 
olfactory  connect  inns 
develops  behind  the  in- 
fundibulum.  In  am- 
phibia the  infundibu- 
1  u  ni  is  produced 
caudad  to  form  the 
saccus  vasculosus.  In 
fishes  the  so-called  lobi 
inferiorcs  appear  be- 
hind the  iufuudibu- 
lum,  but  these  have  no 
relation  to  either  the 
infundibuluni  or  the 
cinerea,  as  has  been 
supposed,  but  are  diverticles  from  the  walls  of  the  pes. 
Hoof  vf  the  Brain. — The  dorsal  walls  of  the  brain  nat- 


FiG.  836  ( Nos.  28  and  27) .-  Lateral  Views 
of  the  Brain,  with  the  Lateral  Ven- 
tricles E.\  posed.  (MihalkOTics.) 
amnu  Cornu  animonis;  tm,  stem. 
Other  letters  as  above. 


Fig.  837.— Median  Section  of  Embryo  of  Acipenser  Sturlo,  Forty-Five 
Hours  After  Fertilization. 

urally  develop  more  rapidly  than  the  base.  The  roof  of 
the  hindbrain  for  a  large  part  of  its  length  fails  to  de- 
velop nervous  elements,  but 
remains  membranous  and 
forms  the  velum  medullare 
posteriusor  kilos.  This  mem- 
brane becomes  associated  with 
a  rich  plexus  of  blood-vessels, 
and  together  these  penetrate 
the  cavity  of  the  hindbrain 
(fourth  ventricle),  and  fur- 
nish the  vascular  supply  to 
that  region.  The  triangular 
form  of  the  velum,  where  its 
sides  converge  to  the  point 
where  the  solid  parietes  meet, 
has  given  rise  to  the  term 
calamus  for  this  locus.  Ceph- 
alically  the  latero-dorsal  walls  of  the  hind- 
brain thicken  and  are  reinforced  by  out- 
growths of  ventricular  epithelium  to  form 


a  paired  body  which  becomes  apparently  single  by 
the  concrescence  of  the  two  halves.  This  is  the  cere- 
bellum. In  amphibia  the  cerebellum  remains  obso- 
lescent and  its  development  varies  greatly  in  the  differ- 
ent groups;  but  in  general  it  can  be  seen  that  the 
relative  development  of  this  organ  is  commensurate 
with  the  necessities  for  motor  coordination.  In  birds, 
for  example,  it  is  highly  developed,  while  the  brain  as  a 
whole  remains  upon  a  lather  low  plain  of  development. 
Immediately  cephalad  of  the  cerebellum  is  the  velum 
medullare  anterius  or  valvula  In  which  the  fibres  of  the 
fourth  nerve  ultimately  decussate  and  from  which  there 
is  developed  in  many  fishes  a  remarkable  invagination 
into  the  cavity  of  the  midlirain  known  as  the  volvula. 
The  roof  of  the  midbrain  becomes  thickened  laterally 
and  divides  into  a  cephalic  and  a  caudal  portion.  The 
larger  or  tectal  portion  in  lower  vertebrates  forms  two 
hemispherical  projections  connected  by  the  Sylvian  com- 
missure and  receiving  the  fibres  from  the  optic  brachia  or 
extensions  of  the  optic  nerves.  The  caudal  portion  has  a 
solid  structure,  and  is  composed  of  a  mass  of  nerve  cells 


Fig.  839.— Similar  Section  of  Larva,  Three  Days  Old. 
Xn       ep'. 


-Similar   Section  of  Embryo,  Sixty-Four 
Hours  After  Fertilizatioii. 


Fig.  810.— Similar  Section  of  Larva,  Four  Weeks  Old. 

Description  nf  Figs,  ssn  and  ShO.—c.  Cerebellum;  en.  precommissura ;  cc,  commis- 
sura  cerebelli ;  C(i.  chorda  dorsalis :  c7i,  chiasm  and  conimissura  postopticit ;  cp, 
poslcommissura :  cs.  supracommissura :  rfc,  commis-^iira  ilehilis  ;  t",  cerebmm  :  e?i, 
entoderm;  rp'.  paraphysis :  cp^.  epiphysLs:  h,  hypeiicephalon  =  infundibular  re- 
gion ;  hf.  .^urkinp  disc  :  Ini.  liypcphysis;  ?i2,  heart ;  kn.  ciirtilatrc  ;  Uk  lobus  olfac- 
torius  iiiipiir.:  M.  nipsfiin-piialnn  ;  »i.  mouth ;  JV,  niHti-iin-pluihin ;  j>.  priepineal 
roof  of  diciicephalnii  (paretn-ephalon)  :  prf.  plica  dorsalis :  pr.  plica  ventralis ;  r, 
median  olfactory  plate;  n>,  recessus  opticus;  si.  sinus  postopticus ;  f,  coramissiuu 
terniinalls  ;  Ip.  tuherculum  posterius ;  v,  prosencephalon  ;  I'f,  velum  transversum  of 
the  fureltrain. 
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embedded  in  a  stroma.  This  uucleus  tends  to  drop  below 
the  surface,  and  it  is  probable  that  in  it  are  found  the  re- 
fle.\  connections  for  the  optic  apparatus. 

In  mammals  the  roof  of  the  midbrain  is  occupied  by 
two  pairs  of  eminences,  together  constituting  the  corpora 


f^;?*. 


Fig.  841.— Lateral  View  of  the  Brain  of  Adult  Petromyzon.    Epiph, 
Epiphysis ;  lieniy  hemisphere ;  optic  lahi\  optic  lobes. 

quadrigemina,  and  the  representatives  of  the  tectum  seem 
to  be  scattered  among  several  adjacent  parts  of  the  mid- 
brain walls.     This  is  a  region  especially'  in  need  of  study. 


i«f  olf. 


Fig.  842.— Longitudinal  Perpendicular  Section  of  the  Brain  of  Ammo- 
coetes,  for  comparison  with  the  brain  of  Amphioxus.  c/i.  Chorda ; 
olf,  olfactorj'  sac;  i;(/,  infundibulum. 

Immediately  cephalad  of  the  tectum  is  the  postcommis- 
sure  in  which  decussate  part  of  the  fibres  of  the  dorsal 
longitudinal  fasciculus.      The  roof  of  the  forcbrain  is 

divided     into    a 
jVl-b-  ceplialic   and 

a  caudal  portion 
by  the  evagina- 
ion  of  the  epi- 
physis. The 
latter  always 
arises  just  cau- 
dad  of  the  su- 
pracommissure, 
but  varies  in 
fonn  and  rela- 
tions in  the  dif- 
ferent groups. 
In  many  lizards 
it  gives  rise  to 
the  parietal  or- 
gan, or  "  pineal 
eye."  In  snakes 
it  becomes  high- 
ly vascularized 
and  glandular, 
while  in  mam- 
mals it  appears 
to  undergo  ret- 
rograde meta- 
morphosis. 
Near  the  supra- 
commmissure, 
in  thereof  of  the 
first  vesicle, 
there  develop 
clusters  of  cells 
forming  the  ha- 
benultB.  These 
nuclei  are  asvm- 
FlG.  843.— Human  Embryo  4  Mm.  Long.  M-b.,  rnptrlralKr  Vl  p 
Midbrain,  flexure  already  developed;  O-v.,  "Jeiiicau^  iit.- 
optlc  vesicles ;  F-b.,  forebraln  ;  Au..  auditory  veloped  and 
vesicle ;  H.,  heart ;  C,  pharyngeal  clefts.  sustain  some  re- 

lation to  the  pin- 
eal. From  them  or  a  group  of  cells  closely  associated 
arises  Meynert's  bundle  (fasciculus  retroflexus).  Another 
mass  of  cells,  called  the  subhabenular  nucleus,  arises  in 
the  deeper  walls  nearer  the  ventricle. 

Cephalad  of  the  supracommissure  the  roof  tends  to  be 
memljranous  and  gives  rise  to  various  outgrowths  in 
different  groups  (the  paraphyses)  and  to  an  ingrowing 


/n^b. 


Fig.  844.— Human  Embryo  Older  than  Fig.  843.  M-h.,  Midbrain :  Med^ 
medulla  oblongata;  C-/..  cervical  lor  nuchal)  flexure;  £.,  eye;  F-b., 
forebraln ;  Olf.,  olfactory  pit. 

velum  which  with  its  vascular  associates  gives  rise  to  the 
choroid  plexus.     Through  this  portion  of  the  roof,  con- 


Fig.  84.5.— Similar  View  of  an  Earlier  Embryo,    ch.  Chorda  dorsaUs. 

Cither  letters  as  above. 

necting  the  two  sides,  there  pass,  first,  the  hippocampus 
commissure  or  fornix,  and,  in  higher  vertebrates  at  least, 


Fig.  846.— Embryo  (Older  than  Fin.  843)  Seen  as  Transparent. 
M-b..  Midbrain;  Hem.,  heuiisplieres ;  Olf.  olfactory  pit;  Cb, 
cerebellum ;  Med.,  medulla ;  H.  heart ;  IV.  veil.,  space  occupied 
by  fourth  ventricle ;  £,  auditory  vesicle.  The  cranial  nerves  are 
numbered. 


273 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES. 


Brain. 
Brain. 


the  corpus  callosum.  The  lamina  terminalis  contains  the 
precommissure. 

Such,  in  brief,  is  the  cour.se  of  development  of  the  brain 
stem,  but  we  ma.v  pass  to  the  consideration  of  the  several 
portions  separately. 

The  Forehraiii. — At  an  early  stage  the  lateral  walls 
of  the  forebrain  evaginate  on  either  side  to  form  the 


Fig.  847.— The  Brain  of  a  Human  Embryo  'A\  mm.  Long. 

primary  optic  vesicles,  which  give  rise  in  time  to  the 
retina  and  the  choroid  coat  of  the  eye  (Figs.  829  and 
830).  For  some  time  the  brain  vesicle  remains  in  com- 
municatioa  with  the  optic  vesicles  through  the  hollow 
stalks  of  these  outgrowths,  and  in  the  amphibia  the  optic 
stalks  remain  hollow  though  clothed  exteriorly  with  the 
fibres  of  the  optic  nerve. 

Their  connectinu  with  the  brain  is  near  the  base  ceph- 
alad  of  the  infuudibulum.  Cephalad  of  the  points  of 
origin  of  the  eyes  a  second  pair  of  evaginations  form 


ri/acc 


Fig.  848.— Diagrammatic  Median  Section  of  ttie  Brain  of  a  Human 
Embryo. 

the  rudiments  of  the  hemispheres.  These  spheroidal 
pouches,  separated  from  each  other  by  the  lamina  termi- 
nalis, rapidly  increase  in  size  and  soon  outstrip  all  other 
parts  of  the  brain.  The  communication  between  the 
ventricles  of  the  hemispheres  and  the  remnant  of  the  fore- 
l)rain  vesicle  is  at  first  direct  through  the  portse,  but  at  a 
later  period  the  two  portaj  come  to  open  into  a  median 
Vol.  IL— 18 


recess  narrowed  off  from  the  first  vesicle  and  called  the 
aula  (see  Fig.  860).  "What  remains  after  the  development 
of  the  eye  vesicles  and  hemispheres  is  the  thalamus  or 
diencephalon,  while  the  hemispheres  collectively  con- 
stitute the  prosencephalon.  (Another  usage  embraces 
tlie  thalamus  and  hemispheres  under  the  term  prosen- 
cephalon and  applies  the  term  telencephalon  to  the  hemi- 
spheres. ) 

At  first  the  walls  of  the  medullary  tube  are  apparently 
nearly  homogeneous,  but  after  the  separation  of  the  vari- 
ous outgrowths  the  rate  of  development  proceeds  very 
difl'erently  in  various  parts.  Thus,  in  the  walls  of  the 
hemispheres  certain  areas  develop  with  great  rapidity 
while  others  are  retarded.  In  the  basilateral  walls  of 
the  hemispheres  especially  there  develop  masses  of  cells 


Fi(i.  849  (Nos.  39  to  43) .—Development  of  the  Fissures  on  the  Upper 
Surfacr  (if  ihi-  f{i'iiiispheres.  No.  39,  at  sLxteen  weeks;  No.  40,  at 
twenty  w  '-i-ks  :  \'>.  41.  at  twenty-three  weeks :  No.  42,  at  the  middle 
of  till'  si'vi'iiih  iiiimth;  No.  43,  at  the  close  of  the  seventh  month. 
( Eeker. )  c.  Sulcus  centralis  :  cm,  calloso-marginalis  ;  /^  s.  frontalis 
superior;  P,  s.  frontalis  inferior; /3,  s.  prcecentralis ;  F',  gyrus 
frontalis  superior ;  F^,  g.  frontalis  medialis ;  F',  g.  frontalis  infe- 
rior ;  yp,  g.  postcentraUs ;  gpr^  g.  prjecentralis ;  ip,  g.  intraparietalis ; 
ip',  g.  intrap.  posterior ;  P',  g.  parietalis  superior ;  P'^,  g.  par.  infe- 
rior ;  po,  s.  parieto-occlpitalis ;  s,  flssura  Sylvli. 

which  give  rise  to  projections  into  the  ventricles  (Figs. 
8"39  and  830).  In  this  way  a  distinction  is  produced  be- 
tween the  axial  lobes  of  the  cerebrum  and  the  mantle 
portion.  From  the  axial  lobes  arise  in  mammals  the  cor- 
pora striata  through  which  pass  the  bundles  of  fibres 
from  the  cortex  to  lower  centres  and  from  the  cord  and 
lower  parts  of  the  braiu  to  the  cortex  (see  Fig.  859). 
Elsewhere  in  the  cerebrum  the  development  tends  to 
cause  the  cells  to  collect  on  the  peripheral  aspect,  and 
thus  is  formed  the  cortex  cerebri,  the  most  important 
portion  of  the  braiu  from  a  p.sychical  point  of  view, 
though  from  the  physiological  standpoint  it  may  seem 
rather  an  epiphenomenon  or  afterthought. 

Fissures  of  the  Cerebrum. — As  a  result  of  the  rapid  and 
unequal  growth  of  the  hemispheres  they  are  at  first 
bodily  flexed  about  a  horizontal  axis  afforded  by  the  Une 
of  attachment  to  the  axial  portion  of  the  brain.     The 
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first  result  of  this  flexure  is  the  formation  of  the  Sylvian 
flexure  and  fossa.  This  is  one  of  the  most  important 
landmarks  in  the  brain,  giving  rise  to  a  depressed  region 
of  cortex  (the  insula)  covered  by  flaps  (the  opercula)  and 


no.  850  (Nos.  44  to  47).— The  Development  of  the  Convolutions  on  the 
Sides  of  the  Hemispheres.  No.  44,  at  sixteen  weeks;  No.  45,  at 
twenty  weeks ;  No.  4H.  at  twent.v-three  week.s  ;  No.  47,  at  the  close  of 
the  seventh  month.  .S',  .\nterior  branch  of  the  Sylvian  fissure :  T', 
g.  temporalis  superior;  3^,  g.  temporalis  inferior:  (',  temporalis 
superior.    (Ecker.) 

marked  in  the  adult  brain  by  the  fissure  of  Sylvius. 
Here  is  located  (on  the  left)  the  motor  speech  centre 
(Broca's  region).  On  the  dorsal  surface.'extending  from 
the  dorsal  margin  obliquely  toward  the  fissure  of  Sylvius, 
is  the  compensating  fissure  of  Rolando  (sulcus  centralis), 
the  convolutions  adjacent  to  which  contain  the  most  im- 
portant centres  for  voluntarj'  motion.  By  means  of 
these  landmarks  the  "  lobes "  of  conventional  anatomy 
are  indicated  at  an  early  period.  Instead  of  going  farther 
into  details  as  to  the  sequence  of  development  of  the 
fissures  and  convolutions  we  venture  to  quote  from  Dr. 
J.  D.  Cunningham,*  who,  in  the  "Memoirs  of  the  Irish 
Academy  of  Science "  bearing  his  name,  gives  an  ex- 
tended account  of  the  comparative  development  of  the 
surface  anatomy  of  the  cerebral  hemispheres.  We  con- 
dense from  this  work  the  following  statements: 

Complete  Fissures  ("Total-Falten  "). — The  transitory 
fissures  which  appear  in  an  early  period  of  the  develop- 
ment of  the  hemispheres  are  distinguished  by  the  fact 
that  they  are  a  result  of  a  series  of  deep  infoldings  of  the 
thin  cerebral  wall  and  form  shelf-like  projections  into 
the  ventricles. 

Under  normal  conditions  none  of  the  fissures  which 
appear  on  the  lateral  aspects  of  the  hemispheres  persist 
in  the  adult,  though  in  the  ape  two  at  least  are  persist- 
ent. Upon  the  raesal  aspect,  on  the  contrary,  the  cho- 
roid, a  portion  of  the  arcuate,  and  sometimes  the  parieto- 
occipital with  part  of  the  calcarine  fissures  persist.  The 
choroid  and  arcuate  appear  as  early  as  the  fifth  week. 
The  choroid  fissure  occupies  the  lowest  limit  of  the  mesal 

*  "  Contribution  to  the  Surface  Anatomy  of  the  Cerebral  Hemi- 
spheres," J.  D.  Cunningham.  Cunningham  Memoirs  of  Koyal  Irish 
Academy,  vii. 


wall,  reaching  the  porta,  cephalad,  and  extending  caudad 
nearly  to  the  extremity  of  the  temporal  lobe.  Though 
not  at  first  occupied  by  blood-vessels,  and  therefore  not 
formed  by  them,  its  walls  do  not  develop  into  nervous 
tissue  but  remain  epithelial  and  are  occupied  by  this  pre- 
plexus.  The  fissura  arcuata  {Ammoiisfiijr?ie  of  Mihalko- 
vics)  makes  its  appearance  on  the  mesal  face  of  the  hemi- 
sphere at  a  higher  level  than  the  choroid  fissure,  and 
while  it  extends,  like  the  preceding,  into  the  temporal 
lobe,  it  also  passes  cephalad  into  the  frontal  region.  That 
portion  of  the  hemisphere  which  lies  between  the  two 
fissures  mentioned  is  termed  the  iirct/s  marginalis,  in  con- 
nection with  which  are  formed  the  callosum,  the  gyrus 
dentatus,  and  the  fornix. 

The  caudal  part  of  the  fissure  arcuata  is  retained  in 
adults  as  the  hippocampal  fissure,  and  gives  rise  to  the 
elevation  in  the  floor  of  the  descending  cornu  known  as 
the  hippocampus  major. 

The  remainder  of  the  complete  fissures  are  transitory. 
The  mesal  wall  of  the  hemispheres  being  thicker  than 
the  outer,  the  transitory  fissures  there  first  appear.  They 
may  appear  as  early  as  the  eighth  week,  and  reach  a 
high  degree  of  development  only  after  the  tenth  week. 
Their  maximum  development  is  reached  between  the 
periods  when  the  fornix  and  callosum  appear,  i.e.,  near 
the  beginning  of  the  fifth  month. 

On  the  mesal  aspect  of  the  hemispheres  the  transitory 
fissures,  which  vary  in  number,  radiate  from  the  arcuate 
fissure  toward  the  free  border  of  the  hemisphere,  and 


Fig.  &51  (Nos.  48  to  51)  .—The  Convolutions  on  the  Inner  Siutaces  of  the 
Hemispheres.  No.  4S.  at  sixteen  weeks ;  No.  49,  at  twenty  weeks ; 
No.  5(),  at  twenty-three  weeks;  No.  51,  at  the  end  of  the  eighth 
month,  el.  Fissura  calcarina  :  f^,  s.  olfactorius ;  g/,  g.  fomlcatus ; 
gh.  g.  hippocampi :  gu,  g.  unclriatus :  ft,  s.  hippocampi ;  P.  s.  tem- 
poralis Inferior;  (<,  s.  occipito-temporalls  inferior;  r*,  g.  occipito- 
temporalis  lateralis ;  T*,  g.  occipito-temporalls  medlalls. 

others,  lying  between  them,  but  not  connecting  with  the 
arcuate  fissure,  appear  near  the  margin.  The  usual 
number  on  each  hemisphere  appears  to  be  eight. 

The  primitive  fissures  which  bound  the  cuneus  are  the 
precursors  of  the  calcarine  and  parieto-occipital  fissures. 
As  the  wall  of  the  cerebral  vesicle  thickens,  and  the 
hemisphere  elongates,  the  stellate  fissures  become  de- 
tached from  the  arcuate  fissure  and  gradually  disappear. 

Upon  the  outer  aspect  the  arrangement  of  the  fissures 
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is  also  radial,  with  the  Sylvian  fossa  as  the  centre,  but 
these  fissures  usually  do  HOt  reach  the  fossa.  There  is 
frequently  an  additional  fissure  occupying  the  place  of 
the  future  Sylvian.  In  some  cases  the  precursor  of  the 
calcarine  is  carried  horizontally  around  the  occipital  pole, 
appearing  on  the  lateral  surface  as  an  external  calcarine 
fissure. 

It  is  regarded  as  probable  that  under  abnormal  condi- 
tions, as  when  the  callosum  fails  to  develop,  the  transi- 
tory fissures  may  persist  to  a  certain  extent.  The  fact 
emphasized  by"  Sir 'William  Turner,  that  in  Macmpus, 
where  the  callosum  is  rudimentary,  the  radiating  fissures 
resemble  those  of  an  immature  human  brain,  is  at  least 
suggestive  that  the  development  of  the  callosum  has 
some  effect  on  the  disappearance  of  these  fissures. 

Dr.  Cunningham  fully  agrees  with  His  and  Kolliker 
that  the  occipital  lobe  is  due  to  a  general  growth  and  not 
a  local  outpouching  of  the  hemisphere ;  its  peculiar  form 
is  due  to  the  transformations  produced  by  axial  flexures 
— especially  the  pons  flexure.  This  backward  thrusting 
of  the  posterior  part  of  the  hemisphere  is  chiefly  re- 
sponsible for  the  preservation  of  the  precursory  calcarine 
and  parieto-occipital  fissures.  The  temporary  fissures 
are  in  all  probability  peculiar  to  pnmates.  and  appear 
prior  to  the  appearance  of  a  distinct  occipital  lobe. 

The  parietooccipital  and  calcarine  fissures  form  upon 
the  mesal  aspect  of  a  posterior  part  of  the  adidt  hemi- 
sphere a  > —  shaped  figure.  The  stem  is  directed 
obliquely  veutrad  and  intersects  the  gyrus  fornicatus. 
The  parieto-occipital  fissure  forms  the  more  direct  con- 
tinuation of  the  stem,  and  continues  on  the  ectal  surface 
as  the  external  parieto-occipital  fissure.  The  calcarine 
branch  passes  toward  the  occipital  pole.  The  stem  is 
called  the  anterior  calcarine  fissure.  The  apex  of  the  cu- 
neus  gives  off  two  deep  annectant  gyri — the  gyrus  cunei 
and  anterior  cuneo-lingual  gyrus.  The  gyrus  cunei  forms 
a  barrier  between  the  parieto-occipital  fissure  and  the  stem, 
while  the  gyrus  cuneo-lingualis  anterior  separates  the 
stem  and  the  posterior  part  of  the  calcarine  fissure. 

The  calcar  (hippocampus  minor)  is  formed  wholly  by 
the  stem  or  anterior  calcarine  fissure. 

In  apes  the  calcarine  fissure  is  deep  and  much  more 
stable  than  the  parieto-occipital.  In  the  chimpanzee  the 
gyrus  cuneus  is  on  the  surface  (a  condition  found  in  3.9 
per  cent,  of  human  brains),  while  in  the  orang  and  gib- 
bon the  cunei  may  be  on  the  surface  or  at  the  bottom  of 
the  fissure.  The  gyrus  cunei  is  never  absent.  Cunning- 
ham believes  that  the  whole  calcarine  fissure  of  anthro- 
poids corresponds  to  the  "  stem"  of  the  human  calcarine ; 
or  rather,  the  whole  length  of  the  precursor  of  the  human 
calcarine  is  the  equivalent  of  the  ape  calcarine.  Tiie 
posterior  calcarine  of  man  is  of  later  origin  and  takes  the 
place  of  an  abolished  portion  of  the  original  fissure.  The 
cuneus  of  the  ape  does  not  have  the  same  morphological 
value  as  that  of  man.  Only  the  cephalic  part  is  present 
in  the  ape:  the  caudal  part  is  absent  or  blended  with  the 
gyrus  liugualis.  In  the  ape  the  entire  length  of  the  cal- 
carine fissure  is  on  the  tentorial  face  of  the  hemisphere. 

The  jiosterior  calcarine  fissure  is  distinct  from  the 
"stem"  in  origin,  the  latter  being  a  "complete  fissure" 
and  having  unbroken  continuity  of  existence  with  the 
fore-part  precursor. 

The  Ocripitnl  and  Parietal  Indices  are  the  distances  along 
the  mesal  margin  of  the  hemisphere  intercepted  by  the 
intersection  of  the  external  parieto-occipital  fissure  and 
the  fissure  of  Rolando  respectively;  in  the  first  case  the 
measurement  being  taken  from  the  occipital  pole,  in  the 
second  from  the  parieto  occipital  intersection,  and  both 
these  distances  being  given  in  terms  of  hundredths  of  the 
entire  length  along  the  dorsal  margin  of  the  hemisphere. 

For  the  human  brain  the  following  averages  are  given : 

5W  to  6H  months O.  Index,  18.8 ;  P.  index,  28..5. 

6!4  to  7U  months "  18.6 ;  "  24.7. 

7l4t<.  SI.,  months "  30.7;  "  24.1. 

Full-tiiiii- f,,tiises '•  20.8;  "  25.7. 

First  13  moutlis "  22.3;  "  25.6. 

4  to  5  years "  33.2;  "  24.2. 

UtolSyears "  20.8;  "  27.4. 

Adults "  31.2;  '■  25.5. 


For  apes  the  following  table  Is  given : 

Orang O.  Index,  23.2 ;  P.  Index,  31.3. 

Chimpanzee "  24.3;  "  19.9. 

Hamadryas "  29.5;  "  20.5. 

Cynocephaliis "  39.7;  "  22.6. 

Mangaby "  30.5:  "  34.1. 

Macaque "  31.0;  "  19.0. 

Cercopithecus "  32.9;  "  19.0. 

Cebus "  33.1;  "  20.6. 

The  low  parietal  index  and  high  occipital  index  are  in- 
structive features.  In  low  apes  there  is  an  enormous  in- 
crease in  the  occipital  portion  of  the  border:  whereas  in 
the  high  apes  the  amount  of  increase  is  smaller.  The 
relative  .shortness  of  the  parietal  border  in  high  apes  is 
due  to  the  relative  increase  of  the  occipital  and  frontal 
borders.  In  low  apes  the  reduction  of  the  parietal  por- 
tion is  entirel_y  due  to  the  great  size  of  the  occipital  lobe. 

The  following  summary  is  reproduced  verbatim : 

1.  At  an  early  period  in  the  development  of  the  cere- 
bral hemisphere  a  series  of  deep  infoldings  of  its  thin 
walls  make  their  appearance.  On  the  exterior  of  each 
hemisphere  these  show  in  the  form  of  sharply  cut  linear 
fissures. 

2.  Certain  of  these  fissures  are  permanent ;  the  great 
majority  are  transitory. 

3.  The  transitory  fissures,  with  two  exceptions,  have 
disappeared  by  the  time  the  corpus  callosum  is  fully 
formed. 

4.  A  deficiency  of  the  corpus  callosum  is  associated 
with  a  persistence  of  the  temporary  fissures. 

5.  The  temporary  fissures  indicate  an  important  stage 
in  the  growth  of  the  cerebrum,  anil  are  ajijiarcntly  asso- 
ciated with  the  mapping  out  of  the  occipital  lobe. 

6.  A  quadrupedal  pause  in  the  growth  of  the  cerebrum 
brings  the  skull  capsule  into  antagonism  with  the  growth 
of  the  hemispheres,  and.  in  consequence,  the  wall  of  the 
cerebrum  is  thrown  into  folds.  These  folds  disappear  as 
the  occipital  lobe  assumes  shape,  owing  to  the  expansion 
of  the  cranial  cavit}',  and  a  restoration  of  growth  har- 
mony between  skidl  and  brain. 

7.  Consecjuentlv  it  is  only  in  Primates,  which  alone 
possess  well-developed  occipital  lobes,  that  transitory  in- 
foldings of  the  cerebral  walls  in  all  probabilitj'  exist. 

8.  The  two  transitory  fissures  which  do  not  disappear 
before  the  full  development  of  the  corpus  callosum  are : 
(a)  the  external  calcarine,  and  {h)  the  external  perpen- 
dicular fissure  of  Bischoff.  In  point  of  fact  the  latter 
fi.ssure  does  not  appear  until  after  the  fvdl  development 
of  the  corpus  callosum. 

9.  The  external  calcarine  fissure  produces  an  infolding 
of  the  outer  wall  of  the  posterior  horn  of  the  lateral  ven- 
tricle, which  presents  the  same  direction,  and  lies  imme- 
diately opposite  to  the  true  calcarine  infolding,  or  the 
calcar  avis. 

10.  The  fissure  corresponding  to  this  in  apes  is,  as  a 
nile,  permanent,  and  in  some  species  its  anterior  end 
forms  in  the  adult  a  bulging  on  the  outer  wall  of  the 
ventricle. 

11.  The  external  calcarine  fissure  disappears  before  the 
sixth  month  of  fcetal  life  in  man. 

12.  The  external  calcarine  fissure  is  present  on  the  outer 
surface  of  the  foetal  cerebrum  from  the  beginning  of  the 
fifth  month  to  the  end  of  the  sixth  month. 

13.  It  is  a  compile  fissure  and  corresponds  to  the 
"  Affeuspalte  "  on  the  ape's  brain. 

14.  The  '"  Ailenspalte  "  on  the  ape's  brain  is  also  a  com- 
plete fissure,  and  presents  a  well-marked  bulging  on  the 
outer  wall  of  the  posterior  horn  of  the  ventricle:  but, 
unlike  the  external  perpendicular  fissure  of  the  human 
foetus,  it  is  permanent. 

1.5.  Certain  fissures,  therefore,  which  are  complete  and 
temporary  in  the  human  brain,  are  complete  and  perma- 
nent in  the  ape's  brain. 

16.  The  complete  permanent  fisstires  in  the  human  are: 
(a)  the  fore  part  of  the  calcarine;  (4)  the  hinder  part 
of  thefissura  arcuata:  (<•)  in  many  cases  the  parietooc- 
cipital; and  (d)  in  some  cases  the  midcoUateral.  The 
Sylvian  fissure  is  not  a  complete  fissure. 
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17.  Of  the  flssura  arcuata  the  binder  part  alone  is  pre- 
served as  the  fissura  hippocampi.  The  fore  part,  which 
is  generally  supposed  to  be  retained  as  the  callosal  fissure, 
is  in  reality  obliterated. 

18.  Synchronous  with  the  appearance  of  the  radial 
transitory  fissures  on  the  mesal  face  of  the  hemisphere 
two  fissures  appear,  which  lie  in  series  with  the  former 
and  occupy  the  ground  afterward  held  by  the  parieto- 
occipital and  calcarine  fissures.  These  may  be  termed 
the  precursors  of  these  fissures. 

19.  The  precursor  of  the  parieto-occipital  fissure  some- 
times shows  an  unbroken  continuity  of  existence  with 
the  parieto-occipital  fissure  of  the  adult  brain.  In  other 
cases  it  is  obliterated,  and  its  place  is  afterward  taken  by 
a  secondary  sulcus,  which  attains,  however,  a  very  great 
depth. 

20.  In  the  adult  brain  the  parieto-occipital  fissure,  even 
in  its  complete  form,  does  not  f6rm  any  eminence  on  the 
Inner  wall  of  the  posterior  horn  of  the  ventricle,  because 
it  does  not  extend  downward  as  far  as  the  cavity.  Above 
its  lower  end  the  hemisphere  is  solid. 

31.  The  posterior  end  of  the  calcarine  precursor  is  in 
every  case  obliterated,  and  the  anterior  part  retained. 
The  extent  of  the  part  obliterated  varies  considerably  in 
different  brains. 

23.  The  anterior  preserved  portion  of  the  calcarine  fis- 
sure forms  the  "stem  "  of  the  > —  shaped  fissural  ar- 
rangement on  this  part  of  the  hemisphere,  and  its  hinder 
part  corresponds  to  the  calcar  avis. 

23.  In  the  place  of  the  hinder  portion  of  the  calcarine 
precursor,  which  is  obliterated,  a  secondary  furrow  ap- 
pears.    This  may  be  termed  the  posterior  calcarine  sulcus. 

34.  The  posterior  calcarine  sulcus  is  formed  in  two 
pieces  which  run  together  and  also  form  the  "stem."  In 
this  way  the  entire  length  of  what  in  anatomical  lan- 
guage is  called  the  calcarine  fissure  is  formed. 

2.5.  The  posterior  calcarine  sulcus  is  not  a  complete 
fl.ssure. 

36.  In  the  ape  the  entire  length  of  the  calcarine  fissure 
is  represented  l>y  that  portion  of  the  fissure  wliich  in  man 
is  termed  the  "stem,"  and  by  that  alone.  The  posterior 
calcarine  stilcus  does  not  exist  in  any  form  in  the  apes. 

37.  The  cuneus,  therefore,  has  a  different  morphologi- 
cal value  in  the  apes  and  in  man.  In  connection  with 
this  compare  the  abnormal  human  hemispheres.  These 
exhibit  certain  conditions  which  approximate  to  those 
present  in  the  apes. 

The  Fvssa  and  Fissura  Syhii. — The  sign  of  the  Sylvian 
depression  appears  at  the  end  of  the  second  montli  of 
development.  Dr.  Cimningham  summarizes  his  investi- 
gation as  follows : 

"1.  As  growth  proceeds  the  outline  of  the  Sylvian  fossa 
changes  considerably.  At  first  nearly  circular,  it  elon- 
gates in  a  vertical  direction  and  tiien  backward  on  itself, 
and  assumes  a  triangular  outline. 

"2.  The  high  prominent  mantle  bonier  or  rim  which 
surrounds  the  depression  is  divided  by  intervening  angles 
into  four  sections,  viz.:  the  tempoi-iil  (postoperculum), 
or  lower:  the  fronto-parkinl  (operculum),  or  upper; 
the  frontal  (preoperculum),  which  is  formed  by  an  open- 
ing out  and  flattening  of  the  primitive  single  anterior 
angle;  and  an  orbital  (suboperculum),  or  front  portion. 

"3.  Each  of  these  portions  of  the  bounding  rim  acts 
as  an  independent  line  of  growth. 'and  consequently,  in 
course  of  time,  four  opercula  grow  over  the  Sylvian  area 
so  as  to  enclose  it.  The  temporal  and  frouto-parietal 
opercula  appear  first;  the  frontal  and  orbital  do  not  de- 
velop until  a  much  later  period. 

"  4.  The  so-called  three  limbs  of  the  fissure  of  Sylvius 
are  formed  by  the  meeting  over  the  Sylvian  area  of  the 
contiguous  lips  of  the  four  opercula;  the  posterior  hori- 
zontal limb  intervenes  between  the  frontoparietal  and 
the  temporal  opercula :  the  anterior  ascending  limb  be- 
tween the  frontal  and  fronto-parietal  opercula:  the  an- 
terior horizontal  limb  between  the  frontal  and  the  orbital 
opercula. 

"5.  The  frontal  operculum  is  therefore  the  same  as 
the  '  cap  de  Broca, '  and  it  shows  great  variations  in  its 


length.  It  may  be  absent  altogether,  and  then  the  two 
anterior  limbs  of  the  Sylvian  fissure  are  fused  into  one. 
When  the  frontal  operculum  is  reduced  in  length  we 
have  the  Y-condition  of  the  two  anterior  Sylvian  rami. 

"6.  The  Sylvian  fossa  once  mapped  out"on  the  surface 
of  the  hemisphere,  it  extends  very  rapidly.  Tlie  growth 
is  not  proportionate  with  that  of  the  hemisphere,  it  is 
much  more  rapid. 

"  7.  During  intrauterine  life  the  anterior  end  of  the 
insula  maintains  a  very  nearly  fixed  position  with  refer- 
ence to  the  anterior  end  of  the  cerebnmi,  while  the  pos- 
terior end  of  the  cerebrum  moves  rapidly  toward  the 
occipital  pole.  After  birth  the  posterior  end  of  the  in- 
sula is  fixed,  while  the  anterior  end,  as  growth  advances, 
oscillates  slightly — at  first  approaching  and  then  retreat- 
ing from  the  anterior  end  of  the  cerebrum. 

"8.  An  anterior  limb  of  the  Sylvian  fissures  can  be 
determined  only  by  the  following  tests:  (^0  it  must  cut 
right  through  the  entire  thickness  of  the  operculum  and 
reach  the  furrow  surrounding  the  island  of  Reil;  (6)  it 
must  lie  in  front  of  the  precentral  sulcus. 

"9.  A.  single  anterior  limb  of  the  Sylvian  was  present 
in  30  per  cent,  of  the  hemispheres  examined:  the  two 
anterior  limbs,  quite  distinct  and  separate,  were  present 
in  37..5  per  cent.  ;  the  Y-shaped  condition  of  the  two 
limbs  was  present  in  31. .5  per  cent. 

"  10.  The  two  orbital  limbs  of  the  Sylvian  fissure  can- 
not be  regarded  as  belonging  to  the  same  category  of  the 
true  anterior  limbs.  They  are  not  developed  as  primitive 
deficiencies  in  the  orbital  operculum. 

"  11.  The  posterior  insula  is  not  connected  with  the  ex- 
tremity of  the  temporal  lobe,  as  Erbstaller  has  asserted, 
but  with  the  limbic  lobe. 

"  12.  On  the  surface  of  the  fa?tal  insula  there  appear 
three  radial  furrows  which  correspond  in  every  respect 
with  the  three  'Primarfurchen '  on  the  outer  surface  of 
the  mantle  (viz..  the  fis.sure  of  Rolando,  the  inferior  pre- 
central suknis,  and  the  vertical  limb  of  the  intraparietal 
sulcus).  The  radial  furrows  on  the  insula  clearly  belong 
to  the  same  fissural  system  and  intermediate  links  be- 
tween the  three  radial  fissures  on  the  outer  surface  of  the 
hemisphere,  and  the  three  radial  fissures  on  the  insula 
may  exist  in  the  form  of  secondary  sulci,  cutting  the 
margin  of  the  fronto-parietal  operculum. 

"  13.  The  fissure  of  Rolando  is  clearlj'  the  proper 
boundary  of  the  frontal  lobe.  Above,  it  is  separated  onlj' 
from  the  calloso-marginal  fissure,  which  bounds  the  lobe 
internally,  by  a  narrow  but  superficial  gj-rus ;  below,  the 
inferior  transverse  furrow  of  Erbstaller  acts  as  an  inter- 
mediate link  between  it  and  the  sulcus  centralis  insula". 
The  sulcus  centralis  insulte  and  the  calloso-marginal 
sulcus  are  brought  into  close  lelatiouship  at  the  anterior 
perforated  spot  on  the  base  of  the  brain.  An  almost 
continuous  fissural  system,  therefore,  marks  out  the  lim- 
its of  the  frontal  portion  of  the  cerebrum. 

"  14.  The  temporal  jiole  is  formed  entirely  by  the  for- 
ward growth  of  the  fore  part  of  the  temporal  operculum. 

"1.5.  In  the  adult  lirain  the  insula  is  proportionately 
longer  in  the  male  than  in  the  female.  At  all  periods  of 
growth  it  would  seem  that  the  insula  is  relatively  longer 
on  the  left  side  than  on  the  right  side.  In  the  negro 
brain  it  would  appear  that  the  insula  is  relatively  shorter 
than  in  the  European  brain. 

"  16.  In  the  anthropoid  ape  the  so-called  anterior  limb 
of  the  Sylvian  fissure  is  not  homologous  with  either  of 
the  anterior  limbs  in  man. 

"  17.  In  the  chimpanzee  and  orang  there  are  only  two 
opercula,  viz.,  the  fronto-parietal  and  the  temporal. 
The  frontal  and  orbital  opercula  of  the  human  brain  are 
entirely  absent  in  the  anthropoid  cerebrum. 

"  18.  Restricting  the  term  insula  to  that  part  of  the 
hemisphere  surface  which  is  concealed  from  view  by 
opercula.  the  extent  of  this  area  in  the  ape  is  very  much 
less  than  in  man.  The  central  index  is  18.2  in  the  chim- 
panzee and  21. 5  in  the  orang;  in  man  the  central  index 
is  29.6.  In  the  lower  apes  the  central  index  is  higher 
than  in  the  anthropoids. 

"19.  In   man   the  field  of  the  insula  shows  marked 
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changes  with  reference  to  the  cranial  wall  during  intra- 
uterine life.  More  and  more  of  its  area  comes  to  lie 
under  cover  of  the  parietal  bone,  and  relatively  less 
under  cover  of  the  frontal  bone,  as  development  pro- 
ceeds. In  the  adult  the  coronal  line  cuts  the  insula  in 
such  a  manner  that  thirteen  per  cent,  of  its  length  lies  in 
front  of  it  and  eighty -seven  per  cent.  l)ehind  it. 

"20.  In  the  chimpanzee  and  the  low  apes  no  part  of 
the  insula  lies  iu  front  of  the  coronal  line ;  in  the  orang 
the  upper  and  anterior  corner  of  the  insula  projects 
slightly  in  front  of  this  line. 

"21.  In  the  huniau  iufant  and  _young  child,  as  well  as 
in  the  ape,  the  ])oiut  at  whicli  the  stem  of  the  Sylvian 
fissure  reaches  the  outer  surface  of  the  hemisphere  is 
situated  relatively  farther  back  than  iu  the  human  adult. 

"32.  The  Sylvian  fissure  is  relatively  longer  in  the  left 
hemisphere  than  in  the  right,  and  in  the  ape  than  in 
man.  .  .  . 

"  28.  In  the  Cebus  (Figs.  853  aud  8.54)  the  Sylvian  fissure 
lies  above  the  level  of  the  squamous  suture ;  iu  the  ma- 
caque, lioraadryas,  and  orang,  it  lies  immediately  sub- 
jacent to  the  fore  part  of  the  suture;  in  Cyrwcephalns 
aiiuhis  and  the  chimpanzee  the  fi.ssure  is  situated  in  its 
fore  part  below  the  level  of  the  front  part  of  the  suture. 

"  29.  The  relative  depth  of  the  parietal  and  temporal 
lobes  iu  the  lower  apes  resembles  that  iu  the  human  child ; 
in  the  anthropoid  ape  the  relative  parietal  depth  of  the 
hemisphere  exceeds  that  in  the  human  adult." 

The  Fissure  of  Holando. — Cunningham  found  that  in 
sixty  per  cent,  of  the  brains  examined  the  upper  end  of 


Fig.  8.52.— I^ft  Cerebral  Hemisphere  of  a  Cliacma  Baboon,  ji.  Various 
Paris  of  tt)i'  intniparietal  systi-iii  of  fuiTows  :  ;»'.  .sulcus  postcentralis 
inferior:  /'-,  iwo  paris  of  tho  sulcus  pnsii-cninilis  superior ;  > '3,  ra- 
mus horizontalis ;  (.p.,  sulcus  postcentralis  tniiis\crsus ;  o.  oecipilal 
operculum. 

the  fissure  of  Rolando  turned  over  tlie  mesal  border  of 
the  hemisphere;  iu  nineteen  per  cent,  its  ventral  end  was 
connected  by  a  shallow  transverse  sulcus  with  the  Sji- 
vian  fissure.  The  fissure  of  Rolando  appears  in  two 
parts;  the  lower  two-thirds  appears  before,  and  inde- 
pendently of,  the  upper  third.  The  relative  position  of 
the  fissure  of  Rolando  is  remarkably  constant.  The 
upper  fronto-Rolandic  index  is  •53.3,  the  lower  43.3.  In 
anthropoids  the  upper  end  of  the  fissure  of  Rolando  is 
placed  relatively  farther  back  than  in  man.  The  aver- 
age Rolandic  angle  iu  the  human  brain  is  71.7.  The 
average  relative  length  of  the  fissure  of  Rolando  is  39.3. 

The  Intraparietal  Sulcus. — "1.  The  entire  sulcus, 
single  and  continuous  in  some  of  the  lower  apes  (e.g., 
Cebus),  becomes  broken  up  in  the  human  brain  into  a 
group  of  furrows  which  present  different  relations  to 
each  other  in  different  cases. 

"  2.  Three  of  the  elements  of  the  sulcus  in  the  human 
brain,  viz.,  the  sulcus  postcentralis  inferior,  the  ramus 
horizontalis,  aud  the  ramus  occipitalis,  are  disrupted 
portions  of  the  original  fissure ;  one,  the  sulcus  postcen- 
tralis superior,  is  a  superadded  element  (Fig.  859). 

"3.  In  the  development  of  the  sulcus  in  the  human 
festal  brain,  all  the  four  segments  of  the  .sulcus  have,  as 
a  rule,  an  independent  origin,  although,  as  Pansch  has 
shown,  the  sulcus  postcentralis  inferior  and  the  sulcus 
horizontalis  very  frequently  appear  as  one  continuous 
furrow. 

"4.  The  sulcus  postcentralis  inferior  usually  appears 


Fig.  853.— Cerebrum  of  Cebus 
Alblfrons.  /,  Sulcus  frontalis 
inferior;  p.c,  sulcus  postcen- 
tralis inferior;  r,  fissure  of 
Rolando  ;  ,<i.  Sylvian  Assure ;  p, 
intraparietal  sulcus ;  p^,  ra- 
mus horizontalis ;  p*,  ramus 
occipitalis :  .s(,  furrow  corre- 
sponding to  sulcus  transversus 
occipitalis  of  Ecker ;  p.o.,  pa^ 
rietooccipital  Assure ;  an., 
Brst  annectant  gyrus;  «./., 
ape  cleft. 


first;  then  the  ramus  horizontalis  and  ramus  occipitalis; 
and  last  of  all  the  sulcus  postcentralis  superior. 

"5.  In  Cebus  there  is  no  sulcus  postcentralis  superior; 
it  is  present,  however,  in  most  of  the  old-world  apes, 
e.g.,  the  baboon,  macaque, 
gibbon,  chimpanzee,  orang, 
and  gorilla  (Fig.  858). 

"  6.  In  the  chimpanzee  and 
orang  there  is  reason  to  be- 
lieve that  this  segment  of  the 
postcentral  sulcus  consists  of 
two  elements,  one  placed 
above  the  other  (Figs.  856 
and  857). 

"7.  Eberstaller's  third  and 
lower  segment  of  the  post- 
central sulcus  (viz.,  the  sul- 
cus postcentralis  transversus) 
is  not  only  present  in  man, 
but  also  in  the  majority  of 
the  old-world  apes. 

"8.  Iu  the  apes  the  intra- 
parietal sulcus  is  deeper  than 
the  fissure  of  Rolando  ;  the 
opposite  is  the  case  in  man. 
This  would  seem  to  indi- 
cate that  the  morphological 
value  of  the  sulci  is  different 
in  man  and  the  apes.  The 
phylogeny  and  ontogeny  of 
these  furrows  are  iu  apparent 
variance  with  each  other. 
The  fissure  of  Rolando  appears  first  on  the  develop- 
ing cerebrum  of  the  human  ftftus,  yet  it  is  the  intra- 
parietal sidcus  which  first  makes  its-appearance  in  the 
evolution  of  the  primate  cerebrum.  .   .  . 

"11.  In  man  there  appears  to  be  a  general  tendency 
toward  a  union  of  the  two  originally  distinct  postcentral 

elements  of  the  sulcus, 
and  a  divorce  from  the 
lower  of  those  of  the 
ramus  horizontalis.  .  . . 
"  13.  The  ramus  oc- 
cipitalis w-as  connected 
with  the  ramus  hori- 
zontalis iu  63.7  per 
cent,  of  the  adult  hu- 
man hemispheres  ex- 
amined. 

"  14.  The  union  be- 
tween these  two  ele- 
ments of  the  sulcus,  as 
Ecker  aud  Wilder  have 
shown,  is  much  more 
common  on  tlie  left  side  than  on  the  right. 

"The  sulcus  transversus  of  Ecker  is  not  thehomologue 
of  the  '  Affenspalte  '  in  the  ajies.  but  merely  a  terminal 
bifurcation  of  the  ramus  occipitalis. " 

The  Sulcus  Pracentvalis. — "  1.  The  sulcus  praecentralis 
inferior  in  the  human 
brain  is  composed  of  a 
vertical  and  a  horizon- 
tal limb.  The  latter  is 
carried  forward  into 
the  middle  of  the  front- 
al convolution. 

"2.  This  furrow  is 
the  earliest  to  appear 
on  the  outer  surface  of 
the  froutal  lobe  of  the 
fcetal  brain.  In  some 
cases  it  is  seen  in  the 
fifth -month  cerebrum 
in  the  form  of  a  long, 
deep,  vertical  siilcus,  which  subsequently  undergoes  a 
retrograde  development  before  its  adult  condition  is 
reached.  In  many  cases,  in  its  early  condition,  it  pre- 
sents a  form  in  every  respect  comparable  with  that  ob- 


FiG.  854.— The  Outer  Surface  of  the 
Cerebrum  of  Cebus  Albifrons.  r.  Fis- 
sure of  Rolando ;  p.c.i.,  sulcus  prae- 
centralis inferior ;  h.  ramus  horizon- 
talis ;  .P,  inferior  frontal  sulcus. 


FiG.  855.— Another  View  of  the  Same. 
p.cs..  Sulcus  pnecenlralis  inferior  (?) ; 
e.o.,  a  slight  trace  of  the  sulcus  fronto- 
orbitalis.    Other  letters  as  in  Fig.  854. 
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served  in  the  cerebrum  of  the  low  ape  (Cebus).     Fre- 
quently it  is  developed  in  several  pieces. 

"3.  The  sulcus  prsecentralis  superior  is  closely  con- 
nected with  the  basal  part  of  the  first  frontal  furrow.  It 
is  usually  developed  along  with  it.  It  consists  of  two 
pieces — an  upper  and  a  lower — which  may  be  partially 
or  completely  separated  from  each  other,  as  well  as  from 
the  basal  part  of  the  first  frontal  furrow  by  an  annectant 
gyrus. 

"4.  Two  additional  furrows  belonging  to  the  precen- 
tral  system  are  occasionally  present,  viz.,  the  sulcus 
prsecentralis  medius  and  the  sulcus  praecentralis  margi- 
nalis. 

".5.  The  sulcus  praecentralis  medius  may  arise  in  two 
different  wa3-s:  (a)  It  may  be  formed  bj'  the  ramus  hori- 
zon talis  of  the  inferior  precentral  sulcus  divorced  from 
the  vertical  stem  and  assuming  a  very  oblique  or  an  al- 
most vertical  position ;  (A)  it  may  consist  of  a  new  ele- 
ment placed  between  the  superior  and  inferior  precen- 
tral furrows,  but  showing  a 
closer  connection  with  the 
former.  .  .  . 

"  13.  The  superior  frontal 
gyrus  and  the  middle  frontal 
gyrus  are  each  partially  sub- 
divided into  two  tiers  or  sub- 
divisions by  furrows  which 
may  be  respectively  termed 
the  sulcus  frontalis  mesialis 
and  the  sulcus  frontalis  me- 
\      /^   yp3  \  li        dius. 

/      '      y^^     I  //"I  "  13.  Both  of  these  furrows 

'  n„  hi  ^<i--M  I  have  secured  a  firm  footing 
in  the  human  brain,  but  only 
one  (viz..  the  frontalis  me- 
dius) has  established  itself 
upon  the  brain  of  the  chim 
panzee  (Fig.  856).  .  .  . 

"  17.  The  sulcus  frontalis 
mesialis  is  absent  or  poorly 
developed  in  the  brain  of  the 
negro.   .   .   . 

■'  20.  The  sulcus  praecen- 
tralis inferior  and  the  inferior 
frontal  sulcus  are  the  fur- 
rows which  are  most  firmly 
impressed  upon  the  brain  of 
the  apes.  In  Cebus  they  alone 
are  present;  in  Calithri.x  there 
are  also  traces  of  the  sulcus 
prajceutralis  superior  and  sul- 
cus fronto-orbitalis;  in  the 
baboon  there  are,  in  addition, 
a  rudimentary  sulcus  fron- 
talis superior,  and  perhaps  ( ?) 
traces  of  a  sulcus  frontalis 
medius  (Figs.  8.52  and  853). 
"21.  In  the  chimpanzee  and 
the  gorilla  the  sulcus  frontalis  medius  is  often  present  in 
a  form  precisely  similar  to  that  seen  in  the  human  brain : 
in  the  orang  the  condition  of  this  sulcus  is  doubtful ;  in 
the  gibbon  the  sulcus  frontalis  medius  is  absent. 

"32.  In  the  chimpanzee,  therefore,  the  same  convolu- 
tion ties  may  be  seen  as  in  man,  with  this  exception :  the 
superior  frontalis  is  never  split  into  two  by  a  sulcus 
frontalis  mesialis. 

"  33.  The  inferior  frontal  convolution  of  apes  is  very 
•different  from  that  in  man. 

"24.  The  frontal  and  orbital  Sylvian  opercula  are 
completely  absent  in  the  apes. 

"25.  Consequently,  a  portion  of  the  island  of  Reil  is 
uncovered  and  exposed  on  the  surface  of  the  cerebrum. 

"  26.  The  sulcus  fronto-orbitalis  of  apes  corresponds  to 
the  anterior  limiting  sulcus  of  the  island  of  Reil  in  man. 
"27.  There  are  no  anterior  limbs  of  the  Sylvian  fissure 
in  the  anthropoid  apes.  The  so-called  anterior  limb  of 
the  Sylvian  fissure  corresponds  to  the  anterior  free  border 
of  the  fronto- parietal  operculum. 


Fig.  856.— Cerebral  Hemisphere 
of  Young  Female  Chimpanzee, 
as  seen  from  above.  Tlie  oper- 
culum on  each  sl<1e  ha.s  been 
removed.  ?',  Fissun*  "f  Ro- 
lando; p^  sulcus  i^o-'iln-ntnilis 
inferior:  p^,  two  portions  of 
sulcus  postcentralis  superior ; 
p5.  ramus  horizontalis;  p*, 
ramus  «:H?cipitalis ;  h,  terminal 
bifurcation  of  the  intraparie- 
tal  sulcus  ;  p.o.,  parieto-occip- 
Ital  fissure ;  a.n.,  first  parieto- 
occipital annectant  ^>-rus ;  a, 
deep  annectant  gyrus  in  the 
course  of  the  intraparieta!  sul- 
cus ;  c.  secondary  sulcus  in  the 
superior  parietal  lobule ;  a.f., 
Iwttom  of  the  '"ape-cleft"  ;  o, 
cut  surface  of  occipital  oper- 
culum ;  (',  parallel  sulcus. 


"28.  About  the  seventh  month  of  foetal  life  the  in- 
ferior precentral  sulcus  of  the  human  brain  attains  a 
position  which  it  retains  unaltered  throughout  all  the 
subsequent  changes  of  growth;  previous  to  this  it  is 
placed  relatively  farther  back 
on  the  surface  of  the  hemi- 
sphere. 

"29.  At  first  it  is  placed 
in  front  of  the  coronal  suture. 
The  sutural  line,  however, 
moves  forward  so  that  the 
sulcus  tiltimately  comes  to  lie 
behind  it. 

"30.  In  the  ape  cerebrum 
the  inferior  precentral  sulcus 
lies  relatively  much  farther 
forward  than  in  the  cerebrum 
of  man.  It  may  be  placed 
subjacent  to,  or  in  front  of, 
the  coronal  line." 

T/ie  Uijypocampus.  ■ —  The 
median  part  of  the  mantle, 
that  portion  which  adjoins 
the  opposite  hemisphere  and 
the  thalamus,  is  very  early 
separated  from  the  rest  of  the 
cortex  by  a  total  fissure  con- 
sisting of  the  hippocampal 
fissure,  the  flssura  calcarina, 
and  the  (temporary)  fissura 
parieto-occipitalis.  The  por- 
tion so  separated  is  the  gyrus 
marginalis.  and  from  it  there 
develops  caudally  the  curi- 
ous structure  known  as  the 
hippocampus  or  Ammons- 
horn.  The  hippocampus  is 
enrolled  like  a  scroll  and  its 

mesal  margin  is  rolled  by  an  inverse  curve  into  the  space 
left  by  the  loosely  rolled  fornicate  portion.  This  portion 
of  the  cortex  has  been  shown  to  be  related  to  the  function 
of  smell,  and  to  it  are  traced  various  bundles  from  the 
olfactory  tuber.  From  it  also  rise  fibres  which  cross  in 
the  hippocampal  commissure  or  decussate  in  the  fornix 


Fig.  857.— Right  Hemisphere  of 
a  Male  Orang,  Six  Years  Old. 
r,  Fissm-e  of  Rolando  :  p> .  sul- 
cus postcentralis  inferior;  p^, 
two  parts  of  sulcus  postcen- 
tralis superior ;  p^,  ramus 
horizontalis ;  p*,  ramus  oc- 
cipitalis; a.n..  first  parieto- 
occipital annectant  gyrus ; 
P.O.,  parieto-o<'cipital  fissure; 
a.f.,  bottom  of  ape-cleft"; 
0,  cut  surface  of  occipital 
operculum ;  s,  fissure  of  Syl- 
vius; t',  parallel  sulcus. 


Fig.  858.— Right  Cerebral  Hemisphere  of  a  Male  Orangoutang,  Six 
Years  Old.  /^  Sulcus  frontalis  superior;  P,  sulcus  frontalis  infe- 
rior ;  /.»!..  sulcus  frontalis  mcilius ;  f  .o.,  sulcus  fronto-orbitalis ;  p.c, 
sulcus  praecentralis  infcrinr ;  p.cs.,  sulcus  pn^centralis  superior: 
p. ('.)..  sulcus  pnvcentralis  inferior ;  i\  fissure  of  Rolando  ;  p',  sulous 
postcentralis  inferior ;  p"^,  sulcus  postcentralis  superior ;  p^,  sulcus 
horizontalis  intraparietalis :  e.c,  external  calcarine  Assure  ;  f ',  par- 
allel sulcus ;  t^,  second  temporal  sulcus :  H'.  H^,  JP,  transverse 
temporal  gyri  of  Heschl :  if,  insula  :  -4^  first  annectant  gyrus :  S', 
anterior  free  border  of  the  fronto-parietal  operculum ;  O,  anterior 
edge  of  the  occipital  operculum. 

body  and  thence  descend  by  the  columns  of  the  fornix 
to  the  thalamus.  Some  of  the  fibres  pass  to  the  tuber 
cinereum  and  enter  the  mammillary  bodies. 

The  Olfdftm'ji  Region.  — From  a  part  of  the  hemispheres 
near  the  cephalic  end  of  the  gyrus  marginalis,  in  lower 
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animals  at  the  cephalic  extremity  of  tlie  brain,  while  in 
higher  mammals  the  point  is  ventrally  folded,  there 
arises  a  protuberance  called  the  olfactory  lobe.  Still 
cephalad  the  ventricle  is  produced  to  form  a  dilatation 
of  the  wall — the  olfactory  tuber.  The  actual  means  by 
which  the  tuber  is  formed  may  be  discovered  by  watch- 
ing the  early  stages  of  development.  At  a  very  early 
period  the  front  of  the  hemispheres  comes  into  actual 


Jig.  859.— Outer  Surface  of  a  rercbi-.d  Hriiiis]phf  .-p  in  thp  Early  Partof 
the  Seventh  Month.  (',  Parallel  sulius  ;  ji.i-.i..  infcnnr  frontal ;  /', 
sulcus  frontalLs  primus;  p.c.s.,  sulrus  iii-;i'contt;ilis  superior;  ?■,  ils- 
sure  of  Rolando;  p,  intraparietjil  .^uli-iis  ;  ii\  sulcus  postcentralls 
inferior;  /j^,  ramus  horizontalis  of  tho  iuirap:irietal  sulcus  ;  p*,  ra- 
mus occipitalis  ;  e.p.,  flssura  periieuiiicului  is  e.\iei-ua. 

contact  with  the  depressions  of  the  skin  forming  the 
olfactory  fos.sa  ( Figs.  863  and  864).  In  this  fossa  there  de- 
Telop  the  ganglion  cells  of  the  olfactory  from  the  proximal 
€nd  of  which  the  olfactory  fibres  make  their  way  into  the 
hemispheres.     In  this  way  the  hemispheres  are  connected 


Iter 


Tig.  860.— Horizontal  Section  of  liulnea-Pig  Head.  Dc,  Dlacele ;  St., 
striatum  :  Au.^  aula ;  I/.f.,  laiuina  terminalis ;  P.,  plexus ;  H.,  hip- 
pocampus :  a.  aud  p.,  proliferating  areas ;  x.,  inner  capsule. 

with  the  epithelium  and  the  connection  is  retained  from 
this  time  on.  In  some  cases,  as  in  certain  fishes,  the  growth 
of  the  head  causes  the  brain  to  be  withdrawn  a  long  dis- 
tance from  the  olfactory  fossae,  and  the  tuber  is  drawn 
out  into  an  almost  thread-like  stalk  which  has  often  been 
mistaken  for  the  olfactory  nerve.  In  other  cases  the 
tuber  has  refused  to  be  separated  from  the  brain,  aud  the 
fibres  connecting  with  the  olfactory  epithelium  have  been 
extended  and  have  been  usually  called  the  olfactory 
nerve,  though  here  again  incorrectly,  for  in  a  strict  sense 
there  is  no  olfactory  nerve  and  this  bundle  should  be 
■called  the  root.  In  the  tuber  two  jiortions  can  be  dis- 
tinguished, the  unaltered  protrusion  of  the  brain  called 
'.the  pes,  and  a  slipper-like  enlargement  covering  the  pes, 


called  the  pero.  In  the  latter  is  developed  what  is  known 
as  the  glomerule  zone,  in  which  the  final  branches  of  the 
olfactory  root  fibres  mingle  with  the  arborizations  of  the 


Fig.  861.— Two  Horizontal  Sections  of  Brain  of  Toung  Opossum,  to 
Show  Hippocampus  and  Fimbria. 

special  mitral  cells  of  the  pero.     Fibres  from  the  latter 
pass  backward  to  the  region  of  the  hippocampus. 

Tlie  Dienceplitilim.  and  Mesencephalon — The  external 
characters  of  the  thalamus  have  already  Ijeen  mentioned 
in  sufficient  detail.  Within  there  develop  a  number  of 
clusters  of  cells  which  are  better  known  in  lower  animals 
than  in  man,  but  in  all  cases  the  exact  function  remains 
problematical.  It  seems  certain  that  the  several  tracts 
from  organs  of  special  sense  here  find  rendezvous  and 
from  these  temporary  stations  extend  to  the  cortical 
areas.  From  the  cerebellum  fibres  enter  the  nucleus 
ruber.     From  the  geniculate  nuclei  the  optic  radiations 


.m    i^^Stif^f^ 


Fig.  863.— Hinder  Portion  of  rcreliral  Hemisphere  of  Full-Term  Foetus, 
Shoirini;  cciii.litn.iis  .\pin-o.\iiiiuiiiiff  to  Those  of  Anthropoid  Apes,  r, 
Uppereuduf  iissmi'  f)f  Rolaudi' :  c.**).,  callosoniartrinal  sulcus ;  p.o., 
parieto-occipilal  Assure  ;  cio).,  cuneus  ;  c,  gyrus  cunei ;  j).c.,  pnecu- 
neus  ;  ff./.,  gyrus  fomicatus ;  c.c,  callosum  ;  c./.,  collateral  fissure ; 
C,  posterior  secondary  calcarine  fissure :  S,  '  stem  "  of  calcarine 
fissure. 

pass  to  the  occipital  cortex.  The  rapid  growth  of  the 
roof  of  the  mesencephalon,  as  well  as  the  curvature  of  the 
base  due  to  the  midbrain  flexure,  tends  to  fill  the  mid- 
brain vesicle,  and  in  mammals  the  narrow  iter  alone  re- 
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mains.  The  basal  or  pes  portion  develops  the  several 
centres  for  visual  co-ordination,  while  the  dorsal  longi- 
tudinal fasciculus  lies  immediately  beneath  the  iter. 
Ventrally  the  fibres  passing  in  both  directions  connecting 
the  prosencephalon  with  the  medulla  oblongata  form  a 

thick  mass  on  the  ex- 
ternal aspect  of  the 
pes,  called  the  crusta, 
through  which  the 
fibres  of  the  third  nerve 
find  exit. 


the  surface  when  cut  off  from  the  direct  replenishment 
from  the  ventricles  by  the  intrusion  of  the  white  matter. 
( Cf.  Figs.  865-868. )    In  an  entirely  similar  way  Professor 


Fig.  863.— Section  through  Head  of  Gar- 
ter-Snake Embryo,  a.  Midbrain;  6, 
oUactiory  pit ;  c,  infnndibulum. 


Fig.  864.— EpltheUum  of 
Olfactory  Pit  in  Prolif- 
eration. 


The  Medulla  Oblongata  and  tlie  Cerebellum. — Reference 
has  already  been  made  to  the  relation  of  the  cerebellum  to 
the  medulla,  and  also  to  the  fact  that  this  massive  organ  is 
built  up  partly  from  proliferations  from  the  lateral  walls  of 
the  fourth  ventricle  and  partly  from  the  concrescence  of 
masses  proliferated  at  the  cephalic  margin  of  the  tela.  In 
some  mammals,  at  least,  tlie  writer  has  described  a  jirocess 
of  actual  eversion  of  a  sac  from  the  lateral  walls  of  the 
fourth  ventricle  in  the  region  of  the  future  cornucopia 
to  give  rise  to  superficial  proliferating  areas  to  supply 


FIQB.  865  AND  866.— Horizontal  Sections  through  the  Head  of  Embryo  GuinearPig.  (Compare  also  Fig. 
860  from  the  same  series  farther  dorsad.)  Fig.  86.5  passes  through  the  level  of  the  eyes  and  inf  undib- 
ulum.  The  extension  of  the  ventricle  of  the  optic  recess  into  the  stalks  of  the  optic  nen'es  is 
shown  at  O.r.  G.g.,  Gasser's  ganglion ;  L..  lens ;  Op.!.,  optic  lobes,  roof  of  mesencephalon  ; 
r.I.,  lateral  recess  of  fourth  ventricle  extending  upward  within  a  fold  of  the  rhomboidal  lip  to 
cover  the  latenil  asiieds  of  the  ccrchellum,  as  at  r.  Fig.  866  passes  at  a  somewhat  lower  level,  and 
shows  the  extensinn  nf  tlie  lateral  recess  near  the  tip  of  the  cerebellum.  At  L.r.  the  beginning  of 
the  cornucopia?  is  shown  ;  F.*.,  frontal  sinuses. 


Fig.  86T.— Transverse  Section  of  the  Medulla  and  Cerebellum  of  Mouse 
Embryo.  P.2..  Superficial  prolifenitiiig  zone  derived  from  the  epi- 
thelium of  everted  lateml  reces.s;  h.i\,  lateral  recess;  Ft.,  plexus; 
c,  cornucopia ;  VIII.,  root  of  eighth  ner\'e  ;  IV.,  fourth  ventricle. 

His  explains  the  origin  of  the  olives  by  the  eversion  of 
the  walls  of  the  fourth  ventricle  at  a  lower  level  and  the 
final  envelopment  of  the  prohferating  epithelium  in  the 
parietes  of  the  medulla. 

The  margin  of  the  cellular  portion  of  the  roof  of  the 
fourth  ventricle  constitutes  the  rhomboidal  lip  {"  l-{auten- 
lippe"  of  His),  which  has  been  shown  by  many  independent 
observers  to  have  a  most  important  function  as  a  pro- 
liferating organ  for  both  the  medulla  and  the  cerebellum. 
In  man  there  is  a  greater  development  of  nervous 
matter  in  the  roof  of  the  fourth  ventricle  and  the  walls 
of  the  lateral  recess  than  in  lower  mammals.  In  all 
mammals  tliere  is  a  caudal  as  well  as  two  lateral  protru- 
sions of  the  membranous  walls  (tela).  The  lateral  pro- 
trusions form  the  lateral  recesses  just  mentioned,  while 
the  caudal  projection  in  man  becomes  perforate,  forming 
the  foramen  of  Magendie  or 
metapore.  This  pore  is  char- 
acteristic of  anthropoids,  but 
is  absent  in  lower  mammals. 

Even  as  earlj-  as  tlie  end  of 
the  tliird  week  the  forebrain 
forms  almost  a  riglit  angle 
with  the  medulla,  and  during 
the  fourth  and  fifth  weeks 
the  pons  flexure  increases  till 
the  base  of  the  mesencepha- 
lon is  separated  from  that 
of  the  medulla  only  by  the 
narrow  and  deep  "saddle 
cleft."  From  tlie  dorsal  ex- 
tremity of  this  cleft  arises  the 
fossa  Tarini.  The  pons  flex- 
ure gives  opportunity  for  the 
development  of  the  cerebel- 
lum by  providing  a  place  for 
it.  The  flexure  finds  recipro- 
cal expression  in  the  choroid 
fold  or  inward  loop  of  the 
tela. 

The  cerebellum  is  divided 
into  a  meilian  vermis,  and, 
on  either  siik',  a  pileum,  para- 
flocculus,  and  flocculus.  The 
regions  which  form  the  pilea 
are  first  developed  and  the 
vermis  is  last  to  appear.  The 
first  sulci  also  appear  on  the 
lateral  parts  and  not  on  the 


280 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Brain, 
Brain. 


vermis.  At  about  the  middle  of  the  third  month  four 
or  five  transverse  convolutions  appear  on  the  vermis. 
By  the  fifth  month  the  detiuitive  form  of  the  cei'ebellum 
is  clearly  defined.  By  tliis  time  the  prepeduncles  con- 
nect with  the  midbrain,  and  the  valvula  is  formed  by  the 


Fig.  868.— Portion  of  Similar  Section  Xa  Show  tbe  Double  Proliferating 
Zone  with  Fibre  Layer  Between,  at  a.  b,  c. 


thirming  of  the  dorsal  walls  eeplialad  of  the  vermis.  As 
early  as  the  third  month  the  restiform  bodies  connect 
with  the  lateral  lobes  to  form  tlie  jiostpedunculi.  In  the 
fourth  month  the  medipedunculus  and  pons  become 
obvious. 

The  formation  of  the  pons  by  the  decussating  fibres  of 
the  medipeduncle  of  the  eerebelluui  greatly  modifies  the 
cephalic  part  of  the  organ  and  leaves  au  isthmus  region 
between  the  cephalic  border  of  tlie  pons  and  the  mesen- 
cephalon which  otherwise  would  perhaps  hardly  rise  to 
the  value  of  a  recognized  portion  of  the  brain.  At 
different  levels  in  the  medulla  the  seusory  and  the  motor 
bundles  connecting  the  cord  with  the  upper  parts  of  the 
brain  decussate,  and  bj'  this  means  the  simplicity  of 
structure  seen  in  the  cord  is  entirely  destroj^ed  in  the 
myelencephalon.  Added  to  this  is  the  remarlvable  dif- 
ferentiation of  tlie  centres  of  the  several  cranial  nerves 
(q.  v.),  which  also  obscures  the  original  uniformity  of 
arrangement.  The  effect  of  the  increased  emphasis  laid 
upon  a  particular  sense  is  well  illustrated  in  fishes,  in 
which,  for  example,  huge  e.xcresceuces  arise  on  the  me- 
dulla in  tlie  region  of  one  or  other  of  the  cranial  roots, 
almost  equal  to  the  cerebellum  in  size. 

Several  authors  have  observed  even  in  human  brains 
serially  arranged  eminences  in  the  floor  of  the  fourth 
ventricle,  but  whether  they  indicate  neuromeres  in  the 
sense  in  which  that  term  is  now  used  in  morphology,  and 
what  their  fate  ma_v  be  in  the  adult,  remain  points  of  dis- 
pute. At  the  end  of  the  second  month  there  may  be 
recognized  in  sections  of  the  medulla  four  somewhat  dis- 
tinct regions;  (1)  the  region  of  the  motor  nuclei;  (3)  the 
substantia  reticularis;  ('d)  the  region  of  the  lateral  nuclei 
and  the  substantia  gelatinosa,  and  (4)  tlie  region  of  the 
olives.  To  these  in  later  stages  arc  added  a  vast  number 
of  tracts  and  scattered  nuclei  which  may  best  be  studied 
in  the  adult  brain. 

The  various  regions  of  the  brain  developed  in  the 
manner  above  described  have  been  given  a  great  variety 
of  names,  and  there  has  as  yet  been  no  general  agreement 
as  to  the  connotation  of  many  names  in  common  use. 
The  system  proposed  by  Professor  His  is  given  below' 


because  of  its  completeness,  though  it  will  require  to  be 
modified  in  detail  to  adapt  it  to  more  general  usage. 


I.  Medulla  oblongata,  Myelencephalon  1. 1 

";:  r™ehellum  f  Metencephalon  II. 

111.  Isthmus  rhombencephali  III. 
IV,.  Pedunculi  cerebri         I  Are. ,.  „„„„i,„i  „  n- 
l\\.  Corpora  quadrlgemlna  i"  Mesencephalon  IV . 

Vj.  Pal's  mauimillai'is  hvpolhalami 

V,.  Thalamus 

V3.  Mi-tatliahimus 

\i.  E[iitliat:niius 

VI,.  I'ai-s  t-ipiica  hypothalami  "l 
VIj.  Conuis  striatum )  „  ,  I 
VI3.  Rhinencephalon;  "™Y  f 
Vlj.  Pallium  \  spnasrmm  j 


Rhomben- 
cephalon 
I.-III. 


Thalamen- 
cephalon 


Dienceph- 
alon  V. 


Telenceph- 
alon VI. 


Prosen- 
cephalon 


Enceph- 
alon. 
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The  term  epencepahalon  is  often  applied  to  the  cei-e- 
bellum,  but,  in  spite  of  its  great  .size  in  man,  it  is  only  an 
extension  of  the  lateral  walls  of  the  medulla.  It"  has 
been  proposed  to  use  oblongata  as  the  brief  substitute 
for  the  full  form,  "medulla  oblongata,"  but  the  substan- 
tive seems  the  more  natural  part  of  the  binomial,  as  the 
objection  that  medulla  is  ambiguous  is  of  no  practical 
moment, 

Prosencephalon  has  been  generally  used  as  synonymous 
with  telencephalon  as  applied  by  His,  and  by  using  met- 
encephalon instead  of  rhombencephalon  we  have  a  series 
of  terms,  founded  on  a  sound  embryological  basis,  which 
may  be  considered  correlative  and  which  are  easily  ap- 
plied, viz.,  meten-,  mesen-,  dien-,  and  prosen-cephalon. 

Closely  related  to  the  prenatal  changes  above  described 
are  their  postnatal  consequences.  There  is  no  sharp  line 
to  be  drawn  between  the  phenomena  of  growth  before 
birth  and  those  which  continue  in  after  life.  Changes  in 
proportion  during  the  adolescent  period  affect  the  relation 
between  head  and  body  and  between  brain  and  the  re- 
mainder of  the  central  nervous  system.  Brain  develop- 
ment proceeds  in  advance  of  that  of  the  body  at  large, 
though  incases  of  defective  development  of  the  brain  the 
body  may  attain  a  considerable  degree  of  perfection,  as 
has  been  shown  by  Lenowa.  In  a  fo'tus  of  twenty-one 
weeks,  according  to  Bisclioff,  the  percentage  weight  of 
the  brain  to  body  is  18.5.  in  new-born  male  children  15.8, 
in  new-born  female  children  12.2,  at  sixteen  years  of  age 
the  percentage  is  3.9,  in  adult  males  it  is  1.9,  and  in  adult 
females  2.1,  At  birth  the  weight  is  nearly  alike  in  the 
two  sexes,  but  the  absolute  weight  is,  of  course,  influenced 
by  tlie  size  of  the  body.  During  the  fii-st  j'car,  and  to 
a  somewhat  less  extent  "for  the  three  following  years,  the 


Fig.  889.— Longitudinal  Section  of  Cerebellum  of  Early  Mouse  Em- 
bi-yo.  Mcs.,  Mesocele  or  iter ;  V.,  yalnda ;  R.(.,  rhomboidal  lip, 
and  proliferating  area  derived  from  it ;  P/.,  plexus ;  CT./.,  choroid- 
eal  fold  :  IV.,  fourth  ventricle :  Med.,  medulla  base. 

growth  is  very  rapid.  By  the  seventh  year  the  enceph- 
iilon  has  nearly  attained  its  full  weight.  After  about  the 
fiftieth  year  a  gradual  loss  of  weiglit  becomes  apparent. 

The  C'ontinuous  and  unequal  demands  made  upon  vari- 
ous parts  of  the  brain  operate  to  stimulate  growth,  waste, 
and  repair  to  an  unequal  degree  in  different  parts.  In 
this  connection  it  is  important  to  note  that  there  are  laid 
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up  in  store  In  certain  parts  of  the  brain  nascent  or  latent 
cells  (granules)  which  may  interpolate  themselves  among 
the  depleted  cells  of  older  growth. 

Education  in  its  broadest  sense  includes  all  changes  in 
the  brain  due  to  reactions  of  the  organ  upon  afferent 
stimuli.  It  is  usual  to  state  that  all  the  elements  (cells, 
etc.)  of  the  brain  are  preformed  in  it  at  birth.  If  this 
were  so,  then  education  would  consist  in  the  progressive 
modification  of  these  cells  and  the  perfection  of  a  wide 
range  of  intercommunications  between  them.  Leaving 
out  of  the  account  the  possibilit.v  of  the  proliferation  of 
new  cells  from  a  germinative  epithelium,  there  can  be 
no  doubt  that  the  latent  cells  above  mentioned  are  called 
into  activity  by  exercise,  and  increased  brain  power  and 
a  more  extended  range  of  activity  are  thereby-  secured. 
It  would  apparently  follow  that  activity  of  mind  would 
hasten  the  period  of  senility  and  brain  decline ;  but  as  the 
reverse  is  the  case,  it  may  be  assumed  that  proliferation 
or  an  analogous  process  really  takes  place. 

C.  L.  Herrick. 

BRAIN  DISEASES:  DIAGNOSIS  OF  LOCAL  LE- 
SIONS.— History. — Although  it  was  known  in  the  first 
century  that  each  hemisphere  of  the  brain  is  in  func- 
tional relation  with  the  opposite  half  of  the  body,  the 
facts  upon  which  the  prevailing  theory  of  the  localiza- 
tion of  different  functions  in  separate  parts  is  based  were 
not  discovered  until  1822.  At  that  time  Thomas  Hood, 
in  England,  and  Bouillaud.  in  France,  noticed  that  dis- 
turbances of  speech  were  caused  by  disease  in  the  front;il 
lobes  of  the  brain.  M.  Dax  (1836)  was  the  first  to  limit 
the  area  governing  speech  to  the  left  frontal  lobe,  and 
Broca  (18(il)  located  it  more  exactly  in  the  left  third 
frontal  convolution.  The  discussion  of  aphasia  in  the 
Academy  of  Medicine  in  Paris  in  1864  awakened  general 
interest  and  led  to  further  investigation.  Until  that  time 
scientific  men,  rejecting  the  unwarrantable  conclusions 
of  Gall  and  the  phrenologists,  had  believed  the  teachings 
of  Flourens,  that  the  brain  acts  as  a  whole,  its  various 
parts  not  possessing  various  powers.  The  pathological 
evidence  against  this  position  collected  by  Broca,  and 
strengthened  during  1864-67  by  facts  observed  by  Hugh- 
lings  Jackson  and  Mej'nert,  received  confirmation  in  1870 
from  a  new  series  of  physiological  experiments  made  by 
Fritsch  and  Hitzig  in  Berlin.  These  investigators  found 
that  in  animals  the  anterior  portion  of  the  convexity  of 
the  brain  is  motor;  that  its  irritation  by  electricitj- causes 
coordinated  motions  in  the  limbs  of  "the  opposite  side, 
and  that  its  destruction  causses  paralvsis.  Ferrier  (1873- 
76),  Nothnagel  (1877),  Munk  (1881),"  and  Luciaui  (1884) 
have  confirmed  these  results,  and  have  shown  further 
that  the  posterior  portion  of  the  convexity  is  sensory,  its 
destruction  being  attended  by  impairment  of  the  powers 
of  perception  through  the  various  senses.  Goltz,  though 
opposing  a  strict  limitation  of  functions  to  definite  re- 
gions, admits  that  the  results  of  destruction  of  various 
parts  are  different,  and  he  has  noticed  that  extensive  in- 
jury to  the  anterior  portion  changes  the  character  of  an 
animal  from  kind  to  vicious,  while  injury  to  the  posterior 
portion  has  the  opposite  effect.  The  conclusions  of  phys- 
iologists differ  regarding  the  results  of  experiments,  but 
do  not  overthrow  the  theory  of  localization  as  applied  to 
man;  for  a  mass  of  pathological  evidence  has  been  col- 
lected during  the  past  ten  years  which  will  bear  but  one 
interpretation.  Charcot  and  his  pupils  in  France,  Noth 
nagei,  Exner,  and  Wernicke  in  Germany,  H.  Jackson  and 
Ferrier  in  England,  and  others,  have  gathered,  classified, 
and  analyzed  a  very  large  number  of  cases  of  brain  dis- 
ease of  limited  extent,  which  were  accompanied  by  defi- 
nite svmptoms,  and  have  established  a  causal  relation 
between  lesions  of  certain  portions  of  the  brain  and  dis- 
turbances of  certain  functions,  both  motor  and  sensory. 
It  has  also  been  discovered  that  deficient  development  of 
an  organ  is  accompanied  by  deficient  development  of  that 
part  of  the  brain  which  is  in  functional  relation  with  that 
organ,  and  rice  rerm  (von  Gudden). 

Further,  the  researches  of  Flechsig  (1877-84)  have 
proven  that  an  anatomical  connection  exists  between  cer- 


tain organs  and  certain  parts  of  the  brain  by  means  of 
tracts,  which  can  be  distinguished  from  one  another  by 
peculiarities  in  the  time  and  process  of  their  development. 
To  these  same  tracts  arc  limited  the  secondar)'  changes 
which  ensue  when  the  active  organ  at  one  extremity  of 
the  tract  is  destroyed. 

All  these  various  kinds  of  evidence  combine  to  establish 
the  conclusion  that  definite  parts  of  the  brain  possess 
distinct  functions,  and  although  there  remain  numerous 
functions  whose  location  is  unknown,  and  many  parts  of 
the  brain  whose  function  is  undetermined,  a  sufficient 
numljer  of  facts  is  available  to  warrant  in  many  cases  of 
cerebral  disease  a  localization  of  the  lesion. 

General  Coksider-^tions. — Since  the  different  parts 
of  the  brain  preside  over  different  functions,  the  symp- 
toms present  in  any  lesion  will  depend  as  much  upon  its 
situation  as  upon  its  nature.  Certain  general  symptoms, 
such  as  headache,  vertigo,  convulsions,  coma,  or  optic 
neuritis,  occur  in  many  forms  of  disease,  and  being  indi- 
cations of  disturbances  of  nutrition,  or  of  increased  intra- 
cranial pressure,  do  not  indicate  the  position  of  the  dis- 
ease. Other  symptoms,  however,  such  as  disturbances 
of  motion,  of  sensation,  of  sensory  perception,  of  memory, 
or  of  speech,  are  known  as  local  symptoms,  since  each  is 
present  onlj-  when  a  certain  part,  of  the  brain  is  involved. 
It  is  from  these  that  the  localization  of  a  lesion  can  be 
determined.  Local  symptoms  must,  however,  be  inter- 
preted with  caution,  and  the  direct  effect  of  the  lesion 
must  be  distinguished  from  its  indirect  effect.  For  ex- 
ample, immediatel}-  after  a  cerebral  hemorrhage,  attended 
with  headache,  vertigo,  or  coma,  and  possiblv  general 
convulsions  and  vomiting,  the  local  symptoms  of  hemi- 
l^legia.  hemianiesthesia,  and  aphasia  may  be  present,  and 
may  lead  to  the  suspicion  of  a  very  extensive  lesion. 
After  a  few  days,  however,  there  may  remain  only  a 
partial  hemiplegia,  all  other  symptoms  having  subsided. 
In  such  a  case  the  hemiplegia  is  the  only  direct  local 
symptom;  the  indirect  local  symptoms — aphasia  and 
hemiana'sthesia — lieing  incidental  to  the  pressure  on,  or 
to  disturbance  of,  circulation  in  parts  adjacent  to  the 
actual  seat  of  disease.  It  is  oidy  when  a  lesion  is  single, 
its  effects  stationary  and  of  some  duration,  that  a  diagno- 
sis of  its  position  is  to  be  made. 

In  diagnosticating  the  position  of  a  lesion  it  is  necessary 
to  distinguish  disease  in  the  cortex  from  disease  within 
the  hemisphere.  The  functions  of  these  parts  are  differ- 
ent. The  gray  cortex  receives  and  initiates  impulses. 
The  white  matter  within  the  hemisphere  transmits  the 
impulses.  The  impulses  sent  along  white  tracts  to  the 
cortex  become  conscious  perceptions  only  when  they 
reach  their  destination  in  the  gray  matter.  The  impulses 
passing  along  the  white  tracts  from  the  cortex  have  been 
started  in  the  gray  matter  as  conscious  volitions  by  effort. 
Thus  sensation  or  motion  may  be  suspended  either  by 
disease  in  the  cortex  or  by  disease  in  the  tracts  within  the 
hemisphere.  The  cortex  has  another  function.  A  sensa- 
tion once  perceived,  or  a  motion  once  acquired,  leaves 
behind  it  a  trace,  whose  nature  is  unknown,  which  shows 
itself  in  a  disjiosition  in  the  cells  of  the  cortex  to  react 
more  promptly  to  a  similar  impulse  than  to  a  dissimilar 
one.  This  is  the  physical  basis  of  memory.  Since  simi- 
lar impulses  always  enter  by  the  same  sensory  organ,  and 
since  each  organ  is  comiecteil  with  its  own  region  of  the 
cortex,  it  follows  that  the  various  memories  are  distrib- 
uted in  various  regions.  Btit  these  memories  are  often 
associated  in  consciousness,  and  this  association  is  .secured 
by  means  of  white  fibres  which  pass  between  and  connect 
the  various  regions.  It  becomes  evident,  therefore,  that 
diseases  of  memory  may  afford  an  important  clue  to  the 
location  of  a  lesion ;  and  that  the  distinction  between  a 
disease  of  the  gray  cortex  involving  a  loss  of  a  certain 
kind  of  memory,  and  one  of  the  white  tracts  within  the 
hemisphere  interfering  with  the  proper  association  of 
ideas  must  not  be  overlooked.  No  part  of  the  graj'  mat- 
ter can  act  vicariously  for  another  part.  Each  tract  con- 
veys its  own  impulses. 

Diagnosis. — I.  Cortex  Cerebri. — 1.  Lesions  involv- 
ing the  frontal  lobes  upon  the  base  may  destroy  the  olfac- 
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tory  bulb  or  tract  aud  produce  auosinia  on  the  side  of  the 
lesiou.  Lesions  in  the  other  convolutions  of  the  frontal 
lobes,  excepting  those  in  the  posterior  part  of  the  third 
convolution  of  "the  left  side,  jiresent  no  distinctive  local 
symptoms.  Some  disturbance  of  mental  action,  mani- 
fested by  an  inaliility  to  concentrate  the  attention,  to 
think  connectedly,  and  to  control  the  emotions,  or  even 
by  a  condition  of  imbecility,  may  be  caused  by  disease  in 
this  i-egion. 

These  convolutions  are  often  defective  in  idiots,  and 
their  comparative  development  in  animals  determines  the 
mental  power  of  the  individual.  But  disease  in  this 
region  in  man  docs  not  cause  a  loss  of  any  particular 
mental  faculty,  aud  for  the  higher  powers  of  mind  no 
location  can  be  determined.  Normal  mental  action  im- 
plies the  integrity  of  the  entire  brain.  When  general 
symptoms  of  cerebral  disease  are  present,  but  no  local 
symptoms  can  be  found,  the  possibility  of  disea.se  in  the 
frontal  convolutions  is  to  be  considered,  and  the  occur- 
rence of  the  mental  disturbance  mentioned  affords  a  pre- 
sumption in  favor  of  this  location. 

Lesions  in  the  posterior  part  of  the  third  frontal  con- 
volution on  the  left  side  in  right-handed,  and  on  the  right 
side  in  left-handed  persons  give  rise  to  ataxic  or  motor 


Fig.  870.— Diagram  ol  the  Fissures  and  Convolutions  of  the  Convexity 
of  the  Left  Hemisphere  of  the  Brain,  with  the  areas  presiding  over 
various  functions.  The  speerh  areas  are  shown  on  this  hemisphere. 
The  motor  area  is  more  extensive  on  the  left  than  on  the  right  hemi- 
sphere. 

aphasia  (Fig.  870).  In  this  area  are  located  the  memo- 
ries of  the  combination  of  motor  acts  necessary  to  the 
pronunciation  of  words,  memories  which  have  Ijeen  ac- 
quired by  practice.  If  these  memories  are  blotted  out, 
the  ability  to  initiate  the  impulse  required  to  produce  a 
given  sound  is  lost,  and  speechlessness  results.  When 
this  convoluti<m  alone  is  affected  the  patient  can  under- 
stand what  is  said  to  him.  and  may  be  able  to  write,  but 
caimot  talk  (see  Aphanin). 

3.  Lesions  of  the  anterior  aud  posterior  central  convo- 
lutions and  of  the  paracentral  lobule  produce  disturbances 
of  motion  (Fig.  870).  The  motor  tracts  which  connect  these 
•convolutions  of  each  hemisphere  with  the  body  decussate 
partially  in  the  medulla,  and  the  degree  of  the  decussa- 
tion differs  in  different  individuals.  In  the  large  major- 
ity of  persons  the  tracts  which  cross  to  the  opposite  side 
are  so  much  larger  than  those  which  go  to  the  same  side 
that  the  S3"mptoms  of  cerebral  disease  are  noticed  only  on 
the  side  of  the  body  opposite  to  the  side  of  the  lesion. 
In  all  cases,  however,  except  in  those  in  which  the  decus- 
sation is  complete  (one  in  sixty),  the  side  which  is  appar- 
ently normal  is  slightly  affected.  The  disturbances  of 
motion  may  be  in  the  form  of  spasms  and  convvilsions, 
or  in  the  form  of  paralysis.  Lesions  irritating  the  motor 
region  give  rise  to  the  former ;  those  which  destroy  the 
cortex  to  the  latter.  The  lower  thii'd  of  the  anterior  cen- 
tral convolution  is  in  functional  relation  with  the  muscles 
of  the  face  and  tongue  (Fig.  870).  The  middle  third  of 
both  central  convolutions  governs  the  arm  (Fig.  870),  the 
motions  of  the  shoulder,  elbow,  and  hand  lying  from 
before  backward  and  from  above  downward  in  the  order 


named.  The  upper  portion  of  both  convolutions  and  the 
paracentral  lobules  contain  the  motor  centres  for  the  body 
aud  leg,  the  motions  of  the  hip,  knee,  aud  foot  lying 
fi'om  before  backward  aud  from  above  downward  in  the 
order  named.  The  area  related  to  the  movement  of  the 
eyes  is  located  by  Landouzy  and  Exner  in  the  inferior 
parietal  lobule.  As  these  areas  for  each  part  are  distinct, 
cortical  lesions  of  limited  extent  may  affect  one  alone,  or 
two  adjacent  areas;  but  it  is  only  lesions  of  verj'  great 
extent  which  can  destroy  them  all.  Monospasms,  or 
monoplegia,  are,  therefore,  prominent  symptoms  in  dis- 
ease of  the  mfitor  region.  An  irritation  beginning  in  one 
area  may  extend  to  adjacent  areas,  in  which  case  a  con- 
vulsion may  commence  in  one  ]iart  and  then  involve 
other  parts.  The  relative  position  of  the  ai'eas.  then,  de- 
termines the  order  of  pi'ogress  of  the  convulsion,  face, 
arm.  and  leg  being  successively  affected,  or  vice  versa  ; 
and  face  and  leg  never  being  involved  together  without 
atfection  of  the  ai'm.  When  the  entire  side  is  involved 
the  convulsion  may  become  genei-al.  The  seat  of  the 
initial  irritation  may.  therefore,  be  indicated  by  the  order 
in  which  the  spasms  extend.  After  such  a  spasm  there 
remains  a  jiaresis  in  the  muscles  affected,  those  last  and 
least  involved  recovering  tii'st  (see  Kjiilrimi).  If  the  irri- 
tating lesion  becomes  a  destroying  lesi(m  the  monospasm 
is  succeeded  by  monoplegia,  and  from  the  part  of  the 
body  affected  the  area  in  the  motor  region  which  is  de- 
stroyed can  be  determined.  In  cortical  disease  it  is  seldom 
that  the  lesion  involves  a  single  area  without  encroach- 
ing upon  adjacent  areas;  hence,  associated  monoplegia; 
of  face  and  arm.  or  arm  and  leg,  are  more  frequently  met 
with  than  paralysis  of  one  part  alone.  But  even  in  these 
cases  the  distiii-bance  of  motion  usually  liegins  or  is  moi'e 
marked  in  one  part,  rather  than  in  both  equally,  and  the 
order  of  extent  of  paralysis  may  indicate  the  direction  in 
which  the  disease  is  progressing,  and  the  place  from 
which  it  started. 

In  paralysis  from  cortical  lesion  theie  is  a  loss  or  marked 
impairment  of  the  muscular  .sense,  and  there  may  be 
some  disturbance  of  general  sensation.  A  loss  of  motor 
memories,  e.g.,  the  motions  involved  in  wiiting,  playing 
an  instrument,  using  a  tool,  occurs  in  cortical  disease,  and 
may  indicate  that  the  seat  of  the  lesion  is  in  the  area  of 
the  arm.  The  limits  of  the  region  receiving  impulses 
which  awaken  the  perception  of  touch,  temperature,  and 
pain  are  not  fully  determined.  It  is  thought,  however, 
that  the  motor  and  sensory  regions  coincide,  while  it  is 
pmbable  that  the  sensory  region  extends  beyond  the 
motor  and  includes  the  parietal  lobides  which  lie  poste- 
rior to  the  motor  area.  Ferrier,  however,  teaches  that 
the  gyrus  hippocampus  is  the  region  in  which  these  sensa- 
tions are  received.  Lesions  affecting  the  posterior  central 
convolution  give  rise  to  combined  motor  and  sensory 
symptoms,  the  sensory  areas  lying  in  the  same  order  as 
tile  tnotor  areas,  face,  arm,  and  leg  in  the  lower,  middle, 
and  upper  thirds  respectively.  Lesions  in  the  motor  area 
anterior  to  the  tissure  of  Rolando  usually  produce  paraly- 
sis without  anaesthesia.  Lesions  in  the  parietal  lobules 
may  produce  anttsthesia  but  do  not  cause  paralysis. 

Each  sensory  area  is  in  functional  relation  with  the  op- 
posite limb  to  a  much  greater  degree  than  with  the  limb 
of  the  same  side.  Monoanaesthesia  may  therefore  occur 
from  cortical  lesion.  The  loss  of  sensation  is  rarely  total, 
as  it  is  probable  that  the  decussation  of  sensory  impulses 
is  rarely  complete.  The  degree  of  impairment  of  sensa- 
tion is  to  be  ascertained  only  by  comparison  of  the 
affected  limb  with  the  other  three.  If  the  sensory  area 
is  not  destroyed  but  is  only  irritated,  subjective  sensa- 
tions in  the  limb  whose  area  is  affected  occur,  and  such 
monoparicsthesi*  are  valuable  indii5ations  of  cortical 
lesion,  when  disease  in  other  parts  is  excluded. 

Monospasm  and  monoplegia,  monoparsesthesia  or 
monoan;T>sthesia,  are  therefore  the  chief  symptoms  of 
cortical  disease  m  the  sensorimotor  area.  The  two 
former  indicate  an  affection  lying  anterior  to  the  parietal 
lobules.  The  two  latter  may  occur  when  these  also  are 
involved.  No  other  local  symptoms  of  disease  in  the 
parietal  lobules  are  known,  the  disturbances  of  speech  or 
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of  sight  which  occur  occasionally  whcu  the  supramarginal 
gyrus  is  involved  being  due  to  a  coincident  lesion  of  the 
tracts  passing  beneath  it. 

3.  Lesions  of  the  three  occipital  convolutions  and  of 
the  cuneus  produce  disturbances  of  vision  (Fig.  871,  D). 
Each  occipital  lobe  is  in  anatomical  connection  with  the 
like-named  half  of  each  retina,  and  hence  a  lesion  of  one 
occipital  lobe  produces  an  affection  of  vision  in  the  oppo- 
site half  of  both  visual  liclcls.  Irritation  of  the  cortex 
of  this  region  may  cause  halluciuations  of  vision,  and  if 
the  irritation  is  in  one  lobe  the  subjective  sights  will  ap- 
pear upon  the  opjjosite  side  of  the  median  line,  and  will 
move  with  the  eyes  of  the  patient.  Destruction  of  the 
cortex  will  produce  bilateral  homonj'mous  hemianopsia, 
i.e.,  blindufess  in  the  opposite  half  of  both  eyes,  and  may 
also  cause  a  loss  of  visual  memories;  the  patient  will  fail 
to  recognize  familiar  objects,  and  cannot  recall  scenes 
and  faces  formerly  known.  If  the  lesion  is  in  the  left 
occipital  lobe  near  to  its  junction Avilh  the  inferior  parie- 
tal lobule  (see  Fig.  870).  written  and  printed  language 
also  may  no  longer  be  recognized,  and  the  patient,  there- 
fore, may  lose  the  power  of  reading  while  speech  re- 
mains. It  is  not  yet  possible  to  affirm  the  functional 
relation  between  various  parts  of  the  visual  area  in  the 
occipital  convolutions  and  various  parts  of  the  retinal 
surfaces,  although  a  few  cases  indicate  that  such  a  rela- 
tion may  exist.  The  relation  of  the  angular  gyrus, 
which  lies  anterior  to  the  occipital  lobe,  to  vision  is  un- 
determined. While  it  was  formerly  supposed  to  be  the 
centre  of  the  visual  area  by  Ferrier,  this  view  has  been 
opposed  by  German  authorities,  who  hold  that  the  dis- 
turbances of  vision  which  have  occurred  occasionally 
when  it  was  diseased  have  been  due  to  a  lesion  of  the 
visual  tiact  which  lies  beneath  it  and  which  passes  to  the 
occipital  lobe  (see  Hernia iiopsia). 

4.  Lesions  of  the  first  and  second  temporal  convolu- 
tions produce  di.sturbances  of  hearing,  but  whether  each 
lobe  is  related  to  the  opposite  ear  alone,  or  to  both  ears, 
is  undeteiinined  (Fig.  871,  E).     Irritation  of  these  convo- 


FiG.  871.— The  Projection  Tracts  .Toinine  the  Torti'x  with  Lower  Nerve 
Centres.  Sagittal  section  slmwiurr  the  arrangciiicnt  of  tracts  In  the 
internal  capsule.  A.  lYact  from  tlic  frontal  loin-  to  the  pons,  thence 
to  the  ct-rclu'llar  lieiiiisplitTc  ..f  tlio  opposite  side;  B,  motor  tract 
from  the  central  eMn\n!titi'iiis  ti.  tiie  facial  nucleus  in  the  pons  and 
to  the  spinal  cord  ;  its  decussati.iii  is  indicated  at  K;  t',  sensory 
tract  from  ])ostertor  cniuiniis  nf  the  luid.  ttiiX'iiLdi  the  posteiior  part 
of  tlie  meiiuHa.  pons.  cms.  and  capsiiie  to  the  parietal  lobe:  D, 
\Tsual  tract  fr<iin  the  opiic  ttialaiiiiis  o).T.)  to  tlie  un-ipital  lobe;  E, 
auditory  trai-t  from  Ihe  internal  s-'enieiitate  body  Uo  which  a  tract 
pa.sses  from  the  VIII.  nerve  luicli-iis  [.l]i  to  tlie  teinpi.nil  lolie;  F, 
superior  cerebellar  peduncle  ;  G.  middle  <-erebellar  peduncle;  H, 
infeiior  cerebellar  peduncle ;  CN,  caudate  nucleus ;  C.Q..  corpora 
(juadrigemina ;  Vt.,  fourth  ventricle.  The  numerals  refer  to  the 
cranial  ner\'e«. 

lutions  may  cause  hallucinations  of  hearing,  and  destruc- 
tion of  them  may  cause  deafness.  If  the  lesion  is  upon 
the  left  side  and  involves  the  first  convolution,  the  symp- 
tom produced  is  word-deafness,  or  loss  of  memory  of  the 


sound  of  words,  with  consequent  inability  to  recognize 
the  meaning  of  spoken  language  or  to  recall  the  words 
necessary  to  speech.  This  is  also  known  as  sensory  or 
amnesic  aphasia.  It  can  be  distinguished  from  motor  or 
ataxic  aphasia  by  the  inability  of  the  patient  to  under- 
stand what  is  said  to  him  (see  Aphas-ia). 

5.  Lesions  at  the  apex  of  tlie  temporo-sphenoidal  lobe 
may  produce  disturbances  of  taste  and  smell,  but  further 
investigations  are  needed  to  establish  the  localization  of 
these  functions. 

6.  Lesions  of  the  island  of  Reil  have  caused  disturbance 
of  motion  in  the  face  and  arm  of  the  opposite  side,  and 
also  have  caused  aphasia  when  the  left  island  was  in- 
volved. It  is  not  ceitain,  however,  to  what  extent  these 
symptoms  were  dependent  upon  the  affection  of  adjacent 
convolutions,  of  tracts  beneath  the  island,  or  of  the  basal 
ganglia  (Figs.  872  and  873).  The  associating  tract  which 
joins  the  sensory  with  the  motor  speech  centres  lies  just 
under  the  convolutions  of  the  island  of  Reil  and  destruc- 
tion of  this  tract  would  cause  paraphasia.  Lesions  of  the 
island  of  Reil  would  be  especiallj'  liable  to  affect  the  cir- 
culation in  the  motor  area,  since  the  branches  of  the  mid- 
dle cerebral  arteries  pass  over  it.  While,  therefore,  it 
can  be  stated  that  hemijilegia  and  aphasia  may  be  pro- 
duced by  lesions  here,  it  is  probable  that  they  would  be 
indirect  and  not  direct  local  symptoms.  The  function  of 
the  island  of  Reil  is  unknown. 

The  facts  which  have  been  stated  regarding  cortical 
lesions  are  based  upon  autopsies  and  are  independent  of 
any  physiological  considerations  regarding  the  functions 
of  the  various  parts,  although  they  agree  with  the  results 
of  experiment  on  animals.  It  is  evident  that  disease 
which  affects  an  extensi\e  region  of  the  cortex  may  pi'O- 
duce  a  number  of  symptoms  arising  from  the  implication 
of  several  areas  at  the  same  time.  Such  witlespread  dis- 
ease is  usually  attended  by  general  symptoms,  marked 
mental  disturbance,  loss  of  memory,  and  lack  of  self- 
control,  as  well  as  by  the  local  symptoms. 

II.  Cerebr.vl  Tracts. — 1.  The  white  matter  of  the 
brain  consists  of  fibres  of  two  varieties:  association  fibres 
which  join  the  different  convolutions  and  functional 
regions  with  one  another,  and  jjrojectiou  fibres  which  join 
the  different  convolutions  with  the  basal  ganglia  and 
with  the  gray  matter  of  the  pons,  medulla  oblongata,  and 
spinal  coid.  These  fibres  are  .sointerlaced  in  tliecentnnn 
ovale  that  neither  can  be  injured  without  affecting  the 
other.  An  interference  with  the  passage  of  impulses 
through  association  fibres  produces  symptoms  of  a  men- 
tal character.  An  example  of  this  has  been  cited  in  de- 
scribing lesions  of  the  island  of  Reil,  viz.,  paraphasia. 
The  iiatient  suffeiing  from  this  disease  can  recall  the  de- 
sired words,  and  is  able  to  initiate  the  motions  necessary 
to  speech;  but  the  associating  tract  between  the  memory 
of  a  definite  word  and  the  memoiy  of  its  motion  being 
broken,  he  does  not  speak  the  desired  word  but  replaces 
it  by  another.  Thus,  in  a  case  known  to  the  writer, 
whenever  the  patient  spoke  she  said,  "Ah,  dear  me,  I 
don't  know,"  much  to  her  own  annoyance,  as  she  under- 
stood what  was  said  to  her  and  knew  what  she  ought  to 
say  in  reply.  The  forms  of  paraphasia  are  numerous, 
but  are  all  to  be  refeiTed  to  lesion  of  association  fibres. 
It  is  very  probable  that  many  defects  of  memory,  and 
much  of  the  apparent  stupidity  in  brain  diseases,  is  to  be 
ascribed  to  a  failure  of  function  in  these  fibres  bv  which 
ideas  are  associated.  Nothing  more  definite  can  be  stated 
regarding  their  injury,  and  the  mental  symptoms,  aside 
from  paraphasia,  do  not  indicate  the  location  of  the  dis- 
ease. 

2.  Lesions  of  projection  fibres  produce  well-marked 
local  symptoms.  It  is  by  means  of  these  fibres  that  all 
parts  of  the  body  are  joined  to  connecting  parts  of  the 
brain,  so  that  in  imagination  a  map  of  the  body  can  be 
projected  upon  the  cortex  of  the  biain.  An  interference 
with  any  .separate  bundle  of  fibres  will  therefore  produce 
symptoms  in  the  organ  with  which  it  is  joined,  and  there- 
fore will  cause  effects  somewhat  similar  to  those  produced 
by  a  lesion  of  the  corresponding  part  of  the  cortex.  It 
is  necessary  to  consider  the  lesions  of  the  vaiious  tracts. 
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as  they  produce  different  symptoms.  The  projection 
fibres  passing  inward  and  downward  from  tlie  extensive 
cortical  surface  of  each  hemisphere  converge,  and  are 


Fig.  872.— The  Motor  Tract.  S,  Fissure  of  Sylvius ;  N.L.,  lenticular 
nucleus;  O.T.,  optic  tliaiamus;  N.C.,  caudate  nucleus;  C,  cms;  P, 
pons:  M,  iiictlnlla;  I ».  olivary  hndv.  The  tracts  fiT  face,  artti.  and 
leg  gather  in  tlic  cajisulc  ami  pass  together  to  the  luwci-  [inns,  when* 
the  face  lUnes  m'ss  Id  the  nppusjte  VII.  nerve  nucleus,  while  the 
others  pass  on  tf  tlie  li.wci-  meilnlla  wliere  thcv  partiallv  lieetissatis 
to  enter  the  lateral  columns  nf  the  c.iil ;  the  nnn-derussatint:  tlhi-es 
pass  to  the  anti'rit.T  iiiediau  olinnus.  The  effect  'if  a  lesion  sit- 
uated at  three  points  in  the  tract  is  shown  on  the  left  side  of  the 
flgure. 

finally  collected  into  a  compact  tract  which  lies  between 
the  basal  ganglia  and  is  known  as  the  internal  capsule. 
Many  filiies  pass  into  the  basal  ganglia,  but  as  tlieir 
function  is  only  conjectured,  the  effect  of  their  destruc- 
tion is  unknown.  Others  pass  between  the  ganglia, 
through  the  capsule,  and  issuing  from  its  basal  portion 
enter  the  crus  ccreliri,  and  traversing  it  go  down  to  the 
pons,  medulla,  and  eoi'd. 

Since  the  fibres  passing  through  the  capsule  are  gath- 
ered from  distant  aiid  widely  separated  regions  of  the 
cortex,  a  small  focus  of  disease  in  the  capsule  may  pro- 
duce as  serious  and  widespread  symptoms  as  disease  of 
great  extent  in  the  cortex.  Extensive  disease  in  the  cortex, 
or  in  the  centrum  ovale,  produces  considerable  mental  im- 
pairment, but  this  is  not  true  of  capsular  disease.  Hence 
in  any  case  in  whicli  the  symptoms  are  extensive,  but  the 
mind  unimpaired,  tlie  probability  is  in  favor  of  a  small 
lesion  in  the  bi'ain  tracts  rather  than  of  a  large  lesion  in 
the  cortex.  The  brain  ti-acts  in  the  capsule  may  be  in- 
jured either  directl}-,  by  lesions  in  their  course,  or  indi- 
rectly, by  lesions  in  the  basal  ganglia  in  whose  vicinity 
they  pass.  In  both  cases  the  initial  symptoms  will  be 
the  same  if  the  disease  begins  suddenlj' ;  but  in  the  latter 
case  recovery  may  follow,  while  in  the  former  the  symp- 
toms may  increase  in  number,  owing  to  secondary  degen- 
erations following  a  lesion  of  a  tract.  If  the  disease  is  a 
slowly  progressive  one  {e.g.,  tumor),  general  symptoms 
may  precede  local  symptoms,  and  indirect  local  symp- 
toms will  be  succeeded  by  direct  local  symjitoms. 

The  internal  capsule  is  divided  into  two  halves,  an  an- 
terior and  a  posterior  division,  by  the  projection  of  the 
apex  of  the  lenticular  nucleus,  which  lies  on  its  outer 
side.     Through  the  anterior  division  pass  the  projection 


fibres  from  the  frontal  lobes  (Fig.  871,  A),  and  the  fibres 
which  join  the  anterioi-  parts  of  the  cortex  with  the  basal 
ganglia.  Nothing  is  known  as  to  the  exact  function  of 
either  of  these  liundles  of  fibres,  and  no  symptoms  of 
their  injury  can  be  stated.  Extensive  lesions  may  occur 
in  the  white  matter  of  the  fi'outal  lobes,  affecting  both 
association  and  projection  tracts  without  producing  any 
symptoms,  although  in  many  such  cases  the  symptoms 
present  in  cortical  lesions  of  the  frontal  lobes  do  occur. 
Tlirough  the  posterior  division  of  the  internal  capsule 
pass  several  important  tracts.  These  are  (1)  the  motor 
tract  fi'om  the  lower  thii'd  of  the  central  convolutions, 
which  curves  over  the  lenticular  nucletis  and  passes  down 
in  the  antciior  part  of  the  postei-ior  division  of  the  cap- 
sule, enters  the  second  quarter  of  the  cnis,  thence  passes 
into  the  median  part  of  the  ventral  half  of  the  pons,  and 
tui'ning  downward  ends  in  the  facial  and  hj^poglossal 
nuclei  (Fig.  874,  Fa.);  (2)  the  motor  tract  from  the  other 
thirds  of  the  central  region  (Fig.  871,  B),  which  is  known 
as  the  p3'ramidal  tract,  since  its  fibres,  after  passing 
through  the  thii-d  quarter  of  the  ciiis  and  the  ventral 
portion  of  the  pons,  make  up  the  pyramid  of  the  medulla 
(Fig.  874,  J/.);  (3)  the  tract  conveying  general  sensations 
from  the  entire  body  (Figs.  871,  C,  874),  which  lies  just 
behind  the  pyramidal  tract,  and  ha\ing  come  from  the 
tegmentum  of  the  crus,  and  passed  thi'ough  the  posterior 
third  of  the  capsule,  radiates  toward  the  parietal  convo- 
lutions (Fig.  874,  S.):  (4)  the  visual  ti-act  (Fig.  874,  D), 
whose  fibres,  issuing  from  the  puhinar  of  the  thalamus, 
pass  upwaid  and  turn  backwaiil  in  the  capsule  on  their 
way  to  the  occipital  lolie  (Fig.  874,  0.);  (.5)  the  auditory 
tract,  which  passes  through  the  lower  posterior  segment 
of  the  capside  on  its  way  from  the  auditory  nucleus  to 
the  temporal  lobe  (Fig.  871,  E).  Lesions  of  the  internal 
capsule  W'hich  affect  one  or  more  of  these  tracts  cause 
distinct  local  symptoms.  Lesions  in  the  motor  tract  pro- 
duce paralysis,  whose  distribution  will  depend  upon  the 
extent  to  wliich  the  tract  is  involved.  LTsually  the  entire 
tract  is  afl'ected  and  hemiplegia  results;  but  occasionally 
the  facial  and  hypoglossal  muscles  are  onlv  slightly 
tilfected.  In  all  cases  the  upper  branch  of  either  facial 
nerve  escapes,  since  its  cortical  centres  are  bilateral.  In 
lesions  of  the  pyramidal  tract  the  arm  and  leg  of  the  op- 
posite side  are  alwaj's  paralyzetl  together.  Lesions  lying 
in  the  sensory  tract  cause  hemiana'.sthesia,  which  is  rarely 
alisolute,  but  tisually  in  the  form  of  great  impairment  of 
sensation  on  the  opposite  side  fi-om  the  lesion.  Lesions 
lying  still  farther  back  may  affect  the  visual  tract  and 
cause  blindness  in  the  opposite  half  of  both  eyes.     It  is 
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Fig.  873.— The  Association  Fibres  in  the  Centrum  Ovale.  A,  Between 
adjacent  convolutions ;  B,  between  frontal  and  occipital  lobes :  C, 
between  frontal  and  temporal  lobes,  the  cinctulum ;  D,  between 
teni|i"i'al  and  frontal  lobes— lesion  of  this  tract  causes  paraphasia; 
E,  between  riccipital  and  temporal  Iniies- lesinn  i.f  this  tract  cuuses 
word-blindness  ;  C.N.,  caudate  uuclciis  ;  (J.T.,  optic  thalamus. 

possible  that  lesions  in  the  lower  part  of  the  capsule  may 
produce  loss  of  hearing  in  the  opposite  ear.     Whether 
taste  and  smell  are  ever  affected  by  capsule  lesions  is  un- 
determined. 
It  is  evident  that  an  extensive  lesion  in  the  capsule  may 
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involve  two  or  more  of  these  tracts;  and  hemiplegia, 
with  hemiansesthesia  and  hemianopsia,  could  not  be  pro- 
duced by  a  single  lesion  lying  in  any  other  part.     The 

initial  effects  of  a 
hemorrhage  or 
thrombosis,  which  in- 
volves the  internal 
capsule,  may  be  ex- 
tensive, as  several 
tracts  may  be  aflfoct- 
ed.  If  but  one,  how- 
ever, is  really  de- 
stroyed, the  affection 
of  the  others  will  be 
temporary,  and  the 
symptoms  will  de- 
crease in  extent  and 
severity  until  they 
are  limited  to  the  af- 
fected tract.  It  is 
only  after  the  tem- 
porary effects  have 
subsided  that  the  dis- 
ease can  be  located 
accurately.  On  the 
other  hand,  a  slowly 
progressing  lesion, 
timior,  or  abscess 
may  involve  one 
tract  after  another  in 
succession,  and  the 
progress  of  the  case 
will  determine  the 
localization  of  the 
lesion. 

3.  Aphasia  may  be 
due  to  a  lesion  in  the 
FIG.  S74.-Horizoiital  Section  through  the  tract  which  joins  the 
Brain.  (After  Striimpell.)  NC,  nu-  third  frontal  convo- 
cleus  eaudatus;  F.  fornix;  IC.  ante-  i, ,*;,,„  with  the  fici'il 
riorhallof  internal  cap.sule;  OT.  optic  "'"""  ^\"n  rne  lacw 
thalamus;  Fa,  facial  tract;  M,  motor  and  hypoglossal  nu- 
tract ;  S,  sensory  tract ;  O,  visual  tract,  t'lei  in  the  pons, 
in  posterior  half  of  internal  capsule;    t  nnm-coo      Imve 

IR,  bland  of  Reil ;  iVi,  nucleus  lentic-  ^  ^"  courses  na^  e 
ularis;  EC, external  capsule ;  r, lateral  been  descnbed  as 
ventricle,  posterior  comu,  taken   by  this  tract. 

One  corresponds  to 
the  course  of  the  fibres  from  the  face  area  of  the  motor  re- 
gion through  the  internal  capsule,  already  detailed.  The 
other  is  as  follows:  The aphasic  tract  passes  inward  from 
the  frontal  region,  turns  backward,  crossing  at  right 
angles  the  motor  tract,  and  going  along  the  upper  border 
of  the  lenticular  nucleus,  in  the  external  capsule,  to  its 
posterior  limit,  it  curves  over  the  nucleus  and  enters  the 
internal  capsule  near  the  sensor3'  tract,  then  crosses  this 
tract  to  the  second  quarter  of  the  crus,  and  so  reaches  the 
pons.  Lesions  in  the  course  of  either  of  these  tracts  have 
produced  aphasia  when  in  the  left  liemisphere.  Such  an 
aphasia  resembles  ataxic  or  motor  aphasia,  and  is  not  to 
be  distinguished  from  it.  It  is  more  lialile  to  be  associ- 
ated with  agraphia  than  when  the  lesion  is  in  the  frontal 
convolution,  as  association  fibres  are  likely  to  be  destroyed 
when  the  lesion  is  in  tlie  centrum  ovale. 

4.  Lesions  of  the  coi'tex  and  of  the  tracts  as  they  are  col- 
lected in  the  capsule  having  been  considered,  it  is  evident 
that  lesions  of  the  centrum  ovale,  through  which  the 
tracts  pass  on  their  way  from  one  to  the  other,  will  pro- 
duce similar  effects  to  those  in  either  part,  according  as 
it  lies  nearer  one  or  the  other.  The  association  fibres 
which  pass  through  the  centrum  ovale  are  shown  in  Fig. 
873.  Any  interference  with  them  will  produce  defects  in 
the  association  of  concepts  and  ideas,  and  hence  be  shown 
by  mental  defects,  especially  defects  of  memory.  Lesions 
of  the  centrum  ovale  have  no  distinctive  symptoms  by 
which  they  can  lie  differentiated  from  lesions  in  the  cortex 
or  capsule,  unless  the  affection  of  association  filjres  as  well 
as  of  projection  fibres  adds  distinct  mental  symptoms.  If 
the  lesion  is  so  situated  as  not  to  affect  any  of  the  projec- 
tion tracts  it  will  not  produce  any  local  symptoms. 


III.  Lesions  of  the  Basal  Ganglia  are  very  frequent 
and  give  rise  to  many  symptoms.  These  symptoms  are, 
however,  to  be  ascribed  to  a  coincident  affection  of  the 
tracts  just  mentioned,  which  pass  through  the  internal 
capsule  between  the  ganglia  (Figs.  874  and  87.5).  and 
hence  the  local  symptoms  of  lesions  in  tlie  lenticular  or 
caudate  nucleus  and  optic  thalamus  are  those  of  lesions 
of  the  internal  capsule  opposite  those  bodies,  viz.,  in  its 
posterior  division.  If  the  symptoms  are  permanent,  the 
capsule  is  probably  injured.  If  the  symptoms  pass 
away,  the  capsule  was  incidentally  affected.  And  the 
effects  of  the  lesion  may  entirely  subside  while  the  lesion 
remains,  if  it  is  limited  to  either  of  these  ganglia.  It  is 
therefore  evident  that  we  cannot  locate  a  lesion  in  the 
ganglia  from  any  direct  local  symptoms ;  for,  as  v<e  are 
ignorant  of  the  function  of  the  ganglia,  we  do  not  know 
what  is  the  effect  of  their  destruction.  The  hemichorea 
and  hemiathetosis  which  occasionally  remain  after  lesions 
of  the  thalamus  are  to  be  regarded  as  symptoms  of  irri- 
tation constantly  exerted  upon  the  motor  tract  passing 
near  it.  There  are  few  facts  to  support  the  assertions 
that  the  optic  thalamus  is  a  sensory  ganglion,  except  that 
lesions  of  the  pulvinar  cause  hemianopsia.  The  basal 
ganglia,  doubtless,  have  important  reflex  functions,  and 
comparative  anatomy  indicates  that  some  functional  rela- 
tion exists  betw-een  the  lenticular  nucleus  and  the  arm; 
between  the  caudate  nucleus  and  the  leg ;  between  the 
thalamus  and  the  organs  of  sensation.  The  effects  of  a 
lesion  limited  to  any  one  of  these  ganglia,  and  producing 
no  influence  upon  adjacent  parts,  are,  however,  bevond 
detection.  As  a  matter  of  fact,  seventy  per  cent,  of  the 
cases  of  hemiplegia  are  due  to  a  lesion  in  the  basal  gan- 
glia and  affecting  the  internal  capsule;  and  from  the 
symptoms  and  nature  of  the  disease  its  location  there 
can  usually  be  affirmed.  The  diagnosis  is,  however,  made 
from  the  capsular  symptoms,  as  already  detailed. 

IV.  Lesions  of  the  External  Capsule  and  of  the 
Claustrum  caimot  yet  be  located  (Figs.  873  and  874). 
If  on  the  left  side,  they  usually  produce  paraphasia  like 
the  lesions  of  the  island  of  Reil. 

V.  Lesions  of  the  Corpora  Qi-.^drigemfna  are  very 
rare.  If  the  anterior  pair  is  involved,  blindness,  loss  of 
pupil  reflex,  strabismus,  and  nystagmus  may  be  pro- 
duced. If  the  posterior  pair  is  involved  disturbances  of 
coordination  may  be  marked.  As  both  pairs  are  usually 
affected  together,  the  combination  of  these  symptoms 
may  aid  a  diagnosis.  Blindness  is  such  a  common  symp- 
tom of  cerebral  disease  that  it  is  only  when  it  is  not  due 
to  choked  disc,  optic  atrophy,  or  neuritis,  and  when  it 
is  not  of  the  nature  of  hemianopsia,  that  it  is  to  bethought 
a  local  symptom  of  quadiigeminal  lesion.  A  defective 
action  of  the  same  branches  of  the  oculomotor  nerves  on 
both  sides  is  rather  more  characteristic  of  quadrigeminal 
disease  than  the  total  affection  of  one  nerve.  Cases  are 
yet  too  few  to  warrant  more  accurate  statements. 

VI.  Lesions  of  the  Tegmentum  of  the  Crura 
Cerebri,  which  lies  beneath  the  corpora  quadrigemina. 
Since  the  sensory  tracts  pass  through  this  region,  anaes- 
thesia may  be  produced  by  such  a  lesion,  and  the  prox- 
imity of  the  corpora  quadrigemina  would  give  rise  to 
indirect  local  symptoms  of  their  affection.  Lesions  of  the 
red  nucleus  cause  the  symptom  of  incoordination  which 
occurs  when  the  posterior  pair  of  the  corpora  quadri- 
gemina are  involved.  They  also  cause  paralysis  of  the 
third  nerve,  which  passes  through  this  nucleus.  Lesions 
of  the  foot  of  the  crus  cerebri,  in  which  the  motor  tract 
passes,  cause  hemiplegia  of  the  opposite  side.  As  the  third 
nerve  issues  through  the  foot  of  the  crus,  a  lesion  here 
causes  a  paralysis  of  this  nerve  on  the  side  of  the  lesion. 
Hence  hemiplegia  of  one  side,  with  third-nerve  paralysis 
of  the  other  side,  indicates  a  lesion  of  the  foot  of  the  crus 
cerebri  on  the  side  of  the  third-nerve  paralysis.  Lesions 
on  the  base  which  press  upon  this  part  will  produce  the 
same  combination  of  symptoms. 

VII.  Lesions  of  the  Cerebellum,  if  located  in  the 
hemispheres  and  not  in  the  median  or  vermiform  lobe, 
and  if  of  such  a  nature  as  not  to  exert  pressure  on  sur- 
rounding parts,   may  not   produce  any   symptoms.     If 
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the  lesion  is  in  the  vermiform  lobe,  disturbances  of  co- 
ordination known  as  cerebellar  ataxia  occur,  which  con- 
sist in  an  inability  to  walk  without  staggering  like  a 
drunken  man.  Tlie  ataxia  exists  only  while  the  patient 
is  in  an  upright  position :  it  rarely  affects  the  motions  of 
the  arms,  and  when  it  does  it  never  interferes  with  the 
fine  adju.stments.  but  only  with  extensive  movements  in 
space,  I. .7.,  grasping  objects  at  a  distance.  These  pa- 
tients can  stand  with  eyes  closed  without  swaying.  In 
these  respects  the  ataxia  differs  from  that  of  posterior 
sclerosis.  A  second  characteristic  symptom  of  cerebellar 
disease  located  in  the  vermiform  lobe  is  vertigo.  This 
may  be  very  severe,  but  as  it  may  occur  without  ataxia, 
and  ataxia  may  be  present  without  vertigo  (though  rarely), 
the  two  are  not  to  be  con.sidered  as  interdependent.  Ver- 
tigo is  increased  by  rising  to  an  erect  position,  but  may 
persist  when  the  patient  is  in  bed.  It  decreases  some- 
what when  tlie  patient  has  remained  fixed  in  any  position 
for  some  time ;  but  is  always  increased  when  he  closes 
his  eyes.  The  vertigo  is  usually  an  early  symptom  of 
cerebellar  disease.  It  is  more  constant  and  persistent  in 
cases  in  which  the  intracranial  pressure  is  increased.  It 
may  gradually  pass  off  in  other  cases.  Cerebellar  vertigo 
does  not  differ  from  vertigo  in  Meniere's  disease,  and  is 
probably  due  to  an  affection  of  the  terminal  fibres  of  the 
eighth  lierve,  from  the  semicircular  canals  or  their  nuclei. 
The  vertigo  of  Meniere's  disease  is,  however,  usually  ac- 
companied by  deafness.  Ataxia  and  vertigo  together 
afford  strong  presumption  of  disease  in  the  vermiform 
lobe,  although  neither  alone  is  sufficient  for  a  diagnosis. 

The  indirect  local  synii>toms  of  cerebellar  disease  may 
be  numerous.  They  are  due  to  an  afl'ection  of  tlie  tracts 
and  nerve  nuclei  in  the  pons  and  medulla  (see  Fig.  871). 
Various  forms  of  paralysis  and  anaesthesia,  vaso-motor 
disturbances,  obstinate  vomiting  of  a  projectile  character, 
general  symptoms  of  intracranial  di.sease,  e.g.,  headache, 
optic  neuritis,  are  usually  present  with  tumors,  abscesses, 
or  hemorrhages  in  the  cerebellum,  especially  if  they  are 
in  the  median  lolie.  The  coraliination  of  cerebellar  ataxia 
and  vertigo  with  these  and  other  symptoms  of  pons  dis- 
ease (see  Section  IX.)  affords  clear  evidence  of  disease, in 
the  cerebellum. 

Lesions  of  the  cerebellum  have  no  apparent  effect  ujion 
the  mental  powers  when  they  occur  in  adults.  A  defi- 
cient development  of  the  cerebellum  is,  however,  a  fre- 
quent cause  of  congenital  idiocy.  When  one  cerebellar 
hemisphere  fails  to  develiip,  the  opposite  olivary  Ijody  in 
the  medulla  and  the  opposite  hemisphere  of  the  cerebrum 
usually  present  an  atrophic  appearance. 

Lesions  of  the  middle  peduncles  of  the  cerebellum,  the 
crura  ccrebelli  ad  pontem,  produce  characteristic  symp- 
toms. These  consist  in  a  tendency  on  the  part  of  the 
patient  to  assume  a  forced  position,  to  turn  toward  or 
fall  toward  one  side  in  walking,  or  even  to  revolve  con- 
stantly about  one  axis  of  his  body.  The  forced  move- 
ments may  be  made  by  the  eyes  (conjugate  deviation  in 
one  direction),  by  the  head,  or  by  the  entire  body.  In  a 
case  seen  by  the  writer,  in  which  the  autopsy  showed  a 
tuberculous  tumor  in  the  left  middle  peduncle  and  in  the 
vermiform  lobe,  in  addition  to  ataxia,  vertigo,  vomiting, 
and  headache,  the  patient  lay  constantly  on  his  left  side, 
and  when  he  turned  upon  his  back  or  toward  the  right 
side  the  vertigo  became  so  excessive  that  he  was  obliged 
to  resume  at  once  his  former  position.  In  walking,  this 
patient  showed  a  tendency  to  fall  toward  the  right  side, 
and  found  it  impossible  to  turn  around  toward  the  right. 
Such  patients  may  lose  their  balance  in  moving  in  one 
direction,  e.g.,  forward  or  backward,  and  in  attempting  to 
regain  it  they  may  be  obliged  to  hasten  their  movements. 
This  has  been  interpreted  wrongly  as  a  tendency  to  com- 
pulsory walking  in  one  direction,  e.f/.,  backward.  It  is 
really  due  to  the  vertigo.  Lesions  of  the  other  peduncles 
of  the  cerebellum  do  not  produce  an)'  known  character- 
istic symptoms  aside  from  those  of  cerebellar  disease. 

VIII.  Lesions  upon  the  B.^se  op  the  Br.mn,  tumors, 
chronic  meningitis,  may  produce  local  symptoms  by  af- 
fecting the  parts  lying  near  them.  Thus,  all  the  cranial 
nerves  may  be  involved  either  separately  or  in  various 


combinations,  and  the  nerve  first  or  most  severely  af- 
fected may  indicate  where  the  lesion  began.  If  such  a 
lesion  affects  the  optic  nerve  of  one  side,  the  optic  chiasm, 
or  the  optic  tract,  blindness,  either  in  the  form  of  amau 
rosis  of  one  eye  or  in  that  of  hemianopsia  of  some  variety, 
will  be  produced.  If  the  lesion  affects  the  crus  cerebri  or 
pons,  the  symptoms  of  lesion  of  this  part  (tide  supra  and 
Section  IX.)  may  be  present  in  addition  to  cranial-nerve 
paralysis.  In  all  cases  progressive  bulbar  paralysis  is  to 
be  excluded  before  the  diagnosis  is  made.  The  local 
symptoms  of  lesion  of  those  parts  of  the  cortex  which  lie 
on  the  base  of  the  skull  are  undetermined,  but  a  tumor  of 
some  extent  which  invades  the  left  Sylvian  region  may 
cause  aphasia  from  pressure  upon  the  island  of  Keil,  The 
variety  of  symptoms  possible  in  basal  disease  can  be  de- 
termined by  the  study  of  the  organs  upon  the  base  of 
the  brain  (see  Brain),  and  any  unusual  combination  of 
symptoms  in  intracranial  diseases,  especially  if  of  syphi- 
litic origin,  should  lead  to  a  question  as  to  the  possibility 
of  a  lesion  in  this  locality. 

IX.  Local  Lesions  in  the  Pons  Vakolii  and  Me 
DULLA  Oblongata. — The  pons  Varolii  and  medulla  ob 


Fig.  875,— The  Base  of  the  Brain  aTid  the  Cranial  Nerves.  Pons  and 
Medulla.  I  to  XII,  The  cranial  nerves;  Th.  optic  thalamus;  h. 
pituitary  hody  ;  ic,  tuber  cinereum  ;  n,  corpora  allncantia  :  P.  pes 
pedunculi ;  1,  internal,  and  c.  external,  pfeniculatfc  body  ;  PV.  pons 
Varolii :  pa,  anterior  pyramid  of  medulla;  o,  olivo  ;  J.  flecussaiionof 
anterior  pyramids :  ca,  anterior  colunni  of  spinal  (-ord  ;  el.  lateral 
column  of  spinal  cord  ;  Ce,  cerebellum  ;  Jt,  flocculus  of  cerebellum. 

longata  lie  upon  the  base  of  the  brain,  between  the  cere- 
bru^n  and  its  crura  above,  the  spiual  cord  below,  and  the 
cerebellum  behind.  Through  them  pass  important  tracts 
which  join  these  organs  with  one  another,  and  by  means 
of  which  motor,  sensory,  vaso-motor,  and  trophic  im- 
pulses are  sent  from  the  brain  to  the  body,  and  from  the 
Ijody  to  the  brain.  Diseases  in  the  pons  and  medulla 
cause  symptoms  of  wide  extent  and  serious  nature,  by 
interfering  with  the  transmission  of  these  impulses.  The 
pons  and  medulla  are  not,  however,  merely  organs  of 
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transmission.  They  contain  centres  of  great  importance, 
and  preside  over  numerous  functions.  In  tliem  are 
located  the  nuclei  of  origin  of  the  cranial  nerves  from  the 
fifth  to  the  twelfth  inclusive,  and  through  them  the 
cranial  nerves  pass  outward  from  these  nuclei  to  the  sur- 
face. In  them  are  also  situated  complex  automatic  cen- 
tres, which  preside  over  the  acts  of  combined  movement 
of  the  eyeballs,  deglutition,  articulation,  respiration,  and 
cardiac  inhibition,  and  which  regulate  the  tone  of  the  en- 
tire vaso-motor  system,  and  the  secretion  of  saliva,  per- 
spiration, and  urine.  Disease  in  the  pons  and  medulla, 
by  affecting  these  various  centres,  produces  important 
symptoms,  and  the  complexity  of  those  symptoms  is  evi- 
dent from  the  number  of  normal  functions  which  will  be 
interfered  with  in  any  case  of  extensive  lesion.  These 
functions  and  their  affections  must  be  considered  sepa- 
ratel}'. 

1.  The  Tracts  Pamng  through  the  Pons  and  Medulla. 
— These  mav  be  studied  by  the  aid  of  a  schematic  draw- 
ing (Fig.  8S0i,  and  by  comparing  a  number  of  sections 
made  at  different  levels  through  the  pons  and  medulla 
(Figs.  877  to  888). 

(1)  Tracts  Connecting  the  Cerebrum  and  Cerebellum  (Pig. 
876,  A). — From  the  frontal  lobe  o"f  each  cerebral  hemi- 
sphere tracts  pass  downward  through  the  corona  ra- 
diata,  enter  the  anterior  division  of  the  internal  cap- 
sule, and  issue  upon  the  base  of  the  brain  in  the  inner 


Fig.  876.— The  Projection  Tracts  Jninlns;  the  ( '■  iriix  with  Lower  Nerve 
Centres.  Sagittal  section  showiiiir  tin'  :in;iii!.'i'iiiHnt  of  tracts  in  the 
internal  capsule.  A,  Tract  from  tin-  fi-.'nial  ImIh'  to  the  pttns,  tlience 
to  the  cerelM'ltar  hemisphere  of  the  opposite  side;  B,  motor  tract 
from  tin*  centr.il  convolutions  to  the  farial  nmicus  in  the  pons  and 
to  the  spinal  i-...nl ;  its  decussation  is  inilicatc'i  at  K:  C.  sensory 
tract  fritin  posterior  columns  of  the  cortl.  Ihrouijli  the  postejior  part 
of  the  medulla,  pons,  eras,  and  capsule  to  the  parutal  Idn-;  r>. 
rtsual  tract  frr.m  the  optic  thalamus  lO.T.)  to  the  occipital  lobe  ;  K. 
auditory  tract  frtm  the  internal  geniculate  tu'dv  (to  which  a  tract 
passes  from  ilie  VIII.  iihivc  nucleus  [.I])  to  the  temporal  1o1h>;  F, 
superior  cei-ebellar  peilunele  ;  i;.  middle  ccrehellar  peduncle;  H. 
inferior  cerebellar  peduncle ;  CN.  caudate  nucleus ;  C.y.,  corpora 
quadrisemina ;  Vt.,  fourth  ventricle.  The  numerals  refer  to  the 
cranial  nen'es. 

third  of  the  pes  pedunculi  (Fig.  877,  p).  From  the 
parietal,  occipital,  and  temporal  lobes  of  each  hemisphere 
tracts  pass  downward  through  the  corona  radiata,  enter 
the  posterior  division  of  the  internal  capsule,  and  issue 
upon  the  base  of  the  brain  in  the  outer  third  of  the  pes 
pedtmculi  (Fig.  877,  p).  A  section  through  the  crura 
cerebri  at  the  level  of  the  anterior  corpora  quadrigcmina 
(Fig.  877),  shows  the  pes  pedunculi  (p-j-p)  separated 
from  the  tegmentum  by  the  substantia  nigra  (sn). 

The  outer  and  inner  thirds  of  each  pes  (exclusive  of 
the  median  fasciculus  ;< ')  are  made  up  of  these  tracts  from 
the  cerebral  lobes.  After  passing  through  the  pes  these 
tracts  enter  the  pons  Varolii,  where  they  are  split  up  into 
small  bundles  by  the  transverse  fibres  of  the  pons.  Sec- 
tions through  the  pons  Varolii  at  various  levels  (Figs. 
878  to  883)  show  that  the  basal  half  of  the  pons  con- 


sists of  longitudinal  and  transverse  bundles  of  fibres 
interlaced,  and  that  considerable  masses  of  gray  matter, 
consisting  of  large  polygonal  cells,  lie  between  the  fibres. 
It  is  in  these  gray  masses  that  the  longitudinal  bundles 


Fig.  877.— Section  through  the  Cnu^  Cerebri.  (Wernicke,  X  2.)  p. 
Pes  pedunculi;  p,,  median  fasciculus;  sii,  substantia  nigra;  cgi, 
corpus  geniculatum  internum  ;  */p.  corpus  quadrigcminum  posterior ; 
I.  letiiniscus  :  r/i.  red  nucleus  <  if  tegmentum  thnaigh  which  pass  llbres 
of  uculom.  .tor  nerve.  III.  frmii  its  nucleus  in  the  gray  matter  below 
the  aqueduct  of  Syl\  ius,  tv"  its  exit  between  the  crura  ;  cp.  fibres  in 
the  formatio  reticiUaris  \vhicli  have  eume  from  the  posterior  com- 
missure; hJ.  posterior  longitudinal  bundle;  T^  descending  root  of 
the  trigeminal  nerve ;  vh.  upper  part  of  the  decussation  of  the  supe- 
rior peduncles  of  the  cerebellum,  which  end  in  the  rfc ;  r,  raph^ ;  aJ, 
lenticular  loop. 

under  consideration  from  the  cerebral  lobes  terminate. 
Hence,  in  the  sections  through  the  lower  portion  of  the 
pons  (Figs.  882  and  883),  fewer  longitudinal  bundles 
are  seen  than  in  the  upper  sections.  From  the  masses  of 
gray  matter  in  the  puns,  the  transverse  fibres  originate 
and  pass  lateially  to  the  cerebellum.  The  majority  of 
the  fibres  from  one-half  of  the  pons  pass  to  the  opposite 
hemisphere  of  the  cerebellum,  and  thus  cross  the  median 
line,  where  they  interlace  with  those  of  the  other  side. 
The  gray  masses  of  the  pons  are  thtis  interposed  in  a  con- 
tinuous tract  between  the  cerebrum  and  the  cerebellum; 


Fig.  878.— Section  through  the  Pons.  (Weraicke,  X  2.)  sts  and  stc. 
Superficial  and  deep  transverse  bundles  of  fibres  intersecting  the 
longitudinal  b'uidles.  and  terminating  in  the  masses  of  gray  matter 
of  ilie basal  poriiuii ;  ji,. meihan  fa.sciculus  "f  the  pes;  (.  letiiniscus; 
(j,  lower  leuiniseus  ;  rk.  red  nucleus  of  t<*gmentum  ;  c^i.  superior 
peduncle  tif  cerebellum,  some  fibres  of  which  are  decussating  in  the 
raph(5 ;  cp.  fibres  in  fonnatio  reticularis,  which  have  come  from  the 
posterior  commissure ;  ?i^  posterior  longitudinal  bundle ;  T'(/.  de- 
scending root  of  the  fifth  nerve ;  IV.  fourth  nerve  decassating  in  the 
valve  of  Vieussens.     4 

each  cerebral  hemisi)here  being  coimected  with  both  cere- 
bellar hemispheres,  but  to  a  far  greater  extent  with  the  op- 
posite hemisphere  than  with  the  one  upon  the  same  side. 
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Lesions  of  the  frontal,  parietal,  and  occipital  lobes,  if 
extensive,  are  followed  by  degeneration  in  the  tracts  from 
these  lobes  to  the  masses  of  gray  matter  in  the  pons. 


Fig.  879.— Section  thr"iigh  the  Pons.  (Wernicke,  X  2.)  s(s,  stc,  stp. 
Superficial  and  deep  tninsveree  l>imdle.s  of  tlie  pons,  intersecting  the 
longitudinal  bundles,  mid  teniiinatiiiir  in  the  mass  of  gray  matter  of 
the  basal  portion  ;  i>.  i»vr:iMiidiil  (iimior)  tract  from  the  middle  third 
of  the  pes:  p^  median  fasrirulus  nf  the  pes,  here  seen  to  ynn  the 
lemniscus,  (.•  V,  fifth  nerve  root;  em.  middle  iieduncle  of  cerebel- 
lum; cs,  superior  iiednnde  of  the  cerelielluni  with  *■/».  valve  of 
Vieussens ;  rk,  hU  cp ;  V,  as  in  Fig.  J>7.'> ;  Ic,  locus  ceruleus. 

Congenital  absence  of  the  cerebral  cortex  (Porencephalic) 
results  in  congenital  absence  of  these  tracts.     Absence  or 
atrophy  of  the  cerebellum  is  attended  by  absence  or  atro- 
phy of  the  transverse  fibres  of  the  pons,  which  join  the 
cerebellar  lieniisphei'e  with  the  gray  masses  of  the  pons. 
Congenital  deficiency  of  one  cercljral  hemisphere  is  occa- 
sionally attended  by  atrophy  of  the  opposite  cerebellar 
hemisphere,  and  vice  rcrxn.      The  function  of  the  tract 
from  the   cerebrum   to   the  cerebellum  is  doubtless  to 
maintain  a  communication  between  these  organs.     But 
the  exact  function  is  unknown,  and  lesions 
^^-^       in  the  course  of  these  tracts  in  the  pons 
^■^=5.  do  not  produce  an}-  known 

V.'.',"  svmptoms. 

///,■■       /      "  (3)  T/ie  Motar  Tracts.— 
!,':■        I       These  enter  the  upper  bor- 
der of  the  pons  from  the 
middle  third  of  each  pes 
pedunculi  (Fig,  877).  hav- 
ing  come  from  the    cen- 
tral convolutions  through 
the  corona  radiata  and  an- 
terior part  of  the  posteiior 
division   of   the   in- 
ternal capsule  (Fig. 
876,  2).     Each    mo- 
tor tract,  at  its  en- 
trance into  the  pons, 
contains  fibres  whose  des- 
tination  is  to   the   motor 
centres  for  the  face,  arm, 
and   leg   of    the  opposite 
side.     But  the  centres  of 
the  facial  nerve  lie  in  the 
The  Motor  Tract  in  Pons    „„„„    Varolii    (Fifs     882 
ulla.    Lesion  at  A  causes    I'""*'  o^.,,  "  "t  *    -P 
hemiplegia  of  sUle  opposite  to  le-    and     Hbd).        In   its    pass- 
sion;  lesion  af /J  causes  alternat-    age     through    the     pons, 

IS?,F'"^"''-f'V  "■"""  •"  ','  '''t'^i^"  therefore,  the  facial  divi- 
paralysis  of  tonirue  oti  side  of  le-      .  j,    1,  ^        ^       ^ 

slon  and  of  e.xtreniiiies  of  opposite  sion  of  the  motor  tract 
side ;  lesion  at  ])  causes  paralysis  leaves  the  remainder  and 
of  extremities  of  opposite  side;  le-  (.posses  the  median  line 
sion  at  E  causes  paralysis  of  ex-  i,',™'^'*  ^""  mcuiau  imc. 
tremities  of  both  sides.  This  crossing  is  inade  by 

way  of  the  raphe,  fibres 
leaving  the  longitudinal  bundles  in  the  ventral  half  of 
the  pons,  turning  dorsad,  entering  the  raphe,  decussating 
with  similar  fibres  from  the  opposite  side,  and  then  turn- 
ing laterad  to  reach  the  facial  nticleus  (see  Figs.  883 
and  883).  From  the  facial  nucleus  the  facial  nerve 
Vol.  II.— 19 
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passes  outward  to  the  side  of  the  pons,  having  first 
passed  inward  and  curved  around  the  abducens  nucleus 
in  the  so-called  knee  of  the  facial  nerve.  The  accom- 
panying diagram  indicates  the  course  of  the  motor 
tract  in  the  pons  and  medulla.  As  a  result  of  the  divi- 
sion of  the  motor  tract  of  one  side,  lesions  in  the  pons 
produce  different  forms  of  paralysis,  according  to  their 
location.  A  lesion  in  the  motor  tract  in  the  upper  third 
of  the  pons  causes  hemiplegia  of  the  side  opposite  to  the 
lesion  (Fig.  880,  lesion  at  .1).  A  lesion  in  the  middle 
or  lower  third  of  the  pons  causes  alternating  paralysis, 
i.e.,  paralysis  of  the  face  on  the  side  of  the  lesion,  with 
paralysis  of  the  arm  and  leg  on  the  opposite  side  (Fig. 
880,  lesion  at  B).  In  the  first  case  (hemiplegia)  the 
upper  branch  of  the  facial  nerve  is  not  affected,  the  pa- 
tient can  close  his  eye  on  the  paralyzed  side,  and  the 
facial  muscles  contract  to  the  fai'adic  electric  current. 
In  the  second  case  (alternating  paralysis)  all  branches  of 
the  facial  nerve  are  involved,  the  eye  remains  open,  and 
the  reaction  of  degeneration  develops  soon  after  the  lesion 
occurs.  In  this  case  it  is  usual  to  find  a  pai'alysis  of  the 
abducens  nerve  on  the  .same  side  as  the  facial  paralysis, 
in  which  case  the  eyeball  will  be  turned  in. 

The  motor  fibres  to  the  tongue  take  a  similar  course  to 
those  to  the  face,  but  leave  the  motor  tract  at  a  point  in 
the  lower  third  of  the  pons.  Having  reached  the  hypo- 
glossal nucJcus  in  the  medulla  they  end,  but  the  hypo- 
glossal nerve  passes  outward,  lying  in  close  pro.ximity 
to  the  motor  tract  in  the  medulla,  as  shown  in  the  dia- 
gram. A  lesion  in  the  lower  third  of  the  pons  or  in  the 
medulla  may  thus  cause,  paraly.sis  of  one  side  of  the 
tongue  and  of  the  opposite  ann  and  leg  (Fig.  880,  lesion 
at  (j).  In  the  medulla  the  motor  tracts  pass  in  the  an- 
terior  pyramids  (see  Fig.  87.5,  pn).  and  before  entering 

Vd+ 

.v^N     Vdr 


Fig.  881.— Section  through  tne  t-ons.  v>VeimcKe,  a  2.j  sm,  sip.  Su- 
perficial and  deep  transverse  pons  fibres  from  the  cerebellum  through 
cm,  the  middle  cerebellar  peduncle;  p,  the  p>T,amidal  I  motor!  tract; 
7,  lemniscus;  mf.  formatio  reticularis;  /j/.  posterior  loiiLntiidiiial 
bundle;  I'm,  motor  nucleus  and  root  of  the  triin-iniual  mrve;  I'.s, 
sensory  root  of  the  trigeminal  uer\'e ;  Vi\  ri-n-h.-llar  I'oot  of  ilie  tri- 
geminal nen'e ;  T'(.  desceniling  root  of  the  tritreiuiiial  nerve  (see 
Figs.  879,  .S80,  and  SSI)  ;  Td-f ,  crossed  descending  root  of  trigem- 
inal nerve ;  Vi^r.  fibres  from  the  raphe  to  the  trigeminal  root ;  .sg, 
substantia  gelatinosa  of  V  root. 

the  spinal  cord  undergo  partial  decussation.  A  lesion  In 
one  pyramid  will  cause  paralysis  of  the  opposite  arm 
and  leg  (Fig.  880,  lesion  at  i));  but  as  the  two  pyra- 
mids lie  side  by  side,  lesions  of  the  medulla,  by  affecting 
both  at  once,  may  produce  paralysis  of  both  arms  and 
legs ;  and  this  is  especially  the  case  if  the  lesion  lies  so 
near  the  spinal  cord  as  to  Involve  the  decussation  (Fig. 
880,  lesion  at  E). 

The  various  forms  of  paralysis  produced  when  both 
sides  of  the  pons  are  involved  at  once  can  be  ascertained 
by  reference  to  the  diagram. 

"  In  all  these  affections  of  the  motor  tract  a  condition  of 
spastic  rigidity  may  follow  the  paralysis,  and  an  increase 
of  tendon  reflexes  is  usually  observed.  In  a  few  cases  of 
pons  lesion,  however,  the  tendon  reflexes  have  been  lost. 
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The  electric  condition  of  the  paralyzed  muscles  in  the 
limbs  is  normal  from  the  outset,  and  no  rapid  atrophy 
occurs. 

The  situation  of  the  pyramidal  tract  is  seen  in  all  the 
figures  at  />.     In  the  upper  part  of  the  pons  (Figs.  878 


FIG.  883. 

Figs.  882  a.vd  883.— SPCtinns  tlirmieli  Pnns.  (Womioke.  X  2.)  s(.t, 
SupiTtlcial  tr:iiis\i'i-sp  im.iis  ilbiv^  frnin  rcivbelliim  tlirouph  cm,  mid- 
dle cen'bpllar  iit'ilun-lc  ;  p,  iiyraniitinl  tract :  /.  Icniniscus ;  ?»/,  for- 
matio  i-fticiilaris  ;  VI,  abdin-cus  nuclctis  from  wliii-h  abdm-cns  nen'O 
pa.ssi's  f<  irwani,  lyiug  near  ij ;  Vll,  facial  iiurlmis  lyinf;  deep  in  )nf, 
sendliiL'  its  tliirt-;^  liackward  toward  tbe  Iluor  of  the  ventricle  (Iil.^ 
8821,  wlien-  tliev  turn  upward  (Fi<r. ."«!),  and  then  curve  outward, 
thus  fonniiitJ  :i  bend  or  knee  around  the  VI  nucleus:  Td,  ascend- 
ing root  of  triKeiiiiual  nerve  ;  <  i,  inferior  cerebellar  peduncli' ;  1'///, 
auditwry  root ;  8c,  ext*;raal  auditory  nucleus ;  cf,  corpora  trape- 
zoides ;  os,  superior  oUve. 

and   879)   its   fibres  are  seen  to  be  split  up  into  small 
bundles  by  the  transverse  pons  fibres.     In  the  middle  of 


Fig. 884.-Section  through  Medulla.    (Wernicke,  X  4.)    p.  Pyramid; 

I,  leninisi-us  or  interolivarv  tract ;  o.  olive  ;  inf.  f.innatio  ivticularis; 
Vll.  aweniliiiL'  root  of  trigeininal  nerve;  8.  auditory  riMit  ;  Sc,  exter- 
nal auditory  nucleus;  8i,  Internal  anilitory  nucleus;  ink.  upper  end 
of  hypoglossal  nucleus ;  ci,  inferior  peduncle  of  cerebelluui. 


the  pons,  however  (Fig.  881),  they  have  collected  to 
gether,  and  in  the  lower  part  of  the  pons  (Figs.  882  and 
883)  they  form  a  compact  tract  which  continues  down- 
ward in  the  anterior  pyramid  of  the  medulla  (Figs.  884 
to  887,  p).  At  the  lowest  level  of  the  medulla  (Fig, 
887)  the  pyramidal  fibres  decussate,  and  thus  pass  into- 
the  lateral  columns  of  the  spinal  cord.  About  one-fifth 
of  the  pyraraidid  fibres  do  not,  however,  take  part  in  the 
decussation,  and  these  continue  downward  in  the  anterior 
median  columns  of  the  spinal  cord.  The  ratio  of  decus- 
sating to  non-decussating  fibres  was  found  by  Flechsig 
to  vary  greatly,  and  in  one  case  in  sixty  no  decussation 
occurs.  The  relative  sizes  of  one  lateral  pyramidal  tract 
and  of  the  opposite  anterior  median  column  of  the  spinal 
cord  depend  wholly  upon  the  extent  of  the  decussation 
of  the  ]iyramids  in  the  medulla. 

(3)  77(c  Irrirt  /if  M\ii(Ciilar  8eni<e. — This  is  called  the 
lenmiscus  or  fillet  in  the  pons,  and  the  interolivary  tract 
in  the  medulla.  As  it  conveys  sen.satious  upward  we 
trace  it  in  that  direction.  It  arises  from  the  nuclei  gra- 
cilis and  cuneatus  on  the  dorsal  surface  of  the  medulla, 
in  which  the  columns  of  Goll  and  Burdach  of  the  spinal 
cord  end  (Figs.  887  and  888,  ft  and  fi).  It  then  crosses 
the  median  line,  decussating  with  its  fellow  of  the  op- 
posite side  in  the  upper  decussation  of  the  medulla 
(sensory  decussation  of  Jleynert;  pinniforra  decussation 
of  Spitzka)  (Fig.  887,  I,  ft).  The  fibres  after  decussat- 
ing turn  upward,  enter  the  interolivary  tract,  and  pass 
onward  through  the  medulla  beyond  the  upper  level  of 
the  olives  into  the  pons  (Figs.  884  and  88.5,  I).  Here 
this  tract  broadens  out,  becoming  almost  ribbon-like  in- 
its  appearance,  and  hence  has  been  called  the  fillet.  In 
the  pons  the  fillet  lies  behind  the  deep  transverse  bundles 
of  the  pons,  and  just  in  front  of  tlie  formatio  reticularis 
(see  Figs.  878  to  883,  T). 

As  it  passes  up  it  receives  additional  fibres  fiom  the 
superior  olive  (Fig.  884,  o,  *),  but  these  leave  it  again 
at  the  level  of  the  posterior  corpora  ijuadrigemina  (Fig. 
878,  ?'),  while  the  main  part  of  tlie  fillet  passes  onward 
in  the  outer  part  of  the  tegmentum  of  the  cms  cerebri 
(Fig.  876,  I),  and  thence  into  the  posterior  part  of  the 
internal  capsule,  whence  it  radiates  to  the  parietal  cortex 
of  the  brain. 

Sensations  of  muscular  sense  being  transmitted  by  this- 
tract,  a  lesion  in  it  causes  ataxia  in  the  limbs  of  the  op- 
posite side.  A  unilateral  ataxia  may  indicate  a  lesion  in 
the  course  of  the  fillet. 

(4)  The  t^nxr/ry  Tract,  which  transmits  sensations  of 
touch,  temperature,  and  pain  through  the  medulla  and 
pons,  is  in  the  formatio  reticularis.  This  portion  of  the 
medulla  and  pons  lies  just  be- 
neath tlie  gray  matter  of  tlie  floor 
of  the  fourth  ventricle,  behind 
the  tracts  hitherto  described.  It 
is  made  up  of  nerve  fibres  pass- 
ing in  three  diiections:  (o)  trans- 
versely, the  commissural  fibres, 
of  the  cranial  nerve  nuclei;  (4) 
from  tlie  nuclei  ventrad,  the  fibres 
of  the  cranial  nerve  roots  and 
arciform  fibres;  (c)  longitudi- 
nally, the  sensory  tract.  The 
longitudinal  fibres  can  be  traced 
from  the  gray  matter  and  vari- 
ous columns  of  the  spinal  cord, 
through  the  formatio  reticularis  to  its  upper  level 
m  tlnT  tiffuitntum  of  the  crus.  whence  they  issue 
to  tnttr  the  po>,t(  rior  part  of  the  internal  capsule. 
In  the  mtdulli  the  formatio  reticularis  of  each 
side  IS  divided  into  two  parts  by  the  line  of  exit  of 
the  ntr\e  roots  of  the  twelfth  (see  Fig.  88.5).  Tlie- 
inner  part,  near  the  ine'dian  line,  contains  the  continuation 
of  the  anterior  and  anterolateral  columns  of  the  spinal 
cord,  and  the  interolivary  tract  or  lemniscus  already  de- 
scribeil.  The  outer  ptirt"  contains  the  sensory  tract  now 
under  consideration.  In  the  inner  two-tliirds  of  this  outer 
part  tile  fibres  jiass  which  convey  impressions  of  touch, 
temperature,  and  pain  from  the  opposite  half  of  the  trunk. 
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anj  limbs.  In  the  outer  third  of  this  part  is  found  a  col- 
umn of  peculiar  structure  resembling  the  substantia  ge- 
l.itiuosa  of  the  posterior  horn  of  the  spinal  cord,  and  in 


the  formatio  reticularis  will  produce  bilateral   sensory 
symptoms. 

It  is  evident  that  a  lesion  of  any  extent,  either  in  the 
pons  or  in  the  medulla,  will  inevitably  destroj-  one   or 
more  of  these  four  tracts,  and  consequently  will  produce 
serious  s_vmptoms  of  wide  extent  and  of  con- 
.^        sidcrable  diversity. 

2.   The  Centres  Lying  in  the   Ponn    (tnd   Me- 
dulla.— The   cranial-nerve  nuclei    Ivins;    in  the 


Ynerw 


Fii;.  s.s.'i.—  Spction  tliriiiisrli  Medulla.  (Wijiiiikr.  4.i  ;i.  Pyramid ; 
/.  U'lnnis'-iis  I'f  iiitiTiilivary  tract:  ci.  nbres  from  the  olive  which 
rrnss  tilt*  niplii-  ami  jtass  outward  and  backward  to  enter  the  Infe- 
rior ciTclifiiar  pMiluinic.  <  r;  /;(''.  fonnatio  reticularis,  in  which  Xa, 
the  ilccji  imclcus  I  if  I  he  vairus  Uuicleus  aiiil'iL'inisi.  lies  ;  To,  ascend- 
ing root  itf  ti'iueiiiinal  iier\-e ;  IL',  hypitirlossal  nucleus  anil  root ;  X/, 
respiratory  buicUe  around  \vhich,  in  the  floor  t»f  the  ventricle,  the 
vagus  nuiii'iis  lies,  and  beknv  which  the  vagus  root  issues;  8c  and 
8(,  auilitory  nuclei;  /n",  nucleus  cuneatus,  from  which  flbres  pass 
outward  and  enter  er. 

this  colunm  terminate  the  filircs  of  the  scusory  part  of 
the  trigeminal  nerve  (Figs.  884  and  88.5,  Va),  which  turn 
downward  after  entering  the  pons  Varolii,  and  terminate 

at   diffei'ent    levels    in 
^f\\  the  pons  and   medulla 

(see  Fig.  886).  Thus 
the  outer  poi  tion  of  the 
formatio  reticularis 
contains  the  sensory 
tract  fiom  the  face  of 
the  same  side.  It  is 
evident  from  the  dia- 
gram that  a  lesion 
which  involves  one- 
half  of  the  formatio 
reticularis  in  the  pons 
and  medulla  will  pro- 
duce an  alternating 
anEesthesia,  i.e.,  loss  of 
sensation  on  one  side 
of  the  body  and  on 
the  other  side  of  the 
face  and  head  (lesion 
at  B,  Fig.  886).  Al- 
ternating ana>sthesia  is 
as  characteristic  a 
symptom  of  lesions  of 
the  formatio  reticularis 
of  the  pons  and  me- 
dulla, as  alternating 
paralysis  is  of  lesions 
in  the  motor  tract  of 
the  pons.  In  the  up- 
per part  of  the  pons 
the  sensory  tract  fi'om 
the  face  crosses  the 
median  line,  and  hence 
a  lesion  in  the  formatio  reticulaiis  in  the  upper  third 
of  the  pons,  or  in  the  crus  cerebri,  will  produce  a  uni- 
■lateral  anaesthesia  (lesion  at  ^1,  Fig.  886;  see  Fig. 
881,  Vdr,  Vd-\-).      A  lesion    involving   both   halves   of 


Fig.  886.— The  Course  of  the  Sensory 
Tractin  Tonsand  Medulla.  ,4,  Lesion 
in  tegineutuin  "f  cms  cerebri,  rir  upper 
quarlerof  ptms.  pii"hicinir  heiniana?s- 
thesia  of  the  nppuMte  Mcie;  /;,  lesion 
in  forniaiio  reticularis  nf  ]ioiis  or  me- 
dulla, producing  alteiiiatiug  auiesthe- 
sia. 


Fig.  887.— Section  through  Jledulla,  Level  of  Sensory  Decussation. 
(Wernicke,  X  4.)  ft.  :\'uclcus  gracilis;  fc.  nucleus  cuneatus,  from 
which  flbres  cuitp  around  the  i-entral  gniv,  and  (he.n  decussate  and 
turn  upward  o-eiihaladi  in  Ihe  iuten.iivarv  tr.w\J~fl:  To,  ascend- 
ing root  of  the  trigeminal  nerve;  ci.  inferior  pediiii<-ii..,[  cei-ebel- 
lum,  of  which  fc.«,  direct  cerebellar  column  of  llie  cord,  is  a  pint;  X/, 
respiratory  bundle ;  XI,  medullary  nucleus  of  spinal  accessory  nerve 
and  its  I'oot ;  12,  hypoglossal  nucleus  and  root ;  ni/,  formatio  reticu- 
laris ;  oi,  olive. 

pons  and  medulla  must  be  briefly  enumerated,  since 
lesions  affect  them.  They  are  located  either  in  the  gray 
matter  of  the  floor  of  the  fourth  ventricle,  or  below 
this  in  the  formatio  reticularis. 

Figs.  889  and  890  show  the  relative  position  of  the 
cranial-nerve  nuclei  in  the  pons  and  medulla  from  the 
fifth  to  the  twelfth,  inclusive. 

The  third  and  fourth  nerve  nuclei  and  roots,  together 


Fig.  888.— Section  through  Medulla,  Level  of  Motor  Decussation,  hi. 
Posterior  columns  of  spinal  cord  ;  it,  nucleus  gracihs  in  column  of 
Goll ;  fc,  nucleus  cuneatus  in  column  of  Burdach  ;  tr,  tubercle  of 
Rolando,  where  posterior  horn  of  spinal  cord  merges  into  Va,  as- 
cending root  of  V;  kn,  direct  cerebellar  column ;  p,  pyramid  decus- 
sating to  reach  lateral  column ;  ca,  anterior  comu  of  cord ;  ate, 
antero-lateral  column  of  cord. 
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with  the  effect  of  lesions  in  them,  will  be  discussed  in 
the  article  on  Ophthalmoplegia. 

The  cranial  nerves  from  the  fifth  to  the  twelfth  may  be 
considered  in  two  categories,  first,  the  motor  nerves; 
second,  the  sensory  nerves. 

(1)  The  Motor  A^erves  are  the  motor  branch  of  the  tri- 
geminal which  supplies  the  muscles  of  mastication,  the 
abducens,  the  facial,  the  motor  portion  of  the  glosso- 
pharyngeal and  of  the  vagus,  the  spinal  accessory,  and 
the  hypoglossal. 

Lesions  which  irritate  the  tracts  from  the  cortical  cen- 
tres to  these  nuclei,  or  lesions  in  their  vicinity  which 
cause  irritation,  may  produce  spasm  of  the  muscles  sup- 
plied by  them.  Thus  spasm  of  the  jaw  (trismus),  with 
grinding  of  the  teeth,  nystagmus,  conjugate  lateral  de- 
viation of  the  eyes,  spasm  of  the  face,   spasm  of  the 

2  ^  ^  ^-^^~XV 


2E 


Fig.  889. — Diagram  Showing  the  I'osition  of  the  Cranial  Ner\*e  Nuclei 
upon  the  Flour  of  the  Fourth  Veutncle  (Erb;.  v  toxii.  Nuclei;  Fto 
XII,  cranial  nerves;  r,  meilian  of  l';  r'.  motor  nucleus  of  c",  as- 
cending root  of  V:  viii,  innrr  nucleus  of  VlII;  viii',  outer  nu- 
cleus; nii",  i*'i"',  latiRil  iiucIhI  of  VIII:  ?7,  middle  cerebel- 
lar peduncle  ;  3,  inferior  cerebellar  peduncle ;  2,  superior  cerebellar 
peduncle ;  4,  eminenter  teres ;  5,  striae  acusticse ;  6,  ala  cinerea. 

throat  and  larynx,  and  spasm  of  the  tongue  may  occur 
from  lesions  of  an  irritating  nature.  Such  are  small 
hemorrhages,  small  areas  of  softening,  or  small  tumors 
in  the  pons  or  medulla.  Such  lesions  must  lie  in  or 
near  the  floor  of  the  fourth  ventricle,  or  in  the  course 
of  the  nerve  roots,  to  produce  these  spasms.  A 
review  of  recent  litei-ature  shows  that  they  are  to 
be  regarded  as  rare  svmptoms.  If  such  spasms 
occur"alone,  without  other  symptoms,  it  is  difficult 


Lesions  which  interrupt  the  tracts  from  the  cortical  cen- 
tres to  the  motor-nerve  nuclei,  which  destroy  those  nuclei, 
or  which  interfere  with  the  conduction  of  impulses  along 


Fig.  890.— Longitudinal    Section  Showing  the  Relative  Position  of  the  Cranial    Nerve 

Nuclei  (Edinger). 

to  determine  the  nature  of  the  lesion,  or  to  decide  that  the 
spasm  is  not  functional.  If  they  occur  in  connection  with 
other  symptoms  of  pons  or  medullary  lesion,  they  are  val- 
uable as  evidence  of  the  exact  position  of  the  disease. 


Fig.  891.— The  Innervation  of  the  Muscles  of  the  Eye.  (After  Hun- 
nius,  "Zur  Syiiiptoniali'i.iLnc  di-r  BriickenerkrankunL'en."!  P,  Pons 
Varolii ;  III.  I'lrul-inioiiT  iUHlei,  with  R.i.,  ner\e  tn  left  internal  rec- 
tus, and  R.i.',t'»  right  iiitenial  rectus  ;  VI.  alxhiiensnurlei.  with  R.e., 
nerve  to  left  external  rectus,  and  R.e.',  to  liirht  external  rectus  ;  tract 
from  cortex  to  VI  conve.vs  voluntary  imi'iilses  of  conjugate  deviation 
of  the  eyes;  tract  from'vi  to  III  linites  the  action  of  one  external 
rectus  with  the  njiposiic  internal  rectus;  C,  centre  for  convergence 
of  the  eyes  which  is  iudepeiidi-ut  of  \'l  and  is  actually  in  connection 
with  the  cortex  by  iinlfpendi-ut  tracts  not  sliown  ;  A,  situation  of  a 
lesion  in  the  cerebrum  prcduciiiL^  Inss  of  voluntary  conjugate  devia- 
tion of  the  eyes  to  the  ridit  ;  B,  situati'm  of  a  lesion  in  the  pons 
producing  loss  of  voluntary  cnnjuirate  deviation  of  the  eyes  to  the 
left:  C,  situation  of  lesion  ill  the  jions  in  the  posterior  longitudinal 
bundle,  causimr  paralysis  of  coiijuirate  motion  to  the  right ;  D,  situa- 
tion of  a  lesion  in  thepons  in  tlie  jKisterior  longitudinal  bundle,  and 
involving  the  VI  nucleus,  causing  loss  of  conjugate  motion  to  the 
left,  with  permanent  deviation  of  the  eyes  to  the  right. 

the  nerve  root  and  nerve  trunk,  will  produce  paralysis. 
Paralysis  of  the  muscles  of  mastication  is  the  rarest  form 
of  paralysis.  Paralysis  of  the  external  rectus  muscle,  or 
of  the  facial  muscles  and  tongue,  is  very  common.  Par- 
alysis of  deglutition  or  of  the  vagus  is  occasionally  met 
with.  It  is  easy  to  determine  in  any  case  whether  the  par- 
alysis is  due  to  lesion  of  the  centi'al  ti'acts.  or  to  lesion  of 
the  nerve  nuclei.  In  the  first  case  atrophy  does  not  follow 
the  paralysis,  and  there  is  no  change  in  the  electric  re- 
action in  the  muscles.  In  the  second  case  atrophy  occurs 
soon  after  paralysis,  and  is  accompanied  b_v  a  reaction  of 
degeneration.  But  the  latter  symptoms 
are  common  to  lesion  of  the  nerve  root 
and  trunk  as  well  as  to  lesion  of  the  nu- 
cleus ;  hence  other  symptoms  are  neces- 
sary to  establish  a  diagnosis  of  a  lesion 
in  the  nucleus.  AYhen  paralysis  of  the 
muscles  supplied  by  one  cranial  nerve 
occurs  alcuie,  the  probability  is  in  favor 
of  a  peripheral  nerve  lesion,  e.g.,  a  men- 
ingitis or  tumor  on  the  base  of  the  brain: 
and  a  central  lesion  can  be  thought  prob- 
able only  when  an  implication  of  other 
muscles  in  the  domain  of  other  nuclei 
ensues. 

Paralysis  of  the  external  rectus  is  so 
common  that  it  requires  some  attention. 
It  is  usually  due  to  a  lesion  on  the  base 
of  the  brain  outside  of  the  pons,  involv- 
ing the  sixth  nerve.     It  may  be  due  also 
to  lesion  in  the  pons  between  the  nucleus  of  the  sixth  nerve 
and  the  exit  of  the  root  (see  Fig.  882).    In  both  cases  there 
will  be  a  permanent  deviation  of  the  eye  inward  and  an  in- 
ability to  turn  it  outward,  with  contraction  of  the  pupil. 
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But  abducens  paralysis  may  also  be  due  to  a  lesion  of  the 
abdiicens  nucleus  iu  the  pons.  In  such  cases  there  is  the 
added  symptom  of  inability  to  perform  conjugate  move- 
ment of  both  eyes  toward  the  side  of  the  lesion,  and  a 
permanent  deviation  of  both  eyes  to  the  opposite  side. 
But  this  deviation  does  not  prevent  the  voluntary  act  of 
convergence  of  both  e.yes  to  a  near  point.  Lastly,  ab- 
ducens paralysis  may  be  due  to  lesions  in  the  crus,  or 
between  the  crus  and  the  cortex,  in  the  course  of  the 
tract  conveying  voluntary  impulses  from  the  corte.\  to 
the  sixth-nerve  nucleus.  Such  lesions  will  interfere  with 
voluntary  conjugate  movement  of  both  eyes  to  one  side, 
viz,,  toward  the  side  whose  abducens  is  paralyzed.  But 
since  such  a  lesion  may  lie  in  the  pons  after  the  decussa- 
tion of  this  tract,  or  in  the  cerebrum  before  its  decussa- 
tion, it  cannot  be  said  that  the  deviation  is  uniformly 
either  toward  or  away  from  the  lesion.  In  this  case  there 
is  no  permanent  deviation  of  the  eyes  to  either  side ;  for 
the  abducens  nucleus  being  uninjured,  it  maintains  the 
tone  of  the  external  rectus  muscle,  and  during  rest  the 
eyes  are  found  directed  forward.  If  a  lesion  in  the  course 
of  the  central  tract  is  of  an  irritative  nature,  however,  it 
may  cause  forced  motions  of  the  ej'es  by  sending  im- 
pulses to  the  sixth  nucleus.  Under  these  circumstances 
there  will  be  conjugate  deviation  of  both  eyes  toward  the 
side  of  the  abducens  paralysis.'  The  act  of  conjugate 
movement  may  also  be  interfered  with,  without  paralysis 
of  the  abducens  nerve.  That  act  is  governed  by  the  sixth 
nerve  nucleus,  or  by  a  special  nucleus  in  its  immediate 
vicinity  as  yet  undetermined.  It  involves  an  innervation 
of  one  external  rectus  muscle  and  of  the  opposite  internal 
rectus  muscle.  But  the  internal  rectus  muscle  derives  its 
innervation  from  the  third  nerve,  A  crossed  connection 
must  therefore  be  maintained  between  the  abducens  of 
one  side  and  the  oculo-motorius  of  the  other  .side.  This 
connection  is  maintained  by  means  of  the  posterior  longi- 
tudinal fasciculus  (Figs,  877  to  883,  hi).  A  lesion  in  the 
pons  in  the  course  of  this  bvmdle  will  interfere  with  the 
act  of  conjugate  movement  without  paralyzing  either 
abducens  or  oculomotor  nerve  alone.  In  none  of  the 
cases  mentioned  is  voluntary  convergence  of  the  eyes  to 
a  point  suspended.  These  conditions  may  be  understood 
by  reference  to  Fig.  89L 

A  very  extreme  contraction  of  the  pupils  is  mentioned 
as  a  symptom  iu  cases  of  sudden  lesion  of  the  pons.  It 
has  not  been  explained. 

Paralysis  of  the  facial  muscles  is  very  common,  but  is 
usually  due  to  lesions  in  the  nerve  outside  of  the  pons. 
The  sj-mptoms  which  are  produced  when  the  facial  nerve 
root  or  its  nucleus  is  invaded  in  the  pons,  resemble 
those  of  Bell's  palsy;  for  all  the  facial  muscles  are 
affected,  and  an  atrophy  with  reaction  of  degeneration 
ensues.  The  situation  of  the  lesion  in  the  pons  can  be 
determined  only  when  other  symptoms  of  pons  disease, 
such  as  alternating  paral_ysis  (Fig.  880),  are  present. 

Paral.ysis  of  the  motor  portion  of  the  glosso-phar_yngeal 
nerve,  with  dysphagia  or  difficulty  of  swallowing,  is  a 
not  infrequent  symptom  of  pons  disease.  It  occurs  after 
sudden  lesions,  such  as  hemorrhage  or  embolism,  also  as 
the  result  of  tiunors,  and  most  frequentlj'  of  all  in  pro- 
gressive bulbar  paralysis. 

Paralysis  of  the  motor  and  vaso-motor  mechanisms, 
governed  by  the  vagus  nerve,  is  a  constant  symptom  of 
disease  in  the  lower  part  of  the  pons  and  in  the  medulla. 
Arrest  of  resinration  and  heart  action,  from  lesion  of  this 
nucleus,  is  the  cause  of  sudden  death,  which  so  fre- 
quently attends  sudden  lesions  in  the  medulla  and  pons. 
When  the  lesion  is,  however,  of  a  slowly  progressive 
natvu'e  (tumor,  sclerosis  about  a  hemorrhage),  s_vmptoms 
of  irritation  maj'  occur  from  gradual  invasion  of  the 
pneumogastric  centres.  Projectile  vomiting;  slow  or 
very  rapid,  or  intermittent,  irregular  pulse;  dyspnoea; 
loss  of  voice;  polyuria  and  glycosuria,  are  symptoms 
which  have  been  ascribed  to  such  lesions.  The  two  last- 
named  symptoms  have  been  associated  with  tumors  in 
the  lower  part  of  the  medulla-  and  upper  part  of  the 
spinal  cord,  which  have  involved  the  fibres  from  the 
vaso-motor  centre  on  their  way  downward  to  their  exit 


from  the  cord  at  the  eighth  cervical  segment.  The  intra- 
medullary nucleus  of  the  spinal  accessory  nerve  is  so 
closely  adjacent  to  that  of  the  vagus  that  they  are  usu 
ally  involved  together,  when  difficulty  of  respiration  and 
articulation  ensues,  When  the  spinal  portion  of  the 
nerve  is  affected,  spasms  of  the  neck  occur;  but  this 
symptom  is  characteristic  of  meningeal  affections,  and 
has  not  been  observed  in  central  lesions. 

An  affection  of  the  hypoglossal  nerves  or  their  nuclei 
is  very  frecjueutly  observed  in  medullary  disease,  partly 
because  the  nerves  pass  through  the  middle  of  the 
medulla,  and  partly-  because  their  nuclei  are  large.  If 
the  lesion  produces  irritation  of  one  nucleus,  fibrillary 
twitchings  and  spasm  in  one-half  of  the  tongue  ma_y  be 
caused.  It  is  more  usual  to  find  paralysis  than  spasm, 
in  which  case  the  tongue,  when  protruded,  will  deviate 
toward  the  paral^vzed  side,  and  will,  therefore,  point 
toward  the  lesion.  But  when  the  tongue  is  affected  by 
disease  in  the  medulla,  it  is  not  unusual  for  both  halves 
to  be  involved,  and  then  it  is  found  that  the  power  of 
protruding  it  is  suspended,  and  motions  in  the  mouth  are 
also  difficult.  Hence  talking,  chewing,  and  swallowing 
are  interfered  with.  An  electric  examination  in  these 
cases  will  demonstrate  the  reaction  of  degeneration  iu  the 
intrinsic  muscles  of  the  tongue,  and  prove  that  the  lesion 
is  medullary,  and  not  cerebral.  Anarthria  or  dysarthria, 
i.e.,  imperfect  articulation,  is,  according  to  Nothnagel, 
a  frequent  and  important  symptom  of  medullary  disease. 

(2)  The  Seihiin-y  J\'.7-(v.«  of  the  pons  and  medulla  are  the 
trigeminal,  the  auditory,  and  the  glosso-pharyngeal. 
Lesions  which  affect  the  trigeminal  nerve  and  produce 
anaesthesia  of  the  face  have  alreadj-  been  considered. 
Trophic  disturbance  of  the  eyeball  has  not  yet  been  ob- 
served in  cases  of  lesion  of  the  trigeminal  root  or  nucleus. 
The  auditory  nerve  is  occasionally  affected  in  diseases 
of  the  pons  and  medulla.  Two  sets  of  s\'mptoms  are 
then  produced :  one  referable  to  the  implication  of  the 
fibres  conveying  auditory  impressions,  the  other  due  to 
the  irritation  or  destruction  of  fibres  concerned  in  the 
sense  of  equilibrium.  Deafness  has  been  observed  in 
pons  disease  on  the  side  of  the  lesion,*  and  is  probably 
due  to  destruction  of  the  auditory  fibres  passing  inward 
to  the  inner  auditory  nucleus  on  the  floor  of  the  fourth 
ventricle,  or  to  an  implication  of  that  nucleus  (see  Fig, 
884).  The  central  course  of  the  auditory  tract  is  be- 
lieved to  l)e  as  follows:  From  the  inner  and  outer  audi- 
tory nuclei  fibres  cross  the  median  line  in  the  corpus 
trapezoides  (Fig,  883,  ct)  to  the  opposite  superior  olive, 
thence  turn  upward  with  the  lemniscus,  pass  beneath  the 
posterior  corpora  quadrigemina  iu  the  lower  lemniscus 
(Fig.  877,  /'),  and  thus  reach  the  internal  geniculate  body, 
from  which  a  tract  passes  outward  through  the  lower  pos- 
terior part  of  the  internal  capside  and  corona  radiata  to 
the  temporal  lobe  of  the  brain  (Figs.  876,  884),  The 
course  of  this  tract  has  been  traced  by  anatomists,  and 
has  not  yet  been  confirmed  bv  pathological  observation. 
Lesions  at  any  part  of  it  should  produce  deafness  in  one 
ear.  Disturbauce  of  equilibrium  ma_y  occur  from  lesions 
in  the  lateral  portiimof  the  pons,  if  such  lesions  interrupt 
the  part  of  the  auditory  nerve  conveying  such  sensations 
to  the  cerebellum.  This  part  of  the  auditory  nerve  passes 
either  directly  into  the  cerebellum  through  the  inferior 
peduncle,  or  terminates  in  the  external  auditoiy  nucleus, 
which  is  connected  by  fibres  with  the  cerebellum  (Figs. 
882,  883,  e.  ci '),  Vertigo,  which  is  a  frequent  symptom  of 
pons  lesion,  and  rotatory  movements  of  the  body  toward 
one  side,  which  is  an  occasional  symptom  of  pons  dis- 
ease when  the  lesion  involves  the  lateral  portion  of  the 
pons,  and  the  inferior  and  middle  cerebellar  iieduncles, 
are  probably  due  to  an  involvement  of  this  portion  of 
the  auditory  nerve  in  the  lesion.  The  rotatorjf  move- 
ment is  probably  due  to  a  voluntary  attempt  to  correct  a 
subjective  sense  of  motion.  The  patient  really  suffers 
from  vertigo,  and  thinks  that  he  is  turning  or   falling 

*  It  is  recorded  in  five  cases  in  twenty-six.  In  other  cases  it  may 
have  been  present,  but  was  not  recorded  (Starr :  "  The  Sensory  Tract 
in  the  Central  Nervous  System,"  Jour,  of  Ment,  and  NerA'ous  Disease, 
July,  1B84J. 
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toward  one  side ;  he  therefore  tries  to  prevent  tliis  falling 
by  turning  toward  the  other  side.  The  symptom  may  be 
so  serious  that  such  rotatory  movements  are  constantly 
kept  up  until  the  patient  dies  of  exhaustion.  The  pa- 
tient turns  toward  the  side  opposite  the  lesion  ( ?). 

The  sensory  portion  of  the  glosso- pharyngeal  nerve 
receives  the  sensations  of  taste, ^  and  in  two  cases  in  which 
its  nucleus  has  been  involved  a  loss  of  taste  has  occurred. 
This  symptom  is  so  rarely  elicited  that  it  is  not  known 
whether  lesions  elsewhere  in  the  pons  or  medulla  will 
produce  it. 

The  Vaso-Motor  Centre. — Lesions  in  the  upper  half  of 
the  medulla  produce  marked  vaso-motor  symptoms.'' 
They  consist  of  a  general  vasomotor  parahsis  with 
flushing  of  the  surface  and  sensation  of  heat,  and  of  ab- 
normal sweating.  The  vaso-motor  centre  is  bilateral,  and 
each  centre  controls  the  circulation  on  the  same  side  of 
the  body.  Lesions  in  its  area  are  so  likely  to  cause  sud- 
den death  that  but  few  cases  can  be  found  in  which  it 
was  affected  (eight  cases  in  my  collection).  But  the 
symptoms  of  a  vaso-motor  character  are  to  be  looked  for 
in  any  case  of  medullary  lesion,  and  when  such  symp- 
tomsare  limited  to  one  lateral  half  of  the  body,  and  are 
associated  with  other  symptoms  of  bulbar  disease,  they 
are  valuable  as  signs  of  the  situation  of  the  lesion. 

There  are  a  few  general  symptoms  that  have  been 
not  infrequently  observed  in  pons  disease  which  require 
mention.  General  convidsions  are  the  most  constant  of 
these.  The  majority  of  sudden  lesions  (hemorrhage, 
embolism)  in  the  pons  are  ushered  in  by  general  convul- 
sions, followed  by  coma.  Nothnagel  established  the  fact 
that  in  animals  irritation  of  the  pons  produces  general 
convulsions,  and  hence  authors  have  spoken  of  a  convul- 
sive centre  in  the  pons.  It  is  hardly  warrantable  to 
hypothecate  such  a  centre.  But  it  is  probable  that  lesions 
in  the  pons  arc  capal)leof  producing  general  convulsions 
by  irritating  the  motor  tracts  which  pass  through  it. 
This  is  borne  out  by  the  fact  that  when  the  lesion  is  a 
tumor  or  a  sclerosis,  i.e.,  a  gradually  increasing  lesion, 
convulsions  do  not  occur.  Headache,  disturbance  of 
vision,  vertigo,  and  psychical  changes  have  been  fre- 
quently observed  in  connection  with  diseases  of  the  pons 
and  medidla,  but  they  are  to  be  ascribed  to  changes  in 
the  circ\ilation  or  internal  cranial  pressure,  and  not  to 
any  special  local  lesion. 

it  is  evident  from  this  review  that  the  symptoms  of 
lesions  of  the  pons  and  medulla  are  very  numerous,  very 
complex,  and  very  various,  in  accordance  with  their 
extent  and  the  manner  of  their  occunence.  The  symp- 
toms in  bulbar  paralysis  are  very  different  from  those  of 
softening  from  embolism.  And  as  almost  every  case  so 
far  recorded  has  differed  from  every  other  in  important 
particulars,  it  is  necessary  to  study  carefulh'  and  fully 
all  the  symptoms  occurring  in  any  pasc  of  central  lesion. 
If  the  cranial  nerves  are  involved,  or  if  there  is  present 
alternating  paralysis  or  anaesthesia,  the  possibility  of 
pons  or  medullary  disease  must  be  considered,  and  an 
Investigation  of  the  various  symptoms  here  detailed 
should  not  be  neglected.  M.  Alien  Starr. 

'  See  Report  of  Clinical  Society,  Lancet,  March  18tli,  1887. 

-  Archi\  fiir  P,sychiiitrie,  xiii.,"S.  658  u.  S.  671. 

3  C.  L.  Dana :  Jour.  .Nerv.  and  Ment.  Dis.,  xiii.,  6.5,  1886. 

*  M.  A.  Starr :  The  Sensory  Tract  in  the  Central  Nen-ous  System. 
Jour.  Ner\'.  and  Ment.  Disease,  xi.,  July,  1884 ;  also,  Vaso-Motor  Neu- 
roses, Pepper's  System  of  Medicine,  vol.  v. 

BRAIN:  EMBOLISM  AND  THROMBOSIS.— Embolism. 

— Etioloijii. — Cereliral  emliolism  is  almost  always  the  re- 
sult of  an  endocarditis,  either  acute  or  chronic,  of  the  left 
side  of  the  heart.  In  acute  ulcerative  endocarditis  the 
emboli  are  usually  very  small,  and  lodge  in  the  capillaries. 
This  form  of  the  disease  ■will  not  be  discussed  in  this 
article. 

The  embolus  consists  generally  of  small,  soft  particles 
of  fibrin  which  have  been  detached  by  the  current  of 
blood  from  the  vegetations  on  the  valves  of  the  heart. 
But  the  embolus  may  also  be  composed  of  calcified  par- 
ticles, or  of  pieces  of  the  valves  which  have  been  sepa- 


rated by  the  ulcerative  process  from  the  main  part  of  the 
valve.  Less  frequently  the  embolus  is  detached  from  a 
cardiac  thrombus,  situated  often  in  the  left  auricular  ap- 
pendix, or  near  the  apex  of  the  left  ventricle. 

In  rare  instances  the  embolus  is  derived  from  the  right 
side  of  the  heart,  and  such  cases  have  been  explained 
either  by  the  pateucj'  of  the  foramen  ovale,  or  by  the 
transmission  of  the  embolus  through  one  of  the  pijlmo- 
narj-  veins,  which  are  said  to  constitute  a  direct  communi- 
cation between  the  right  and  left  sides  of  the  heart. 
Cohnheim  reports  a  case  of  embolism  of  the  middle  cere- 
bra!  artery  owing  to  thrombosis  of  the  veins  of  the  lower 
limb.  In  this  case  the  foramen  ovale  readily  admitted 
three  lingers.  So  far  as  we  are  acquainted  with  the 
literature  of  the  subject,  this  is  the  only  case  of  the  kind 
on  record. 

Myocarditis  may  also  give  rise,  though  very  rarely,  to 
cerebral  embolism  by  causing  rupture  of  the  endocardium, 
and  the  consequent  admixture  of  the  products  of  infliira- 
matiou  with  the  blood.  This  is  also  true  of  gummatous 
or  other  growths  in  the  substance  of  the  heart,  which 
proliferate  through  the  endocardiimi. 

Another  source  of  embolism  is  found  in  atheromatous 
degeneration  and  calcification  of  the  inner  coats  of  the 
aorta,  with  subsequent  deposit  of  fibrin,  and  in  aneurism 
of  the  same  vessel.  Embolism  may  result  also  from 
thrombosis  of  one  of  the  arteries  in  tlie  circle  of  Willis,  a 
portion  of  the  thrombus  becoming  detached  and  giving 
rise  to  an  embolus  In  one  of  the  more  peripheral  vessels 
in  the  brain. 

Cerebral  embolism  may  also  result  from  gangrenous 
or  other  processes  in  the  lungs,  which  have  caused  ulcera- 
tion and  finallj-  perforation  of  a  vein,  and  thus  permit 
the  entrance  of  the  gangrenous  or  other  material  into  the 
blood.  This  mode  of  development  has  been  refciTcd  to 
previously  in  the  discussion  of  abscess  of  the  brain. 

Tumors  may  give  rise  to  embolism  in  the  same  way. 
Another  equally  rare  cause  of  embolism  is  the  existence  of 
wounds,  phlegmonous  intlammations  involving  the  sub- 
cutaneous adipose  tissue,  and  complicated  fractures  of 
the  bones  in  which  inflammatory  processes  are  set  up  in 
the  medulla  of  tho.se  organs. 

Von  Dusch  maintains  that  many  of  the  cases  of  sudden 
death  in  pleurisy  during  aspiration,  or  while  the  pleura 
is  being  washed  out,  are  due  to  the  formation  of  thrombi 
in  the  pulmonary  veins.  He  believes  that  the  develop- 
ment of  paralysis,  which  is  observed  sometimes  under 
such  circumstances,  may  be  explained  by  the  secondary 
occurrence  of  cerebral  embolism.  Indeed,  in  one  in- 
stance of  this  kind,  the  cerebral  emboli  were  discovered 
at  the  post-mortem  examination.  Finallv.  mention 
should  be  made  of  the  capillary  pigment  emboli  of  the 
brain,  seen  occasionally  in  .severe  forms  of  intermittent 
and  remittent  fever.  These  emboli  may  be  so  numerous 
as  to  give  the  brain  a  chocolate  color.  All  the  cases  of 
the  kind  which  have  come  under  our  observation  have 
oiiginated  in  Central  or  South  America. 

In  our  experience  cerebral  embolism  occurs  much  more 
frequently  in  males  than  in  females,  but,  according  to 
Gowere,  it  is  more  frequent  in  women,  owing,  as  he 
claims,  to  the  greater  frequency  of  mitral  stenosis  in 
females. 

Patholoriical  Anatomy. — Cerebral  emboli  (with  the  ex- 
ception of  the  capillar}-  emboli,  which  will  not  be  dis- 
cussed in  this  article)  are  usually  single,  and.  in  the  ma- 
jority of  cases,  are  situated  in  the  left  middle  cerebral 
artery.  This  predilection  is  explained  by  the  fact  that 
the  current  of  blood  from  the  aorta  passes  by  a  straighter 
course  into  the  left  carotid  than  into  the  right  carotid,  and 
that,  furthermore,  the  left  middle  cerebral  artery  is  the 
direct  continuation  of  the  carotid.  It  has  been  claimed 
by  Gelpke,  on  the  basis  of  statistics,  that  the  left  middle 
cerebral  presents  only  a  slight  preponderance  over  the 
right  middle  cerebral  in  this  respect,  but  this  is  probably 
owing  to  the  fact  that,  on  account  of  the  usual  situation 
of  the  embolus  in  the  vessel  on  the  left  side  of  the  brain, 
the  history  of  such  cases  is  not  generally  reported. 

In  a  certain  proportion  of  cases  the  emboli  are  situated 
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in  other  vessels,  aud  even  two  or  more  may  be  present  at 
the  same  time. 

The  following  is  a  brief  resume,  accordhig  to  Duret.  of 
the  distribution  of  the  blood-vessels  to  the  brain.  These 
vessels  may  be  divided  into  two  classes;  First,  those 
which  are  given  off  at  the  base  of  the  brain  and  at  once 
enter  the  organ  to  suppl.v  the  parts  situated  above  (basal 
ganglia,  etc.);  and  secondly,  the  continuations  of  these 
ves.scls  which  supply  the  cortex.  We  shall  first  describe 
the  former. 

The  anterior  cerebral  and  anterior  communicating 
arteries  send  off  a  number  of  small  branches  which  sup- 
ply tlie  anterior  pai't  of  the  corpus  striatum. 

The  posterior  cerebral  artery  sends  branches  to  the 
walls  of  the  third  ventricle,  the  optic  thalamus  (mainly 
the  posterior  portion),  the  tegmentum  of  the  crus  cerebri, 
and  the  corpora  quadrigemiua. 

The  middle  cereliral  artery  (the  most  important  artery 
of  the  brain)  gives  olT  a  number  of  branches  before  it 
supplies  the  cortex ;  (1)  The  internal  striate  arteries  to  the 
first  and  second  divisions  of  the  lenticular  nucleus  and 
the  internal  or  white  capsule;  (2)  the  lentieulo-striate 
arteries  wliich  sujijily  the  anterior  part  of  the  third  divi- 
sion of  the  lenticidar  nucleus  and  of  the  internal  capsule, 
and  also  pass  to  the  corpus  striatum;  (3)  the  lenticulo- 
optic  arteries  which  jiass  to  the  posterior  part  of  the  third 
■division  of  the  lenticular  nucleus  aud  the  anterior  portion 
of  the  optic  thalamus. 

Following  is  the  cortical  distribution  of  these  vessels; 

The  anterior  cerebral  artery  supplies  the  convolutions 
on  the  inferior  surface  of  the  frontal  lobe,  the  first  and 
second  frontal  convolutions,  the  paracentral  lobule,  and 
the  priEcuneus. 

The  posterior  cerebral  artery  supplies  the  gyrus  unci- 
natus  and  hippocampus,  the  inferior  surface  of  the  tem- 
poro  sphenoidal  lobe,  and  the  oceipiUil  convolutions. 

The  middle  cerebral  breaks  up  into  five  branches:  (1) 
To  the  third  frontal  (Broca's)  convolution;  (2)  to  the  as- 
cending frontal  convolution ;  (13)  to  the  ascending  parietal 
convolutii>n  ;  (4)  to  the  inferior  ])arietal  and  superior  tem- 
porosphenoidal  convolutions;  (ri)'to  the  first  and  second 
temporo-spheimidal  convolutions. 

The  pons  Varolii  and  medulla  oblongata  are  supplied 
in  the  following  manner; 

The  basilar  artery  gives  off  vertical  branches,  which 
supply  the  nuclei  of  origin  of  the  nerves  and  the  epen- 
djana  of  the  fourth  ventricle.  The  nuclei  are  also  sup- 
plied by  small  vessels,  which  enter  with  the  roots  of  the 
nerves. 

The  inferior  cereliellar  artery  su])plies  the  lateral  parts 
of  the  medulla  and  the  inferior  cerebellar  peduncle.  The 
remaining  portions  of  the  pons  and  medulla,  and  the 
cerebellum,  are  supplied  by  the  transverse  and  cerebellar 
arteries. 

The  vessels  which  enter  the  substance  of  the  brain  from 
tlie  ba.se  are  terminal  arteries,  i.e.,  there  is  no  anastomosis 
between  the  distribution  of  one  vessel  and  the  adjacent 
ones.  A  certain  amount  of  anastomosis  exists  between 
the  vessels  which  ramify  in  the  ]iia  mater,  but  this  is 
very  often  insufiicient  to  compensate  for  the  anaemia  pro- 
duced by  the  plugging  of  one  of  these  arteries. 

When  a  terminal  artery  is  completely  obstructed  by 
an  embolus,  the  supply  of  arterial  blood  to  the  distribu- 
tion of  the  vessel  is  shut  off.  According  to  Cohnheim, 
the  reflux  of  blood  from  the  corresponding  vein  will 
gorge  the  capillaries  with  blood.  Litten  believes  that 
the  filling  of  the  capillaries  is  due  to  the  influx  of  blood 
from  the  capillaries  of  adjacent  regions.  If  the  blood 
[iressure  is  too  feeble,  however,  this  feature  is  not  ob- 
served. 

As  a  residt  of  the  cessation  of  circulation  in  the  terri- 
tory supplied  by  the  obstructed  vessel,  the  nutrition  of 
the  capillaries  and  veins  becomes  impaired,  and  they 
therefore  permit  the  escape  of  red  blood  globules.  Then 
the  tissues  which  have  been  deprived  of  blood  undergo 
simple  fatty  degeneration,  and  an  infarction  is  produced. 
Finally,  absorption  occurs,  leaving  a  cyst  containing  clear 
fluid.  " 


If  a  reflux  of  blood  into  the  vessels  does  not  take  place, 
the  infarction  has  a  yellowish  or  whitish  color  from  the 
beginning,  but  in  other  respects  the  course  is  the  same  as 
that  just  described.  The  retrogressive  changes  (necrobi- 
osis) probably  begin  at  the  end  of  thirty -six  or  forty- 
eight  hours.  Some  authorities  think  that  these  changes 
begin  at  the  end  of  two  or  three  hours. 

Unlike  what  takes  place  in  embolism  of  other  organs 
of  the  bod\',  embolism  of  the  brain  does  not  often  produce 
a  hemorrhagic  infarction,  but  almost  always  results  in  a 
patch  of  yellow  or  white  softening.  The  reason  for  this 
difference  is  not  very  clear. 

When  the  embolus  is  lodged  in  one  of  the  vessels  sup- 
plying the  cortex,  the  effect  prodviced  varies  according 
to  the  size  of  the  vessel  and  the  extent  to  wdiich  it  anas- 
tomoses with  surrounding  ones.  Infarctions  in  this 
region  arc  usually  of  small  size,  though  thi'v  occasiou- 
ally  attain  much  larger  dimensions  than  those  situated 
within  the  brain,  particularly  if  a  large  branch  of  the 
middle  cerebral  artery  has  been  occluded.  The  color  of 
the  infarction  is  yellow  or  brown,  and  the  external  sur- 
face is  often  extremely  hard.  It  diminishes  in  extent 
toward  the  interior,  aud  sometimes  involves  only  the 
gray  matter  of  the  convolutions.  On  the  other  hand, 
the  white  matter  below  the  convolutions  may  alone  be 
affected,  while  the  cortex  escapes.  The  pia  matiM'abcive 
the  lesion  is  usually  infiltrated  with  fluid,  and  is  readily 
detached  from  the  surface. 

In  old  cases  in  w'hicli  the  motor  regions  have  been  in- 
volved, either  within  the  brain  or  in  the  cortex,  descend- 
ing degeneration  of  the  pyramidal  tracts  occurs  as  it  does 
in  cerebral  hemorrhage.  Moreover,  I  have  occasionally 
seen  atrophy  of  the  unaffected  parts  of  the  hemisphere 
after  extensive  lesions  of  this  kind,  though  not  to  so 
marked  an  extent  as  that  which  I  have  described  as  oc- 
curring in  cerebral  hemorrhage. 

GUnical  Jlintory. — From  the  nature  of  the  disease,  the 
symptoms  of  cerebral  embolism  always  begin  suddenl)'. 
The  attack  may  or  may  not  begin  with  a  disturliance  of 
consciousness,  and,  as  in  cerebral  hemorrhage,  this  may 
vary  from  a  passing  vertigo  or  feeling  of  confusion  to 
complete  and  profound  u  jcousciousuess.  General  or  >mi- 
lateral  convulsions  also  constitute  a  not  infrequent 
accompaniment  of  the  attack.  The  symptoms  during 
the  stage  of  unconsciousness  differ  in  no  respect  from 
the  corresponding  ones  of  cerebral  hemorrhage,  but  they 
are  not  apt  to  be  so  prolonged,  and,  moreover,  there  are 
no  characteristic  phenomena  connected  with  the  bodily 
temperature.  There  is  usually  a  slight  rise  of  tempera- 
ture soon  after  the  development  of  the  seizure,  but  after- 
ward it  varies  irregularly  frcmi  time  to  time.  In  fatal 
cases  the  temperature  usually  rises  steadily  imtil  death. 

As  the  embolus  is  situated  commonly  in  one  of  the 
arteries  of  the  left  side  of  the  brain  (usually  the  middle 
cerebral),  right  hemiplegia  usually  results,  and  in  a  con- 
siderable prcjportion  of  cases  is  associated  with  aphasia. 
In  fact,  the  sudden  occurrence  of  right  hemiplegia  and 
apliasia,  without  previoushead  symptoms,  is  prima  facie 
evidence  that  we  have  to  deal  with  an  attack  of  embolism 
of  the  left  middle  cerebral  artery. 

The  character  of  the  aphasia  differs  greatly  in  indi\'id- 
ual  cases  according  to  the  situation  of  the  lesion,  and  all 
the  different  varieties  of  aphasia  may  thus  be  produced 
(rick  the  article  on  Apliana,  in  Vol.  I.).  In  some  cases, 
indeed,  aphasia  is  the  only  symptom  produced,  and  may 
remain  permanent  without  being  followed  by  any  other 
symptom.  In  a  case  which  came  under  my  observation 
it  was  associated  with  epileptiform  convulsions,  which 
recurred  at  irregular  intervals. 

At  other  times  the  aphasia  is  a  temporary  symptom 
which  soon  disappears,  but  is  followed  later  by  an  apo- 
plectiform attack,  attended  with  hemiplegia,  which  then 
runs  the  us>ial  course. 

The  duration  of  the  hemiplegia  varies  within  very 
wide  limits.  If  recovery  does  not  take  place  within  a 
few  weeks,  the  paralysis  will  probably  persist  for  the 
remainder  of  life.  Unlike  the  hemiplegia  of  cerebral 
hemorrhage,  the  paralysis  is  not  so  apt  to  undergo  slow 
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but  progressive  impro^■ement.  Recovery  takes  place 
either  rapidl}'  or  not  at  all  in  the  large  majority  of  cases. 

The  further  coui-se  of  the  disease  can  be  distinguished 
in  no  respect  from  that  of  cerebral  hemorrhage.  As  we 
have  stated  in  our  discussion  of  the  latter  subject,  even 
a  post-mortem  examination  may  fail  to  distinguish  in  old 
cases  between  the  remains  of  a  clot  and  an  embolic  proc- 
ess, inasmuch  as  the  embolus  itself  may  gradually  have 
been  absorbed  and  the  oiigiual  brain  lesion  replaced  by  a 
cyst  or  cicatrix. 

For  the  changes  in  the  symptomatology  due  to  the 
varying  location  of  the  embolus,  we  must  again  refer 
the  reader  to  the  article  by  Dr.  Starr,  on  Brain  Diseams  : 
Ditigiiosis  (if  Liicitl  Lesiona. 

But  we  will  here  describe  a  very  peculiar  group  of 
symptoms,  apparently  of  bulbar  origin,  which  has  been 
observed  in  a  number  of  instances  in  which  the  lesion 
was  situated  in  another  part  of  the  brain.  The  clinical 
history  of  this  form  of  disease  is  well  shown  by  the  fol- 
lowing case  reported  by  Berger: 

"Anian,  aged  sixty -one,  suffering  from  small,  con- 
tracted kidneys.  In  1888  dysarthria  and  dysphagia  de- 
veloped suddenly  without  any  violent  apoplectifoim 
symptoms.  At  the  end  of  two  days  right  hemiparesis 
and  salivation  were  observed.  Striking  improvement 
after  local  faradization.  About  a  year  later  an  attack 
of  tonic  rigidity  of  the  body,  followed  by  an  exacerba- 
tion of  the  disturbances  of  speech  and  deglutition,  and 
also  of  the  riglit  hemiparesis.  Paralysis  of  tlie  orbicula- 
ris oris,  particularly  on  the  right  side,  and  of  tlie  muscles 
of  the  tongue  and  deglutition.  Inconstant  condition  of 
the  glosso-labio-pharyngeal  paralysis:  no  progressive 
course.  No  atrophy;  normal  electrical  irritabilitj- of  the 
paralyzed  muscles." 

Quite  a  number  of  autopsies  have  shown  that  symp- 
toms of  this  character  may  be  due  to  a  bilateral  or  even 
unilateral  lesion  of  the  cerebral  hemispheres  in  any  posi- 
tion whieli  interferes  with  conduction  from  the  corte.x  to 
the  centres  of  articulation  and  deglutition  in  the  medulla 
oblongata,  though  the  latter  may  be  entirely  intact.  A 
case  of  this  description,  in  w-hich  I  was  fortunate  enough 
to  obtain  an  autopsj',  was  seen  by  me  onl\'  a  few  days 
ago.  In  this  instance  a  spot  of  softening  was  situated  in 
the  anterior  third  of  the  posterior  half  of  the  right  in- 
ternal capsule,  and  also  involved  slightlj-  the  anterior 
part  of  tlie  optic  thalamus. 

Diaijiunth. — The  diagnosis  of  cerebral  embolism  has 
been  considered  in  part  in  the  discussion  of  cerebral 
hemorrhage,  so  that  very  little  need  now  be  said  on  the 
subject. 

One  combination  of  symptoms,  viz.,  the  sudden  occur- 
rence of  right  hemiplegia  and  aphasia  in  a  patient  who 
has  previously  presented  no  cerebral  symptoms,  is  ex- 
tremely characteristic  of  embolism  of  the  left  middle 
cerebral  artery.  This  groiip  of  symptoms  is  observed 
with  comparative  rarity  as  the  result  of  any  other  lesion, 
thougli,  of  course,  a  hemorrhage  occurring  in  the  internal 
capsule  may  give  rise  to  the  same  symptoms.  In  the 
latter  event,  however,  the  disturbance  of  consciousness 
is  usually  more  severe  than  in  the  former,  and,  in  addi- 
tion, the  onset  of  the  disease  is  generally  not  so  sudden. 

The  development,  during  an  apoplectiform  attack,  of 
an  embolism  of  the  central  artery  of  the  retina  is  very 
significant  of  a  similar  affection  of  one  of  the  cerebral 
vessels.  Symptoms  indicjitive  of  the  formation  of  infarc- 
tions in  the  spleen,  kidneys,  and  lungs  may  also  aid  us 
in  coming  to  a  conclusion. 

Youthful  age  and  the  presence  of  valvular  disease  of 
the  heart  also  point  to  embolism  rather  than  hemorrhage. 
In  verj-  young  children  and  infants,  however,  cerebral 
embolism  is  much  rarer  than  hemorrhage. 

If  aphasia  occurs  as  the  sole  symptom  the  diagnosis 
must  be  made  from  the  attendant  circumstances,  such  as 
the  existence  of  cardiac  disease,  the  occurrence  of  pre- 
vious attacks  of  a  clearer  nature,  the  age  of  the  patient, 
and  the  subsequent  history  of  the  disease. 

Berger  states  tliat  the  pseudo-bidbar  symptoms  men- 
tioned in  the  preceding  section  are  distinguished  from 


glosso-labio-])haryngeal  paralysis  by  the  following  differ- 
ential features: 

1.  Sudden  apoplectiform  development  of  the  symp- 
toms, which  present  no  tendency  to  progression. 

2.  The  presence  of  other  cerebral  disturbances. 

3.  The  absence  of  atrophy  of  the  paralyzed  muscles, 
even  after  the  disease  has  lasted  a  considerable  time. 

4.  The  absence  of  the  reaction  of  degeneration. 

5.  The  intact  reflex  irritability  of  the  paralyzed  mus- 
cles. 

G.  The  absence  of  signs  of  progressive  muscular 
atrophy. 

Priiriiums.—T\\\%  depends  mainly  upon  the  situation 
and  character  of  the  artery— whether  terminal  or  not — 
in  which  the  embolus  has  lodged,  and  upon  its  complete 
or  incomplete  occlusion.  The  latter  factor  is  of  com- 
paratively slight  importance,  since  incompletely  occlud- 
ing emboli  usuall.y  are  converted  into  completely  oc- 
cluding ones  from  the  secondary  dejjosit  of  a  thrombus. 
As  a  matter  of  course,  the  occlusion  of  one  of  the  ves- 
sels supplying  the  pons  or  medulla  may  prove  rapidly 
fatal. 

If  improvement  occurs  it  usually  takes  place  within 
one  or  two  weeks.  Otherwise  the  symptoms  remain 
stationary  or  are  complicated  at  a  later  period  with 
secondary  contractures,  etc.,  as  in  cerebral  hemorrhage. 
According  to  our  experience,  there  is  less  danger  of 
mental  impairment  than  in  cerebral  hemorrhage.  Re- 
lapses may  occur  at  any  time  from  the  continuance  of 
the  primary  cause.  Death  occurs  much  less  frequently 
than  in  hemorrhage  of  the  brain,  unless  the  embolus 
lodges  in  the  basilar  artery. 

CEnEiiR.\i,  TniiCMBOsis. — Etinhgy. — Thrombosis  of 
the  cerebral  arteries  is  generally  the  result  of  atheroma- 
tous degeneration  of  the  vessels.  In  such  cases  the  cur- 
rent of  blood  is  also  usually  slowed  on  account  of  weak- 
ness of  the  heart's  action,  and  coagulation,  therefore, 
lakes  place  upon  the  roughened  parts  of  the  inner  coat 
of  the  vessel.  The  deposit  of  coagulated  blood  gradually 
increases  in  extent  until,  as  a  rule,  the  lumen  is  entirely 
occluded.  In  rare  instances,  however,  a  parietal  throm- 
bus forms,  leaving  part  of  the  lumen  free  for  the  passage 
of  blood. 

As  we  have  stated  previoush',  it  is  quite  common  to 
find,  also,  that  a  secondary'  thrombus  is  deposited  upon 
a  cerebral  embolus,  w  hatever  the  origin  of  the  latter  may 
have  been. 

A  .syphilitic  affection  of  the  walls  of  the  vessels  may 
lead  to  thrombosis  in  the  same  way  that  atheroma  does, 
but  the  syphilitic  vascular  lesions  have  been  discussed 
imder  a  separate  heading  (see  Brain  :  Syphilis). 

As  atheroma  of  the  vessels  is  usually  one  of  the  acci- 
dents of  advancing  age,  so  thrombosis  is  also  most  fre- 
quent after  middle  life. 

Another  variety  of  cerebral  thrombus  is  that  known  as 
the  marasmic  Ihromlius.  This  develops  in  intact  vessels 
as  tlie  result  of  simple  retardation  of  the  current  of  blood 
(perhaps  associated  with  a  change  in  its  chemical  con- 
stitution), and  is  observed  usually  after  protracted,  ex- 
hausting diseases  or  severe  attacks  of  an  acute  infectious 
disease.  This  variety  is  also  observed  in  childhood,  from 
similar  causes. 

Another  form  of  thrombosis  is  the  result  of  direct 
compression  of  the  vessel,  either  from  a  mass  of  sur- 
rounding exudation,  particularly  in  tuberculous  menin- 
gitis, from  the  growth  of  a  tuberculous  new  formation 
through  the  wall  of  the  vessel,  or  from  the  pressure  of  a 
tumor  of  the  brain.  In  such  cases,  however,  the  clinical 
history  of  the  thrombus  is  usually  lost  in  that  of  the 
primary  disease. 

Clinical  Ilistary. — Cerebral  thrombosis  is  frequently 
preceded  by  prodromal  symptoms,  which  vary  greatly 
in  character  and  duration,  lasting  at  times  for  many 
months.  These  symptoms  are  due  probably  to  the  im- 
paired nutrition  of  the  brain,  on  account  of  the  slowly 
increasing  diminution  of  the  elasticity  and  calibre  of  the 
affected  vessel. 

Dizziness  is  one  of  the  most  common  prodromal  mani- 
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festations;  it  may  be  coustant  or  intermittent,  and  is 
often  aggravated  by  any  sudden  change  in  position. 
Violent  headache  is  more  infrequent,  and  is  usually  dif- 
fused over  the  entire  head.  The  patient  grows  moody 
and  morose,  the  memory  is  weakened,  and  impairment 
of  speech  maj'  also  be  noticed.  Sometimes  intercurrent 
attacks  occur,  in  which  the  individual  partly  loses  con- 
sciousness, experiences  numbness  in  an  arm  or  leg,  and, 
perhaps,  has  a  slight  loss  of  power  in  these  parts. 

In  addition  to  the  cases  of  mental  weakness,  Jlonakow 
describes  a  form  of  more  decided  psychical  disturbance. 
This  may  assume  the  shape  «f  senile  mania  or  melan- 
cholia or  the  delusions  of  persecution.  In  the  latter 
event,  the  patient  believes  himself  ill-treated  by  his 
famil.y  and  friends,  threatens  lawsuits  in  order  to  defend 
his  rights,  etc. 

Others  exhibit  increased  excitement,  with  vivid  hallu- 
cinations and  occasionally,  as  in  ordinary  acute  mania, 
sing  aloud,  gesticulate  violently,  and  exhibit  complete 
confusion  of  ideas;  destructivehess  may  also  be  mani- 
fested. This  condition  rapidly  gives  place,  however,  to 
a  quiet  dementia. 

Melancholic  conditions  are  rarer.  They  are  character- 
ized by  mental  confusion  and  depressive  excitement; 
delusions  of  a  religious  tinge  are  sometimes  noticed,  and 
there  may  be  a  tendency  to  suicide.  This  condition  also 
terminates  quickly  in  dementia. 

After  a  longer  or  shorter  duration  of  the  prodromal 
stage,  the  symptoms  proper  of  the  thrombosis  usually 
develop  with  great  rajiidity.  Sometimes,  indeed,  the 
attack  is  as  sudden  as  one  caused  by  embolism  or  hemor- 
rhage, and  if  no  previoiis  symptoms  have  been  observed, 
it  may  be  impossible  to  make  a  differential  diagnosis. 
The  symptoms  of  the  attack  itself  can  usually  be  dis- 
tinguished in  no  respect  from  those  of  cerebral  hemor- 
rhage, but  there  is  some  diflerence  to  be  noted  in  the 
subsequent  liistory.  Recovery  from  the  paralysis  which 
has  been  produced  is  extremely  exceptional.  On  the 
contrary,  the  impairment  of  motion  grows  more  marked 
with  time.  This  feature  is  explained  in  part  by  another 
peculiarity  of  the  affection,  viz.,  that  very  commonly 
the  mental  power  becomes  steadily  impaired  after  the 
attack  of  paralysis.  If  several  seizures  occur  (as  is  not 
infrequently  the  case),  the  patient  gradual!}'  sinks  into 
a  condition  in  which  he  forgets  almost  everything,  and 
even  fails  to  attend  to  the  wants  of  nature;  liis  speech  is 
thick  and  indistinct,  etc. 

The  symptoms  due  to  thrombosis  of  the  basilar  artery 
are  so  peculiar  that  they  merit  separate  consideration. 

The  symptoms  develop  suddenly  or  gradually,  accord- 
ing to  tiie  mode  of  development  of  the  thrombus. 

Sometimes  merely  a  severe  apoplectic  attack  is  pro- 
duced, accompanied  often  by  contraction  of  the  pupils 
and  irregular  breathing,  the  attack  proving  fatal  in  a 
period  varying  from  a  few  hours  to  several  days. 

But  usually  verj-  characteristic  phenomena  are  devel- 
oped. If  hemiplegia  is  present  (and  this  is  usually  the 
case),  it  is  generally  of  the  so-called  "alternate"  type 
(Gubler).  In  this  form  of  hemiplegia  the  body  is  para- 
lyzed on  one  side  and  the  face  on  the  opposite  side  (the 
paralysis  of  the  facial  nerve  involves  the  occipito-frontalis 
and  orbicularis  palpebrarum,  and  is  therefore  similar  to 
peripheral  facial  paralysis).  In  addition,  there  is  an- 
other very  rare  form  of  alternate  hemiplegia,  in  which 
the  face  and  bodj-  are  paralyzed  on  the  same  side,  the 
motor  oculi  communis  on  the  opposite  side.  Leyden  pro- 
poses lo  call  the  former  variety  inferior  alternate  hemi- 
plegia, the  latter  variety  superior  alternate  hemiplegia. 

In  addition,  disturbances  of  speech  and  deglutition  are 
frequently  ju-oduced,  the  former  more  commonlv  than 
the  latter.  The  diftieulty  of  speech  is  shown  by  the 
thick,  muffled  articulation,  and  is  due  to  paresis  of  the 
muscles  of  articulation ;  in  other  words,  it  does  not  pre- 
sent the  characteristics  of  any  of  the  forms  of  aphasia. 
The  tongue  is  usually  moved  with  difficulty.  The 
bodily  temperature  is  apt  to  rise  very  high  in  these  cases 
shortly  before  death,  and  Eichhorst  has  reported  a  case 
in  which  the  temperature  reached  108°  F. 


Despite  the  gravity  of  the  lesion,  some  patients  make 
a  tolerably  complete  recovery,  and  again  become  able  to 
walk  about,  until  a  further  extension  of  the  disease  pro- 
duces a  second  and  fatal  attack. 

Diagnosis. — As  we  have  on  several  occasions  remarked, 
the  symptoms  of  an  apoplectic  seizure  due  to  cerebral 
hemorrhage,  embolism,  and  thrombosis  may  be  identical. 
But  the  attendant  circumstances  are  often  of  such  a  nature 
that  we  shall  be  enabled  to  distinguish  cerebral  throm- 
bosis from  the  two  other  affections  mentioned, 

TVhen  the  prodromal  stage  is  very  long  and  the  attack 
itself  develops  slowly,  the  recognition  of  thrombosis  is 
usually  quite  eas_y.  But  when  these  conditions  do  not 
hold,  the  diagnosis  depends  chiefly  upon  the  age  of  the 
patient,  the  condition  of  the  blood-vessels  (particularly 
the  radial  and  temporal  arteries),  and  the  subseciuent 
history  of  the  case. 

Furthermore,  it  is  characteristic  of  this  disease  that  it 
is  very  often  attended  by  a  gradual,  pronounced  faihu'e 
of  the  mental  powers,  so  that  the  patients  finally  sink 
into  a  demented  condition. 

In  a  considerable  proportion  of  cases,  however,  it  is 
impossible  to  make  a  positive  diagnosis  between  cerebral 
hemorrhage  and  thrombosis. 

Prognosis. — The  prognosis,  as  regards  complete  recov- 
ery, is  extremely  unfavorable,  not  so  much  on  account 
of  the  severity  of  the  lesion  itself,  but  from  the  fact  that 
the  vital  powers  are  usually  at  such  a  low  ebb  that 
restoration  of  function  in  the  affected  parts  Is  impossi- 
ble. 

Sometimes  a  considerable  interval  elapses  between  the 
individual  attacks,  but  the  disease  is  always  progressive, 
and  unless  carried  off  by  an  intercurrent  disease,  the  pa- 
tient gradually  sinks  into  a  condition  of  imbecility,  finally 
gets  up  bed-sores,  etc. 

Treattnent. — During  attacks  of  cerebral  embolism  or 
thrombosis  very  little  can  lie  done  beyond  keeping  the 
patient  perfectly  quiet.  When  indicated  by  the  pulse, 
stimulants  should  be  administered  to  rouse  the  failing 
action  of  the  heart. 

After  the  primary  attack  has  passed  over,  the  treat- 
ment of  the  residua  of  embolism  will  be  essentially  the 
same  as  that  advised  concerning  cerebral  hemorrhage. 

After  thrombosis,  the  paralysis  and  other  s\niptoms 
do  not  j'ield  to  treatment,  and  little  can  be  d(jne  beyond 
keeping  up  the  general  nutrition  of  the  ]iatient. 

Laipohl  Piitzel. 

BRAIN:    FUNCTIONS   OF   CEREBRAL  CORTEX.— 

It  is  now  conceded  that  the  physiological  processes  un- 
derlying sensation  and  perception,  emotional  expression, 
language,  voluntary  movement,  memory,  the  association 
of  ideas  and  intellection  are  to  be  sought  within  the  en- 
cephalon.  It  is  admitted,  also,  that  the  structures  which 
are  thus  prerequisite  to  every  manifestation  of  mental 
life  are  the  neurones  of  the  cortex  of  the  cerebral  hemi 
spheres.  Exner's  statement  that  a  "  physiology  of  the 
cerebral  cortex  in  the  sense  in  \vhich  there  is  a  phys 
iology  of  the  muscle,  etc. ,  scarcely  exists  at  the  pres 
ent  time "  is  doubtless  as  true  now  as  it  was  two 
decades  ago.  And  yet  the  functions  of  the  cerebral 
cortex,  both  of  its  entirety  and  also  of  dilfcrcntiated  por 
tions,  are  at  the  present  day  in  large  measure  ascertained 
and  comprehended. 

A  bare  recital  of  the  facts  of  cerebral  localization  con 
duces  only  to  confusion.  It  would  be  difficult  to  point 
to  another  department  of  science  in  which  facts  as  facts 
have  so  little  significance.  Before  a  fact  or  reputed  fact 
can  be  comprehended  and  made  to  serve  as  the  basis  for 
conclusions  concerning  the  nature  and  localization  of  the 
cerebral  functions,  it  must  not  only  be  critically  examined 
on  its  own  merits;  it  must  also  be  connected  with  a  great 
multitude  of  other  complicated  ]ihenomena  and  inter- 
preted in  relation  to  general  theories  of  mental  and  neural 
activity.  The  comprehension  of  the  functions  of  the 
cerebral  cortex  is  mainly  the  result  of  ps.ychological  in- 
terpretation and  analysis. 

Six  different  methods  of  investigation  or  lines  of  in- 
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quiry  have  contributed  all  the  facts  upon  which  the  con- 
clusions that  constitute  the  science  of  cortical  neurology 
are  based.  Each  has  certain  advantages  not  possessed 
by  others,  and  each  has  its  limitations.  The  first  of  these 
methods  is  the  method  of  binloyical  comparison.  Al- 
though this  is  the  oldest  method,  it  is  certainly  the  least 
important.  Even  the  ancients  had  noted  the  greater 
size  of  the  human  brain  in  comparison  with  that  of  the 
lower  animals,  as  well  as  the  more  complicated  structure 
of  its  convolutions;  in  consequence,  some  taught  tliat 
the  superior  intelligence  of  man  was  to  bo  accounted  for 
by  the  greater  size  of  his  brain,  and  that  the  brain  was 
peculiarly  the  seat  of  intelligence.  It  has  been  customary, 
also,  to  compare  the  size  of  the  frontal  lobes  in  the  more 
intelligent  races  with  that  of  the  same  structures  in  the 
less  intelligent  races  and  in  the  lower  animals.  But  this 
method  alone  would  lead  to  tlie  conclusion  that  the  occip- 
ital and  perhaps  the  temporal  lobes  were  also  the  seat 
of  higher  psychical  processes.  Attempts  have  been 
made  to  draw  positive  conclusions  from  examination  of 
the  relative  size,  weight,  thickness,  and  surface  area  of 
the  cerebral  convolutions  in  normal  and  degenerate  indi- 
viduals or  classes  of  men.  This  method  furnishes  only 
presumptive  evidence  that  relative  excess  of  cortical  sub- 
stance is  associated  with  higher  grades  of  intelligence. 

The  second  method  is  that  of  experimental  extirpation. 
This  method  was  the  tirst  to  give  convincing  evidence  of 
diversity  in  the  localization  of  functions  within  the  cere- 
bro-spinal  nervous  system.  Observations  on  the  brain- 
less frog  revealed  the  significant  difference  between 
those  functions  which  could  be  carried  on  by  the  spinal 
cord  alone  and  those  which  required  the  spinal  cord  and 
hraiu.  The  distinction  betw^cen  a  reflex  and  a  conscious 
reaction  was  thus  no  Umger  a  matter  of  definition,  for 
the  brainless  frog  was  shown  to  be  a  simpler,  more  me- 
chanical, and  less  intelligent  frog  than  the  intact  frog. 
The  dift'erentiation  between  sensory  and  motor  paths  of 
conduction,  first  demonstrated  by  Bell  through  section- 
ing of  the  ventral  and  dorsal  nerve  roots,  next  revealed 
the  possibilities  of  artificial  interference  or  extirpation. 
Increased  refinement  of  procedure  has  made  possible  the 
destruction  of  small  or  large  portions  of  the  cerebrum 
for  the  purpose  of  observing  the  resultant  effect  upon 
the  behavior  of  the  animal  after  recovery.  The  interpre- 
tation of  the  results  of  small  or  large  ablations  is  beset 
with  man}-  difficulties.  It  is  therefore  not  surprising  that 
different  observers  have  obtained  widely  divergent  re- 
sults. If  the  effect  of  experimental  extirpation  be  re- 
stricted to  paralysis  of  a  group  of  muscles  or  to  some 
disorder  of  motility,  and  if  these  disturbances  persist 
long  after  the  operation,  the  inference  is  relatively  direct. 
But  after  ablations  that  affect  sensation  only,  tlie  exact 
amount  and  character  of  the  sensorj'  disturbance  is  some- 
times ditficult  to  ascertain,  because  these  experiments  are 
necessarily  restricted  to  the  lower  animals,  and  the  loss 
of  sensation  must  be  inferred  fronr  disorders  of  movement 
functionally  related  to  the  sense  in  question.  Moreover, 
it  is  not  easy  even  with  the  most  approved  method  to 
limit  the  area  destro^yed.  Inflammations  ensue,  degen- 
erations take  place,  cicatrices  and  abscesses  may  form. 
Post-mortem  examination  will  not  always  serve  con- 
vincingly to  distinguish  areas  that  have  been  rendei'cd 
functionless  from  tliose  that  were  still  active  at  the  time 
of  death.  !Many  of  the  phenomena  of  motor  and  sensory 
disturbance  are  evanescent,  while  others  are  so  minute 
as  to  escape  all  but  the  most  careful  observation.  Par- 
alyses which  slowly  recover  may  be  explained  either  by 
assuming  an  identity  of  function  for  different  portions 
of  the  cortex  or  liy  a  substitution  of  function  on  the  part 
of  cells  that  have  learned  to  perform  an  unwonted  task. 
To  distinguish  between  a  simple  loss  of  sensation  and 
those  losses  which  have  been  variously  described  as  soul- 
blindness,  soul-deafness,  etc.,  is  a  matter  of  extreme  diffi- 
culty. The  exact  nature  of  the  details  of  the  psychical 
life  of  the  lower  animals  is  whollj'  conjectural ;  anatom- 
ical homologies  between  the  human  brain  and  the  brains 
of  lower  animals  are  of  doubtful  significance,  and  it  may 
be  questioned  whether  anatomically  identical  parts  of  the 


brains  of  man  and  the  lower  animals  perform  similar 
functions.  It  is,  therefore,  not  surprising  that  the  func- 
tions of  the  frontal  lobes  were  first  unassailably  established 
by  this  method  only  within  the  last  decade  through  the 
painstaking  experiments  of  Bianchi. 

The  pathologieal  tnethjil,  which  ma}'  also  be  called  the 
method  of  natural  extirpation,  has  peculiar  advantages. 
The  subjects  of  such  experimeuls  of  nature  are  human 
beings,  who  may  be  carefully  studied  antl  q\iestioned. 
The  post-mortem  location  of  cerebral  lesions  has  been  of 
the  greatest  service  in  furnishing  early  and  convincing 
evidence  of  cortical  areas  of  specific  function  in  the  hu- 
man brain.  The  existence  and  location  of  a  speech  centre 
was  demonstrated  h\  Broca  from  ])athologieal  findings 
as  early  as  1861  and  was  suggested  by  Bouillaud  even 
in  1825.  The  evidence  furnished  by  the  patliological 
method  is,  however,  often  equivocal  and  even  contradic- 
tory. The  morbid  anatomy  of  the  brain  is  vague  and 
indecisive  compared  with  the  definiteness  of  many  estab- 
lished forms  of  mental  disease.  Conflicting  evidence  is 
to  be  expected.  Cerebral  lesions  are  seldom  circum- 
scribed; tumors  or  hemorrhages  at  any  one  point  often 
produce  associated  and  secondary  functional  disturbances 
which  may  obscure  the  exact  relations  of  cause  and  effect. 
It  is  also  verv  seldom  that  bilaterally  symmetrical  lesions 
occur;  and  yet  these  are  in  some  cases  the  only  cause  of 
the  com]ilete  and  persistent  loss  of  function.  Moreover, 
ob.servers  have  not  until  recently  determined  and  reported 
the  ante-mortem  condition  of  the  patient  with  sufficient 
regard  for  essential  details.  To  this  lack  of  careful  ob- 
servation chiefly  is  ascribable  the  tenacity  of  tlie  belief 
in  the  existence  of  so-called  "silent  areas." 

The  metlinfl  of  irritation  (chiefly  electrical  irritation) 
has  contributed  materially  to  the  exact  localization  of 
cortical  centres  for  the  various  bodily  movements.  By 
this  method  very  small  areas  arc  incited  to  functional  ac- 
tivit_v  either  by  the  electric  cuncnt  or  by  mechanical  or 
chemical  irritation.  An  objection  to  the  localization  of 
centres  in  the  cortex  by  direct  stimulation  of  the  gray 
matter  of  the  cerebral  hemispheres  has  been  found  in  the 
fact  of  electrical  diffusion  through  the  substance  of  the 
brain,  whereb}-  even  weak  currents  may  act  upon  areas 
remote  from  the  electrode.  Even  the  separatiim  of  the 
mass  of  a  particular  area  by  section  from  adjacent  parts 
will  not  eliminate  the  diffu.sion  of  the  current  through 
the  blood  or  along  the  nerves  of  the  normal  pathway  of 
projecti(m.  Although  it  had  been  established  that  a 
current  will  produce  similar  movements  whether  applied 
to  the  gray  matter  of  the  cortex  or  to  the  fibres  immedi- 
ately below,  Franck  and  Pitres  and  Car\ille  found  that 
when  a])plied  to  the  cortex  the  current  may  be  weaker 
and  that  the  movements  follow  the  application  of  the 
stimulus  at  an  appreciably  greater  interval.  These  re- 
sults demonstrate  the  participation  of  the  gray  matter  of 
the  cortex  in  the  production  of  the  movements.  The 
epoch-making  investigations  of  Fritsch  and  Hitzig  ad- 
vanced conclusive  evidence  that  movements  of  greater 
co-ordination  can  be  produced  by  the  application  of  cur- 
rents to  restricted  areas  of  the  Rolandic  cortex  than  by 
stimulation  elsewhere.  The  method  of  irritation  has 
been  employed  chieflj- on  the  lower  animals,  but  occasion- 
ally also  upon  man. 

The  liistorji  netic  metliod,  niore  familiarly  known  as  the 
embryological  or  myelinization  method,  which  is  the 
outgrowth  of  modern  improvements  in  histological  tech- 
nique, has,  in  the  hands  especially  of  Meynert.  Edinger. 
and  Flechsig,  contributed  re=idts  c'  great  value.  This 
method  seeks  to  establish  the  anatomical  relations  of 
conduction  pathways  and  cerebral  centres  at  ontogenetic 
periods  before  the  niunber  and  complexity  of  interlacing 
fibres  defj'  the  anal_vsis  of  the  microscope.  The  projec- 
tion and  other  fibres  of  the  cerebral  cortex  take  on  their 
myelin  sheaths  at  different  peiiods  of  foetal  and  infantile 
life;  before  their  myelinization  thev  are  believed  to  be 
functionless.  The  maturity  of  the  cortical  areas  to 
which  these  fibre  tracts  belong  ma)-  be  inferred,  according 
to  Flechsig,  from  the  successive  development  of  the  tracts 
themselves. 


298 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES. 


Brain. 
Brain. 


Tlie  last  method  to  receive  mention  is  the  huto-degener- 
atire  iiutkod.  Secondary  degeneration  of  nerve  fibres 
and  tracts  iuvarialily  follows  artificial  extirpation  and 
natural  lesions.  This  degeneration  is  at  first  always  in 
the  direction  of  the  functional  conductivity  of  the  tract; 
hut  later  degeneration  is  also  observed  in  the  contrary 
direction  toward  the  centre  of  neural  emission.  The 
study  of  the  course  of  such  degenerations  has  supplied 
much  new  evidence  pointing  to  the  anatomical  and  jihys- 
iological  connection  of  cortical  areas  with  lower  centres. 
The"  histological  methods  may  be  expected  to  supply  in 
the  future  the  more  valuable  contribtitions  toward  the 
comprehension  of  the  interrelations  of  the  neuronal  ele- 
ments of  the  various  parts  of  the  cerebral  cortex. 

These  various  methods  have  contributed  within  the 
present  century  a  mass  of  material  evidence,  the  several 
details  of  which  ^are  often  self-contradictory,  but  from 
which  a  consistent  consensus  of  opinion  can  be  gatliered 
by  critical  sifting  and  weighing  of  oppo.sing  contentions. 
The  present  article  attempts  to  present  only  the  general 
tendencies  of  the  results  and  to  outline  the  more  signifi- 
cajt  conclusions.  The  over-emphasis  of  confiieting  de- 
tails and  of  erroneous  interpretations  of  results  has  often 
caused  the  localization  of  specific  cerebral  functions  to 
appear  more  doubtful  than  it  really  is.  Tlie  psycho- 
logical and  metaphysical  theories,  which  have  helped  to 
form  the  opinions  of  physiologists  and  other  investi- 
gators, have  contributed  not  a  little  to  this  confusion. 
Physiologists,  in  revolt  against  the  dogmatism  of  meta- 
physical speculation,  have  frequently  souglit  to  frame 
conclusions  in  such  manner  as  to  avoid  entanglement 
with  psychological  theory.  The  result,  unexpected  by 
them,  has  often  been  to  warp  or  pervert  their  conclu- 
sions by  ]irimitive  psychological  points  of  view,  which 
had  long  before  been  discarded  even  hy  traditional  ps}'- 
chology.  The  controversy  of  Pfluger  with  Lotze  is  a 
notable  illustration  of  this  tendency  of  the  jihysiologi- 
cal  mind  to  assail  certain  doubtless  unjustifiable  psycho- 
logical theoiizing,  and  yet,  in  the  effort,  reverting  to  a 
speculative  attitude  that  the  history  of  the  development  of 
the  anatomy  and  physiology  of  the  nervous  s.ystem  shows 
to  have  been  a  distinguishing  characteristic  of  the  science 
only  at  its  earliest  beginnings  and  to  have  long  since 
been  set  aside.  Speculative  views  on  the  nature  of  the 
human  soul  or  mind  and  on  its  relation  to  the  body  and 
objects  of  nature  have  always  determined  the  trend  of 
conclusions  respecting  the  specific  functions  of  the  cere- 
bral cortex  ;  for  the  reason,  as  has  been  before  maintained, 
that  these  conclusions  are  necessaril}'  psycho-physio- 
logical inferences. 

Until  the  time  of  Descartes  all  interpretations  of  phys- 
iological functioning  were  based  upon  crude  ])sycho- 
physiological  theories  which  were  the  outgrowth  of  a 
notion  variously  described  as  animism,  titiilism.  and  im- 
thropomorpiii.ttn.  Briefly,  animism  identifies  conscious- 
ness, life,  and  movement.  The  soul  may  be  identified 
with  the  breath,  because  with  the  cessation  of  breathing 
the  life  and  .soiil  of  the  organism  cease  to  exist  or  at  least 
leave  the  body.  Other  observers,  their  attention  at- 
tracted to  the  movement  of  the  heart  as  the  most  sig- 
nificant bodily  function,  assumed  this  organ  to  be  tlie 
seat  of  life  and  consciousness.  Thus  Aristotle  considered 
the  brain  the  coldest  and  most  bloodless  of  the  organs, 
its  chief  purpose  being  to  temper  the  excessive  heat  of 
the  heart,  the  true  organ  of  the  mind.  Though  the  soul, 
as  the  vital  principle  of  the  entire  organism,  ma.y  be  con- 
nected more  (larticularly  with  some  one  organ  of  the 
body,  nevertheless  every  organ,  and  indeed  every  object 
of  nature,  according  to  the  animistic  doctrine,  functions 
through  its  endowment  with  a  conscious  vitalizing  prin- 
ciple. Ei'ery  physiological  process  and  certainly  every 
bodily  movement  is,  from  this  point  of  view,  the  work  of 
a  rational  and  intelligent,  though  not  always  conscious 
or  reflective  spirit  or  soul.  The  animistic  hypothesis  is 
one  that  appears  throughout  the  history  of  the  organic 
sciences  in  many  difi'erent  guises.  It  is  the  progenitor 
of  the  doctrine  of  animal  or  vital  spirits,  and  at  almost 
all  periods  has  inspired  theories  of  psycho-physiological 


generalization  such,  e.g.,  as  that  advocated  by  Milger  as 
late  as  the  middle  of  this  century. 

It  must  not,  tlierefore,  be  supposed  because  Pythag- 
oras maintained  the  brain  to  be  the  seat  of  the"  mind 
and  intellect  and  Hippocrates  sjieaks  of  the  brain  as  the 
index  and  messenger  of  the  intellect  that  they  had  arrived 
at  these  conclusions  from  a  carefid  observation  of  facts. 
These  are  rather  lucky  guesses  which  subsequent  research 
substantiated.  Doubtless  a  few  had  observed  the  effect 
of  concussion  of  the  brain  and  had  even  referred  idiocy  to 
brain  deficiency.  It  is  stated  that  Hippocrates  com- 
mented upon  the  loss  of  mental  function  following  dis- 
ease and  injury  of  the  brain,  and  that  Polybos  claimed 
the  brain  to  be  a  centre  for  the  nerves  and  the  organ  of 
the  mind.  Erasistratus  is  said  to  have  taught  that  sen- 
sory nerves  arise  from  the  brain  membranes  and  motor 
nerves  from  the  cerebral  substance.  Herophilus,  accord- 
ing to  Celsus,  maintained  that  vital  forces  resided  in  and 
circulated  from  the  ventricles  of  tlie  brain,  and  Galen 
stated  definitely  that  the  seat  of  the  soul  and  intellect  is  in 
the  brain  and  that  the  animal  spirits  have  their  origin  in 
the  ventricles  of  the  brain  and  pass  thence  to  the  heart 
through  the  arteries.  The  Christian  writers  adojited 
Galen's  view  and  conferred  on  it  a  theologic  sanction 
which  made  correction  diflicult.  As  late  as  the  thirteenth 
centuiy  Gordon,  professor  of  medicine  in  Montpellier, 
]ilaced  common  sensation  and  the  rece])tion  of  impressions 
in  the  anterior  coriuia  of  the  lateral  ventricles,  imagination 
and  intellection  in  the  posterior,  judgment  in  the  third 
ventricle,  and  memory  in  the  fourth.  Rhazes  (1554)  lo- 
calizes imagination  in  the  second  lateral  ventricle,  reason 
in  the  middle  ventricle,  and  memory  in  the  posterior. 
Willis  (1622-167.3)  considered  the  brain  substance  as 
the  dynamic  source  or  storehouse  of  the  animal  spirits,. 
He  placed  memory  and  will  on  the  convoluted  surface  of 
the  cerebrum,  and  associated  imagination  with  tlie  corpus 
callosum,  sense  perception  with  the  corpus  striatum,  im- 
pulse and  emotion  with  the  basal  parts  about  the  crura, 
vision  with  the  thalamus,  and  involuntary  acts  witli  the 
cerebellum.  These  somewhat  suggestive  attempts  to 
state  the  p.sycho-ph_vsiological  functions  of  the  brain 
were  rendered  futile  and  bereft  of  all  inspiration  to  ex- 
perimental discovery  b_v  the  persistent  belief  in  the  doc- 
trine of  animal  spirits.  When  some  anatomists  of  the 
seventeenth  centuiy  attacked  vital  spirits  resident  in  the 
ventricles  (Alexander  Benedictis  as  early  as  1527  was  so 
bold  as  to  doubt  that  the  spirits  existed  at  all),  they  were 
regarded  as  revolutionary  by  the  great  majority  of  the 
seventeenth  and  eighteenth  century  medical  writers. 
The  vital  spirits,  however,  were  gradually  losing  their 
p.sychical  attributes  and  were  at  this  time  generally  de- 
fined as  like  to  "little  flames"  or  in  a  still  more  material 
way  as  those  '"  very  subtle  particles  "  ( Willis),  ^loreover, 
anatomical  investigations  were  indicating  the  nerves 
rather  than  the  arteries  as  the  conductors  of  these  animal 
spirits. 

Descartes  (1596-16,50)  first  presented  a  psycho-physio- 
logical theory  which  contained  possibilities  for  future 
advance.  With  him  began  a  new  era  in  physiological 
speculation.  His  chief  contributions  were  (1)  a  consist- 
ent theory  of  a  sensorimotor  mechani.sm;  (2)  a  clear  dis- 
tinction lietween  the  automatic  or  reflex  functions  of  the 
cerebro-spinal  system  and  its  conscious  functions;  (3)  a 
description  of  the  sensorimotor  arc  as  composed  of 
afferent  and  efl'erent  nerves  and  of  a  central  system  capa- 
ble of  reflecting  sensory  impulses  from  the  brain  to  motor 
nerves  mechanically  and  unconsciously,  or  even  in  spite 
of  the  will.  Although  it  cannot  be  claimed  that  Des- 
cartes discovered  spinal  reflexes,  f(ir  he  considered  the 
brain  as  the  centre  for  both  conscious  and  reflex  move- 
ments, he  nevertheless  was  far  ahead  of  his  time  in  justly 
apiireciating  the  reflex  capacity  of  the  central  nervous 
mechanism.  He  made  the  error  of  assuming  that  there 
must  be  a  single  point  in  the  brain  at  which  sensory 
impulses  are  transformed  into  sensations  and  the  will 
exercises  its  determining  influence  upon  the  body.  Even 
those  who  scorn  this  philosopher's  attempt  to  find  the 
seat  of  the  soul  in  the  pineal  gland  are  not  seldom  guilty 
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of  a  similar  assiimption,  although  they  may  perhaps  as- 
sign it  a  different  location. 

After  the  time  of  Descartes  various  observers  soon 
began  to  report  reflex  phenomena,  but  it  was  not  until  a 
century  had  passed  that  Whytt  (1714-1TG6),  in  an  essay 
on  "Vital  and  Other  Involuntary  Motions  of  Animals," 
reported  the  now  classical  experiment  of  Hales.  A  de- 
capitated frog  was  shown  to  be  capable  of  reflex  move- 
ment for  thirty  hours  after  decapitation.  When  a  needle 
was  thrust  down  the  spinal  marrow,  the  animal  was 
strongly  convvilsed  and  immediately  afterward  became 
motionless.  Whytt  concludes  that  the  immediate  cause 
of  the  contraction  of  the  muscles  of  animals,  or  at  least  a 
necessary  condition,  is  a  certain  power  or  influence  lodged 
in  the  brain,  spinal  marrow,  and  nerves.  Of  this  power 
he  savs;  "If  in  compliance  with  custom  I  shall  at  any 
time  give  it  the  name  of  animal  or  vital  sjiirits  I  desire  it 
to  be  understood  to  be  without  any  view  of  a.scertaiuing 
its  particular  nature  or  manner  of  acting."  Whytt  de- 
monstrated the  special  .structures  with  which  reflex  func- 
tioning is  connected.  He  believed,  however,  that  no 
motion  could  take  place  in  the  body  unattended  by  some 
degree  of  consciousness,  thus  rejecting  the  mechanical 
theory  of  Descartes  and  substituting  a  diffusion  of  con- 
sciousness wherever  nerves  are  found. 

Whytt's  definition  of  the  "  power  of  nerves  "  was  fixed 
for  science  by  Haller  (1708-1777),  wiio  maintained  the 
existence  of  a  similar  power  inherent  in  living  muscle. 
This  he  called  irritability  or"  vis  in  situ,"  which  he  con- 
sidered to  be  independent  of  the  sensibility  of  nerves. 
He  also  used  the  term  "vis  nervosa,"  but  nevertheless 
takes  for  granted  the  existence  of  animal  spirits  and  even 
debates  what  manner  of  fluid  it  may  be. 

The  development  of  the  concept  of  a  force  of  gravity 
and  the  exploitation  of  the  famous  vibration  theory  of 
Newton  made  possible  a  detailed  development  of  the 
mechanical  theorv  of  nervous  reaction  suggested  bv 
Descartes.  Thus"David  Hartley  (1649),  the  Veil-known 
psychologist,  endeavored  to  explain  the  functions  of  the 
brain  in  connection  with  the  association  of  ideas  and 
sensations  on  a  basis  of  the  vibrations  of  the  ether,  a 
subtle  fluid  of  the  nerves.  Indeed,  Newton  had  himself,  in 
the  "Princijiia,"  advanced  the  opinion  that  all  sensations 
and  movements  are  excited  by  the  vibrations  of  a  very 
subtle  spirit  propagated  through  the  solid  capillamenta 
of  the  nerves  from  the  organs  of  sense  to  the  brain  and 
from  the  brain  to  the  muscles, 

Unzer  (1727-1799),  taking  up  Whytt's  results  and 
point  of  view,  distinguished  more  clearly  between  the 
sensory  imptilse  which  travels  from  the  periphery  to  the 
brain,  and  the  material  idea,  as  he  calls  it,  into  which  it 
is  transformed  in  the  brain,  giving  rise  to  an  image  in 
the  soul.  The  sensory  impulse  on  reaching  the  brain  is 
reflected  or  turned  back,  giving  rise  to  motion  with  con- 
ciousness.  If  it  is  reflected  or  turned  back  before  reach- 
ing the  brain  it  gives  rise  to  motion  without  conscious- 
ness. Unzer,  however,  thought  that  the  spinal  ganglia 
were  the  structures  in  which  this  reflection  took  place. 

Prochaska's  work  on  reflex  action  (1749-1S20)  re- 
mained for  fifty  years  an  object  of  commendation.  He 
was  looked  upon  by  Longet  as  the  investigator  who  first 
made  reflexes  a  distinct  class  of  action.  He  clearly 
posited  a  vis  nervosa  as  the  cause  latent  in  the  nervous 
pulp,  capable  of  producing  certain  effects  when  acted 
upon  by  a  stimulus.  "  External  impressions  made  on  sen- 
sitive nerves  are  projiagated  with  great  velocity  through- 
out their  entire  length  to  their  origin.  From  this  place, 
they  are  reflected  according  to  a  certain  law  and  pass  into 
certain  and  corresponding  motor  nerves  by  which  again, 
being  very  quickly  propagated  to  muscles,  they  excite 
certain  and  determinate  movements.  This  place  in  which, 
as  a  centre,  nerves  of  sense  and  motion  meet  and  com- 
municate, and  in  which  the  impressions  of  sensitive  nerves 
are  reflected  into  motor  nerves,  is  called  by  a  term  already 
received  by  most  physiologists,  the  '  sensorium  com 
muue. '  "  Prochaska  even  brought  his  central  mechanism 
into  line  with  biological  conceptions  of  instinct,  in  main- 
taining that  the  law  under  which  reflection  takes  place  is 


"the  preservation  of  the  individual."  Many  physiolo- 
gists had  followed  Newton  in  establishing  a  vibration 
tlieory  for  the  nervous  system;  Prochaska,  in  turn,  was  in- 
fluenced by  Galvani's  discoveries  to  look  upon  electricity 
as  the  physical  condition  for  the  manifestati(m  of  vis 
nervosa.  Neither  Prochaska  nor  Unzer  made  any  lasting 
contribution  to  our  knowledge  of  the  localization  of  di- 
verse centres  of  reflex  and  coyscious  reactions. 

Unzer  had  presented  certain  views  on  the  localization 
of  cerebral  functions,  and  Prochaska  in  1784  published  in 
Vienna  a  work  on  the  nervous  system  in  which  he  de- 
veloped a  scheme  of  cerebral  localization  which  estab- 
lislies  him  as  the  immediate  predecessor  of  Gall.  Owing 
to  the  unproductiveness  of  the  phrenologists  and  because 
of  the  dogmatism  with  which  the  system  was  asserted, 
it  is  customary  to  look  upon  Gall  "as  having  no  place 
whatever  in  the  development  of  the  science  of  neurology. 
Tlie  excesses  of  phrenology  are  to  be  attributed  to  Spurz- 
heim.  Combe,  and  their  followers.  Their  noisy  advocacy 
of  what  they  considered  a  philosophical  system  gave  to 
it  great  popidarity  until  the  middle  of  this  century,  and 
its  attendant  ill-repute  in  scientific  circles.  Gall,  it  is 
true,  embraces  within  his  system  the  views  of  the  physi- 
ognomists, who  had  remained  somewhat  outside  the  pale 
of  science :  but  he  is  nevertheless  a  legitimate  successor 
of  the  cerebrationists  of  his  time.  The  advanced  posi- 
tion which  he  held  and  the  discu.ssion  to  which  it  gave 
rise  were  a  distinct  impulse  to  the  development  of  ex- 
perimental work  in  neurology.  Indeed,  Gall  and  Spurz- 
heim  were  among  the  finst  to  give  public  demonstrations 
of  the  anatomy  of  the  human  brain,  as  also  they  were 
among  the  first  to  advocate  that  the  cerebral  cortex  is 
the  only  organ  of  the  uu'nd.  It  is  true  that  Gall  and  his 
followers  contributed  nothing  to  our  knowledge  of  the 
localization  of  functions  in  the  cerebral  cortex,  but  they 
nevertheless  pointed  the  way ;  those  who  followed,  em- 
ploying more  legitimate  scientific  methods,  initiated  the 
discoveries  that  have  led  to  the  present  status  of  the  .sci- 
ence. GaU's  methods  hark  back  to  preceding  modes  of 
thought  and  demtmstratiou.  and  hence  he  is  the  last 
significant  figure  of  a  line  of  spectdatorsand  investigators 
that  began  with  Descartes.  After  him.  the  presumption 
has  always  been  in  favor  of  specialization  of  function,' 
and  of  restricting  the  psychical  functions  of  the  nervous 
system  at  least  to  the  cerebrum.  His  chief  errors  flowed 
from  the  acceptance  of  a  psychological  system,  which 
viewed  the  ndnd  as  made  up  of  separate  faculties,  and 
from  his  readiness  to  use  insufficient  evidence  to  arrive 
at  far-reaching  conclusions.  Thus  he  placed  the  faculty 
of  language  behind  the  eyes,  because  he  observed  the 
protruding  eyes  of  some  of  his  school  fellows  noted  for 
their  facility  in  language.  The  protrusion  of  the  eyes 
and  the  various  bumps  upon  the  skull  were  to  him  in- 
dices of  the  growth  of  the  convolutions  immediatelj'' 
beneath.  Gall  recognized  twenty -six  different  facidties 
or  organs,  and  selected  their  place  by  examining  the  heads 
of  friends,  of  inmates  of  jails  and  lunatic  asylums,  and 
of  other  persons  who  happened  to  be  conspicuous  for 
some  special  faculty  or  mental  trait.  These  twenty-six 
organs  were  marked  upon  the  skull  by  roiuid  enclosures 
with  vacant  infers]iaces.  The  common  phrenological 
charts  wherein  the  skull-cap  is  portrayed  divided  into 
oblate  and  coterminous  areas  are  the  production  of  Spiu-z- 
heim  and  Combe,  who  increased  the  number  of  faculties 
to  thirty-five  and  neatly  filled  out  the  entire  area  with  an 
equivalent  number  of  organs. 

When  Bell,  in  1811,  published  the  results  of  sec- 
tioning the  anterior  and  posterior  roots  of  the  spinal 
nerves,  he  gave  to  the  world  the  first  ,satisfactorv  demon- 
stration of  the  specificity  of  the  function  of  motor  and 
sensory  nerves.  He  thereby  initiated  the  era  of  experi- 
mental investigation  and  laid  the  foundation  of  modem 
nerve  physiology.  Simple  as  were  the  facts  observed  by 
Bell  and  clear  as  was  the  evidence,  the  embodiment  of 
his  results,  known  as  Bell's  law,  was  not  accepted  with- 
out challenge.  On  the  one  hand ,  he  was  accused  of  dissect- 
ing the  brain  to  find  the  seat  of  the  soul.  It  was  probably 
for  this  reason  that  he  privately  published  his  conclu- 
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sions  in  a  communication  entitled  "  Idea  of  the  New  An- 
atomy of  tlie  Brain,  Submitted  for  the  Observation  of  His 
Friends."  On  the  other  hand,  it  was  argued  against  Bell's 
law  tliat  the  mechanical  jii-\tapositionof  fibres  of  speciti- 
cally  ditferent  function  was  as  unscientific  as  the  system 
of  phrenologj-.  As  late  as  1831  Lange  and  Beck  main- 
tained that  Bell's  law  was  as  speculative  as  Gall's  locali- 
zation of  cerebral  functions.  The  labors  of  Magendie, 
Bellingeri,  Panizza,  and  Van  Deen  confirmed  Bell's  con- 
clusions. Miiller's  "  Physiologie"  (1834)  established  Bell's 
law  in  Germany,  contributing  to  the  facts  of  functional 
specificity  by  the  galvanic  irritation  of  both  roots  of 
the  spinal  nerves  of  the  frog.  Longet,  in  1841,  demon- 
strated Bell's  law  on  higher  animals. 

Before  the  relation  of  the  sensory  and  motor  roots  to 
the  gray  matter  of  the  cord  and  cerebrum  could  be  estab- 
lished, .some  intelligible  hypothesis  was  necessary  to  ex- 
plain the  function  of  the  cord  in  transferring  a  sensory 
stinnilus  to  a  motor  nerve.  Marshall  Hall's  "  Memoirs  on 
the  Nervous  System "  (1837)  elaborated  a  mechanical 
theorj'  of  reflex  action.  He  maintained  that  the  cord  is 
comjiosed  of  two  parts  very  closely  connected  with  each 
other;  the  first  part  is  a  bundle  of  nerves  mediating  .sen- 
sation and  volition,  the  central  organ  for  these  fibres  be- 
ing in  the  brain ;  the  second  part  is  the  true  spinal  cord, 
generally  though  not  invariably  connected  with  the  first 
part  and  distinguished  by  excito-motor  nerves.  He  thus 
assumed  the  existence  of  two  separate  systems  of  nerves, 
an  exeito-motor  system  and  a  sensori-volitional  system, 
both  perhaps  enclosed  within  the  same  nerve  sheath. 
With  the  function  of  the  excito-motor  system  nothing 
psychical  was  associated ;  he  stoutly  affirmed  that  brain- 
less reflexes  were  unattended  by  sensation  or  by  any 
other  rudimentary  form  of  con.sciousnesseven  in  the  least 
degree.  The  excito-motor  force  he  identified  with  Haller's 
vis  nervosa,  Miiller's  motor  power,  and  Flourens'  ex- 
citability. Kiirschner,  who  translated  Hall's  work  into 
Gorman,  maintained  that  sensory  nerves  ran  in  the  pos- 
terior column  and  motor  nerves  in  the  anterior  cohnnn. 
He  distinguished  single  movements  of  flexion  and  exten- 
sion tliat  are  )irodueed  in  the  cord  from  the  coordinate 
movement  of  limbs  produced  in  the  cerebellum  and  cere- 
bnmi. 

Many  ol)servations  were  made  to  determine  the  truth 
of  Hall's  statement  that  brainless  animals  never  moved 
spontaneously.  Volkmann.  in  Miiller's  Airfu'r  for  1838, 
justly  maintains  tliat  whether  the  cord  has  obscure  sen 
sations  is  not  manifest,  for  experiments  prove  only  that 
the  part  of  tlie  body  furnished  with  a  brain  does  not  feel 
the  irritation  of  that  part  which  has  been  severed  from 
its  connection.  He  inclines  to  the  view  that  the  behavior 
of  animals  with  cord  and  oblongata  is  not  purely  reflex, 
but  rather  of  such  character  that  it  is  impossible  to  deny 
the  co-operation  of  a  psychic  principle,  the  degree  of 
consciousness  in  such  case  being  dreamlike,  and  marked 
by  the  presence  of  obtuse  sensations  and  even  obscure 
conceptions  that  help  to  detennine  the  movements. 
Milller,  on  the  other  hand,  maintained  that  if  the  sensory 
stimulus  can  pass  on  to  the  sensorium  commiuie  in  the 
brain,  it  becomes  a  conscious  sensation,  but  in  case  of 
section  of  the  spinal  cord  it  produces  centripetal  action 
in  the  cord  only.  In  both  cases  reflex  movements  may 
result,  but  in  one  instance  they  are  attended  by  conscious 
sensation,  in  the  other  not. 

The  last  opponent  to  the  theory  of  non-conscious  spinal 
reflexes  and  of  the  localization  of  all  psychical  functions 
within  the  cerebrum  was  Pflliger  (1853),  who  contributed 
so  largely  to  our  knowledge  of  reflexes  and  jet  vitiated 
his  conclusions  with  primitive  metaphysical  considera- 
tions. Consciousness  for  him  is  motion  and  exists  wher- 
ever central  nerve  substance  is  found.  It  is  divisible  in 
all  animals  with  its  material  substratum ;  hence  the  well 
known  theory  of  a  spinal-cord  soul.  Reflex  action  is  the 
operation  of  a  neuro-psychic  mechanism  by  means  of 
which  the  peripheral  sensory  fibre,  by  whatever  cause 
excited,  causes  through  mediation  of  the  spinal  cord  the 
ordinary  state  of  excitation  in  motor  nerves.  The  brain 
is  not  the  only  organ  of  sensation ;  the  functions  of  the 


sensorium  are  extended  throughout  the  cerebrospinal 

S3'stem. 

A  consistent  theory  of  the  central  neural  mechanism 
was  finally  contributed  in  an  acceptable  form  by  Lotze 
in  the  article  on  "Instinct"  in  Wagner's  "  Handworter- 
bucli  der  Physiologie. "  He  suggests  that  the  reflexes,  and 
probalily  the  lower  instincts  also,  are  purely  mechani- 
cal. These  elementary  reactions,  he  explains,  are  due 
to  pureh'  phj'sical  connections  which  have  been  estab- 
lished by  nature,  and  which  the  mind  can  neither  invent 
nor  construct.  After  the  mind  learns  these  elementary 
movements,  it  may  weave  them  into  richer  and  more 
complicated  patterns,  just  as  letters  may  be  combined 
by  the  mind  into  sentences.  Physical  changes  set  up  in 
the  peripheral  ends  of  sensory  nerves  are  therefore  con- 
ducted unaltered  in  character  to  the  brain.  Here  occur 
all  those  processes  by  which  physical  excitation  is  trans- 
muted into  the  psychic  forms  of  sensation,  feeling,  etc. 
The  reflexes  of  PfiUger's  decapitated  frog  are  due  not  to 
sensation  or  intelligence  present  in  the  cord,  but  to  the 
after-effects  of  these,  for  the  motor  states  of  tliemiml  are 
transformed  into  nervous  impulses  in  the  brain  alone, 
whence  they  are  propagated  through  the  elferent  nerves 
to  the  muscles.  By  practice  and  training  a  secondary 
character  which  survives  decapitation  is  imparted  to  sub- 
ordinate centres.  Lotze's  mechanism  is  thus  constituted 
of  inherited  and  accjuired  habits.  With  Lotze's  explan- 
ation of  the  neural  basis  of  reflex,  instinctive,  and  <  uu- 
seious  reactions,  the  restriction  of  strictly  psychical  func- 
tions, at  least,  to  the  encephalou  may  be  considered  to 
have  been  at  last  decisively  established. 

Meanwhile,  the  evidence  of  the  specificity  of  parts  of 
the  eneephalon  was  being  advanced  by  experimental 
])li}'siologists  in  the  first  instance  and  by  pathologists  in 
the  next.  Flourens,  in  1821,  published  his  "  Experimental 
Researches  on  the  Character  and  Fvuietions  of  the  Ner- 
vous System";  a  second  editimi  in  1843  ri'portcd  addi- 
tional experiments.  Longet  and  Vulpian,  in  18ti6,  and 
Goltz,  in  1809,  contributed  experimental  evidence.  Flour- 
ens was  the  first  to  employ  extensive  ablations  of  various 
portions  of  tlie  encephalic  nervous  system.  He  was  thus 
able  to  locate  a  centre  for  the  coordination  of  respiratory 
movements  near  the  angle  of  tlie  calamus  scriptorius  and 
to  show  that  the  medulla  oblongata  contained  ceuties  for 
movement  of  the  face  and  for  some  foi'ms  of  emntional 
expression.  Vulpian  demonstrated  that  a  young  rat  de- 
prived of  all  the  eneephalon  above  the  medulla  oblongata 
can  yet  move  its  limbs  and  emit  a  ciy  of  pain  when  its 
toes  are  pinched.  On  destruction  of  the  oblongata  the 
cry  ceases,  but  the  reflex  movements  continue,  ilore- 
over,  he  correctly  interpreted  the  cry  as  no  real  sign  of 
pain,  but  only  a  reflex  contraction  of  the  laryngeal  and 
ex]3iratory  muscles.  The  investigations  of  Flourens  in 
1828,  and  later  of  Goltz,  proved  that  the  semicircular 
canals  are  the  peripheral  organs  of  eciuilibration,  and 
located  the  central  organ  of  eciuilibratioii  in  the  cerebel- 
lum. These  demonstrations  were  made  on  pigeons,  cats, 
dogs,  and  moles.  In  all  cases,  partial  ablation  of  the  cere- 
bellum induced  disturbances  of  gait  and  station,  rang- 
ing from  slight  swaying  or  reeling  to  an  apparently  com- 
plete loss  of  station  and  locomotion.  Similar  experiments 
performed  on  the  cerebral  hemispheres  seemed  to  show  an- 
nihilation of  perception,  ideation,  volition,  and  intelU- 
gence  in  general,  but  large  tracts  of  the  brain  cortex  could, 
according  to  Flourens,  be  removed  without  causing  any 
apparent  mental  disturbance.  The  ablation  of  single 
areas  produced  a  similar  result.  These  results  led  Flour- 
ens to  the  formulation  of  the  dictum  of  the  equivalence  of 
all  parts  of  the  cerebral  hemispheres,  each  portion  being 
capable  of  performing  all  the  functions  of  the  whole. 
Flourens  believed,  however,  that  sensation  proper  was  de- 
stroyed b.y  removal  of  the  cerebral  hemispheres.  Vulpian, 
on  the  other  hand,  maintained  that  sensation  continued, 
but  was  crude  and  obscure  in  comparison  with  the  distinct 
sensation  or  perception  of  the  cerebral  hemispheres.  Lon- 
get ascribed  the  crude  sensation  to  the  midbrain.  Goltz 
does  not  decide  the  question,  but  ascribes  to  the  midbrain 
an  adaptive  faculty  and  terms  the  reactive  functions  of 
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tliese  centres,  "  responsive  "  movements.  Ferrier  accepted 
this  distinction  and  suggested  tlire^  groups  of  reactive 
functions:  the  kentro-kinctic  or  e.xcito-motor  function  of 
the  spinal  cord ;  tlie  sesthi'tico  kinetic  function  of  tlie  mid 
brain  and  cerebellum;  and  the  uoeticokinetic  function 
of  the  cerebral  hemispheres.  In  this  way,  he  endeavors 
to  avoid  the  use  of  the  term  sensation  in  connection  with 
thecom])licatcd  movements  of  the  midbrain,  detining  the 
ffisthetico  kinetic  reaction  as  one  imaccompanied  by  con 
sciousness.  The  various  investigations  of  this  initial 
period  of  physiological  experimentation  tendefl,  when 
the  results  were  analyzed  and  judiciously  interpreted,  to 
restrict  all  conscious  functioning  to  the  cortex  of  the 
cerebral  hemispheres. 

Flourens'  researches  had  been  indeed  epoch-making, 
so  far  as  they  concerned  the  establislnnent  of  the  specific 
capacities  of  the  portions  of  the  nervous  system  below 
tlie  cerebral  liemisjiheres.  So  tlioroughgoing  were  liis 
methods,  .so  painstaking  his  researches,  and  so  full  of  in- 
sight his  conclusions,  that  the  doctrine  of  the  equiva- 
lence of  all  portions  of  the  cerebral  hemisjiheres  long 
held  sway,  even  against  sound  pathological  evidence, 
and  according  to  Ferrier  became  in  consequence  answer- 
able for  many  erroneous  notions  in  cereVu'al  i)liysiolog_v 
and  pathology.  Schift  went  so  far  in  advocacy  of  Flour^ 
ens'  conclusions  that  he  set  aside  the  testimony  of  pathol- 
ogists, which  made  for  the  S]ieeificity  of  parts  of  the 
cerebral  hemispheres,  as  the  opinions  of  "mere  practical 
physicians."  Those  who  localized  specitic  areas  over 
the  cerebral  convolutions  were  also  often  slightingly  re- 
ferred to  as  phrenologists. 

And  yet  sound  patliological  evidence  had  steadily  been 
accumulating  which  pointed  to  this  specialization  of 
cerebral  function.  Bouillaud.  in  1825,  from  experiments 
on  animals  and  from  the  facts  of  clinical  research,  was 
led  to  maintain  that  k'sion  of  the  anterior  lobes  was  more 
]iarticularly  res]ionsible  for  loss  of  speech,  and  that 
special  iiKilor  centres  are  situated  in  the  Cerebrum,  the 
destruction  of  which  is  responsible  for  jiaralysis.  Limited 
lesions  of  the  cerebral  hemisiiheres,  he  reports,  "give  rise 
to  limited  paralysis  which  would  not  be  the  ease  if  the 
cerebral  hemispheres  did  not  contain  a  multiplicity  of 
differentiated  centres  for  the  conduction  of  motor  im- 
pulses. With  prophetic  insight  he  remarks:  "I  am  well 
aware  that  the  preceding  projjositions  appear  at  variance 
with  the  results  of  experiments  upon  animals.  It  is  cer- 
tain that  after  ablation  of  the  cerebral  hemispheres  an 
animal  may  walk,  run,  move  its  jaws,  eyes,  eyelids,  etc.  ; 
and  it  is  not  less  certain  that  an  alteration  of  the  cerebral 
hemisphere  in  man  gives  rise  to  paralysis,  more  or  less 
complete,  of  voluntary  motion  on  the  opposite  side  of 
the  body.  Can  we  refute  the  one  set  of  facts  by  the 
other?  No,  certainly  not,  for  facts  equally  positive  are 
not  susceptible  of  refutation.  A  time  will  come  when 
new  light  will  dispel  the  apparent  contradiction  which 
exists  Ijctweeu  them." 

The  credit  of  having  first  indicated  the  motor  function 
of  certain  regions  of  the  cortex,  and  of  giving  a  rational 
explanation  of  the  phenomena  of  unilateral  cerebral  con- 
vulsions, belongs  to  Hughlings  Jackson.  Experimental 
physiology  had  apijarently  demonstrated  that  neither 
electricity  nor  any  other  customary  stimulus  of  nerves 
and  nerve  centres  was  callable  of  exciting  movement 
when  applied  directly  to  the  surface  of  tlie  brain.  It 
was,  therefore,  inferred  that  centres  below  the  cerebral 
hemispheres  were  alone  capable  of  iuitiating  movements, 
and  that  the  cerebral  convolutions  exercised  restrictedly 
a  psychical  function.  Against  this  view.  Jackson  con- 
tended that  the  cortex  did  not  transmit  an  "influence  "  to 
some  distant  motor  region,  but  was  itself  motor  and 
captible  of  motor  discharge  by  irritation. 

A  much  more  dramatic  discovery  added  force  to  the 
arguments  of  those  who  opposed  the  tiiialitj'  of  the  con- 
clusions of  the  experimental  physiologists.  This  was  a 
contribution  to  the  pathology  of  the  cerebral  hemispheres 
presented  by  Broca  in  1861  and  followed  by  corroborative 
evidence  presented  in  a  second  contribution  in  186.5.  In 
these    clinico-pathological   observations,   Broca    demon- 


strated that  the  cause  of  the  disorder  oi  speech  known  as 
ajihasia,  which  had  previously  been  syinptomatically  in 
vestigated  by  Lordat  as  early  as  1820,  Bouillaud  (1825), 
Jackson  (1S39),  Dax  (1836),  and  others,  was  a  lesion  of  the 
posterior  third  of  the  inferior  frontal  convolution.  An- 
alysis of  the  two  cases  first  reported  by  Broca  showed  the 
lesion  to  be  in  the  left  cerebral  hemisphere,  which  he  at 
first  regarded  as  accidental.  Reports  of  similar  cases  by 
Voissan  (1862),  Broca  (18(54),  and  Seguin  (1867),  who  had 
collected  two  hundred  and  seventy-two  cases  of  right 
hemiplegia  with  ajihasia,  led  to  the  conclusion  that  the 
speech  centre  was  located  in  the  inferior  frontal  convolu- 
tion of  the  left  hiiuisiiheie  only.  Broca  himself,  an  an- 
thropologist of  note,  ofi'ered,  as  an  explanation,  the  fact 
that  the  great  majority  of  humanity  are  right-handed,  in 
consequence  of  which  the  left  hemisphere  contains  the 
centres  for  the  exquisitely  coordinated  movements  which 
suliserve  speech,  as  well  as  those  for  the  finer  adjustments 
of  movements  executed  by  the  more  motile  hand.  Bas- 
tian  (1869)  was  the  first  to  recognize  the  relationship  of 
detective  auditory  perception  to  speech  production. 
Ogle  (1871)  distinguished  aphasia  from  agraphia.  Broad- 
bent  first  pointed  out  in  1872  the  condition  which  is  known 
as  "word-blindness."  The  investigations  of  Wernicke, 
which  began  in  1874,  furnished  the  basis  fcr  the  concep- 
tion of  sensory  aphasia,  and  for  the  recognition  of  three 
varieties  of  aphasia:  visual,  auditory,  and  motor.  He 
showed  that  a  lesion  of  the  first  temporal  convolution  pro- 
duced auditory  ajihasia,  and  maintained  that  the  most 
typical  aphasia  can  occur  with  lesion  of  other  parts  of  the 
brain  than  Broca's  convolution.  Contributions  of  im- 
portance, leading  on  to  a  better  understanding  of  aphasia, 
were  made  by  Trousseau  and  Hughlings  Jackson.  Fi- 
nally, Kussmaul,  in  1877,  in  the  article  on  Aphasia  in 
"Ziemssen's  Encyclopedia,"  introduced  the  terms  "word- 
deafness"  and  "word-blindness,"  and  fixed  the  concept  of 
aphasia  in  a  form  which  it  retained  substantially  until  the 
time  of  Dejerine. 

About  this  time  Fritsch  and  Hitzig,  in  1870,  changed 
entirely  the  attitude  of  experimental  physiologists  by 
their  discovery  that  the  ajiplication  of  the  galvanic  cur- 
rent to  the  cerebral  surface  of  the  brain  of  dogs  gave  rise 
to  movements  on  the  opposite  side  of  the  body.  The  re-" 
suit  of  these  investigations  was  to  show  that  certain  por- 
tions of  the  convexity  of  the  cerebrum  are  motor,  while 
other  portions  are  non-motor.     The  original  experiments 

located  five  motor  areas  in 
the  cerebrum  of  the  dog: 
a  centre  for  the  muscles 
of  the  neck  in  the  middle 
of  the  prefrontal  gyrus 
at  the  place  where  its  sur- 
face falls  off  steep,  a  cen- 
tre for  the  extensor  and 
adductor  of  the  fore  limb 
at  the  outermost  end  of 
the  postfrontal  gyrus  in 
the  region  near  the  end  of 
the  frontal  fissure:  a  cen- 
tre for  the  bending  and 
rotation  of  the  same  limb 
a  little  farther  back;  a 
centre  for  the  hind  limb 
in  the  postfrontal  gyms, 
but  toward  the  median 
line  of  the  hemisphere  and 
back  of  the  preceding  two 
centres;  and  a  facial  cen- 
tre in  the  middle  part  of 
the  gyrus  lying  above  the 
fissure  of  S.vlvius  (see  Fig.  892).  Points  lying  between 
these,  when  stimulated,  produced  contractions  of  the 
muscles  of  the  back,  tail,  and  abdomen,  but  circum 
scribed  areas  for  these  muscles  could  not  be  ascertained. 
The  motor  areas  lie,  therefore,  to  the  front  and  the  non- 
motor  areas  behind.  By  using  weak  currents,  the  move- 
ments are  localized  to  definite  groups  of  muscles  of  the 
opposite  side  of  the  body,  while  stronger  cunents  ap- 


FiG.  892.— Cortical  Areas  in  the  Dog. 
(After  Fritsrti  and  Hitzig.)  i^, 
Musfles  of  the  neck ;  -F,  extension 
anil  iitMuitiitn  of  the  fore-Iiinb; 
-h.  Ile.xinii  ami  rotation  of  fore- 
limb,  #,  hind-limb;  o',  facial 
area. 
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plied  to  the  same  or  closely  adjoining  areas  stimulate 
other  muscles  or  even  muscles  of  the  same  side.  When 
the  left  cortical  centre  for  the  fore  limb  ■nas  excised,  there 
followed  a  clumsiness  of  the  right  fore  limb,  the  right 
foot  (but  never  the  left)  easily  slipping.  Although  no 
movement  was  quite  destroyed,  the  right  foot  was  ad- 


FIG.  893.— Cortiral  Arpa.<i  in  Monkey.  (Ferrier.)  1.  Forward  move- 
ment of  leff;  2,  the  same,  and  tx)\vard  middle  lineof  Ix)dy;  3,  the 
same,  with  movement  of  the  tail :  4,  retraction  and  adduction  of 
arm;  .5,  extension  of  arm;  a,  ?>,  c,  (7,  movements  of  linircrs;  ti. 
flexion  and  supination  of  arm  :  7,  lifting  and  retrai-tion  <if  aiijrle  of 
mouth;  liftinsr  of  upiier  and  sinkins;  of  lower  lip:  '.>,  opening  of 
mouth,  with  pi-ctruiMuir  "f  Inu'jue  :  in,  the  same,  with  rctiaction  of 
tongue;  11.  i-ctrarilon  of  .itil'Ic  of  mouth  and  tiii-niiiL' nf  hfad  away 
from  stimulated  side  :  1-'.  upcunig  of  eyes,  dllatatiun  of  pupils,  head 
and  eves  tmiif'd  awav  from  stimulated  side  ;  13,  turning  eves  away 
from  stimulated  side  and  dnwn  ;  V-V.  the  same,  and  up;  14,  the 
same,  and  same  movement  nf  head,  e.xpausion  of  pupils,  prickins  of 
opposite  ear;  15,  lifting  of  lips  and  corner  of  nostril  on  stimulated 
side. 

ducted  somewhat  weakly  and  was  often  planted  on  the 
back  instead  of  on  the  sole.  Sensibility  of  the  skiu  was 
not  noticeably  changed.  These  and  later  e.xperiments 
substantiated  the  conclusion  of  the  investigators  that  cer- 
tain motor  functions,  probably  all,  are  to  be  assigned  to 
circumscribed  areas  of  the  cortex. 

Ferrier,  iu  1873,  and  later  in  1876  reported  the  discovery 
of  numerous  centres  of  electi'icul  irritation  on  the  cere- 
bral hemispheres  of  the  monkey.  These  were  found,  as 
reference  to  Fig.  8!t3  will  show,  to  lie  close  together  about 
the  Rolandic  fissure  in  the  central  convolutions.  Even 
after  it  had  become  generally  accepted  that  the  effect  of 
these  wciik  currents  was  not  due  to  the  conduction  of 
the  electrical  stimulus  to  lower  motor  areas,  but  was  the 
effect  of  the  direct  stimuhition  of  gray  matter  iu  the  cor- 
tex, which  was  thus  proved  to  exercise  a  determining 
intlueuce  over  the  pathways  of  motor  conduction. "it  still 
remained  a  matter  of  doubt  as  to  the  degree  to  which  the, 
specialized  functions  of  muscle  groups  may  be  localized 
in  the  cerebral  cortex.  Some  experimenters  claim  that 
minute  areas,  at  first  excitable,  after  a  time  cease  to  be  so. 
Others  report  that  u  displticement  of  the  excitable  points 
may  take  place.  Exner  distinguishes  between  absolute 
and  relative  motor  fields,  the  former  being  those  wherein 
lesions  are  always  followed  by  impaired  motion,  the  latter 
being  such  as  sometimes  give  rise  to  impaired  motion  and 
sometimes  not.  Panneth  found  that  a  number  of  minute 
areas  or  spots  could  be  detected  as  lying  in  ti  larger  ex- 
citable zone. 

Although  the  investigations  of  P'ritsch  and  Hitzig  de- 
monstrated the  connection  of  the  Rolandic  convolutions 
■with  voluntary  movements,  the  interpretation  of  their 
functioning  remtuned  uncertain  for  some  time.  Even  at 
the  present  day,  it  is  possible  to  find  charts  of  the  distri- 
bution of  functions  over  the  cerebral  hemispheres,  based 
upon  the  erroneous  interpretation  of  Hitzig's  results. 
Ferrier  was  above  till  f)thers  responsible  for  drawing  a 
sharp  line  of  demarcation  between  the  purely  motor  cen- 
tres and  the-sensory  centres.  According  to  this  view  the 
Rolandic  convolutions  are  centres  for  the  emission  of 
motor  stimuli  only,  their  excitation  perhaps  giving  rise 
to  no  consciousness  whatever.  The  so-called  motor  areas 
are  supposed  to  receive  directly  no  afferent  sensory  stim- 
uli, but  to  be  physiologically  stimulated  from  other  por- 
tions of  the  cortex.  Ferrier  accordingly  located  tactile 
sensibility  in  the  limbic  lobe,  particularly  in  the  hippo- 
campal   convolution.     He   denied   that  such   sensibility 


was  interfered  with  by  ablation  of  parts  of  the  motor  con- 
volntiims.  A  better  understanding  is  chiefly  due  to  Munk, 
though  in  second  degree  to  the  labors  of  Goltz  and  to  the 
criticisms  of  Bastian. 

Munk  made  a  much  more  extensive  series  of  extirpa- 
tions of  areas  in  the  brains  of  dogs  and  monkeys  than 
previous  investigators  had  done.  These  led  hiiii  to  the 
conclusion  that  the  occipital  lobes  arc  connected  with  the 
sense  of  sight,  the  temporal  lobes  with  that  of  lieariug. 
On  removal  of  the  area  A,  (Fig.  894)  in  a  dog's  brain  on 
both  sides,  and  examining  the  animal  some  days  after  the 
operation,  he  observed  a  peculiar  disturbance  of  the  sense 
of  sighl,  without  injuiy  to  any  other  sensoiy  or  motor 
function.  The  dog  moves  with  perfect  freedom  without 
striking  any  obstacle,  and  when  such  are  put  around 
him,  he  eludes  them  by  crawling  under  or  jtuiiping  over 
them.  But  the  sight  of  dogs  or  men,  whom  he  had  be- 
fore greeted  joyfully,  now  leaves  him  perfectly  cold. 
However  hunger  and  thirst  may  cause  him  to  move 
about,  he  no  longer  seeks  the  accustomed  jilace  for  his 
food,  and  will  even  jiass  it  by  as  long  as  he  does  not 
smell  it.  A  light  held  to  his  eye  no  longer  causes  him  to 
blink,  nor  does  the  sight  of  the  whip,  which  formerly 
drove  him  into  the  corner,  jiroduce  any  effect  upon  him. 
lie  had  been  trained  to  give  his  jjaw  when  a  hand  was 
held  out,  now  he  will  not  give  it  unless  oidered  to.  "  By 
the  extirpation,  the  dog  has  become  ])sycbieally  blind, 
i.e.,  he  has  lost  the  sight-presentations  vvbiclt  he  pos- 
sessed, his  memory  pictures  of  former  sight  iieiceplions, 
so  that  he  neither  knows  nor  recognizes  anything  he 
sees."  But  the  dog  does  see,  and  gradually  forms  a  new 
store  of  sight  memories.  Munk  furthor  states  that  no 
matter  how  long  the  dog  is  kejit  alive,  he  never  regains 
any  of  his  former  sight-memories,  except  by  renew.il  of 
the  experience.  Complete  removal  of  both  sight  areas, 
he  asserts,  causes  total  and  permanent  "corticiil  liliud- 
ness  "  ;  if  only  one  side  lie  destroyed,  liemio[iia  results. 

In  the  same  mauuer  extirpation  of  a  iiinited  area  in 
each  temporal  lobe  produced  what  Munk  calls  "  psjxhic 
deafness,"  a  condition  much  like  the  so-called  "word- 
deafness"  in  the  human  subject.  The  dog  hears  per- 
fectly, but  no  longer  understands  words  to  which  he 
had  before  been  trained.     Gradually,  however,  the  dog 


FIG.  894.— Cortical  Areas  in  the  Dog.  (After  Munk.)  AA.  sight  area; 
B,  hearing;  C,  feeling  of  hind  limb;  D,  of  fore  limb;  F„  of  the 
head;  F,  of  protecHng  apparatus  of  e.ve ;  G,  of  the  ear;  R,  of  the 
neck ;  J,  of  the  trunk. 

learns  how  to  hear.  In  the  so-called  motor  zone  the  re- 
sults are  no  less  striking.  In  opposition  to  his  predeces- 
sors, Mimk  maintains  that  the  motor  disturbances  are 
always  accompanied  by  sensory  disturbances,  which 
consist  in  the  loss  of  the  most  complex  feelings,  the  sense 
of  position,  of  pressure,  muscular  sense,  etc.  He  con- 
cludes that  the  paxalvsis  is  the  result  of  the  loss  of  motor 
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memories,  and  calls  the  motor  zone  the  "area  of  feeling." 
Within  this  area  (Fig.  894)  are  seven  subareas,  those  for 
the  fore  and  hind  limbs,  head,  eyes,  ears,  neck,  and  body. 
The  rapidity  of  restitution  of  function,  when  one  of  these 


Fig.  805.— The  Distribution  of  Motor  Areas  Over  the  External  Surface  of  the  Cerebral  Hemi- 
spheres of  the  Monkey's  Brain.    (After  Horsley  and  Schafer,  from  Barker.) 


areas  is  removed,  depends  upon  the  extent  of  the  lesion ; 
if  it  is  all  removed  the  defect  is  a  permanent  one.  In  the 
monkey's  brain  Munk  obtained  essentially  the  same  re- 
sults. 

A  summary  of  the  results  of  Bcevor,  Horsley,  and 
Schafer  (1887-1894)  will  serve  best  to  indicate  the  pres- 
ent status  of  knowledge  as  to  the  e.\act  representation  of 
different  movements  over  the  Rolandic  convolutions  of 
the  monkey  and  orangoutans;,  which  stand  nearest  to 
man  in  biological  relationship.  The  anterior  central 
gj'rus,  they  find,  is  much  more  concerned  in  the  motor 
function  than  is  the  posterior  central 
gyrus.  They  conclude  that  within 
the  area  of  motor  representation  for 
the  limbs,  the  regions  for  the  larger 
joints  are  generally  at  the  upper  part 
of  the  area,  while  those  of  the  smaller 
joints  and  more  differentiated  move- 
ments are  at  the  lower  part.  Move- 
ments of  extension  are  represented 
in  the  upper  part,  while  those  of 
flexion  are  in  the  lower.  There  ap- 
peared to  be  no  absolute  line  separat- 
ing the  area  of  one  movement  fi-om 
that  of  another,  each  movement  hav- 
ing a  centre  of  maximal  functional 
representation  gradually  shading  off 
into  the  surrounding  cortex.  They 
distinguisheil  a  primary  result  of  elec- 
trical stimulation  from  the  subse- 
quent epileptoid  march  of  the  move- 
ments as  the  electrical  stimulus 
became  diffused  through  the  cortex. 
Their  general  .scheme  of  motor  re]>- 
resentation  is  diagrammatically  sum- 
marized in  Figs.'^895  and  896.  The 
results  from  ablations  of  areas  of 
the  cortex  were  quite  in  accord  with 
their  findings  by  the  physiological 
method.  Suggestive  is  the  report 
that  muscular  movements  of  each  in- 
dividual segment  are  much  more  fully  represented  in 
the  cortex  of  the  ourang  than  in  that  of  the  monkey. 
It  seems  a  general  law  that  the  higher  the  animal  the 
more  definite  is  the  area  of  representation  not  only  of 


individual  segments,  but  of  individual  movements  be- 
longing to  one  segment.  This  would  suggest  a  still 
more  specific  motor  representation  in  the  human  brain. 
The  subdivisions  of  the  motor  area  in  man  have  been 
ascertained  from  a  large  number  of 
carefully  reported  cases  and  autopsies, 
and  from  the  electrical  excitation  of 
circumscribed  areas  of  the  cortex  dur- 
ing its  exposure  for  cerebral  opera- 
tions. The  exactness  with  which 
svich  localizations  can  be  determined 
is  remarkable.  In  1888  Keen  extir- 
pated the  focal  representation  of  the 
wrist  in  the  right  cerebral  hemisphere 
which  he  had  fixed  in  relation  to  the 
areas  for  the  movements  of  the  el- 
bows, shoulder,  and  face.  After  op- 
eration the  left  hand  was  found  to 
be  paral^-zed  as  regards  all  move- 
ments of  the  fingers  and  wrist.  The 
elbow  was  weak,  but  the  shoulder 
and  face  were  entirelj'  unaffected. 

The  distribution  of  specific  motor 
areas  over  the  cortex  of  the  himian 
cerebrum  is  presented  in  Figs.  897 
and  898.  The  following  summary  is 
based  upon  those  of  Mills  and  Gor- 
dinier,  omitting  details  which  in 
some  cases  are  still  doubtful.  As 
shown  in  the  diagrams,  the  specific 
leg  area  occupies  the  upper  third  of 
the  two  Rolandic  convolutions,  the 
arm  area  the  middle  third,  and  the 
face  area  the  lower  third.  The  trunk  muscles  are  repre- 
sented on  the  median  surface  of  these  two  convolutions, 
the  paracentral  lobule.  The  leg  area  extends  over  the 
posterior  part  of  the  pai'aeentral  lobide  and  the  upper 
anterior  part  of  the  superior  parietal  lobule;  it  occu- 
pies a  greater  anteroposterior  surface  than  does  the 
area  of  the  arm  or  face.  The  movements  of  the  thigh, 
knee,  leg,  foot,  and  toes  are  ranged  in  order  from  the 
front  backward.  The  arm  area  is  subdivided  from 
above  downward  into  centres  for  the  niovemeut  of- 
'the    shoulder,   elbow,    hand,   and  fingers.     The  move- 
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-The  Distribution  of  Motor  Area&  Over  the  Median  Surface  of  the  Cerebral  Hemi- 
spheres of  the  Monkey's  Brain.     (After  Horsley  and  Schafer,  from  Barker.) 


ments  of  the  shoulder  are  also  represented  in  the  an- 
terior part  of  the  paracentral  lobule.  The  subdivi- 
sions of  the  face  area  contain  from  above  downward 
the  movements  of  the  orbicularis  palpebrarum  and  oc- 
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cipito-frontalis,  the  mouth,  lips,  tongue,  pliarynx,  and 
larynx.  The  platysmal  movements,  according  to  Mills, 
are  probably  represented  in  the  posterior  part,  and  the 
larynx  and  pharynx  in  the  anterior  part.  Movements 
of  the  head  and  eyes  are  probably  represented  in  the 
posterior  part  of  the  first  and  second  convolutions  ad- 


FiG.  897.— Tbe  Distrlhuticm  of  Sensory  and  .Association  Areas  Over  the 
Ext*?rnal  Surface  of  the  (  crebrdl  Hemispheres.  The  cliat-Tain  sliows : 
1,  The  area  of  kin;estlieti<-  and  general  somatic  sensation,  occupy- 
ing tlie  central  convolutions  and  portions  of  adjacent  convolii- 
tions.  (This  is  usually  called  the  motor  area.  It  is  Itoth  an  emissive 
or  mot*  ir  and  a  receptive  <  ir  sensLiry  area.  The  localization  of  the  suli- 
divided  sensorimotor  areas  is  indicated  in  the  dia^am. )  2,  the  area 
of  auditory  sensation,  occupyiiiir  the  middle  portion  of  the  superior 
ct-iuvoluiii'ii  and  adjaci-nt  itortionsof  the  transverse  convolutions  of 
the  temporal  lohc  ;  ;>,  the  arcatif  association  of  the  first  ordei-,  occu- 
pying the  oreipital  lohe.  tile  sec(tii(i  and  Itiini  temporal  c<in volutions, 
a  portion  of  the  superinr  leiupnr.il  toiuulution,  the  insula,  and  the 
posterior  parietal  c<iu\  olutious  ;  4.  tile  ai'ea  of  a.ssoclation  of  the  sec- 
ond order,  or  the  zt)ne  of  language,  occupying  the  angular  gyrus, 
the  upper  poiTiou  of  tlic  superior  temporal  convolution,  the  posterior 
third  of  tile  inferior  frontal  convoluli'in  (restricted  to  a  single  hemi- 
sphere, most  fiiMpientlv  the  left);  .5,  the  area  of  association  of  the 
third  order,  the  area  of  apperception,  occupying  the  prefrontal  re- 
gions of  the  frontid  lohes. 

jacent  to  the  ascending  frontal  and  on  the  median  surface 
of  the  first  frontal  convoluticm.  Those  movements  of 
the  body  which  are  alwaj-s  bilaterally  innervated  appear 
to  have  bilateral  representation,  so  that  an  injury  of  one 
hemisphere,  c.rj.,  of  the  laryngeal  centre,  fails  to  jiroduce 
paralysis.  Those  movements,  on  the  other  hand,  which 
may  take  place  on  one  side  of  the  body  only,  are  repre- 
sented in  the  assigned  area  of  the  opposite  hemisphere 
only. 

To  Muuk,  in  the  opinion  of  the  writer,  belongs  the 
credit  of  offering  a  satisfactory  interpretation  of  the  re- 
lation between  the  motor  and  sensory  fimctions  of  the 
cortex  and  between  psychical  disturbance  and  the  loss  of 
simple  sensation.  Fi'om  this  point  on,  I  shall  merely  sum- 
marize the  views  of  iliffereut  authorities  with  respect  to 
various  cortical  functions,  considering  first  in  order  the 
sensory  areas,  and  next  the  areas  of  higher  psychical  ac- 
tivity. The  excitable  motor  area  is  a  "feeling  sphere," 
according  to  Munk,  because  it  receives  afferent  stimula- 
tions which  e.\citc  the  cortical  cells  to  give  lise  to  sensa- 
tions and  ideas  of  bodily  movement.  Cortical  stimula- 
tion, otherwise  than  throu,gh  the  afferent  tracts,  may 
awaken  memories  or  idetis  of  such  movements.  Fritsch 
and  Hitzig  had  indeed  referred  to  the  Rolandic  convolu- 
tions as  the  area  of  the  muscular  sense.  For  a  long  time, 
however,  sensations  of  the  muscle  sense  were  understood 
to  be  due  to  the  efferent  stimulus  of  the  cells  in  that 
region.  This  notion  gave  rise  to  the  theory  of  an  "  in- 
nervation feeling"  or  ''sense,"  a  theory  wliich  Wundt 
did  not  entirely  give  up  until  the  appearance  of  the  third 
edition  of  the  "  Physiologische  Psychologic  "  in  1887.  It 
is  now  accepted  tliat  the  activity  of  purely  motor  cells 
of  efferent  conduction  in  the  Rolandic  region  (probably 
the  large  pyramidal  cells)  is  unaccompanied  by  con- 
sciousness ;  that  sensations  or  feelings  of  bodily  movement 
are  primarily  due  to  the  activitv  of  sensory  cells  of  the 
same  region  which  receive  stimulation  from  the  sensory 
Vol.  II.— 20 


conduction  paths  comprising  the  median  fillet  and  pos- 
terior columns  of  the  cord.  Bastian  made  the  valuable 
proposition  to  call  these  areas  "kiniesthetic"  areas  or 
areas  of  " kiiuesthetic  sensation."  Goltz's  results  were 
in  many  waj-s  contradictory  of  both  Munk's  and  Ferrier's, 
but  this  contradiction  is  to  a  gi'eat  extent  limited  to  de- 
tails, and  in  the  main  his  work  is  confirmatory  of  the 
trend  of  the  results  as  indicated  in  this  paper.  Although 
he  contended  that  it  is  not  possible  permanently  to  para- 
lyze any  muscle,  he  distinguishes  between  fine  and 
coarse  adaptations,  and  shows  that  although  a  dog's  paw 
is  not  paralyzed  as  an  organ  of  locomotion  by  the  de- 
struction of  the  cortex,  it  j'ct  remains  permanently  par- 
alyzed for  all  those  actions  in  which  it  is  employed  as  a 
hand. 

The  testimony  of  experimental  physiologists,  includ- 
ing in  addition  to  those  mentioned  above  Luciani,  Hors- 
ley,  and  Mott,  points  unequivocally  to  the  so-called 
motor  ai'ea  and  immediately  adjacent  convolutions  as  the 
centre  of  kimiesthetic  sensation  and  of  touch,  pressure, 
heat,  cold,  and  pain  sensation  as  well.  For  this  reason 
the  convolutions  of  motor  function  are  designated  in 
Figs.  89T  and  898  as  areas  of  kina?sthetic  and  general 
somatic  sensation.  Confirmatory  are  also  the  pathologi- 
cal findings  of  Gowers,  Westphal,  Seguin,  Dana,  and 
Starr.  Dana's  twenty-five  cases,  four  of  his  own  with 
twenty-one  others,  all  prove  that  lesions  of  the  central 
convolution  are  attended  by  partial  or  complete  loss  of 
tactile,  temperature,  pain,  and  muscular  senses  in  the 
limbs  of  the  opposite  side  of  tlie  body.  Starr,  after 
thirty  cases  of  cerebral  operations  consisting  of  excisions 
of  parts  of  the  motor  area,  thinks  that  it  is  clearly  de- 
termined that  the  tactile  centres  are  situateil  in  the  Ro- 
landic area,  especially  in  the  postcentral  gyrus.  Redlich, 
from  an  analysis  of  twenty  cases  of  lesions  confined  to 
the  jiarietal  lobe,  states  positively  that  these  lobes  are 
the  centres  for  muscle  sense.  Nothnagel,  Luciani,  Sep- 
|)elli.  and  Flechsig  long  ago  asserted  that  the  parietal 
lobes  were  concerned  in  the  reception  of  muscle  sense 
impi'cssions  and  possibly  of  the  other  forms  of  general 
sensatifm.  Jlany  pathologists  whcse  opinions  justly 
carry  great  weight  are  opponents  of  the  view  here  repre- 
sented. Among  these.  Mills  is  most  worthy  of  mention 
as  still  contending  for  the  restrictedly  niotorial  function 
of  the  excitable  areas  of  the  Rolandic  convolution  and 

Kin^ath«tic   and 


Fig.  898. — The  Distribution  of  Sensory  and  As.sociation  Areas  Over 
the  Median  Surface  of  the  Cerebral  Hemispheres.  The  diagram 
presents :  1,  The  area  of  kineesthetic  and  general  somatic  sensation, 
occupying  portions  of  the  parietal  antl  frontal  li  >bes :  ~,  the  areas  of 
visual' sensation  in  the  c/>nvolutions  adjacent  to  the  calcarine  fissure ; 
3,  the  areas  of  olfactory  and  gustatoiT  sensation  in  the  tuicinate 
gyms  and  adjacent  cortex :  4,  the  area  of  association  of  the  third 
order,  or  area  of  apperception,  in  the  prefrontal  convolutions  of  the 
frontal  lobes.  The  portions  of  the  pailetal  and  temporal  lobes  to 
which  no  special  function  is  assigned  in  the  diagram  are  association 
areas  of  the  first  order. 

for  a  distinct  representation  of  cutaneous  and  muscular 
sensations  in  the  adjacent  postero-parietal  convolutions, 
precuneus  and  gyrus  fornicatus.     In  support  of  this  view 
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he  maintains  that  innumerable  cases  have  been  reported 
of  lesions  of  the  motor  cortex  without  impairment  of 
Bensibility.  He  also  cites  his  own  experience  with  that 
of  others  which  shows  that  surgical  excision  of  the  Ro- 
landic  cortex  is  not  necessarily  followed  by  any  sensory 
impairment. 

The  results  of  histological  investigation  of  the  struc- 
tural elements  of  the  cortex  in  the  main  continn  the  view 
that  the  functions  of  the  Rolandic  cortex  are  only  in  part 
motor.  At  least  four  laj'ers  of  the  cortex  are  distin- 
guished— a  superficial  layer  rich  in  suiall  cells  and  tan- 
gential fibres,  a  la_yer  of  small  and  a  layer  of  large  pyram- 
idal cells,  and  a  deeper  layer  of  polygonal  ceils  which 
are  supposed  to  give  rise  to  short  and  long  associational 
neuraxones.  Only  the  pyramidal  cells,  perhaps  only  the 
very  large  pyramidal  cells,  are  supposed  to  give  rise  to 
the  projection  neuraxones  of  efferent  or  cortico-fugal 
conduction^;. e.,  those  fibres  which  pass  in  groups  func- 
tionally related  through  the  internal  capsule  to  the  crura 
cerebri,  to  terminate  about  the  motor  cells  of  the  cranial 
nerves  of  the  same,  but  chiefly  of  the  opposite  side,  or  to 
continue  on  through  the  pyramids  and,  a  portion  crossed 
and  a  portion  uncrossed,  to  terminate  about  the  motor 
cells  in  the  anterior  horn  of  the  cord,  partly  on  the  same 
and  partly  on  the  opposite  side.  The  path  of  these  pro- 
jection neurones  has  been  made  out  by  the  stimulation 
methods,  of  Beevor  and  Horslej-,  Burdon  Sanderson, 
Franck,  and  Pitres.  and  by  the  studies  of  resultant  de- 
generation, first  initiated  by  TiircU  in  1851.  and  subse- 
quently extended  by  Bouchard,  Charcot,  Pierret,  Notli- 
nagel,  von  Alonakow,  JIarchi,  Hoche.  The  excision  of 
limited  areas  of  the  motor  cortex  gives  rise  to  secondary  de- 
generations also ;  these  have  been  studied  by  von  Gudden, 
vou  Monakow,  Franck,  Pitres,  Moueli,  Marchi,  Algeri, 
Muratoff ,  Melius  and  Langley ,  and  Sherrington.  The  true 
motor  cells  are  so  situated  that  they  may  be  stinudated 
to  activity  by  the  constituent  cells  of  the  proximate  cor- 
tex, by  associational  and  commissural  neuraxones  from 
remote  parts  of  the  cortex,  or  by  the  neuraxones  of  affer- 
ent conduction  which  terminate,  perhaps,  in  all  four  lay- 
ers of  the  cortex,  Cajal  has  presented  a  scheme  of  inter- 
cortical  relati(m,  and  has  constructed  an  elaborate  theory 
of  the  neuronal  mechanism  of  association,  ideation,  and 
attention.  Problematic  as  this  scheme  remains,  it  indi- 
cates a  new  line  of  speculation  as  to  cerebral  functions, 
based  on  a  discrimination  of  the  various  sensory,  motor, 
and  associational  cells  of  a  given  part  of  the  cortex,  and 
promises  much  for  a  future  better  understanding  of  the 
specific  psycho-physiological  activities  of  the  nervous 
system. 

Edinger  from  embryological  researches,  and  von  Mona- 
kow from  the  study  of  secondary  degeneration,  report 
that  tile  sensory  fibres  of  the  fillet  or  lemniscus  terminate 
in  the  cortex  of  the  postcentral  convolution  and  parietal 
lobe.  The  afferent  neuraxone  terminations  in  the  Rolandic 
convolutions  are  in  functional  connection  with  the  nuclei 
of  the  mid-  and  hind-brain,  particularly  with  those  path- 
ways of  conduction  which  mediate  common  sensation. 
This  area,  therefore,  is  physiologically  a  sensory  or  recep- 
tive centre  for  cortico-petal  stimuli  of  all  .sense  tracts  ex- 
cept the  four  sense  tracts  of  special  sensation,  as  well  as 
the  motor  or  emissive  centre  of  the  most  important  tracts 
of  motor  innervation. 

The  most  extensive  experiments  dealing  with  the  sen- 
sory fibres  leading  to  this  part  of  the  cortex  are  those 
of  Flechsig.  He  divides  these  cortico-petal  fibres — which 
pass  together  through  the  internal  capsule  and  which  are 
the  indirect  continuations  of  the  dorsal  roots  of  the  cere- 
bral and  spinal  nerves — into  three  groups  or  systems, 
distinguished  by  the  fact  that  they  put  on  their  myelin 
sheath  at  different  periods.  The  first  group  becomes 
medullated  at  the  beginning  of  the  ninth  tVetal  month. 
It  occupies  the  posterior  part  of  the  internal  capsule 
and,  in  its  upper  half,  the  area  immediately  behind 
the  fibres  of  the  pyramidal  tract.  These  fibres  are  dis- 
tributed exclusively  to  the  cortex  of  the  two  central  g.yri, 
which  are  thus  the  first  regions  of  the  cortex  to  become 
connected  by  means  of  medullated  fibres  with  the  sen- 


sory apparatus  of  the  body  (see  Figs.  900  and  901).  The 
second  group  receives  its  myelin  about  a  month  later 
than  the  first  group.  These  fibres  are  distributed  to  the 
central  gyri,  the  lobulus  paracentral  is,  and  the  foot  of  the 
superior  frontal  gyrus.  Another  portion  is  distributed 
to  the  gyrus  fornicatus  along  its  whole  length.  The 
posterior  bundles  run  toward  Ammon's  horn,  and  still 
another  bundle  enters  into  the  uncus  and  arrives  at  the 
subiculum  cornu  Ammonis.  The  whole  of  the  limbic 
lobe  is  thus  connected  with  the  lateral  nucleus  of  the 
thalamus.  The  third  system  is  also  joined  with  the  lat- 
eral nucleus  of  the  thalamus  and  one  part  runs  directly  to 
the  foot  of  the  third  convolution,  another  [lort ion  through 
the  pars  frontalis  of  the  internal  capsule  into  the  frontal 
lobe  almost  as  far  as  the  pole,  part  of  the  fibres  reaching 
the  middle  portion  of  the  gyrus  fornicatus,  another  part 
the  anterior  half  of  the  superior  frontal  g.yri,  while  single 
fibres  go  to  the  middle  of  the  frontal  g3'ri.  Edinger  and 
von  Monakow  also  distinguish  from  the  cortico  fugal 
pyramidal  tract  a  fronto-cerebro-cortico-]>ontal  tract. 
These  fibres,  according  to  Flechsig,  arise  in  those  regions 
of  the  cerebral  cortex  which  correspond  to  the  distribu- 
tion of  the  third  group  of  sensory  fibres,  i.e.,  the  feet  of 
the  three  frontal  gyii  and  possibly  also  the  middle  por- 
tion of  the  gyrus  fornicatus.  The_v  terminate  in  the 
nuclei  of  the  pons  and  are  concerned  with  the  movements 
of  bilaterally  innervated  muscles,  such  as  those  of  the 
ej-es,  neck,  and  trunk.  The  motor  impulses  concerned  in 
the  speech  movements  may  also,  he  believes,  be  carried  by 
these  fibres,  though  according  to  Barker  there  is  a  good 
deal  of  evidence  that  the  speech  path  is  separate  and  dis- 
tinct. 

Results  indicating  the  cortical  localization  of  the  area 
of  vision  have  from  the  first  been  consistent  in  prescrib- 
ing its  limits  to  the  occipital  lobes  and  adjacent  parieto- 
temporal convolutions.  The  location  within  these  limits 
has  been  differently  assigned;  thus  Hitzig  to  gyri  in  the 
posterior  lobes  of  the  dog,  while  Ferrier  has  persistently 
contended  for  the  angular  gyr\is.  JIunk's  careful  and 
critical  investigations  prepared  the  way  for  an  under- 
standing of  the  relation  of  the  different  parts  of  the 
visual  area.  He  distinguished  between  psychical  blind- 
ness and  the  simple  loss  of  vision  proper,  and  found 
different  areas  giving  rise  to  these  diverse  conditions. 
He  interpreted  the  area  of  simple  or  primary  vision  to  be 
the  cortical  projection  field  of  the  retina,  whereas  ad- 
jacent areas  added  those  memory  images  which  made 
visual  impressions  intelligible.  Despite  conflicting  evi- 
dence, it  is  fairly  well  established  that  the  primary  visual 
areas  of  the  cerebral  hemispheres  are  situated  in  the 
neighborhood  of  the  cuneus,  and  that  the  calcarine  fissure 
bears  about  the  .same  relation  to  visual  stimulation  as  the 
Rolandic  fi.ssure  does  tosonuesthetic  stinudi.  This  state- 
ment refers,  however,  only  to  retinal  stimulations,  which 
constitute  in  reality  only  a  very  small  part  of  those  sen- 
sory stimuli  which  are  essential  for  the  maintenance  of 
complete  \ision.  Hcnschen  proposes  for  this  area  the 
name  of  calcarine  retina,  and  suggests,  from  an  examina- 
tion of  clinico-pathological  evidence,  that  the  upper  lip  of 
the  calcarine  fissure  of  one  hemisphere  is  the  projection 
field  of  the  lower  quadrants  of  the  visual  fields  of  the 
homonymous  halves  of  both  retina',  and  that  the  lower 
lip  has  a  corresponding  connection  with  the  upper  visual 
fields.  Henschcn  also  assigned  the  cortical  representa- 
tion of  the  central  portion  oi  the  retina  to  the  anterior 
part  of  the  calcarine  fissure  and  of  the  peripheral  por- 
tions of  the  retina  to  the  posterior  part.  The  macula 
seems  from  many  results  to  have  a  separate  and  distinct 
representation  and  to  be  represented  for  each  eye  in  both 
cortices,  whereas  the  symmetrical  halves  of  each  retina 
are  represented  in  the  hemisphere  of  the  same  side  only. 

Cajal  has  shown  that  the  fibres  of  the  macula  retained 
their  individualit}'  as  far  as  the  basal  ganglia.  It  is  de- 
nied, however,  by  von  Monakow  and  others,  that  there  is 
a  distinct  cortical  area  for  the.  macula.  He  believes  that 
it  is  represented  in  perhaps  all  portions  of  the  occipital 
lobe  constituting  the  visual  area,  even  in  the  posterior 
part  of  the  angular  gyrus      Examination  of  the  results 


306 


REFERENCE  HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


Brain, 
Brain. 


^iUer't  fibres. 


2f.  opticus. 


of  pathological  findings  indicates  the  possibility  of  much 
individvial  variation  both  at  the  centres  and  along  the 
conduction  pathways.  There  can  be  little  doubt  that 
the  cuneus  (see  Fig.  898,  page  305)  is  the  cortical  centre  of 
primary  visual  sensation,  and  that  regions  which  outogen- 
ically  acquire  the  associational  capacity  of  complex  visual 
perception  involving  the  visual  memories  of  past  expe- 
rience, spread  out  over  the  convex  surface  of  the  occipi- 
tal lobes  and  perhaps  to  adjacent  lobes,  certainly  to  the 
angular  gj'rus  (see  Fig. 
897).  KiniPsthetic  stim- 
uli from  the  muscles  of 
the  eyes  are  important 
elements  in  visual  per- 
ception; whether  these 
are  conducted  to  the 
visual  area  also  does  not 
appear;  it  is  probable, 
however,  that  sensations 
of  eye  movements  are  as- 
sociated in  this  area  with 
the  light  sensations  due 
to  retinal  stimulation. 
This  conclusion  seems 
the  more  necessary  since, 
according  to  Ramon  y 
Cajal,  Engleman,  von 
Monakow,  von  Gehuch- 
ten,  Kolliker,  and  Held, 
the  centrifugal  fibres 
start  in  the  axis-C3'linder 
processes  of  the  pyram- 
idal cells  of  the  cortex 
and  arborize  in  the  su- 
perficial gray  matter  of 
t  lie  anterior  corpora 
quadrigemina.  Proc- 
cesses  from  these  gan- 
gha  teniiiuate  in  the 
nervous  feltwork  of  the 
retina  and  are  in  func- 
tional connection  with 
the  motor  nuclei  of  the 
ocular  and  other  nerves 
supplying  the  facial 
muscles.  The  connec- 
tion of  the  cortex  with 
these  subcortical  ganglia 
suggests  that  the  oculo- 
motor functions  of  the 
occipital  lobe  are  exer- 
cised centrifugally  via 
the  optic  radiation,  as 
maintained  by  Munk  and 
Sherrington  (see  Fig. 
899).  Thus  through 
these  centrifugal  neu- 
rones the  retina,  the  oc- 
ular reflexes,  and  facial 
instinctive  movements 
may  be  under  the  influ- 
ence of  the  occipital 
cortex.  (Jf  the  basal 
nuclei,  i.e.,  thalamus, 
external  geniculate 
body,  anterior  corpora 
quadrigemina,  connect- 
ed with  the  visual  function,  the  external  geniculate 
body  alone  seems  to  be  in  direct  relation  to  retinal  stim- 
uli. Lesion  of  this  ganglion  inevitably  causes  hemi- 
anopsia, and  its  destruction  is  followed  by  atrophy  of  the 
inferior  portion  of  the  bundle  of  Gratiolet.  The  pulvi- 
nar  of  the  thalamus,  on  the  other  hand,  may  atrophy 
without  producing  hemianopsia  if  the  geniculate  body  be 
intact.  Lesion  of  the  pulvinar  and  anterior  corpora 
quadrigemina  may,  nevertheless,  produce  important 
"modifications  of  vision.  These  ganglia  appear  to  be 
centres  of  visual  reflexes,  such  as  winking,  avoiding  of 
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Fio.  899.— Diagram  of  the  Visual  Conduction  Paths.  (After  von  Monakow,  from 
Barker.)  a,  b.  c.  Rods  and  cones  of  the  retina;  d.  c,  bipolar  cells ;  /,  large 
multipolar  ganglion  cells,  iriving  rise  toaxones  of  the  opiic  nerve;  g,  centrif- 
ugal axone  of  a  neurone,  tin*  cell  boily  of  which  is  situated  in  the  anterior 
corpora  quarigeniina  (colliciiliis  suiicrior).  its  terminal  dendritic  processes 
being  situated  in  the  retina  ;  li.  (ioisri  cell  of  tvpc  TT,  in  the  lateral  geniculate 
body;  i,  neurone  connecting  the  lalcr:il  »rcniciilatc  bmiy  with  the  occipital 
lobe,  its  axone  running  in  the  nptic  ra<liaii'in  of  (iratiolet.  The  centripetal 
and  centrifugal  courses  of  the  visual  impulses  are  indicated  by  the  arrows. 


obstacles,  etc.,  the  retinal  reflex  of  contraction  of  the 
pupils  to  light,  and  perhaps  even  of  acquired  visual  re- 
flexes, such  as  the  flight  from  a  whip,  etc.  The  expres- 
sion of  the  emotions  of  involuntary  origin  appears  to 
have  its  origin  in  the  thalamus.  The  loss  fif  tlie  emo- 
tional involuntarj-  reflex,  at  all  events,  may  follow  upon 
a  lesion  of  this  subcortical  ganglion. 

As  in  the  case  of  cortical  visual  representation,  the 
localization  of  the  sense  of  audition  has  been  restricted 

by  aliuost  all  observers 
to  a  region  of  well-de- 
fined limits,  in  this  case 
to  the  convolutions  of 
the  temporal  lobe.  Fer- 
rier's  results  point  to  the 
superior  tcmporo-sphe- 
noidal  convolution  on 
each  side,  because  elec- 
trical excitation  of  this 
area  on  eitlier  side  in- 
variably iiroducedin  the 
monkey  retiaction  of  the 
opposite  ear  associated 
with  opening  of  the  eyes 
and  dilatation  of  the 
pupils;  these  movements 
Feriner  regarded  as  a 
significant  index  of  au- 
ditory p  e  r  c  e  ji  t  i  o  u. 
Munk  distinguished  an 
area  of  greater  intensity 
from  adjacent  regions  of 
less  intensity,  both  in 
the  temporal  lobes.  Lu- 
ciani  considers  the  audi- 
tory sphere  to  extend 
over  the  whole  cortical 
area  of  the  temporal 
lobe.  Pathological  evi- 
dence has  with  equal  de- 
cisiveness pointed  to  the 
temporal  lobe.  Bastian, 
Wernicke.  Friedliinder, 
Shaw,  and  Mills  leave  no 
room  for  doubt  that  the 
centres  for  hearing  are 
situated  in  the  siiperior 
temporal  gyrus  of  each 
side.  Each  ear  seems  to 
be  represented  in  both 
lobes,  as  both  superior 
temporal  gyii  in  man 
must  be  destroyed  in 
order  that  total  deafness 
shall  ensue.  Tlie  re- 
setirches  of  Flechsig,  von 
Monakow,  Held,  von 
Kolliker,  Ramon  y  Cajal, 
and  Florence  Sabin  have 
shown  the  anatomical 
relations  of  the  cochlear 
branch  of  the  auditory 
nerve,  which  alone  is 
concerned  in  hearing, 
with  the  various  basal 
nuclei,  thechief  of  which 
are  the  trapezoid  nu- 
cleus, the  superior  olive,  the  posterior  corpora  quadri- 
gemina, the  median  geniculate  nucleus,  and  the  nucleus 
lemnisci  lateralis.  The  fibre  tracts  connecting  these  va- 
rious nuclei  furnish  an  anatoiuical  basis  for  more  than 
one  pathway  of  partial  decussation.  These  fibres  are 
also  connected  with  the  anterior  corpora  quadrigeiuina 
and  with  the  motor  nuclei  of  the  cranial  nerves,  thus  con- 
stituting a  basal  organ  for  automatic  movements  of  the 
head,  and  perhaps  of  the  trunk,  in  response  to  auditory 
stimulation.  It  is  not  deemed  advisable  to  present  the 
several  parts  of  the   complicated  pathway  of  afferent 
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conduction,  as  these  liave  been  made  out  bj'  various  in- 
vestigators. It  will  suffice  to  mention  that  the  collected 
libres  from  these  various  nuclei  pass  as  the  lateral  liUet, 
according  to  Plechsig  in  two  separate  bundles,  to  the 
internal  capsule,  and  go  transversely  through  the  same  in 
two  separate  bundles  to  the  transverse  gyri  of  the  tem- 
poral lobe.  The  one  bundle  ascends  near  the  external 
capsule  and  arrives  from  behind  and  above  into  the  audi- 
tory sense  area.  The  other  runs  for  some  distance  along 
with  the  occipito-thalaraic  radiations,  and  passes  around 
the  fossa  Sylvii  from  behind  and  below  into  the  temporal 
lobe  itself,  close  by  the  second  and  third  temporal  gyri, 
to  reach  the  transverse  temporal  gyrus.  The  exact  ex- 
tent of  the  sense  region,  according  to  Flechsig,  corresponds 
to  the  two  transverse  gyri  of  the  temporal  lobe,  particu- 
larly the  anterior  and  that  portion  of  the  superior  tem- 
poral immediately  adjacent  (see  Figs.  900  and  901,  on 
pages  308  and  309). 

The  giant  pyramidal  cells,  which  are  believed  to  give 
origin  to  the  cortico-fugal  projection  tracts,  seem  to  be 
absent  in  this  region.  Flechsig  nevertheless  maintains 
that  the  teraporo-cortico-cerebro-pontal  path  begins  here. 
Theaxonesof  this  bundle  of  libres,  usuall_y  but  mistakenly 
called  Tiirck's  bundle,  pass  down,  through  the  anterior 
portion  of  the  occipital  part  of  the  internal  capsule,  to 
the  lateral  region  of  the  base  of  the  cerebral  peduncles; 
thence  they  go  into  the  pons,  terminating  perhaps  in  the 
nuclei  of  that  region.  Flechsig  is  inclined  to  think  that 
this  temporal  path  represents  a  mode  of  connection,  by 
way  of  the  brachium  pontis,  of  one  cerebral  with  the  op- 
posite cerebellar  hemisphere.  The  fibres  are  niedullated 
at  a  later  period  than  the  fibres  of  the  pyramidal  tract; 
Von  Jlonakow  and  Dejerine  also  report  on  this  tract 
Dejerine  believes,  however,  that  the  bundle  arises  from 
the  whole  temporal  lobe,  but  chiefly  the  median  and 
inferior  cimvolutions.  AVhatever  the  origin,  course,  and 
termination  of  this  tract    may  be,  there  can    be  liitle 


Fig.  9U0.— The  Sense  Areas  and  Association  Arwis  on  the  Extrrnal  Surface  of  the  Risht  Cerehral 
Hemisphere.  (From  Flechsig.)  The  closely  (lotted  areas  about  the  central  Assure,  on  the  middle 
part  of  the  superior  temporal  convolution,  and  in  the  posterior  part  of  the  occipital  lobe,  indicate 
respectively  the  primary  areas  of  general  somatic  sensation,  of  auditory  and  of  visual  sensation. 
The  regions  not  marked  with  the  dots  are :  1,  The  posterior  association  areas  in  the  parietal, 
occipital,  and  temporal  lobes :  2.  the  middle  association  area  in  the  insula :  3,  the  anterior  a.-*sociation 
area  in  the  frontal  lobe.  As  the  thickly  dotted  regions  shade  off  into  the  unmarked  regions,  so  the 
primary  sense  areas  are  contitnied  into  adjacent  portions  of  the  association  areas,  presenting  a 
gradual  transition  from  the  simpler  to  the  more  complex  functions. 


doubt  as  to  its  existence.  The  evidence  seems  to  point 
to  the  middle  part  of  the  superior  temporal  convolution 
as  ihe  piimary  cortical  auditory  area  (see  Fig.  897,  page 
305),  while  the  areas  for  more  complex  auditory  percep- 


tions are  located  in  the  upper  part  of  the  second  and  third 
convolutions  toward  the  angular  gyrus,  and  perhaps  ex- 
tend downward  over  the  fourth  and  fifth  temporal  con- 
volutions also,  a  region  in  which  Mills  places  a  centre  for 
the  hearing  of  words — the  so-called  "naming"  or  "idea" 
centre. 

The  vestibular  branch  of  the  auditory  nerve  is  con- 
nected with  nuclei  which  are  in  anatomical  relation  with 
the  cerebelhiin  and  with  the  median  fillet;  thus  stimuli 
from  this  liranch  may  pass  to  the  somsesthetic  area  of  the 
cerebral  hemispheres. 

Ferrier  located  the  sense  of  taste  and  smell  in  the  sub- 
iculum  and  in  neighboring  portions  of  the  lower  temporal 
convolution.  Munk  localized  smell  in  the  gyrus  hippo- 
campus. According  to  Andriezen,  the  cortical  regions 
which  receive  the  olfactory  projection  fibres  are  (1)  the 
regionof  the  genu  of  the  gyrus  fornicatus;  (2)  the  septum 
lucidum;  (3)  the  inferior  extreiuities  of  the  hippocampal 
and  uncinate  gyri.  Hill  looks  upon  the  fornix  as  one  of 
the  conduction  paths,  and  this  is  certainly  in  accord  with 
the  relation  of  that  structure  to  the  terminal  cortical  areas 
just  named.  Cases  have  been  reported  by  Ogle,  Jack- 
son. Hamilton.  Worcester,  and  others,  in  which  impair- 
ment or  loss  of  smell  was  associated  with  lesions  of  the 
gyrus  uncinatus  or  its  immediate  vicinity.  According 
to  Flechsig,  the  olfactory  conduction  path  in  the  fore- 
brain  is  the  first  path  connected  with  the  special  sense 
organs  to  become  meduUated.  Turner  grouped  the  re- 
gions especially  connected  with  the  sense  of  smell  in  1865 
under  the  term  rhinencephalon.  His  and  Edinger  con- 
sider this  separation  of  the  parts  concerned  with  smell 
to  be  in  accord  with  the  facts  of  embryological  and  phy- 
logenetical  development.  The  rhinencephalon  is  rich 
in  neurones  connecting  it  with  the  basal  ganglia;  these 
lower  centres  are  therefore  so  situated  as  to  be  able  to  re- 
spond reflexh'  or  anatomiciill}'  to  all  forms  of  general  or 
special  sensory  stimulation.  The  gyrus  hippocampus, 
especially  the  uncus,  appears 
to  be  established  as  the  corti- 
cal sensory  area  for  olfactory 
stimulation.  The  cortical 
area  for  the  sense  of  taste  is 
probably  located  adjacent  to 
the  area  for  that  of  smell,  per- 
haps occupying  in  part  a  por- 
tion of  the  fourth  temporal 
convolution.  Turner  (1897) 
in  reviewing  the  subject  finds 
disagreement  among  investi- 
gators as  to  the  peiipheral 
gustatory  neurones  and  al- 
most complete  ignorance  as  to 
the  central  neurones.  Bech- 
terew  has  presented  a  scheme 
of  taste  conduction  paths. 
Peripherally  these  involve  the 
fifth  and  ninth  nerves  in  the 
region  of  the  fourth  ventricle, 
where  they  are  associated 
with  the  motor  nuclei  of  the 
fifth,  seventh,  and  ninth 
nerves.  The  limited  knowl- 
edge pointing  to  a  definite 
location  of  taste  sensation  is 
in  accord  with  the  relative 
unimportance  of  this  sensa- 
tion and  with  its  close  asso- 
ciation to  the  sensations  of 
smell,  of  touch,  and  of  tem- 
perature. 

The  primary  centres  of 
sensation  occupy  only  about 
one-third  of  tlie  superficial 
surface  of  the  cerebial  hemi- 
spheres (see  Figs.  897,  898,  900,  and  901).  These  physi- 
ologically are  higher  sensoiimotor  centres  superimjiosed 
upon  the  lower  basal  centres,  and  enable  the  organ- 
ism which  possesses  them  to  act  in  response  to  stimuli 
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with  more  complicated  coordination  than  would  be  pos- 
sible with  tlie  basal  and  other  lower  centres  alone.  In 
PMgs.  900  and  901  the  central  portion  of  each  sensory 
area  is  indicated  by  the  more  numerous  dots  which  rep- 
resent, according  to  Flechsig, 
their  richer  supply  of  cor- 
tico-petal  til>res.  while  the 
less  frequent  dots  represent 
the  portion  in  which  these 
libres  are  less  numerous. 
The  remaining  two-thirds  of 
the  cerebral  area,  unmarked 
with  dots,  are  not  piovided 
with  projection  fibres  either 
afferent  or  efferent.  The 
white  matter  of  all  these  cor- 
tical regions,  with  the  excep- 
tion perhaps  of  tliat  beneath 
the  angular  gyrus,  becomes 
medullated  considerably  later 
than  that  of  the  sense  cen- 
tres, so  that  even  in  children 
three  months  old  the  former 
are  sharply  distinguishable 
from  tl'.e  latter  by  their  pov- 
erty of  myelin.  Flechsig 
finds,  however,  that  medullat- 
ed paths  gradually  grow  out 
from  the  sense  centres  into 
these  non-medullated  regions. 
Further,  between  the  individ- 
ual gyri  of  the  non-medullat- 
ed regions,  bands  of  associa- 
tion fibres  gradually  ripen, 
connecting  the  individual 
gyri  with  others  near  them 
and  also  with  gyri  at  a  dis- 
tance. These  areas  Flechsig 
designates  association  areas; 

through  these  alone  one  sensory  area  is  indirectly  con- 
nected with  another.  The  association  areas  are  there- 
fore centres  whose  cells  are  superimposed  upon  those  of 
lower  primary  sensory  areas,  supplying  a  mechanism  for 
the  higher  co-ordinations  which  are  most  representa- 
tive of  the  intelligent  as  well  as  of  the  conscious  life  of 
the  organism.  He  designates  as  the  posterior  association 
area  that  part  which  includes  the  precuneus,  all  the 
parietal  gyrus,  except  the  postcentral  gyrus,  part  of  the 
gyrus  lingualis,  the  fusiform  gyrus,  and  the  middle  and 
inferior  temporal  gyrus,  as  well  as  all  portions  of  the  oc- 
cipital gyrus  not  concerned  in  the  visual  sense  area. 
This  association  region  is  therefore  situated  midway  be- 
tween the  visual,  the  soniiesthetic,  and  the  auditory  sense 
areas,  and  is  indeed  not  remote  from  the  olfactory  and 
gustatory  areas.  The  middle  association  area  is  consti- 
tuted by  the  island  of  Reil,  surrounded  by  the  somss- 
theticarea.  the  auditory  area,  and  the  olfactory  area,  from 
all  of  which  bands  of  fibres  run  into  it.  The  prefrontal 
convolutions  constitute  the  anterior  association  area, 
which  is  chiefly  connected  with  the  somsesthetic  area  and 
the  olfactory  sense  area. 

The  facts  advanced  by  Flechsig  are  admitted  in  part, 
but  contested  in  part  also.  Thus  von  Jlonakow  asserts 
that  projection  fibres  go  to  nearly  all  parts  of  the  cortex, 
though  he,  as  well  as  all  others,  admits  that  some  parts  re- 
ceive fewer  by  far  than  others,  the  frontal  lobe  especially 
receiving  few,  if  any.  Some  also  deny  that  association 
tracts  connect  the  sensory  areas  only  indirectly  through 
the  association  areas.  These  tracts  have  been  made  out  in 
some  instances  with  much  precision.  The  polymorphous 
cells  of  the  fourth  layer  and  of  the  pyramidal  layers  are 
admitted  to  give  origin  to  the  fibres  tliat  either  separately 
or  as  constituents  of  well-defined  tracts  unite  in  functional 
relationship  the  cortices  of  separated  convolutions. 

By  means  of  the  corpus  callosum  the  gyri  in  one  licmi- 
sphere  are  connected  with  those  in  the  opposite  hemi- 
sphere. Of  short  association  fibres  there  are  five  differ- 
ent bundles  that  have  been  made  out  in  the  occipital  lobes 


alone.  In  the  frontal  lobes,  fewer  distinct  bimdles  of 
association  fibres  have  been  made  out,  although  Dejerine 
has  described  the  source  of  several.  In  the  temporal 
lobe  and  insula,  similar  bundles  have  been  described  but 


Fig.  901.— The  Sense  Areas  and  Association  Areas  on  the  Median  Surface  of  the  Left  Cerebral  Hemi- 
sphere. (From  Flechsifj.)  The  closely  dotted  reprions  in  the  anterior  portion  of  the  parietal  and 
posterior  portion  of  the  frontal  luht's.  about  the  calcarine  fissure,  and  in  the  hi|ipnc:uiipal  and 
uncinate  gyri.  indicate  ri'sp^-ctnely  Ilic  primary  sense  aretis  of  (general  somatic  sensation,  of  visual 
sensation,  and  of  gustatory  and  (Olfactory  sensation.  The  regions  not  marked  wnh  dots  are:  1, 
The  posterior  association  area  in  the  precuneus  and  temporal  lobe ;  2,  the  anterior  association  area 
in  the  frontiil  lobe. 


no  definite  tracts  have  been  ascertained.  The  long  associa- 
tiim  tracts  that  have  been  described  are.  according  to  Bark- 
er: (1)  the  cingulum.  which  belongs  to  the  rhinencepha- 
lon;  (2)  fasciculus  longitudinalis  superioi-is,  connecting 
the  frontal  and  occipital  lobes;  (3)  fasciculus  longitudi- 
nalis inf  erioris,  uniting  the  occipital  and  temporal  lobes ;  it 
is  suggested  that  this  may  be  the  bunille  connecting  the 
visual  sense  area  with  the  auditory  sense  area;  (4)  fasci- 
culus uncinatus,  which  extends  between  the  uncus  and  the 
basal  portion  of  the  fi'ontal  lobe,  and  which  may  be  an  as- 
sociation tract  of  the  rhincncephalon ;  (.">)  the  tapetum, 
which  is  hold  bj'  some  to  be  a  portion  of  the  fasciculus 
longitudinalis  superioris.  According  to  Dejerine,  it  arises 
in  tiie  whole  cortex  of  the  frontal  lobe,  and,  passing  through 
the  tapetum,  its  fibres  are  distributed  to  the  lateral  surface 
and  inferior  bolder  of  the  lobus  occipitalis. 

These  results  seem  to  establish  a  direct  connection  be- 
tween the  various  sense  centres,  as  well  as  the  indirect 
coiuiection  through  the  association  areas  as  proposed  by 
Flechsig.  Whether  Flechsig  be  right  or  wrong  in  this, 
whether  subsequent  research  shall  substantiate  or  dis- 
prove the  anatomical  connections  and  relationships  in- 
dicated by  the  report  of  his  results  of  the  embryological 
method,  it  seems  to  the  writer  that  Flechsig's  psycho- 
physiological interpretation  of  the  functions  of  the  asso- 
ciation areas  is  in  the  main  incontestibly  sound  in  psy- 
chology, and  accordant  with  the  trend  of  conclusions 
drawn' from  multifarious  experimental  and  clinical  in- 
vestigations. 

It  has  already  been  pointed  out  that  most  authorities 
di.stinguish  between  sensory  disturbances  and  perceptual 
disturbances.  Loss  of  memory  and  of  higher  sense  per- 
ception have  generally  been  attributed  to  regions  which  lie 
from  the  direction  of  the  auditory,  visual  and  soma>sthetic 
areas  toward  the  angular  gyrus.  It  is  immaterial  whether 
psychical  blindness,  deafness,  etc.,  are  due  to  a  loss  of 
memory  images  or  to  an  ataxia  of  sense  perception.  It 
seems  clear  that  the  nearer  a  lesion  lies  to  the  calcarine 
fissure,  the  Rolandic  fissure,  or  the  middle  part  of  the 
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temporal  convolution,  the  more  likely  is  the  injury  to 
give  rise  to  a  loss  of  sensation  only ;  and  tlie  nearer  the 
injury  is  to  the  angular  gyrus,  the  more  likely  is  the  re- 
sult to  be  a  loss  of  perception,  ideas,  and  memories  con- 
nected witli  sensory  impression.  And  yet  it  is  difficult, 
both  on  the  physiological  and  on  the  psychological  side, 
to  distinguish  a  pure  sensation  from  one  with  an  admix- 
ture of  memory  images.  "What  a  sensation  would  be 
utterly  divorced  from  integral  connection  with  the  con- 
sciousness of  the  individual  it  is  impossible  to  say.  The 
association  centres  of  Flechsig  are  centres  of  perceptual 
and  ideational  integration.  Through  their  activity,  in 
conjunction  with  the  functions  of  the  sensory  areas,  the 
actions  of  the  human  being  are  able  to  reflect  the  influ- 
ence of  acquired  individual  experience. 

The  posterior  association  centre  (see  FMg.  897,  page  305, 
and  Fig.  900,  page  308)  is  concerned  chiefly  with  the  intel- 
lectual processes.  Injury  to  the  cells  of  this  centre  is 
followed  by  various  forms  of  psychical  blindness,  by 
apraxia,  agnosia,  amnesia,  and  sometimes  a  weakening  of 
the  imagination.  The  anterior  association  centre  is  most 
closely  associated  in  function  with  the  somsesthetic  area, 
and  hence  also  with  the  motor  regions  concerned 
in  conduct,  so  that  here  in  all  probability  is  to 
be  sought  the  anatomical  mechanism  by  means 
of  which  the  memory  effects  of  all  conscious 
bodily  experiences,  especially  of  acts  of  will,  are 
retained.  In  injuries  to  this  region,  Flechsig 
maintains,  interest  in  the  external  world  is  lost 
and  the  most  marked  alterations  of  character,  at- 
tention, reflection,  and  inhibition  are  manifest. 
There  may  be  symptoms  of  over-appreciation 
or  of  great  self-depreciation;  the  speech  maj' 
for  a  long  time  remain  unaffected,  but  judgment 
as  to  wiiat  is  riglxt  and  wrong,  beautiful  and 
hateful,  will  be  impaired,  and  there  may  be  lack 
of  self-command,  even  when  uninfluenced  by 
violent  emotions,  readiness  to  yield  to  sexual 
excitement,  and  finally  imbecility.  When  the 
posterior  association  centres  are  mainly  involved 
it  is  knowledge  of  the  external  world,  rather  than 
of  his  body  and  personality,  that  is  impaired. 
Ideas  regarding  the  objects  of  the  external  world 
are  confused,  there  is  a  poverty  of  ideas  or  an 
inability  to  express  them  in  words,  yet  with  all 
this  the  patient  may  have  perfect  self-possession 
and  a  normal  regard  for  liimself  and  his  friends. 

These  two  association  centres  are  not  connected 
with  each'other  excepting  through  the  soma'sthetic  area. 
Flechsig.  accordingly,  seems  to  assume  a  more  or  less 
significant  distinction  between  the  intellectual  processes 
and  those  of  volition.  The  centres  are  bilateral  and  are 
richly  connected  by  fibres  of  the  corpus  callosum.  In 
this  they  are  distinguished  from  tlie  middle  association 
centre,  the  island  of  Reil,  which  is  very  sparsely  supplied 
with  these  commissural  fibres.  This  centre  seems  to  be 
for  the  one  hemisphere  onl)'.  It  is  the  association  cen- 
tre more  particularly  for  the  cortical  elements  concerned 
in  the  speech  function,  situated,  as  it  is,  in  such  close 
proximity  to  the  inferior  frontal  convolution  and  to  the 
temporal  convolution;  it  is  therefore  in  connection  with 
the  portions  of  the  posterior  association  centre  that  are 
connected  with  the  visual  and  auditory  speech  functions. 
These  functions  are  so  closelj'  connected  with  the  intel- 
lectual processes  that  a  few  words  on  the  most  recent 
conclusions  as  to  their  nature  and  localization  will  assist 
toward  a  comprehension  of  the  relation  of  the  association 
centres  to  the  rest  of  the  nervous  system. 

The  history  of  the  study  of  the  symptom  complex 
known  as  aphasia  throws  an  interesting  sidelight  on  the 
localization  of  cerebral  function.  ISIention  has  already 
been  made  of  the  conclusions  of  Wernicke.  Kussmaul, 
and  others.  It  is  quite  impossible  to  enter  in  this  connec- 
tion into  an  analysis  of  this  very  important  chapter  of 
cerebral  localization.  Collins'  monograph  on  the  "  Gene- 
sis and  Dissolution  of  the  Faculty  of  Speech  "  gives  a  con- 
cise critical  resume  of  the  various  views,  and  sketches  a 
theory  of  speech  location  essentially  in  harmony  with 


that  of  Dejerine,  and,  in  the  opinion  of  the  writer,  most 
satisfactorj-  from  all  points  of  view.  By  the  time  of 
Kussmavd  the  three  elements  involved  in  aphasic  disturb- 
ance were  well  recognized — the  motor  emissive  element, 
the  visual  element,  and  the  auditory  element.  Charcot 
deserves  the  credit  of  emphasizing  the  fact  that  so-called 
motor  aphasias  are  generally  kinesthetic  aphasias,  de- 
pending upon  the  loss  of  motor  images.  He  believed 
that  there  was  an  articulate  speech  centre  in  the  inferior 
frontal  convolution,  and  a  graphic  kinaesthetic  centre  in 
the  middle  frontal  convolution.  An  individual  who  de- 
pended in  speaking  or  writing  upon  kinaesthetic  images 
originated  in  these  centres,  Charcot  called  a  moteur;  one 
who  depended  on  the  visual  elements  was  a  visuel ;  and 
one  who  depended  on  the  auditory  elements  was  an 
auditif.  The  predisposition  to  belong  to  one  of  these 
three  types  might  be  inherited  or  might  be  acquired  by 
education.  The  centres  for  the  auditory  and  visual  ele- 
ments lay  close  together  in  tlie  neighborhood  of  the  angu- 
lar gyrus.  Charcot  taught  that  these  centres  must  act 
in  harmonious  co-operation  in  order  that  intellectual  ex- 
pression and  conception  should  be  complete.    These  cen- 


FIG.  RK.— Tlip  Zoncof  Lanmiaire,  Acccriiiii!.' t"  Di-Jpilnp.  (From  Mills.)  The 
zone  of  lantTiatrc.  a.s  imiioaterf  l>y  tin-  >liaili-(l  ii-iri.,ris.  O'tmprise.s  the  portion 
of  tlie  tliini  frontal  ronvolution  iM).st*Minr  to  the  a.^cending  hraiich  of  Itie 
fissure  of  Sylvius  and  the  lower  extroniity  of  prerentral  convolution,  the 
upper  portions  of  thn  first  an<l  spt^oml  temporal  convolutions,  and  the  supra* 
marginal  and  angular  convolutions  of  the  parietal  and  occipital  lobes. 


tres  were,  however,  independent,  and  an  injury  to  one 
might  remove  certain  elements  without  necessarily  inter- 
fering with  the  others. 

This  view  was  a  great  improvement  upon  the  complex 
schemes  that  had  been  evolved  bj'  the  Gennans,  of  whom 
Lichtheim  showed  that  no  less  than  fourteen  different 
areas  might  be  the  seat  of  a  lesion  producing  aphasia. 
Naming  centres,  ideational  centres,  propositionizing  cen- 
tres, and  the  like  were  thus  cast  aside.  A  tendency  tow- 
ard an  extreme  of  localization  for  different  phases  of  the 
facultj'  of  speech  was  in  this  way  checked.  Dejerine 
made  a  great  step  in  the  direction  of  still  greater  simplic- 
ity. He  established  the  dependence  of  sensorj'  agraphia 
upon  loss  of  visual  memories  in  the  angular  gyrus,  which 
causes  alteration  of  internal  language,  due  to  loss  of  visual 
images  associated  with  word-blindness.  He  maintained 
that  writing  with  the  hand  was  not  a  specialized  func- 
tion butsimjily  the  outward  expression  through  the  hand 
of  visual  images  of  vaiious  graphic  symbols.  This  view 
is  not  accepted  b}'  some  authorities,  notably  Mills.  Gor- 
dinier,  and  Bastian,  who  still  maintain  the  existence  of  a 
graphic  centre.  It  may  appear  that  in  certain  individual 
cases  the  cells  in  the  second  frontal  convolution  may  be 
so  trained  by  education  that  after  adult  life  is  reached 
the  destruction  of  the.se  cells  may  cause  an  inability 
properly  to  co-ordinate  the  muscles  of  the  arm.  The 
graphic-motor  centre  appears  nevertheless  to  be  less 
stably  established  as  a  specifically  differentiated  portion 
of  the  cortex  than  is  the  kinaesthetic  speech  centre  in  the 
left  inferior  frontal  convolution.     Dejerine  also  contended 
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against  the  functional  independence  of  the  three  speech 
centres,  inautaiuing  tliat  the  language  centre  is  really  a 
zone  constituted  of  portions  of  the  temporal,  parietal,  and 
inferior  frontal  convolutions  of  which  the  three  recognized 
speech  centres  were  focal  areas  of  most  intense  representa- 
tion. The  e.xtent  of  this  zone  of  language,  which  is 
shown  in  Fig.  902,  is  not  strictl_v  delimited,  Collins 
says:  "It  varies  in  individual  cases  and  at  different 
periods  of  life  in  the  same  individual:  namelj',  it  is  sub- 
ject to  phylogenetic  and  to  ontogenetic  variations  as 
well,  the  latter  depending  somewhat  upon  the  speech 
acquisition  of  the  individual  and  on  the  range  and  num- 
ber of  avenues  by  which  he  receives  or  has  schooled  him- 
self to  receive  information  from  language," 

An  injury  to  any  portion  of  the  zone  of  language  will 
produce  disorders  of  all  the  elements  of  speech  function. 
This  centre  is  emissive  to  the  cortex  of  the  Rolandic  re- 
gion, in  which  there  are  separate  areas  for  the  movements 
of  respiration,  vocalization,  and  lingual  and  labial  action, 
from  which  proceed  the  true  motor  imi)ulses.  The  cen- 
tre in  which  are  stored  visual  images  is  situated  in  the 
angular  gyrus:  the  auditory  centre  occupies  a  position 
in  the  posterior  part  of  the  first  temporal  convoluticm 
immediately  adjacent  to  the  gyrus:  the  island  of  Reil 
may  be  involved.  The  speech  zone  receives  and  com- 
bines impulses  coming  into  it  from  the  auditory,  visual, 
and  kinaesthetic  areas. 

The  views  of  Dejerine  are  in  opposition  to  the  theory 
of  a  cortical  centre  as  a  restricted  area  performing  a  cer- 
tain specific  psychical  function  and  no  other.  Very  simi- 
lar are  the  views  of  Fleclisig.  The  parts  of  the  sensory 
areas  wliich  produce  simple  sensations  have  been  shown 
to  fade  insensibly  into  the  regions  which  perform  func- 
tions related  to  more  developed  perception,  and  these 
shade  off  again  into  areas  of  ideation  and  conception, 
whose  functioning  constitutes  a  summation  of  impressions 
from  all  sense  regions.  For  these  areas  I  believe  we 
may  accept  Flech.sig's  boundaries  and  name  of  posterior 
association  centre.  Perception,  ideation,  imagination, 
memory,  thought,  reason,  etc.,  are  not  distinct  psychical 
processes,  but  all  are  analyzable  psychohigically  into  as- 
sociations or  groups  of  ideas  of  more  or  less  remote  sen- 
sory origin.  As  these  mental  processes  are  revealed  only 
through  external  expression,  the  cortical  areas  in  which 
they  are  represented,  of  which  tlie  angular  gyrus  is  the 
topographical  centre,  have  a  motor  side  also.  In  the 
same  manner  that  the  pyramidal  tracts  from  the  motor 
-areas  act  ultimately  upim  the  cells  of  the  lower  motor 
nuclei  to  induce  more  complex  co-ordinations  than  are 
possible  when  spinal  or  basal  centres  act  alone,  so  it  is 
the  function  of  the  cells  of  the  association  area  to  act  in  a 
more  complicated  way  upon  the  Rolandic  neurones  and 
•other  projection  tracts,  A  part  of  this  association  area, 
Dejerine's  zone  of  language,  is  shown  to  be  connected 
with  the  association  of  those  elements  which  constitute 
language,  a  function  which  has  grown  in  the  history  of 
the  race  to  have  an  amazing  significance  for  man's  in- 
tellectual life.  Consequently  I  believe  we  may  separate 
the  zone  of  language  (including  the  posterior  third  of 
the  inferior  frontal  convolution,  doubtfully  the  posterior 
third  of  the  second  frontal,  the  island  of  Reil  perhaps, 
the  angular  gyrus,  the  upper  part  of  the  first  and  per- 
haps second  temporal  convolutions)  from  the  rest  of  the 
association  zone,  as  an  area  representing  higher  co-ordi- 
nations peculiarly  significant  for  the  processes  of  thought. 
We  ma}'  designate  the  zone  of  language  as  a  higher  asso- 
ciation area,  or  an  association  area  of  the  second  order. 
This  specialized  association  area  has  a  representation  on 
only  one  side  of  tlie  brain,  whereas  we  have  reason  to  be- 
lieve that  both  cortical  association  areas  take  part  in  the 
simpler  intellectual  processes,  although  that  on  the  left 
would  appear  to  be  somewhat  more  important.  In  spe- 
cial cases  the  right  zone  may  perform  language  func- 
tions, even  in  right-handed  persons,  just  as  many  persons 
learn  to  write  with  the  left  hand  if  the  right  has  been  in- 
jured or  removed. 

The  prefrontal  lobes   have  been  variously  designated 
-as  "  silent "  or  "  functionless  "  areas,  as  higher  psychical 


centres,  as  centres  of  inhibition,  as  apperception  centres, 
and  as  centres  of  the  will  and  personality.  So  great  is 
the  misunderstanding  of  the  nature  of  the  functrons  of 
these  lobes,  even  at  the  present  time,  and  so  often  is  posi- 
tive evidence  wrongly  interpreted  and  even  misquoted, 
that  a  somewhat  extensive  presentation  of  the  facts  and 
conclusions  with  respect  to  their  functions  is  demanded. 

The  result  of  stimulation  of  these  regions  is  negative, 
hence  they  are  designated  as  silent  areas.  Ferrier,  how- 
ever, reports  movements  of  the  head  and  eyes,  and  early 
suggested  that  these  might  be  movements'  characteristic 
of  attention,  which  is  the  basis  of  intellection,  and  that 
these  lobes  might  therefore  be  considered  areas  of  higher 
psychical  function.  Extirpation  of  these  prefrontal 
regions  in  dogs  and  monkeys  by  Hitzig,  Ferrier,  Horsley 
and  Schiifer,  aud  Goltz  was  accompanied  by  slight,  hardly 
noticeable,  mental  deterioration.  Munk  and  other  ob- 
servers, on  the  other  hand,  deny  any  loss  of  attention, 
perception,  thouglit,  or  inhibitory  power.  Many  authori- 
ties report  areas  for  movements  of  the  head  and  neck  and 
of  the  trunk,  and  such  centres  are  now  assigned  to  the 
roots  of  the  upper  frontal  convolution. 

Bianchi  (1888-9.'))  contributed  the  first  experimental 
demonstration  conclusively  pointing  to  the  psychical 
functions  of  the  frontal  lobes.  His  experiments  were 
made  upon  twelve  monkeys  and  six  dogs,  all  of  which 
he  subjected  to  very  minute  observations  both  before  and 
after  the  operation,  these  observations  extending  in  some 
cases  over  a  period  of  j-ears.  To  determine  the  bound- 
aries of  the  jirefrontal  zone,  Bianchi  stimulated  electric- 
ally all  of  the  frontal  region  and  excised  all  portions  from 
3  or  3  mm.  in  front  of  the  excitable  areas  for  the  arm. 
face,  jaw,  and  trunk.  No  special  effort  was  made  to  pre- 
serve the  olfactory  bulb  in  the  monkeys,  but  it  was  kept 
intact  in  the  dogs.  The  lesults  of  electrical  excitation 
agree  with  the  conclusions  of  other  observers. 

Regions  in  front  of  the  motor  area  of  head,  neck,  and 
eyes  were  found  to  be  unexcitable  with  a  current  of 
equal  strength.  Stimulation  of  the  base  of  the  upper 
frontal  convolution  produced  slight  rotation  of  the  head 
to  the  opposite  side  aud  some  lateral  displacement  of  the 
trunk  at  the  level  of  the  lumbar  region.  Excitation  of 
the  inferior  area  caused  raising  of  the  eyelid  together 
with  dilatation  of  the  pupil.  The  results  which  Bianchi 
obtained  from  unilateral  extirpation  may  be  summarized 
as  follows : 

1.  Diuing  the  first  weeks  were  noted  rotatory  move- 
ments, concavity  of  the  trunk  toward  the  mutilated  ,side, 
and  paresis  of  the  opposite  arm  (obvious  in  the  more  deli- 
cate movements).  These  symptoms  disappeared  at  the 
end  of  two  or  three  weeks.  No  oculomotor  disturbances 
were  observed. 

2.  Tactile  sensibility  was  normal  except  in  one  dog 
(diminished  in  opposite  limb)  and  one  monkey  (hyperses- 
thesia  in  opposite  ear  and  face). 

3.  In  one  monkey  there  was  diminution  of  heating  on 
one  side. 

4.  Taste  and  smell  appeared  normal. 

5.  In  all  cases  there  were  visual  disturbances.  A  piece 
of  sugar  was  not  seen  with  the  right  eye  until  it  was 
nearly  in  a  line  with  the  visual  axis.  The  left  eye  ap- 
peared to  be  normal. 

6.  There  was  no  perceptible  difference  In  behavior  or 
psychical  mtinifestations  of  animals  mutilated  on  one  side 
only.  They  were  still  susceptible  of  feelings  and  capable 
of  new  adaptations. 

When  both  lobes  were  removed,  there  was  apt  to  be  a 
weakness  of  the  left  limbs  and  a  tendency  to  rotate 
toward  the  right :  but  in  some  cases,  after  a  time,  al  I  move- 
ments were  perfectly  performed,  though  in  a  listless,  auto- 
matic fashion.  Sensibility  was  not  necessaiily  disturbed. 
There  was  a  decided  lack  of  interest,  the  habitual  state 
seeming  to  be  one  of  indifference,  and  the  strongest  feel- 
ings manifested  were  terror  and  the  desire  for  food. 
Affection  for  the  keeper  and  for  the  other  animals  disap- 
peared. There  was  a  lack  of  power  to  make  new  adapta- 
tions, to  defend  themselves,  and  to  resist  the  influence  of 
sensory  stimuli.     For  example,  the  monkeys  would  pick 
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up  and  eat  a  piece  of  plaster  as  readily  as  a  piece  of 
sugar.  Eveu  if  tliey  spit  it  out  after  breaking  it  up,  as 
sometimes  happened,  they  would  return  to  the  fragments 
and  swallow  them,  apparently  unable  to  resist  the  re- 
semblance to  sugar.  Psychical  life  seemed  to  be  reduced 
to  the  existence  of  actual  sensations;  there  was  no  change 
or  resource,  and  experience  profited  nothing.  Percep- 
tion seemed  to  lack  some  of  the  factors  necessary  to  the 
formation  of  a  complete  judgment.  There  were  crude 
sensations,  but  no  co-ordination  of  simple  presentations 
into  representations  of  higher  complexity. 

Bianchi's  conclusions  are  as  follows:  Paralysis  of  the 
trunk  muscles  does  not  always  occur,  and  it  is  in  any  case 
but  temporary.  The  phenomena  observed  upon  destruc- 
tion of  the  frontal  lobes  cannot  be  explained  by  the  oc- 
currence of  a  temporary  trunk-muscle  paralysis.  Bianchi 
does  not  look  upon  Ferrier's  hypothesis  as  satisfactory. 
The  facts  obtained  point  to  more  than  a  simple  defect  of 
attention  con-elated  with  paresis  of  ocular  and  cervical 
muscles. 

BiaTichi  does  not  accept  the  view  that  the  frontal  lobes 
are  distinctively  inhibitory  centres.  On  the  contrary,  he 
justly  contends  that  every  part  of  the  nervous  system 
becomes  under  different  circumstances  an  inhibitory 
centre.  AVhen  some  particular  area  of  the  brain  is  ex- 
cited there  is  an  afflux  of  nervous  waves  into  it,  and  this 
weakens  the  aptitude  of  other  regions  to  fulfil  their  func- 
tions. If  busy  with  a  problem  one  becomes  deaf  and 
blind ;  if  auditory  or  visual  centres  are  strongly  excited, 
the  flow  of  ideas  is  weakened  or  arrested.  Bianchi's 
final  conclusion  may  be  stated  thus:  In  the  frontal 
lobes,  the  incoming  and  outgoing  products  of  sensory 
and  motor  areas  are  co-ordinated  and  fused  with  the 
emotional  states  that  accompany  perception;  this  area, 
therefore,  determines  what  has  been  called  the  "  psychical 
tone  "  of  the  individual. 

From  the  time  of  Bouillaud  many  cases  have  been  re- 
ported of  injury  to  the  frontal  lobes  without  sensory  or 
motor  symptoms  and  witli  no  apparent  diminution  of  in- 
tellectual capacity.  In  the  light  of  more  recent  knowl- 
edge of  the  effects  of  lesions  in  this  region  of  the  cerebral 
hemispheres,  it  is  no  doubt  correct  to  infer  that  these  cases 
were  not  carefully  observed.  For  example,  the  American 
Crowbar  Case,  1868,  in  reality  a  classical  instance  of  con- 
clusive evidence  as  to  the  peculiar  functions  of  the  pre- 
frontal area,  is  still  frei|uentl_y  misquoted  and  wrongly 
interpreted  in  medical  literature,  despite  the  critical  an- 
alysis of  Ferrier  and  .Mills.  The  subject  of  this  injury 
was  a  young  man,  twenty-five  years  of  age.  At  the  time 
of  his  "injury,  he  was  engaged  in  tamping  a  blasting 
charge  in  a  rock  with  a  pointed  iron  bar  three  feet  seven 
inches  in  length,  one  and  one-fourth  inches  in  diameter, 
and  weighing  thirteen  and  one-fourth  pounds.  A  pre- 
mature explosi(m  drove  the  bar  clean  through  the  frontal 
region  of  the  skull,  entering  at  the  left  angle  of  the  jaw 
and  passing  out  near  the  sagittal  suture  in  the  frontal 
region.  The  patient  recovered  and  lived  for  twehe  and 
a  half  years  afterward.  From  a  post-mortem  examination 
of  the  skull  it  was  clearly  seen  tliat  the  whole  lesion  was 
situated  anterior  to  the  coronal  suture,  and  hence  embraced 
only  the  prefrontal  region.  The  following  report,  by 
Dr.  Harlow,  of  the  patient's  mental  condition  after  re- 
covery from  the  injury  presents  a  typical  picture  of 
mental  decadence : 

"  His  contractors,  who  regarded  him  as  the  mo.st  effi- 
cient and  capable  foreman  in  their  employ  previous  to  his 
injury,  considered  the  change  in  his  mind  so  marked  that 
they  could  not  give  him  his  place  again.  The  equilib- 
rium or  balance,  so  to  speak,  between  his  intellectual 
faculties  and  animal  propensities  seems  to  have  been 
destroyed.  He  is  fitful,  irreverent,  indulging  at  times 
in  the"  grossest  profanity  (which  was  not  previously 
his  custom),  manifesting  but  little  deference  for  his  fel- 
lows, impatient  of  restraint  or  advice  when  it  conflicts 
with  liis  desires,  at  times  pertinacioush'  obstinate,  yet 
capricious  and  vacillating,  devising  many  plans  of  future 
operations,  which  are  no  sooner  arranged  than  they  are 
abandoned  in  turn  for  others  appearing  more  feasible.     A 


child  in  his  intellectual  capacity  and  manifestations,  he 
Iiad  the  animal  passions  of  a  strong  man.  Previous  to 
his  injur}',  though  untrained  in  the  schools,  he  possessed 
a  well-balanced  mind,  and  was  looked  upon  by  those 
who  knew  him  as  a  shrewd,  smart  business  man,  very 
energetic  and  persistent  in  executing  all  his  plans  of 
operation.  In  this  regard  his  mind  was  radically  changed, 
so  decidedly  that  his  friends  and  acquaintances  said  he 
was  '  no  longer  Gage. '  " 

Corroborative  evidence  is  contained  in  many  subsequent 
observations.  Lepine,  in  18TT.  reported  a  case  of  abscess 
of  the  right  frontal  lobe  in  which  the  patient  "  was  in  a 
state  of  hebetude."  He  seemed  to  comprehend  what  was 
said  but  could  scarcely  be  got  to  iilter  a  word.  Bara- 
buc.  1876,  reported  a  case  of  atrophy  of  tlie  frontal  con- 
volutions in  both  hemispheres  in  which  muscular  power 
and  sensation  were  unimpaired,  but  the  patient  was  in  a 
state  of  complete  dementia,  marching  about  restlessly  the 
whole  da}',  picking  up  what  came  in  his  way,  mute  and 
quite  oblivious  of  all  the  wants  of  nature  and  requiring  to 
be  tended  like  a  child-  Davidson,  1876,  reported  a  case  of 
injury  to  both  frontal  lobes  in  which  the  only  symptoms 
were  of  a  psychical  nature.  Every  action  that  this  pa- 
tient performed  left  the  impression  on  the  mind  of  the 
observer  tliat  it  was  purely  automatic  or  machine-like. 
Cruveilhier  reports  a  case  of  complete  idiocy  from  birth 
until  the  age  of  fifteen, with  atrophy  of  two-thirds  of  the 
frontal  lobe.  Ferrier  states  that  the  fre(|uent  association 
of  idiocy  with  such  defect  of  the  frontal  lobes  is  a  gener- 
ally recognized  fact. 

Williamson,  1896,  presented  five  cases  of  gross  lesions, 
tumors,  and  abscesses  involving  the  prefrontal  region 
of  one  or  both  hemispheres  in  which  were  noticed  marked 
mental  symptoms.  He  gives  the  following  instructive 
summary  of  these  and  forty-five  other  cases  recorded  in 
recent  medical  literature : 

A  condition  of  mental  decadence ;  a  dull  mental  stale ;  loss 
of  power  of  att**ntion ;  loss  of  memory ;  loss  of  sin:)ntanei- 
ty ;  the  patient  taking  no  heed  of  his  surroumlings ;  sleep- 
ing during  the  greater  portion  of  the  day,  or  iieing  semi- 
comatose. (In  two  of  these  it  is  noted  that  the  patients 
were  in  a  perplexed  mental  condition,  and  constantly 

appeared  to  be  searching  for  .something. ) 32 

Loss  of  memory :  mental  failure,  but  patient  cheerful 6 

Patient  suspicious;  suffered  from  delusion,  and  was  oc- 
casionally violent 1 

Patient  irritable  and  violent 1 

Paiii'iu  tri'iiiTally  asleep ;  irritable  when  awake 2 

Tatieni  iiiiibitioiis,  e-xcitable;  memory  lost 1 

Slowness  of  mental  processes ;  patient  simple  and  childish.    1 
Mental  anxiety:  childishness;  hallucinations;  suicidal  ten- 
dencies      1 

Mental  condition  not  stated 5 

60 

It  may  be  considered  as  having  been  demonstrated  be- 
yond the  possibility  of  a  doubt  that  injury  to  one  frontal 
lobe  probably,  and  injury  to  both  lobes  certainly,  will 
cause  mental  deterioration.  The  amount  and  character  of 
this  deterioration  can  be  ascertained  only  from  a  careful 
detailed  examination  of  the  antecedent  and  subsequent 
capacities  of  the  individual.  In  general,  the  phenomena 
are  slight  intellectual  degradation,  moral  and  emotional 
perversion,  deficiency  of  attention,  and  volitional  inef- 
ficiency. The  functions  of  these  lobes  seem  peculiarly 
representative  of  the  mental  character  and  general  con- 
duct as  these  have  been  developed  as  the  result  of  a  life- 
time of  education  and  action.  These  areas  may  therefore 
be  designated  association  areas  of  the  tliird  or  highest 
order.  They  exercise  no  functions  which  are  not  per- 
formed by  the  other  association  areas  in  less  degree  of 
complexity.  Wimdt  calls  these  areas,  centres  of  apper- 
ception: an  appropriate  term  if  we  remember  that  ap- 
perception is  a  synthesis  or  organized  coordination  of 
all  the  acquired  intellectual  and  other  responsive  reactions 
of  a  brain  to  the  environment  of  the  individual  pos- 
sessing it.  As  pointed  out  by  Waller,  it  is  thus  a  "high- 
level  neural  synthesis";  similar  syntheses  of  lower  level 
being  accomplished  by  other  portions  of  the  cerebral 
hemtsphere.  Hughlings  Jackson  presented  a  similar 
view  in  the  suggestion  of  a  hierarchy  of  neural  processes. 
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Stripping  the  individual,  who  has  attained  adult  life, 
successively  of  his  prefrontal  lobes,  the  association  zone 
of  language,  the  otlier  association  areas,  will  successively 
reduce  him  to  a  lower  grade  of  human  being  than  he  has 
come  to  be.  Tlie  celts  of  the  prefrontal  lobes  may  be 
put  to  different  uses  in  the  brains  of  different  persons. 
Loss  of  the  frontal  lobes  might  leave  a  Descartes  still  a 
fairly  satisfactory  college  professor.  The  loss  of  these 
lobes  and  of  portions  of  the  other  association  areas  might 
not  until  the  college  professor  to  live  the  normal  life  of  a 
day  laborer  whose  frontal  lobes  may  be  put  to  a  strain 
to  maintain  his  lower  standard  of  activities. 

It  may  be  well  to  summarize  the  general  conclusions 
of  this  article  and  to  indicate  the  point  of  view  from 
wliich  these  conclusions  have  been  examined.  It  is 
customary  to  distinguish  between  sensory  and  motor 
functions' of  the  nervous  system,  as  though  certain  nerve 
elements  performed  the  duty  of  supplying  us  with  sensa- 
tions, and  otlicrs  contributed  an  equal  .service  by  bring- 
ing about  our  movements.  Waller  has  einjihasized  the 
objections  to  tliis  view,  maintaining  that  no  centre  is 
exclusively  either  motor  or  sensory,  but  that  all  centres 
are  both  sensory  and  motor.  In  this,  he  correctly  inter- 
prets the  facts',  wliich  show  that  brain  centres  physio- 
logically perform  tlieir  functions  only  when  they  both 
receive  and  emit  stimuli.  It  would  clear  up  many  psy- 
chological notions,  tliat  are  often  confusedly  interwoven 
with  reports  of  tlie  function  of  various  centres,  if  it  were 
kept  constantly  in  mind  that  no  centre,  no  neurone,  and  no 
nerve  is  motor,  and  on  tlie  other  hand  that  no  centre,  no 
neurone,  and  no  nerve  is  sensory. 

All  manifestations  of  life  and  consciousness  are  pre- 
sented in  the  movements  of  the  organism.  These 
movements  are,  therefore,  tlie  immediate  phenomena. 
A  movement,  even  thougli  it  may  possibly  be  restricted 
to  a  single  muscle,  is  yet  the  summation  of  the  con- 
traction of  its  individual  tibres.  The  function  of  any 
nerve  fibre  is  not  to  produce  a  movement,  but  to 
stimulate  or  irritate  a  muscle  fibre  to  exercise  its  in- 
herent function  of  contracting.  Similarly,  it  is  the  func- 
tion of  an  afferent  nerve  fibre  not  to  convey  a  sensory 
stimulus,  but  to  innervate  the  neurone  or  neurones  about 
which  its  central  dendrites  terminate.  Even  the  sim- 
plest reflex  action  is  the  result  of  the  co-ordination  of 
at  least  two  nerve  elements  wliich  are  intercalated  be- 
tween the  peripheral  point  of  application  of  a  stimulus 
and  tlie  muscle  fibres  to  which  the  motor  neurones  run. 
A  single  segment  of  the  spinal  cord,  through  the  ana- 
tomical relationship  of  its  neurones,  is  capable  of  serving 
as  the  reflex  centre  for  complicated  co-ordinated  move- 
ments. The  explanation  as  to  why  certain  definite 
movements  are  elected  to  follow  in  response  to  a  given 
stimulus  is  partly  anatomical  and  partly  physiological. 
In  the  first  case,  the  answer  ultimately  reverts  to  biology 
to  explain  why  neurones  should  be  found  so  located  as 
to  be  capable  of  mediating  particular  movements  in  re- 
sponse to  definite  stimuli.  If  we  ascribe  tlie  cause  to  the 
functional  habit  of  the  neurones,  we  again  must  refer 
tlie  question  to  biology  to  give  an  explanation  of  tlie 
inheritance  of  this  congenital  function,  or  to  tell  how 
neurones  acquire  during  their  existence  in  tlic  organism 
a  particular  function  or  habit.  "When  spinal  centres 
comprise  more  than  one  segment,  the  problem  remains 
the  same :  more  neurones  with  their  axis-cylinder  proc- 
esses have  been  intercalated,  and  the  response  of  the 
peripheral  neurones  is  now  conjointly  inspired  by  a  larger 
group  of  neurones.  The  movements  that  result  upon 
stimulation  of  more  extensive  centres  will  be  characteris- 
tically different  from  tliose  of  segmental  origination,  but 
nevertlieless  these  movements  will  still  depend  upon  the 
interrelations  of  the  neurons  in  the  centres  or  upon  an 
acquired  or  inherited  habit. 

The  neurones,  which  arc  alone  capable  of  stimulat- 
ing muscle  fibres,  are  located  in  the  anterior  horns 
of  the  cord  and  in  the  nuclei  of  the  motor  cranial 
nerves.  Tliese  neurones  may  tlierefore  be  acted  upon 
by  peripheral  neurones  of  afferent  conduction  alone,  in 
which  case  they  will  respond  with  simple  movements;  or 


they  may  be  acted  upon  by  other  additional  central  neu- 
rones. These  constitute  aggregated  masses  in  the  medulla 
oblongata,  tlie  cerebellum,  the  various  basal  ganglia,  and 
the  cortex  of  tlie  cerebral  hemispheres.  As  one  mass  after 
another  is  added,  the  peripheral  motor  neurones  becoma 
the  recipients  of  stimuli  from  larger  and  larger  groups 
of  central  neurones,  and  the  co-ordinated  movements 
that  follow  will  represent  the  combined  or  co-ordinated 
influence  of  their  various  cell  elements.  Thus,  in  the 
sjiinal  cord,  the  neurones  suffice  to  bring  about  simple 
reflexes;  by  adding  the  neurones  of  the  cerebellum,  more 
complex  movements  of  locomotion  are  produced ;  add- 
ing the  basal  ganglia  contributes  tlie  anatomical  elements 
that  render  the  reflex  mechanism  suflicicntly  complex  to 
bring  about  the  co-oniiuated  adjustment  oi  the  various 
sense  organs  to  stimuli,  and  also  to  initiate  the  instinctive 
movements  of  the  facial  parts  and  body,  wliich  are  in- 
terpreted as  expressions  of  emotion.  But  these  move- 
ments can  all  be  accomplished  without  consciousness, 
and  are  apparently  not  acquirable  in  the  lifetime  of  the 
individual.  They  represent  instinctive  or  inlierited 
reactions,  simple  if  relatively  few  neurones  lake  part  in 
the  co-ordination,  complex  and  often  apparently  purpos- 
ive if  a  greater  number  of  neurones  are  involved.  When 
to  these  neurones  are  added  the  neurones  of  the  sensory 
areas  of  the  cortex,  of  the  association  area,  of  the  zone 
of  language,  and  of  the  prefrontal  lobes,  the  physiologi- 
cal problem  is  still  merely  tlie  question  of  the  anatomical 
connection  of  these  neurones  inter  se  and  with  the  periph- 
eral neurones.  Tlie  evidence  and  the  interpretation  of 
what  these  neurones  contribute  to  the  production  of  com- 
plex bodily  movements  involve,  however,  two  factors 
not  necessary  of  consideration  in  connection  with  the 
functions  of  centres  below  the  cortex,  namely,  the  rela- 
tion of  consciousness  to  tliese  processes  and  the  develop- 
ment of  acquired  functions  or  habits. 

Considered  relatively,  the  functional  activities  of  the 
cortex  are  largely  tlie  result  of  an  ontogenic  education, 
whereas  tliose  of  the  lower  centres  are  the  result  of 
an  inheritance  of  functions  acquired  in  the  course  of 
organic  evolution.  But  when  anatomical  and  physio- 
logical connections  have  been  establislied  in  a  given 
adult  brain,  the  physiological  problem  is  then  the  same 
as  before; — namelv,  '"What  additional  comiilexilies  of 
movements  are  now  jiossible  from  lliis  additionally  com- 
plex mechanism?"  The  existence  in  our  minds  of  cer- 
tain sensations  due  to  the  stimulation  of  particular  areas 
may  assist  in  estabh'shing  the  functional  relationships  of 
these  areas  inter  se  and  to  lower  centres,  but  the  sensa- 
tions themselves  can  form  no  part  of  a  physiological  ex- 
])lanation  of  the  responsive  movements  that  take  place 
in  consequence  of  such  connections.  The  same  principle 
must  ajjply  to  the  association  centres  as  areas  of  higher 
psychical  activity.  The  polite  request  "Please  get  off 
my  toe  "  is  as  much  a  motor  response  of  the  peripheral 
neurones  as  the  cry  of  pain.  Experience  shows  that  for 
the  first  reaction,  certain  cells  of  the  cortex  must  have 
integral  connection  with  the  efferent  pathway,  which  are 
not  necessary  for  the  much  simpler  movement.  The 
psychologist  cannot  distinguish  between  perceptions  and 
sensations  as  distinct  entities,  nor  between  intellect  and 
imagination  as  diverse  processes,  nor  does  he  regard  the 
will  as  a  faculty  exclusive  of  other  manifestations  and 
processes  of  the  mind.  When  it  is  maintained,  tlierefore, 
that  there  are  areas  of  higher  level  than  the  cortical  sen- 
sory areas — first,  an  association  area  which  is  the  anatom- 
ical /"<•!(.•<  for  those  cells  whose  functioning  is  responsible 
for  the  phases  of  consciousness  distinguished  by  the 
terms  knowledge,  conception,  imagination,  tliought;  a 
second  association  area,  the  zone  of  language,  wliich  is 
the  basis  of  the  function  of  language  as  an  intellectual 
and  emotional  instrument;  and  still  a  third  region,  the 
prefrontal  lobes,  which  is  essential  for  the  preservation 
of  high  intellectual  and  moral  character  and  for  volitional 
effectiveness — it  is  not  meant  that  tliese  three  centres  con- 
tribute each  a  different  mental  element  to  consciousness, 
nor  yet  that  they  are  the  organs  of  three  diverse  mental 
faculties.     The  "analysis  suggests  that  a  human  being. 
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wlio  may  manifest,  at  diiiereiit  times  througli  speech, 
conduct,  and  bodily  movemeut.  intellectual  capacity  and 
moral  character  of  different  grades,  must  have  these  three 
areas  intact,  if  he  is  to  continue  to  evidence  the  highest 
attainment  of  which  he  is  individually  capable. 

A  question,  often  contusing,  is  frequeutlj-  allowed  to 
become  involved  with  this  psycho-physiological  paral- 
lelism of  increasing  intellectual  complexity  and  increas- 
ing integration  of  the  cells  of  the  cential  nervous  sys- 
tem. On  the  one  hand,  the  mere  addition  of  neurones 
apparently  forms  a  satisfactory  explanation  of  the  in- 
creased complexity  of  cortical  reactions  over  that  of  the 
spinal  reflexes.  The  psychical  functions  of  the  brain 
might  therefore  represent  the  result  of  a  mere  phylo- 
genetic  increase  in  nerve  tissue,  a  product  of  cortical  in- 
tegration. On  the  other  hand,  in  the  human  being  and 
higher  o'ganisms,  it  is  a  common  experience  to  find 
automatic  actions  developing  from  conscious  actions, 
even  becoming  so  set  in  the  nervous  system  as  to  appear 
ineradicable  reflexes.  JIany  facts  tend  to  suggest  that 
conscious  reaction  has  always  presided  over  the  phylo- 
grenetic  development  of  reflex  action;  that  psychical 
function  thus  preceded  reflex  function,  and  both  helped 
to  determine  the  course  of  organic  evolution.  This  view 
■was  entertained  by  Cope,  the  eminent  biologist,  and  is 
exploited  as  a  fundamental  philosophical  hypothesis  by 
Wundt,  without  doubt  the  leading  psychologist  of  the 
day.  Many  difficidties  present  themselves  to  the  accept- 
ance of  either  theory.  It  is  not  necessary  for  us  to  take 
sides  on  this  issue,  when  considering  the  localization  of 
psychical  function  over  the  cortex  of  the  cerebral  con- 
volutions; but  it  is  desirable  to  keep  this  and  similar  psy- 
cho-physiological speculations  from  interfering  with  an 
acceptance  of  reported  facts  and  conclusions. 

It  is  not  worth  while  to  enter  into  a  consideration  of 
the  various  theories  which  have  been  propounded  at  dif- 
ferent times  to  explain  the  specific  nature  of  the  nerve  ex- 
citation which  passes  along  the  nerve  fibres  of  a  pathway 
of  C(mduction.  The  crudest  physical  concepts  have  been 
called  upon  to  do  duty  by  way  of  explanation;  thus  the 
cell  has  been  likened  to  a  battery  and  the  fibres  to  con- 
ducting wires;  the  nerve  stimulus  is  freciiiently  spoken 
of  as  a  wave  of  nervous  impulse,  similar  to  but  not 
identical  with  the  electrical  wave,  propagated  at  an  ap- 
preciable rate,  flowing  from  nerve  fibre  to  nerve  fibre. 
Theories  of  electrical  tension,  of  galvanism,  of  molecular 
vibrations,  and  of  chemical  explosions,  are  scientific  fan- 
cies rather  than  hypotheses.  When  (he  nervous  pathway 
was  shown  to  be  made  up  of  unitary  cellular  elements, 
that  were  contiguous  but  not  continuous,  biological 
theory  interpreted  the  conduction  of  the  nerve  stimulus 
as  a  series  of  ameboid  movements.  It  may  be  said  that 
no  hypothesis  has  3'et  been  formed  that  offers  even  the 
hope  of  becoming  a  sufiicient  explanation. 

In  addition  to  the  original  authorities,  mentioned  in 
the  text,  the  writer  has  been  much  assisted  by  the  critical 
abstracts  of  the  literature  to  be  found  in  the  publications 
of  Ferrier,  Jackson,  Macalister,  Collins,  Gordiuier,  and 
Barker,  and  especially  by  the  "Sketches  of  the  History 
of  Reflex  Action,"  by  Hall  and  Hodge,  in  the  American 
Journal  tif  Psi/rJii/logi/,  from  which  have  been  drawn  many 
statements  of  the  established  facts  of  the  phenomena  of 
reflex  action.  Lightner  Witmer. 

BRAIN,  GROWTH  OF  THE— The  following  article 
aims  to  ]>resent  a  general  account  of  the  growth  changes 
which  occur  in  the  human  brain  and  cord,  between  the 
time  of  normal  birth  and  the  natural  end  of  life,  thus  in- 
cluding those  found  in  old  age. 

In  dealing,  as  in  this  case,  with  data  for  the  most  part 
very  incomplete,  the  danger  of  confusion  arises  from  the 
tendency,  on  the  one  hand,  to  make  a  general  applica- 
tion of  special  observations,  and,  on  the  other,  to  inter- 
pret the  absence  of  positive  as  equal  to  the  presence  of 
negative  evidence.  With  these  words  as  a  preface,  how- 
ever, we  may  spare  ourselves  the  duty  of  showing  in 
special  instances  the  limitations  of  the  observations  cited. 

In  discussing  the  changes  which  occur  in  the  neuraxis 


(brain  and  spinal  cord  =  central  nervous  system),  the  fol- 
lowing outline  is  employed: 

A.  Growth  changes  in  the  neuraxis  and  some  of  its 
divisions. 

B.  Growth  changes  in  the  neuraxis — considered  as  the 
resultant  of  changes  in  the  cells  which  constitute  it. 

1.  Number  of  neurones. 

2.  Size  of  neurones. 

3.  Changes  in  the  cytoplasm  of  the  cell  bodies  during 
growth. 

C.  Growth  of  the  cerebral  cortex. 

A.  GuowTH  Changes  in  the  Neuraxis  and  Some  of 
Its  Divisions. — The  human  encephalon  varies  widely  in 
weight  at  maturity,  even  when  members  of  the  same 
race  and  the  same  social  class  are  alone  compared.  Dif- 
ferences in  the  final  weight  must  be  looked  upon  as  re- 
sulting from  dilTerences  in  the  process  of  growth.  The 
weight  of  the  encephalon  at  maturity  is  illustrated  by 
the  accompanving  table  based  on  the  observations  of  Dr. 
Boyd:' 

Table  I.— Showing  is  Grams  the  Weight  of  the  Encephalon 
AND  Its  Subdivisions  in  Sane  Persons,  the  Records  Bei.vo 
.\RRANGED  ACCORDING  TO  SEX,  AGE.  AND  Statcre.  (From  Mar- 
shall's tables  based  on  Boyd's  records,  i 
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Stature  175  cm.  and  upward.     ' 

Stature  163  em.  and  upward. 

2(M0 

14(6 

1233        149       28 

23        134       1108       1365 

2^40 

41-70 

1363 

1192        144        27 

23        131       10.5.5       1209 

41-70 

71-90 

1330. 

1167        137        26 

24        130       1013       1166 

71-90 

Statun 

!  173-167  cm. 

Stature  160-155  em. 

20-40 

1360 

1188       144       28 

26        137       1055       1318 

20-40 

41-70 

V-Ki 

1164        144        27 

26        m       1055       1312 

41-70 

71-90 

1305 

1135        142       28 

24        128         969       1121 

71-90 

Sta 

nirelfr 

r  cm.  and  under. 

Stature  152  cm.  and  under. 

30^0 

1331 

1168        138       25 

34 

130 

Wio       1199 

20-40 

41-70 

1297 

1133        139       25 

25 

129 

1051       12a5 

41-70 

71-90 

1351 

1095        131        25 

35 

123 

974       1122 

71-90 

These  records  were  obtained  from  2,086  patients  of  the 
JIarylebone  Workhouse  in  London,  representing,  for  the 
most  part,  the  least  favored  class  of  persons  native  to 
Great  Britain.  For  the  purpose  of  weighing,  the  en- 
cephalon was  divided  into  three  portions:  (1)  The  cere- 
brum, including  all  parts  frontal  to  the  midbrain;  (2) 
the  cerebellum,  severed  at  the  peduncles;  and  (3)  the 
stem — the  midbrain,  pons,  and  bulb  taken  together. 

Owing  to  the  fact  that  these  records  are  based  on  a 
workhouse  population,  it  is  probable  that  they  represent 
brains  less  well  grown  and  earlier  subject  to  senile 
atrophy  than  would  be  the  case  among  the  more  pros- 
perous members  of  the  community.  The  general  rela- 
tions to  which  we  are  about  to  call  attention  would, 
however,  remain  the  same. 

On  comparing  the  sexes  Table  I.  shows  that  the  hea\ier 
brains  belong  to  the  males ;  on  comparing  those  of  differ- 
ent stature  within  each  sex,  that  they  belong  to  the  tall 
individuals;  and  when  those  of  the  same  sex  and  stature 
are  compared,  according  to  age,  to  those  in  the  prime  of 
life,  i.e..  twenty  to  forty  years  of  age.  Sex  and  stature, 
then,  are  conditions  which  modify  the  weight  which  the 
brain  will  attain  at  maturity,  and"  after  the  prime  of  life 
its  weight  diminishes. 

Having  indicated  the  weight  at  maturity  under  the 
conditions  of  the  race  and  social  class  here  chosen,  we 
have  next  to  determine  the  weight  of  the  encephalon  at 
birth,  and  the  course  of  the  changes  by  which  it  reaches 
its  full  size. 

Vierordt  has  collected  the  most  complete  series  of  ob- 
servations for  the  change  in  brain  weight  between  birth 
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and  twenty -five  years  of  age.     The  data  are  taken  mainly 
from  German  records.     They  are  printed  in  Table  II. 

Table  II.— To  Shcw  the  Ixcrease  i.n  Braix  Weight  with  age. 
ENCEPHALOiN  WEIGHED  ENTIRE  WITH  PIA.   (Compiled  by  Vlerordt.l 


Males. 

FEMALES. 

Age. 

Number 
of  cases. 

Brain. 
Grams. 

Number 
of  cases. 

Brain. 
Grams. 

36 

17 

27 

19 

19 

16 

10 

14 

4 

3 

8 

7 

5 

8 

12 

3 

15 
18 
21 
14 
29 
26 
23 
30 
25 

381 
^5 
1025 
1108 
1330 
1263 
1359 
1348 
1377 
1425 
1408 
1360 
1416 

1487 
1289 

1490 
1435 
1409 
1421 
1397 
144.5 
1412 
1348 
1397 
1424 
1431 

38 
U 
28 
23 
13 
19 
10 
"8 

y 

1 

4 
1 

3 
5 
8 
15 
18 
21 
15 
33 
31 
16 
26 
33 
33 

384 

872 

961 

3  "    

4  "    

5  "    

1040 
1139 
1221 

6      "     

126.^) 

7  "    

8  "    

9  "    

1296 
1150 
liCi 

10     " 

1284 

n    "  

12  "  

13  "    

1238 
1345 
1256 

14  "    

15  "    

16  ••    

17  "    .             

1345 

1238 
1273 
1237 

18     "    

1325 

19     "    

30     "    

21     "    

12:34 
1228 
1320 

23     ** 

1283 

23     "    

1278 

24     "    . 

1249 

25     "    

1234 

Total 

415 

424 

When  the  data  in  Table  II.  are  cast  in  the  form  of 
a  curve  representing  the  increase  in  weight  according  to 
age,  we  obtain  the  chart  given  below  (Fig.  903). 
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Fig.  903.— Curves  Showing  the  Variations  in  Brain  Weight  During 
the  First  Twenty-Five  Tears  of  Lite.    Based  on  Table  II. 

In  the  records  of  Vierordt  it  appears  that,  except  at 
birth  and  in  the  fourteenth  year,  the  male  lias  a  greater 
brain  weight  than  the  female.* 

In  iKith  sexes  the  most  rapid  increase  in  weight  is  dur- 
ing tlie  first  jear;  it  continues  to  be  rapid  up  to  the 
fourth  or  tifth  year,  and  then  becomes  slow  till  the  seventh 
year,  when  the  weight  of  the  brain  found  in  the  adult  is 

*  During  the  period  of  very  rapid  growth,  a  slight  disparity  in  the 
average  age  of  the  case.s  compared  easily  reverses  The  wiML'lit  rHlaiions 
acconliiig  to  se.x.  This  is  the  probable  cause  of  grt-aitT  wcitriit  in  tlie 
female  al  "  birlh,"  as  reported  bv  Vierordt.  More  careful  dctcnnina- 
tions  by  Mies,^  1894,  and  Pflster,*  1897,  show  the  male  brain  to  be 
heavier. 


nearly  attained.  From  this  age  on,  there  is  a  very  slight 
and  very  slow  growth  up  to  maturity.  At  the  time  wlien 
nearly  tlie  linal  brain  weight  has  been  attained — namely, 
the  seventh  or  eightli  year — the  full  difference  of  100 
grams  or  more  existing  between  the  two  sexes  is  evi- 
dent. From  this,  it  happens  that  the  rapid  growth  of 
the  brain  has  occurred  while  the  body  is  still  very  im- 
mature, since  boys  of  seven  years  weigh  on  the  average 
only  fifty  pounds,  and  girls  but  forty-two  pounds — this 
in  both  sexes  being  about  one-third  of  the  adult  body 
weight ;  and  that  the  differences  characteristic  of  sex  have 
been  established  before  sexual  maturity.  The  irregular- 
ities of  the  curve  are  to  be  explaineil  as  statistical  mainly, 
and  clepeudent  on  the  comparative  smallness  of  the  num- 
ber of  cases  available  for  each  year.  No  significance  is 
to  be  attached  to  tlie  ilip  in  the  male  curve  at  fourteen 
years.  The  very  high  a\'erages  for  the  males  at  twelve 
and  fourteen  years,  and  for  the  females  at  thirteen  years, 
are  to  be  noted,  since  they  occur  in  other  similar  series.' 
These  "  premaxima  "  are  most  readily  explained  by  as- 
suming that  an  overgrowth  of  the  brain  during  these 
years  of  beginning  adolescence  is  one  source  of  constitu- 
tional weakness,  and  hence  tlie  children  dying  at  this 
period  exhibit  heavy  brains.  There  is  no  reason  to  sup- 
pose that  within  the  life  cycle  of  the  individual,  the 
brain  attains  during  these  years  a  greater  weight  than 
that  shown  at  maturity. 

From  the  table  of  final  weights  (Table  I.)  as  well  as 
from  that  just  presented  on  growth,  it  is  plain  that  the 
difference  in  the  wci.ght  of  the  encephalon  according  to 
sex  is  one  exhibited  at  birth;  that  it  increases  during  the 
growing  jieriod,  and  is  maintained  throughout  life.  In 
the  first  instance,  this  difference  is  most  closely  asso- 
ciated with  the  difference  in  the  total  body  weight  of 
the  two  sexes,  and  is  so  correlated  in  the  mammalian 
series. 

Table  I.  further  shows  us  that  the  taller  persons  have 
the  heavier  brains,  and  this  may  probably  be  extended  to 
mean  the  heavier  persons,  since  when  fairly  compared, 
the  taller  are  also  probably  the  heavier.  In  old  age  in 
both  sexes,  the  brain  weiglit  diminishes,  as  the  result  of 
shrinkage  in  the  encephalon.  There  is  some  reason  to 
think  that  this  involutionary  process  is  delayed  in  the 
more  favoretl  social  classes. 

It  is  an  important  fact  that  the  differences  in  the 
weight  of  the  encejihalon  according  to  sex,  age,  and 
stature  are  correlated  with  only  very  slight  variations 
in  the  proportional  development  of  tlie  subdivisions  of 
the  encephalon  as  here  examined.  Table  III.  .shows 
the  percentage  value  of  these  subdivisions  for  different 
ages  at  all  statures. 


Table  hi.— Showing  the  Percentage  of  Weight  op  the  Scb- 
DivisioNs  OF  the  Encephalon,  the  Records  being  Grouped 

ACCORDING  TO  AGE.     BASED  ON  TABLE  I. 


Males. 

Females. 

1 

a 
1 

a 
1 

s 

a: 

§ 

a 

3 
1 
1 

a 

1 
t 
S 

g 
1 

s 

20-40 
41-70 
71-90 

100 

100 

100 

87.52 
87.00 
87.33 

10.49 

10.6 

10.6 

1.91 
1.94 
1.98 

1.96 
2.02 
2.11 

10.9 
10.8 
11.16 

87.13 
87.14 
86.4 

too 

100 
lOO 

20^0 
41-70 
71-90 

Here  there  is  a  very  slight  falling  off  in  the  propor- 
tional value  of  the  cerebrum  in  persons  of  advanced  age. 
In  general  the  value  of  the  male  cerebrum  is  slightly 
in  excess.  In  the  next  table  (IV. ),  where  the  comparison 
is  made  according  to  stature,  there  is  a  regular  decrease 
in  the  value  of  the  male  encephalon  with  diminishing 
stature,  and  at  all  statures  the  male  cerebrum  is  slightly 
in  excess  of  the  female. 
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Table  IV.— Showing  the  Percentage  op  Weight  of  the  Sub- 
division's OF  the  EfJCEPHALO.N.  THE  RECORDS  BEING  GROUPED 
ACCORDING  TO   STATURE.      BASED  ON   TABLE  I. 


Males. 

Females. 

c 

5 

S 

3 

g 

c 
c 
"3 

Stature. 

^ 

^ 

s 

^ 

Stature. 

)k. 

? 

f 

a 

te 

f 

^ 

^. 

c 

i*: 

ft 

o 

c 

100 

u 

o 

1.90 

=0 

u 

O 

175  cm.  and  1. 

upward.      1 

173-167  cm ... . 

87.5 

10.5 

1.91 

10.86 

86.93 

100 

j  163  cm.  and 
1     upward. 
160-1.55  cm. 

100 

87.2 

10,  a5 

3.08 

2.10 

11.16 

86.68 

100 

Ifj4  cm.  and  ( 
under.         i' 

100 

87.17 

10.6 

1.86 

2.09 

10.83 

87.06 

100 

1 152  cm.  and 
1     under. 

In  Table  V.  it  is  possible  to  make  the  comparison  of 
the  pro]3ortional  development  of  the  several  divisions 
from  birth  to  old  age. 

Table  v.— Showing  the  Proportional  Weight  of  the  Divi- 
sions OF  THE  ENCEFHALON  AT  DIFFERENT    AGES.      (BO.Vd.) 


Males. 

FEMALES. 

3  " 

Age. 

J2 

C  3 

S 

QQ 

o 

3  ^ 

Age. 

S 

3 
1 

si 

a 
s 

4.5 

New  bom. 

92.4 

.5.8 

1.60 

45 

New  bom. 

92.1 

6.2 

1..50 

22 

7-14 

K7.H 

1(1.3 

1.61 

18 

7-14 

87.9 

10.5 

l..T(l 

99 

30-40 

87.H 

10.K 

1.98 

80 

30^0 

87.0 

10.8 

2.01 

95 

70-80 

87.0 

10.7 

2.09 

128 

70-80 

86.9 

10.9 

2.15 

We  see  here  that  the  cerebellum  is  the  portion  least 
developed  at  birth,  and  that  between  bii'th  and  the  seventh- 
year  period,  the  proportions  found  at  maturity  are  verj' 
nearly  established.  In  this  table,  again,  the  percentage 
value  of  the  cerebrum  tends  to  be  slightly  greater  for  the 
male.  During  the  active  growing  jjeriod  the  reduction 
in  the  percentage  value  of  the  cerebrum  is  due,  of  course, 
to  the  more  active  growth  of  the  cerebellum  aud  stem, 
while  during  the  involutionary  period — that  is,  betweea 
sevent_v  and  eighty  years,  in  this  table  (V.) — the  dimi- 
nution in  value  is  due  to  its  more  rapid  shrinkage,  as  can 
be  seen  by  examining  the  absolute  weights  exhibited  in 
Table  I.  " 

As  regards  the  subdivisions  of  the  cerebrum,  Fran- 
ceschi'  has  some  observations  which  are  unique.  He  de- 
termined the  weight  of  the  thalamus  and  striatum  for 
each  half  of  the  cerebrum,  in  a  number  of  persons  and  at 
various  ages.  During  the  first  five  years,  the  records 
are  too  few  and  indefinite  to  be  valuable.  Beginning 
with  twenty-one  years,  however,  he  has  the  following 
data  to  present : 

Table  VI.— Giving  the  Weight  of  the  Basal  Ganglia  in 
the  two  sexes  at  different  ages.  weight  in  grams. 
(Franceschi.) 


Males  (Basal  ganglia) . 

Females  (Basal  ganglia). 

Age. 

Number 

of  Oll- 

sen-atiuns. 

Mean  weight. 

Age. 

Number 
of  ob- 
servations. 

Mean  weight. 

21-40 
41-70 
71-87 

16 
38 
22 

Right. 
41.3 
41.6 
43.4 

Left. 
40.8 
42.3 
42.4 

21-40 
41-70 
71-87 

20 
45 
21 

Right. 
36.0 
37.7 
37.7 

Left. 
36.0 
38.0 
41.0 

This  table  shows  no  regular  difference  between  the 
two  halves  of  the  brain.  There  is,  however,  a  constant 
difference  according  to  sex,  these  structures  being  about 
ten  per  cent,  heavier  in  the  male ;  and  very  curiously,  an 
actual  increase  in  weight  in  the  last  age  group,  when 
according  to  the  other  records  the  total  weight  of  the 


cerebrum  is  less  than  that  found  during  the  prime  of  life. 
This  peculiar  relation  must  be  confirmed  before  it  can  be 
regarded  as  significant. 

In  connection  with  the  determination  of  the  weight  of 
the  encephalon  as  the  result  of  growth  there  are  several 
problems  arising  frcm  the  effect  of  deformation  of  the 
skull  during  the  growing  period,  and  from  the  possibility 
of  compensatory  enlargement  of  the  cranium  along  one 
or  more  axes  when  its  normal  growth  is  hindered.  The 
winding  of  the  child's  head  with  a  compressing  bandage, 
so  as  to  elongate  it  in  the  fron to-occipital  axis,  has  for 
generations  been  practised  about  Toulouse,  in  France. 
The  stud_v  of  the  brains  of  aged  persons  from  this  local- 
ity with  skulls  thus  deformed  has  been  made  by  Ambia- 
Ict,'  his  investigation  being  the  most  important  study 
along  this  line.  As  might  be  expecteil,  the  effects 
of  this  treatment  are  more  pronounced  if  the  deforma- 
tion has  been  great  tlian  if  moderate.  Ambialet  is  able 
to  show,  first,  that  on  the  average  the  total  weight  of 
the  encephalon  was  diminished,  bj-  this  treatment,  only 
from  two  to  three  |ier  cent;  further,  that  the  relations 
between  the  cerebrum  and  the  remainder  of  the  encephalon 
were  but  slightly  modified,  the  relative  value  of  the  cere- 
brum being  reduced  a  fraction  of  a  per  cent.,  and,  finally, 
that  when  the  cerebrum  is  divided  into  lobes,  after  ti;e 
method  of  Broca,  the  relative  weights  of  these  lobes 
are  not  significantly  diilerent  from  those  fouml  in  tlie 
noniial  brain.  Since  the  skulls  in  question  are  very  evi- 
dently abnormal  in  shape,  these  results  indicate  that 
compensatory  growth  has  occurred  in  the  enclosed  brain. 
This  result  would  agree  with  those  leccntlv  obtained  from 
the  study  of  crania  by  Boas,*  which  he  formulates  as 
follows:  "Among  skulls  belonging  to  the  same  type,  a 
breadth  above  the  average  is  comiiensated  by  a  height 
and  a  length  below  the  average."  This  is  probably  only 
a  special  case  representing  a  general  tendency  toward  "a 
final  arrangement  of  cranial  diameters  which  "will  result 
in  the  cranial  capacity  normal  for  tlic  individual.  The 
effects  of  bandaging  the  skull  appear  to  cause  a  general 
nutritive  disturbance  rather  than  one  limited  by  the 
boundaries  of  the  bandage,  and  the  results  are  not  due 
to  direct  pressure  on  the  enclosed  brain.  So  far  as  this 
aspect  of  the  problem  is  concerned,  we  have  the  beauti-- 
ful  researches  of  von  Gudden '  on  the  growth  of  the 
skull  and  brain,  which  show  that  while  these  two  struct- 
ures may  to  a  slight  extent  mutually  adapt  tliemselves 
to  eacli  other,  yet  the  fundamental  growth  changes  in 
the  brain  are  in  a  high  degree  independent  of  merely  me- 
chanical conditions. 

In  conuectiou  with  the  encephalon,  we  shall  present 
such  data  as  are  available  on  the  human  spinal  cord. 

The  weight  of  the  cord  at  different  ages  can  be  best 
shown  by  a  comprehensive  tabulation  of  the  results, 
though  these  are  hardly  numerous  enough  to  be  used 
for  the  formation  of  a  curve  (see  Table  VII. ). 

It  thus  appears  that  the  spinal  cord  increases  from  an 
average  weight  of  3.42  gm.  at  birth  to  27  gm.  at  matu- 
rity— an  increase  of  nearly  eightfold  (7.8), — gaining  in 
weiglit  about  twice  as  much  as  the  encephalon.  The 
encephalon  has  nearly  attained  its  adult  weight  at  the 
seventh  year,  while  the  cord  (see  table)  at  this  time  has 
less  than  two-thirds  of  its  adult  weight.  So  far  as  this 
table  .shows,  the  cord  grows  more  rapidly  than  does  the 
brain  at  erer;/ period  succeeding  birth.  The  final  enlarge- 
ment of  the  cord  is  correlated  with  the  growth  of  tlie  trunk 
and  limbs  that  occurs  during  adolescence — a  series  of 
changes  by  which  the  cranial  cavity  is  but  slightly  af- 
fected. Tlie  weight  of  the  cord  is  therefore  closelj'  cor- 
related with  the  length  of  the  vertebral  column.  The 
proportion  of  the  weight  of  the  spinal  cord  to  the  weight 
of  the  brain  is  somewhat  greater  in  men  than  in  women, 
owing  probably  to  the  greater  growth  of  the  trunk  in 
the  male. 

Since  the  central  nervous  S3'stem  rapidly  reaches  nearly 
its  full  size  while  the  remainder  of  the  body  is  still  i|uite 
small,  it  follows  that  the  proportion  of  the  weight  of  the 
entire  body  represented  by  it,  decreases. 

To  show  the  relative  development  of  the  central  ner- 
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Table  VII.— Weight  or  the  Human  Spinal  Cord  at  Different  ages. 


Sex  and  number 
of  cases. 

Age. 

BODY. 

Weight  in  Gra.ms. 

Grams  of 

Observer. 

Weight. 
Grams. 

Length. 
Milli- 
metres. 

Brain. 

Cord. 

brain  for  each 
gram  of  cord. 

21  male  and  female. 
300 

Birth  to  H  days 

_\ 

3.42 

10  males  116 

Mies 

11  females.  113. 

( 

Males  415.3. . . . 

Females  399.2.. 

730 

3.9 '.'.'.'.'.'.'.'.'. 

Dftnielhekof . . . 
Mies 

3.» 

7.74 

One  year  six  months 

4,856.... 

1 

667  ... . 
1,060  .... 
1,330.... 
1,7.50.... 

94 

1,234 

16.88 

17.28 

27..'J0 

27 

73 

„    

Ten  years  nine  months 

Eighteen  years  six  months.. 

1,189 

1,349 

69 

it 

49 

13    " 

10  males,  51. 

Range  24-33.3  gm. . 

4  females,  49. 

vous  system,  as  represented  by  the  brain  at  different  ages, 
the  percentages  below  are  given  from  Vierordt : 

Table  VIII.— Percentage  Value  of  the  Bodt  Weight  as  Repre- 
sented BY  THE  ENCEPHALON  AT  THE  AGES  NAMED. 


Age. 


Birth 

One  year 

Five  years  

Ten  years 

Fifteen  years 

Twenty  years 

Twenty-flve  years 


Brain  Weight. 


Male. 


12.29 
10..50 
7.94 
5.59 
3.62 
2.43 
2.16 


Female. 


12.81 
11.39 
7.98 
5..T6 
3.09 
2.31 
2.23 


This  table  shows  that  tlie  piO]iortional  value  of  the 
central  nervous  system  falls  off  rapidly  during  the  grow- 
ing, period  and  tliat  the  proportional  value  is  greater  in 
the  female  except  in  the  ten.  fifteen,  and  twenty  year 
records.  This  greater  proportional  value  in  the  female  is 
the  result  of  the  smaller  body  weight,  and  the  departure 
from  this  relation  at  the  periods  noted  above  is  a  statis- 
tical deviation,  due  most  probably  to  the  fact  that  during 
adolescent  gi-owth  the  increase  in  body  weight  occurs 
earlier  in  the  female  than  in  the  male,  and  hence  at  these 
times  the  table  compares  the  se.xes  at  diiierent  phases  of 
their  growth. 

In  the  growing  neuraxis  the  changes  in  weight  run 
nearly  parallel  to  the  changes  in  volume,  but  are  a  trifle 
more"  rapid,  owing  to  the  fact  that  with  advancing  age 
the  specific  gravity  of  the  nerve  substance  increases  and 
the  percentage  of  water  decreases. 

Although  there  are  numerous  observations  on  the  per- 
centage of  water  in  the  human  netiraxis  at  maturity,  the 
changes  occurring  during  growth  have  not  been  studied. 
To  supplement  this  lack,  a  series  of  observations  (not 
yet  published)  made  on  the  white  rat  by  Mr.  Polkey  and 
myself  will  be  utilized. 

From  white  rats  at  different  ages  the  brain  and  spinal 
cord  were  removed  separately,  and  the  proportion  of 
water  in  them  was  determined  by  drying,  at  about  97° 
C.  A  study  of  the  results  shows  "that  at  birth  the  brain 
contains  about  87  per  cent,  of  water  and  the  cord  85 
per  cent.,  whereas  in  old  age  the  brain  contains  about 
78  per  cent,  and  the  cord  73  per  cent.  Thus  a  differ- 
ence in  the  percentage  of  water  exists  between  the 
brain  and  cord  at  birth,  and  this  difference  increases 
steadily  throughout  life. 

In  the  case  of  both  portions  of  the  neuraxis,  the  curve 
representing  the  diminution  in  the  percentage  of  water 
can  be  divided  into  three  parts.  The  first  part  covers 
the  first  eight  to  ten  days  after  birth.  During  this  time 
the  diminution  in  the  percentage  of  water  is  slow.  The 
second  part  comprises  the  next  forty  days  of  life.  Dur- 
ing this  period  it  is  very  rapid.  Tiie  tliird  part  is  from 
the  end  of  the  second  period  to  the  termination  of  life, 
during  which  there  is  a  very  slow  but  steady  diminution 
in  the  percentage  of  water. 


The  prineijia!  change  in  the  central  nervous  system 
correlated  with  the  proportional  loss  of  water  is  the  for- 
mation of  medullary  substance,  and  the  two  processes 
run  very  nearly  parallel. 

B.  Growth  Changes  in  the  Neuraxis  Considered 
AS  THE  Resultant  of  Changes  in  the  Cells  which 
Constitute  It. — The  changes  which  occur  in  the  cen- 
tral nervous  system  as  a  whole  are  but  the  resultant  of 
all  the  changes  taking  place  in  the  cells  which  compose 
it.  An  exhaustive  list  of  these  components  woulti  in- 
volve the  cells  forming  the  blood-vessels  and  the  sever- 
al sorts  of  supporting  structures — ependyma.  neuro- 
glia, and  connective  tissue — in  addition  to  the  neurones 
proper.  Lack  of  information  concerning  changes  in  the 
non-nervous  structures  will,  however,  preclude  more 
than  incidental  mention  of  them,  and  we  can  turn  our 
attention  to  the  neurones,  not,  however,  forgetting 
that  the  non-nervous  structures  are  much  more  impor- 
tant constituents  than  this  treatment  of  them  would  in- 
dicate. 

1.  Nurnhcr  of  the  2\enrime.t. — It  is  first  necessary  to  de- 
termine when  the  number  of  nucleated  nerve  cells  (neu- 
rones, actual  and  potential)  is  fixed.  The  absence  of 
karyokinetic  figures  in  the  human  system  at  the  time  of 
birth  is  presumptive  evidence  that  the  number  of  nerve 
cells  is  not  increased  after  that  period.  Other  observa- 
tions suggest  that  the  production  of  new  ner\-e  cells  has 
been  completed  in  man  by  the  end  of  the  tliird  month  of 
facial  life,  and  even  if  the  production  of  new  cells  has 
not  absolutely  ceased  at  this  time,  our  present  evidence 
indicates  that  it  has  become  very  slow.  It  may  be  ob- 
served in  passing,  that  in  the  white  rat  at  birth  cell  di- 
vision is  still  very  active;  but  this  has  little  bearing  on 
the  condition  found  in  man,  liecause  the  time  of  birth  in 
different  mannnals  does  not  furnish  a  base  line  for  com- 
parison, since  the  maturity  of  the  animal  at  birth  varies 
enormously  with  the  species,  and  in  this  instance  the 
new-born  rat  is  to  be  compared  with  the  human  foetus 
at  least  several  months  before  birth.  Granted  that  the 
number  of  nucleated  nerve  cells  is  formed  early,  we 
have  next  to  inquire  what  happens  to  them  after  they 
have  been  formed.  The  studies  of  His  '°  and  others  have 
shown  that  the  first  appearance  of  these  elements  is  in 
the  form  of  a  neuroblast,  which  in  some  cases  develops 
into  tlie  complete  neurone,  wliile  in  others  it  ma\'  remain 
undeveloped  for  years  or  even  throughout  life.  AVhen 
it  does  undergo  development  the  order  of  the  changes  is 
in  general  that  described  by  Cajal "  for  the  cortical  neu- 
rones (the  pyramidal  cells"  in  the  cortex  of  the  rabbit). 
First,  the  formation  of  the  axone,  then  the  dendrites,  and 
finally  the  collaterals;  these  portions  being  all  well 
marked  before  the  neurone  as  a  whole  lias  attained  its 
full  size.  After  this,  the  medullary  sheath  appears: 
first  on  the  axone,  and  later  on  the  collaterals.  Never- 
theless, even  in  those  neuroblasts  destined  to  undergo  a 
complete  development  these  changes  do  not  occur  at  the 
same  time  in  all  the  individuals.  The  fact  that  the  sum 
of  the  nucleated  cells  which  furnish  both  the  permanent 
neuroblasts  (granules  of  the  authors)  and  the  developed 
neurones  is  not  increased  after  an  early  period  in  the 
fcetal  development  of  man  is  the  first  important  datum. 
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The  second  fact  is  that  a  number  of  these  potential  neu- 
rones begin  to  develop  shortly  after  their  formation, 
while  others  delay  a  longer  or  shorter  time.  Tliirilly, 
all  statements  regarding  the  number  of  neurones  (nerve 
cells)  in  any  part  of  the  nervous  system  are  based  on  the 
number  of  fully  characterized  nerve  elements  there 
present,  and  leave  unemimerated  the  potential  nerve 
cells  in  the  neuroblast  stage.  Since  the  well-charac- 
terized neurones  are  transformed  from  the  neuroblasts 
only  graduall.y  and  in  series,  it  follows  that  during  the 
earlier  phases  of  growth  the  nuniber  of  neurones  wiil 
increase;  but,  as  has  just  been  explained,  this  increase 
is  at  the  expense  of  neuroblasts  alread}'  present  in  the 
locality,  and  does  not  depend  on  the  formation,  of  new 
cell  elements. 

From  this  it  follows  that  in  a  given  part  of  the  nervous 
system  there  exists,  after  cell  multiplication  has  ceased, 
the  paradoxical  conditions  whereby  an  increase  in  the 
niimbcr  of  nerve  cells  may  occur  without  any  increase  in 
the  total  nuniber  of  neuroblasts  and  nerve  cells  taken  to- 
gether, since  the  latter  arise  by  the  transformation  of  the 
former. 

In  order  to  follow  this  increase  in  the  number  of  neu- 
rones in  the  growing  animal,  it  will  be  advantageous  to 
use  the  following  classification  of  the  cell  elements.  By 
this  classification,  the  neurones  constituting  the  nervous 
system  are  arranged  in  three  groups.  Group  I.  The 
afferent  neurones:  Those  furnishing  the  afferent  patli- 
ways  and  having  their  cell  bodies  located  in  the  spinal 
ganglia  or  their  homologues.  In  this  class  the  cell  body 
lies  outside  the  neuraxis.  Group  II.  The  central  neu- 
rones— constituting  the  great  mass  of  the  central  nervous 
system;  All  parts  of  these  neurones  lie  within  the  wall  of 
the  original  medullary  tube,  and  all  the  neurones  are 
concerned  with  the  distribution  of  the  impulses  within 
these  limits.  Group  III.  The  efferent  neurones — con- 
cerned in  distributing  the  iiupulses  to  the  organs  of 
expression.  The  type  of  the  efferent  neurone  is  the 
motor  element  of  the  ventral  horn  of  the  spinal  cord, 
with  its  cell  body  within  the  wall  of  the  medullary 
tube  and  its  axone  passing  either  to  striped  muscle 
tissue  or  to  the  peripheral  neurones  of  the  sympathetic 
sy.stem.  To  this  last  group  the  neurones  of  the  sympa- 
thetic system  also  belong,  but  in  this  case  both  the  cell 
bodies  and  the  axones  are  found  outside  of  the  central 
system. 

Since  it  is  the  mass  of  the  central  neurones  which  con- 
stitute the  very  great  jiroportion  of  the  central  nervous 
system,  and  since  this  is  the  group  which  undergoes  the 
greatest  variation  in  the  mammalian  series,  it  has  seemed 
desirable  to  separate  this  group  from  the  other  two,  and 
this  has  been  done  by  means  of  the  foregoing  classifica- 
tion. The  studies  of  Birge  '-  on  the  number  of  root  fibres 
in  frogs  of  different  sizes  and  of  Hardesty'^  on  the 
growth  of  these  fibres,  show  that  in  the  afferent  and 
efferent  groups  in  the  frog  new  axones  are  continuallj- 
being  formed,  and  we  infer  that  this  new  formation  fol- 
lows from  the  development  of  neuroblasts  which  have 
remained  latent  for  some  time.  The  growth  of  the  frog 
is  so  long  continued  that  it  is  usuallv  said  to  grow  as 
long  as  it  lives — a  statement  liy  no  means  demonstrated. 
The  conditions  are,  however,  very  different  from  those 
found  in  mammals  in  which  the  period  of  growth  is 
much  more  limited  and  the  size  of  the  body  is  fixed.  In 
mammals,  the  available  observations  are  very  few. 
There  are  no  observations  on  the  increase  of  the  neurones 
in  the  afferent  system  of  the  mammal  (Group  I.)  except 
the  recent  study  of  the  dorsal  nerve  root  (fourth  coccygeal 
of  the  cat)  by  Dale. '^  Here,  the  number  of  medullated 
fibres  was  found  to  be  the  same  at  different  levels  of  the 
root,  thus  failing  to  show  in  the  cat  the  outgrowing  fibres 
revealed  by  Hardesty  in  the  frog.  It  appears  then  that 
the  number  of  dorsal  root  fibres  in  this  locality  is  early 
fixed  in  the  cat.  Passing  next  to  the  efferent  neurones, 
the  records  of  Kaiser  "  on  the  "  motor  cells  of  the  ventral 
horn  "  in  the  region  of  the  human  spinal  cord,  comprised 
between  the  fifth  cervical  and  first  thoracic  segments, 
inclusive,  are  as  follows: 


Table  IX.— Showing  the  Number  op  Developed  Cells  i.v  the 
Ventral  Horn  in  the  Cervical  Enlargeme.nt  of  Man  at  Dif- 
FERE.VT  AGES.    (Kalser.) 


Age. 

Number  ot  nerve  cells. 

Foetus,  sixteen  weeks. 
Foetus,  tbirty-rwo  weeks. 
New-bom  ctiild. 
Boy,  Btteen  years. 
Male,  adult. 

30,500 
118,330 
104,270 
211.800 
221,200 

We  assume,  of  course,  in  accordance  with  the  explana- 
tion given  above,  that  the  additional  neurones  are  derived 
from  neuroblasts  already  present.  If  the  numbers  here 
given  arc  interpreted  literally,  they  mean  that  to  the 
ventral  roots  of  these  segments  there  are  added  during 
the  periods  given  the  equivalent  number  of  new  fibres. 
Moreover,  this  addition,  according  to  the  table,  would  go 
on  for  a  long  period,  and  thus  we  might  expect  to  find 
evidence  of  outgrowing  axones  in  the  \entral  roots  of 
persons  more  than  fifteen  years  of  age. 

In  the  case  of  the  ventral  root  of  the  fourth  coccy- 
geal of  a  cat.  Dale  was  unable  to  find  any  evidence  "of 
outgrowing  fibres:  and,  furthermore,  the  studies  of  Schil- 
ler'" on  the  oculo-molor  nerves  of  cats  of  different  ages 
showed  that  at  eighteen  months  the  number  of  fibres  pres- 
ent was  hardly  four  per  cent,  greater  than  the  number 
found  at  birth,  indicating  that  here,  at  least,  the  number 
added  between  birth  and  maturity  was  small. 

Table  X,— Showing  the  Average  Number  of  Fibres  Found  in 
Each  of  the  Oculo-Motor  Nerves  of  Cats,  from  Birth  to 
Eighteen  Months  of  age.    (ScblUer.) 


Age  of  specimen. 


New  bom.  A,  B,  C  (average  of  three  cases) . 
One  month,  D,  E  (average  of  two  cases)  , . . 

Four  montbs,  F 

Twelve  montbs.  G  (mother  of  A,  B,  F) 

Eighteen  months,  H 


Mean 

number  of 

fibres. 


2,942 
2,961 
3,007 
3,013 
3,035 


Extreme 

variation  in 

number 

of  fibres. 


2,905-2,980 
2.946-2,976 
2.995-3,016 
3,002-3,019 
3,020-3,050 


Using  the  observations  of  Schiller  to  control  those  of 
Kaiser,  it  may  be  argued  that  the  number  of  efferent  neu- 
rones in  the  cat  is  early  completed.  Probably  the  same 
is  true  for  man;-  and  if  it  is  true  for  man  then  the  great 
increase  in  the  number  of  cell  bodies  found  by  Kaiser  in 
the  ventral  horns  of  the  spinal  cord  is  due  to  the  develop- 
ment of  central  rather  than  of  efferent  neuronen. 

Until  more  evidence  on  these  points  is  available,  how- 
ever, further  discussion  would  be  useless. 

The  total  number  of  neurones  found  in  the  brain  and 
cord  of  man  is  doubtless  variable,  but  for  individuals  of 
the  same  race  the  variability  is  probably  not  large.  This 
is  concluded  from  the  constancy  in  the  proportional  de- 
velopment of  the  divisions  of  the  encephalon.  The 
closest  determination  of  the  number  of  neurones  in  the 
cerebral  cortex  of  man  has  been  made  by  ^Miss  Thomp- 
son." who  employed  as  a  basis  the  records  of  Haniniar- 
berg."  According  to  this  computation,  there  are  in  the 
cerebral  cortex  9,200,000,000  well-marked  nerve  cells. 
Using  these  results  as  a  foundation,  and  estimating  that 
in  the  remaining  gra}'  matter  of  the  neuraxis  the  cells 
have  aa  average  frequency  equal  to  that  in  the  cortex,  I 
have  computed  that  the  total  number  of  nerve  cells  in 
the  entire  central  nervous  system  is  11,200,000,000, 

2.  Size  of  Sc'irones. — In  this  connection  it  is  impor- 
tant to  remember  that  on  passing  down  the  mammalian 
series  from  larger  to  smaller  forms,  the  nerve-cell  bodies 
diminish  much  less  rapidly  in  volume  than  does  the  en- 
tire animal  or  its  central  nervous  system.  From  this  it 
follows  necessarily  that  in  the  nervous  systems  of  small 
animals,  with  their  small  absolute  weight  and  their  com- 
paratively large  cell  bodies,  the  number  of  the  neurones 
must  be  far  smaller  than  that  found  in  man.  To  show 
the  average  size  of  the  cell  bodies  in  one  locality  in  a 
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series  of  mammals,  the  follow  iug  table  from  Kaiser  is 
quoted : 

Table  XI.— Showi.ng  in  a  Seriks  or  Mammals  the  Mean  Diam- 
eter OF  Cells  from  the  ventral  Horns  of  the  Cervical  En- 

LARGEME.NT.     THE  MEASUREMENTS  FOR  THE  CHROMOPHOBIC  AND 

CHROMOPHiLic  Cells  are  Kept  Separate.    (Kaiser.) 
Mean  Diameter  of  Cells  in  m. 


Chromophobe  Cells. 

Chromophile  Cells. 

1  Plecotus  auritus 

2  Talpa  Europsea 

3  Cercocebus  slnicus 

4  Cuniculus  domestlcus. . . . 

28^53 
36-»4 

33-60 
41^1 

17-40 

2'  Erinaceus  EuroptBUs. . . 

3  Cerooeebus  sink-US 

4  Cuniculus  domesticus.. 

5  Homo 

25-45 

32-.57.5 
2S-59 

1  Bat.     2  Mole.     2'  Hedgehog.      3  Monkey.      4  Rabbit.     5  Man. 

With  this  peculiarity  of  the  cell  bodies  is  to  be  con- 
trasted the  behavior  of  the  axones.  The  calibre  of  the 
axones  is  most  closely  correlated  with  the  volume  of  the 
cell  bodies,  and  therefore  is  not  more  subject  to  diminu- 
tion than  the  cell  bodies  themselves;  but,  on  the  other 
hand,  the  length  of  the  axones  necessarily  varies  with 
the  size  of  the  animal.  From  this  it  follows  that  the 
total  volume  of  corresponding  neurones  is  always  dimin- 
ished in  the  smaller  animals,  and  this  too  despite  the 
fact  that  the  diameters  of  the  cell  bodies  and  the  axones 
may  be  but  little  modified. 

In  man  a  notion  of  the  volume  of  the  average  neurone 
at  maturity  can  be  obtained  by  dividing  the  volume  of 
the  central  nervous  system,  so  far  as  it  is  composed  of 
neurones,  by  their  estimated  number.  The  volume  ob- 
tained is  90^000 //'.* 

The  neuroblast,  according  to  His,'"  has  a  volume  of  700 
cubic  micra.  According  to  this  the  average  neurone  would 
have  increased  only  about  one  hundred  and  twenty -eight 
times  iu  volume — whereas  it  can  be  shown  that  very 
many  neurones  increase  more  than  a  thousandfold. 

Since  a  large  number  of  neurones  can  be  shown  to  in- 
crease many  times  more  than  the  average  enlargement,  it 
follows  that  there  must  be  a  very  large  number  of  neuro- 
blasts which  develop  either  slightly  or  not  at  all.  In 
support  of  this  statement,  attention  is  calleil  to  the  fact 
that  in  the  cerebral  cortex  the  smallest  neurones  have 
diameters  much  smaller  than  that  of  the  original  neuro- 
blasts; while  in  the  cerebellar  cortex,  the  granules  with 
a  mean  diameter  of  about  7  //  appear  still  more  reduced. 
There  is  at  present  no  satisfactory  explanation  for  these 
cases. 

The  only  observations  on  the  changes  in  the  volumes 
of  growing  cell  bodies  iu  man  are  those  by  Kaiser, "  made 
on  the  cell  bodies  of  the  ventral  horns  of  the  cervical  en- 
largement of  the  spinal  cord. 

Table  XII.  —  Showing  the  Volumes  op  the  Largest  Cell 
Bodies  in  the  ventral  Horn  of  the  Cervical  Cord  of  Man. 
(Based  on  Kaiser's  records  of  the  mean  diameters.) 


Subject. 

Age. 

Proportional 

volume  of 

the  cell  bodies. 

l  =  700fi=.t 

Time 
inten^al. 

Foetus      

Four  weeks 

Twenty  weeks 

Twenty -four  weeks. 
Twenty-eight  weeks 
Thuty-six  weeks . . . 

11 

17 

31  ■ 

67 

81 

124  1 
121  ( 
160 

" 

36  weeks. 

k- 

" 

Child  at  birth 

Man,  adult    



15  years. 

+  The  volume  700  fi^,  in  the  f retus  of  four  weeks,  is  taken  from  His, 
and  the  figures  represent  multiples  of  that  volume. 

The  proportional  volumes  given  in  Table  XII.  show 
that  the  rapid  enlargement  of  these  cell  bodies  occurs  be- 

*  The  estimated  number  of  neurones— excluding  the  spinal  and  sym- 
pathetic ganglia— is  11.200, 0(iO,r«X».  The  volume  of  the  central  nervous 
system,  composed  of  neurones  =  1,005  c.c.  The  individual  neurone, 
therefore,  has  the  volume  given  above. 


fore  birth.  It  gives,  however,  the  same  values  for  tlie 
child  at  birth  and  the  j'outh  at  fifteen  years,  while  in  the 
mature  man  the  size  is  somewhat  greater.  This  is  so  pe- 
culiar a  result  that  one  is  inclined  to  give  greater  weight 
to  the  statements  of  Marinesco,"  who  finds  the  cell  bodies 
in  question  to  increase  in  diameter  from  their  formation 
up  to  twenty-five  or  thirty  years,  and  the  giant  cells  of 
the  cerebral  cortex  to  enlarge  for  a  still  longer  time. 

Opposed  to  Kaiser  are  also  m_v  own  observations  on 
the  white  rat,  where  the  growth  of  the  cell  bodies  con- 
tinues, though  at  a  diminishing  rate,  up  to  maturity.  It 
appears  from  the  white  rat  tliat  the  enlargement  of  the 
cell  bodies  is  an  event  that  takes  place  early,  in  the  first 
half  of  the  period  of  rapid  growth  of  the  neuraxis  (first 
fifty  days  of  life),  and  that  it  is  mainlj^  accomjjlished  at 
a  time  when  the  axones  are  still  increasing  in  all  dimen- 
sions, and  wlien  medullation  is  yet  very  incomplete. 
The  central  nervous  system  in  its  first  embryonic  form  is 
a  mass  of  neuroblasts :  in  its  completed  form  it  is  com- 
posed mainly  of  axones  and  their  medullary  sheaths. 
The  condition  at  maturit_v  was  brought  out  by  investiga- 
tions of  Miss  Thompson.''  on  the  proportion  of  the  cere- 
bral cortex  occupied  by  the  bodies  of  the  neurones.  The 
observations  were  made  on  material  hardened  in  alcohol 
and  stained  with  methylene  blue  (Hammarberg  '*).  The 
cell  bodies,  under  the  conditions  chosen,  represented  only 
1.37  per  cent,  of  the  entire  volume  of  the  cortex.  If  we 
should  increase  this  to  3  per  cent,  and  include  the  den- 
drites with  the  cell  bodies,  there  would  still  remain  97 
per  cent,  of  the  cortex  composed  of  other  substances, 
and  in  a  large  measure  this  97  per  cent,  would  be  repre- 
sented by  meduUated  axones.  All  the  white  substance 
of  the  nervous  system  is,  in  even  a  greater  measure, 
composed  of  the  same  constituents,  so  that,  taken  all  to- 
gether, the  medullated  axones  form  the  great  proportion 
of  the  entire  system.  For  this  rea.son  at  least,  this  divi- 
sion of  the  neurone  (the  axone)  requires  special  considera- 
tion. There  is  in  the  first  place  no  reason  to  assume  that 
the  rel.ttive  size  of  these  structures  is  exactly  the  same  in 
two  brains  otherwise  comparable.  But  owing  to  their 
great  preponderance  a  slight  variation  in  the  size  of  all 
the  axones  and  their  sheaths  might  alter  very  decidedly 
the  gross  weight  of  the  enceplialon  without  at  the  same 
time  necessarily  adding  to  its  physiological  complexity 
(Donaldson-").  '  It  is  easy  to  see  that  even  among  the 
central  neurones, — as,  for  example,  the  pyramidal  cells 
of  the  cerebral  cortex,  the  axone  of  which  reaches  to 
the  lumbar  enlargement  of  the  spinal  cord, — the  axone 
with  its  sheath  must  be  many  times  the  volume  of  the 
cell  bod)^  The  medullated  axones  of  the  large  pyram- 
idal cells  are  of  such  a  diameter  that  a  length  of  about 
0.5  mm.  of  axone  is  equal  in  volume  to  the  cell  body. 
This  gives  twenty  times  the  volume  of  the  cell  body  for 
each  centimetre  of  the  medullated  axone,  and  if  it  ex- 
tended 40  cm.  we  should  have  the  cell  body  with  (30x40) 
800  times  its  volume  as  represented  by  the  medullated 
axone. 

In  the  peripheral  nervous  system  the  relative  mass  of 
the  axones  is  even  greater  than  in  the  central  system. 
Observations  on  the  white  rat  show  that  in  the  case  of 
the  largest  neurones  belonging  to  the  mid-lumbar  spinal 
ganglia,  there  is  a  direct  correlation  between  the  increase 
in  volume  of  the  growing  ganglion  cell  body  and  the 
area  of  the  cross  section  of  its  axone ;  the  ratios  of  en- 
largement being  similar  for  both. ^'^  Further,  from  the 
time  when  the  medullary  sheath  is  formed  on  the  axones 
of  these  cells  up  to  maturity,  this  sheath  exhibits  in  cross 
section  a  simple  and  constant  relation  to  the  enclosed 
axis — viz.,  the  area  of  the  enclosing  medullary  ring  be- 
ing very  nearly  equal  to  the  area  of  the  enclosed  axis. 
This  same  relation  between  axis  and  sheath  apjjears  in 
the  peripheral  system  of  man,  but  the  relation  existing 
in  the  central  nervous  system  has  not  yet  been  deter- 
mined. As  to  the  calibre  of  the  medullated  axones  in 
the  peripheral  system,  AVestphal'-'  reports  in  the  periph- 
eral nerves  of  man  at  birth  the  smallest  fibres,  including 
the  sheath,  1.3  to  3  /<  in  diameter,  and  the  largest  7 
to  8  //  with  an  average  diameter  for  all  of  3  to  4  //,  while 
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in  the  adult  the  large  fibres  are  from  10  to  15  ji  in  diame- 
ter. From  the  third  to  the  sixth  week  the  myelin  be- 
comes more  abundant  and  the  fibres  double  in  diameter. 
In  the  eighth  month  there  are  still  some  unmeduliated 
portions  in  the  nerves,  but  these  gradually  disappear. 

There  is  no  fi.xed  relation  between  the  rolntius  of  the 
cell  bodies  and  the  length  of  the  axones  which  they  pro- 
duce. 

In  the  frog  Dr.  Dunn  "  has  shown  that  the  fibres  of 
greatest  diameter  in  the  sciatic  nerve  pass  to  innervate 
the  muscles  and  skin  of  the  thigh,  while  those  going  to 
the  parts  of  the  frog's  leg  below  the  thigh  have  a  smaller 
average  diameter,  as  well  as  being  individually  of  less 
calibre.  In  this  instance,  therefore,  the  fibres  of  larger 
calibre  tend  to  run  the  shorter  course. 

Looking  upon  the  three  groups  of  neurones  as  elements 
modified  to  receive  stimulation,  and  to  transmit  impulses, 
it  is  found  that  the  afferent  neurones  (Group  I.)  increase 
on  the  receptive  side  mainly  by  the  expansion  of  their 
peripheral  axones  in  the  skin  and  muscles:  that  the  cell 
body  is  practically  devoid  of  dendrites  receiving  but  few 
stimuli,  and  that  their  field  of  influence  is  determined  by 
the  extension  of  the  proximal  axone  within  the  central 
system.  The  central  neurones  (Group  II.)  extend  their 
receptive  side  by  the  multiplication  of  the  dendrites,  and 
their  discharging  side  by  the  extension  and  ramification 
of  their  axones;  while  the  efferent  neurones  (Group  III.) 
extend  their  receptive  side  by  the  multiplication  of  their 
dendrites  within  the  central  system,  and  on  their  dis- 
charging side  influence  a  greater  or  less  mass  of  muscle 
or  of  sympathetic  neurones  according  to  the  ramifications 
of  their  axones. 

From  this  it  will  be  seen  that  the  complexity  of  the 
central  nervous  system  depends  first  on  the  ramification 
of  the  proximal  axones  of  Group  I.,  second  on  the  rami- 
fications of  both  the  dendrites  and  axones  of  Group  II., 
and  finally  on  the  ramifications  of  dendrites  alone  in 
Groiip  III.  It  is  to  this  complexity  that  the  growth 
changes  in  the  neurones  ultimately  contribute,  and  there 
already  exist  very  suggestive  observations  by  Athias-^ 
showing  how  the  growth  of  the  dendrites  of  the  Purkinje 
cells  and  of  the  terminals  of  the  "climbing  fibres  "are 
con-elated.  During  growth  the  cell  bodies  may  also 
change  in  shape  apparently  under  mechanical  stress.  In 
those  parts  of  the  spinal  cord  like  the  cervical  and  tho- 
racic regions,  where  the  segments  of  the  cord  lengthen 
with  the  growth  of  the  vertebra?,  the  axes  of  the  mature 
cell  bodies  tend  to  be  drawn  out  parallel  to  the  long 
axis  of  the  cord ;  whereas  in  the  lumbar  region  of  the 
spinal  cord,  where  the  segments  remain  short,  the  bodies 
of  the  efferent  neurones  are  more  nearly  equiaxial. 

As  the  spinal  cord  increases  in  weight,  the  central 
canal  also  becomes  larger.  This  involves  (in  the  case  of 
the  white  rat)  a  large  extension  of  the  wall  of  the  canal, 
formed  by  the  ependyma  cells.  Measurement  of  the 
ependynia  cells  shows  that  the  individual  elements  in- 
crease but  very  slightly  in  their  diameters,  and  hence 
the  great  increase  in  the  wall  nuist  be  due  to  the  inser- 
tion of  new  cells.  It  seems  probable,  moreover,  that  the 
ependyma  lining  the  other  cavities  of  the  neuraxis  is  ex- 
tended "bj  a  similar  process. 

Keuro7ies  in  Old  Agi'. — As  a  rule  the  life  of  the  neurone 
is  coterminous  with  that  of  the  individual.  There  is, 
however,  evidence  that  some  neurones  die  before  the  in- 
diviilual  dies,  but  no  evidence  shows  that  new  elements 
take  the  place  of  those  which  thus  perish. 

Old  age  in  man  is  accompanied  by  a  loss  in  the  gross 
■weight  of  the  encephalon.  This  has  not  yet  been  de- 
monstrated in  animals.  In  the  white  rat,  however,  old 
age  is  correlated  with  the  smallest  percentage  of  water 
found.  Systematic  studies  on  the  white  rat  show  that 
in  old  animals  (three  or  more  years)  the  cell  bodies  in 
every  division  of  the  neuraxis  are  shrunken  when  com- 
pared with  the  corresponding  elements  during  the  prime 
of  life.  Casual  observations  on  man  suggest  the  same 
changes,  though  they  are  well  demonstrated  only  in  the 
spinal  cord.  Hodge'''  found  in  a  man  of  ninety-two 
years  a  diminished  number  of  Purkinje  cells  in  the  cere- 


bellar cortex,  and  in  the  spinal  ganglia  the  cell  bodies 
and  nuclei  were  shrunken,  the  nucleoli  absent  from  all 
but  a  few  celis,  and  the  cytoplasm  was  loaded  with  pig- 
ment. The  coarse  changes  in  old  age  appear,  therefore, 
in  the  cell  bodies  and  their  parts — while  the  finer  changes 
will  be  brought  out  when  the  alterations  in  the  cytoplasm 
with  age  are  described.  We  should  further  expect  in 
old  age  a  loss  of  physiological  connections  between  the 
separate  neurones,  but  this  has  not  been  demonstrated. 

Changes  in  the  Ci/tupliiKin  of  the  Cell  Bodies  during 
Givirtli. — The  studies  of  Marinesco"  and  Biervliet-= 
show  that  in  the  large  cell  bodies  of  the  efferent  group 
in  the  ventral  horns  of  the  spinal  cord  the  "stainable 
substance "  of  Nissl  is  fully  formed  at  birth  —  the 
other  portions  of  the  cytoplasm  being  correspondingly 
well  differentiated.  This  does  not  mean  that  this  stain- 
able  substance  is  formed  in  nil  these  cells  at  this  time, 
but  only  that  those  neurones  which  have  first  devel- 
oped have  already  attained  this  differentiation.  The 
process  repeats  itself  as  the  neuroblasts,  with  longer 
latent  periods,  gradually  enlarge.  The  neurone  in  its 
first  embryonic  stages  stains  by  the  Nissl  method  so 
as  to  reveal  a  faint  blue  tint  evenly  distributed  in  the 
cytoplasm.  As  the  element  grows,  the  blue  tint  be- 
comes denser  at  the  periphery  of  the  cell  body.  Here 
discrete  particles,  stained  intensely,  appear,  and  these, 
increasing  individual!}'  in  size,  also  form  a  wider  band 
which  spreads  toward  the  nucleus.  As  the  features 
of  the  mature  cell  become  more  evident  the  diffuse 
blue  tint  disappears,  as  though  the  cou.stituent  capa- 
ble of  that  reaction  had  by  degrees  become  concentrated 
in  the  masses  of  stainable  substance.  This  process 
of  the  formation  of  stainable  masses  is  carried  farthest 
in  the  largest  cell  bodies — for  example,  in  the  large  cells 
of  the  spinal  ganglia;  those  of  the  ventral  horns  of  the 
cord  and  the  large  pyramids  of  the  cerebral  cortex.  The 
smaller  cells  of  the  neuraxis  exhibit  varying  degrees  of 
a  less  complete  formation  of  the  stainable  substance,  rep- 
resenting in  their  final  condition  phases  through  which 
the  largest  cells  have  already  passed.  In  old  age  the 
neurones  undergo  involutionary  changes  one  at  a  time. 
The  masses  of  stainable  substance  become  disorganized ; 
the  changes  progressing  from  the  centre  or  nucleus 
toward  the  periphery.  "When  this  occurs,  a  black  or 
yellow  pigment -like  substance,  often  in  very  fine  grains, 
appears  to  take  the  place  of  the  masses  destroyed.  In 
the  ventral-horn  cells  true  pigment  is  to  be  found  about 
the  twentieth  year,  though  it  comes  much  earlier  in 
other  portions  of  the  neuraxis.  With  the  destruction  of 
the  stainable  substance,  the  cell  body,  as  well  as  the 
nucleus  and  its  contents,  tends  to  shrink  and  to  stain  less 
strongly. 

In  correlating  growth  with  function,  it  is  often  stated 
that  a  neurone  which  is  destined  to  become  medullated 
does  not  become  functional  until  its  medullary  sheath 
has  been  acquired.  The  young  white  rat,  in  the 
nervous  system  of  which  there  is  at  birth  not  a  medul- 
lated "fibre,  is  a  sufficient  contradiction  to  this  dic- 
tum. It  is  admitted,  nevertheless,  that  in  general  the 
appearance  of  functional  adjustments  runs  parallel  with 
the  medullation  of  the  neurones  by  which  those  adjust- 
ments are  mediated:  but  the  two  events  do  not  stand  in 
a  strict  causal  relation.  The  same  is  true  of  the  stain- 
able substance  of  Nissl  in  the  cell  body,  where  the  for- 
mation of  well-marked  masses  is  characteristic  of"  full 
development  and  full  functional  power,  without  being 
absolutely  necessary.  By  prematurely  exposing  to  light 
the  eyes  of  young  rabbits,  the  optic  nerves  of  which 
were  unmeduliated.  Held''  was  able  to  hasten  the  fomia- 
tion  of  the  medullary  sheath  in  the  stimulated  animals. 
Just  how  this  experiment  should  be  interpreted  is  not 
perfectly  clear :  but  if  we  consider  it  as  due  to  exercise, 
then  the  unmeduliated  fibres  must,  in  spite  of  statements 
to  the  contrary,  have  been  capable  of  being  exercised 
even  before  tliey  acquired  their  sheaths.  Beyond  this 
experiment  there  are  no  data  on  the  effect  of  activity  on 
the  growth  processes  in  the  central  nervous  system.  In 
this  connection  we  recall  that   the  encephalon  has  at- 
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tained  very  nearly  its  full  weight  at  seven  years,  that  is, 
at  a  time  before  any  formal  school  training  has  begun. 
If  this  is  granted,  then  the  subsequent  functional  powers 
which  the  child  may  attain  are  correlated  with  a  very 
small  addition  of  substance  to  the  eucephalon.  This 
seeming  parado.x  disajipears,  I  think,  when  the  very 
small  volume  of  the  cell  bodies  in  the  central  system  is 
considered  (2T.2  gra.),  and  when  "it  is  remembered  how 
a  very  slight  additional  weight  of  material  could  be  so 
disposed  as  to  add  greatly  to  the  physiological  complex- 
ity of  the  .system. 

Judging  by  every-day  experience,  it  appears  that 
favorable  growth  conditions  have  their  effect  more  in 
prolonging  the  growth  changes  that  have  once  been  in- 
itiated than  in  hastening  prematurel_v  the  onset  of  any 
given  set  of  changes,  and  that  when  growth  i.s  hindered, 
there  often  appears  in  the  individual  a  "prematureness," 
which  we  might  call  precocity,  if  it  did  not  tend  to  be- 
come permanent  in  spite  of  increasing  age,  and  thus  in 
later  years  show  itself  in  its  real  form  as  an  arrest  of 
development. 

C.  Gkowth  of  the  Cerebral  Cortex. — Despite  the 
great  interest  which  attaches  to  changes  in  the  cerebral 
cortex,  our  infornuition  is  very  imperfect.  In  one  local- 
ity in  the  white  rat,  on  the  lateral  aspect  of  the  hemi- 
sphere at  the  level  of  the  optic  chiasma,  the  thickness  of 
the  cell  layer  increased  as  follows  between  birth  and 
maturity : 

Table  XIII.— White  Eat— Thickness  of  Cell  Later  of  Cortex 
IN  Millimetres. 


Weight  of  rat  in  grams. 

Age. 

Thickness 
of  ceU  layer. 

46 

Birth 

.40 

10.4 

Ten  days 

Twenty  days  . . 

Fifty  days 

Maturity 

Old  age 

.83 

25.7 

1.32 

esu 

1.37 

159.3 

1.49 

243 

1.36 

The  data  on  the  cliange  iu  the  thickness  of  the  human 
cortex  are  contrudictorv,  some  observers  claiming  that  it 
actually  becomes  thinner  with  age.  For  this  reason  we 
omit  a  discussion  of  this  jioint  and  pass  to  the  determina- 
tion of  the  increase  in  the  meduUated  fibres,  which  all 
investigators  have  found. 

The  general  course  of  the  development  of  the  fibre 
systems  of  the  human  cerebral  corte.x  is  describeil  iu  the 
following  way  by  Kaes,-'  and  we  here  cpiote  from  a  sum- 
mary of  his  observations  given  by  Miss  Thompson. '• 
For  the  stages  earlier  than  one  and  one-quarter  years. 
Kaes  relies  on  the  observations  of  Vulpius.-*  but  the 
subsequent  history  is  based  on  his  own  investigations. 
The  first  group  of  fibres  to  become  medullated  are  the 
cortical  projection  fibres.  At  birth  these  appear  raying 
out  almost  as  far  as  the  cortex.  At  about  four  months 
the  fibrae  propria?,  the  first  of  the  cortical  association 
fibres,  become  medullated  (Fig.  904).  At  about  eight 
months  the  first  of  the  intracortical  fibres  begin  to  be 
medullated  in  those  regions  which  are  most  advanced. 
The  description  of  the  further  development  cannot  be 
accurately  assigned  to  definite  ages,  partly  because  some 
regions  of  the  cortex  develop  so  much  more  rapidly 
than  others,  and  partly  because  Kaes  examined  no  brains 
between  the  ages  of  one  and  one-quarter  and  eighteen 
years.  A  general  description  of  the  course  of  events 
can,  however,  be  easily  derived  from  a  comparison  of  the 
different  stages  of  advancement  within  the  same  brain. 
The  first  cortical  fibres  which  develop  shortly  after  the 
fibra;  propria  are  a  few  scattered  fibres  running  parallel 
to  the  layer  of  the  tibroe  proprise  on  its  ectal  border. 
Gradually  these  latter  increase  in  number,  spread  for  a 
short  distance  toward  the  .surface  of  the  cortex  and  as- 
sume a  stratified  appearance.  These  form  the  beginning 
of  the  "outer  association  layer"  of  Kaes.  Before  the 
formation  of  the  outer  association  laj'er  is  completed  two 
■  other  sets  of  fibres  appear ;  one  of  these  surrounds  the 
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outer  limit  of  the  projection  fibres,  which  by  this  time 
have  completed  their  normal  growth  into  the  cortex. 
This  is  the  Baillarger  or  Gennari  layer.  It  marks  the 
ectal  border  of  the  outer  association  layer,  but  is  com- 
posed of  fibres  of  larger  calibre  than  the  remainder  of 
that  layer.  The  second  set  of  fibres  which  appears  at 
this  period  is  the  zonal  layer,  at  the  ectal  border  of  the 
cortex  and  immediately  lieueath  the  pia.  It  also  is  com- 
posed of  fibres  of  large  calibre.  The  stage  of  develop- 
ment just  described  is  characteristic  of  the  advanced 
portions  of  the  cortex  in  a  child  of  one  and  one-quarter 
years.  Its  distinctive  features  are,  in  brief,  a  partly 
formed  outer  association  layer,  consisting  of  some  strati- 
fied fibres  lying  next  the  fibra  proprias,  and  the  Baillarger 
layer  at  its  ectal  border.  At  this  stage  these  two  por- 
tions of  the  outer  association  layer  are  separated  by  a 
region  free  from  medullated  fibres.     On  its  ectal  side 
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Fig  9(H  s  m  diagrammatic  Rtpresentiti  n  rf  the  Cortical  Fibres 
in  a  Section  of  the  Ottipital  f  tirte.x  of  a  Male  Child  of  i  inc  :iinl  i  tiie- 
Fourth  Years.  (From  Theodore  Kaes,  1H94.  The  desitriiiiiinns  are 
the  same  as  those  used  in  Kaes'  papers.) 

the  Baillarger  layer  is  separated  from  the  zonal  layer  by 
a  second  region  free  from  medullated  fibres,  the  region 
corresponding  to  the  "  II.  and  III.  cell  layers  "  of  Meynert. 

As  development  continues,  the  layer  formed  by  the 
outer  association  fibres  spreads  gradually  toward  the 
Baillarger  layer  until  it  reaches  the  latter.  At  the  same 
time  the  Baillarger  and  zonal  layers  grow  broader  and 
richer  in  fibres.  The  next  stage  is  marked  by  the  ap- 
pearance of  the  inner  Baillarger  layer,  and  of  the  first 
fibres  of  the  II.  and  III.  Meynert  layers.  The  inner  Bail- 
larger  layer  appears  as  a  narrower  line  of  coarser  fibres 
among  the  fine  fibres  of  the  outer  association  layer,  just 
ental  to  the  outer  Baillarger  layer. 

The  fibres  in  the  II.  and  III.  Meynert  layers  are  the 
finest  of  the  cortex.  The  first  of  these  to  become  medul- 
lated are  those  lying  nearest  the  outer  Baillarger  layer. 
From  the  region  of  its  first  appearance,  this  layer  {II. 
and  III.  Meynert  layers)  gradually  extends  ectad,  and  this 
process  continues  until  these  fibres  meet  those  of  the 
zonal  layer.  The  final  stage  in  the  development  of  the 
cortex  is  the  addition  of  a  secondary  system  of  coarse 
fibres  to  those  which  have  been  alread}^  described.  The 
fibres  of  this  secondary  system  are  first  seen  in  the  outer 
association  layer.  Shorth-  afterward  fibres  of  the  same 
sort  are  found  scattered  through  the  II.  and  III.  Alej' nert 
layers.  At  first  these  appear  singly,  but  later  are  organ- 
ized into  a  stratum  which  Kaes  identifies  with  "Bech- 
terew's  streak."  Still  later,  similar  fibres  appear  in  the 
Baillarger  layer,  and  in  the  most  highly  developed  cortex 
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known  tbey  appear  as  a  secondary  system  of  coarse 
fibres  generally  distributed  through  its  entire  thickness. 
Very  few  regions  of  the  cortex  reach  this  highest  stage, 
however,  even  in  the  fully  grown  adult.  The  period 
from  youth  (eighteen  years)  to  maturity  is  in  general 
characterized  by  the  gradual  appearance  of  the  tine  fibres 
in  the  II.  and  III.  Meynert  layers,  and  the  formation  of 
the  secondary  fibre  sj'Stem  of  coarse  fibres;  but  in  the 
fully  grown  cerebrum  there  are  regions  which  do  not 
reach  even  the  stage  at  which  the  fibres  of  the  II.  and 
III.  ileynert  layers  become  medullated. 

The  central  gyri  exhibit  the  most  highly  developed 
fibre  systems.  The  addition  of  new  medullated  fllires 
may  continue,  according  to  Kaes,  up  to  the  fiftieth  year 
of  "life,  though  this  limit  must  certainly  be  subject  to 
wide  individual  variations. 

Flechsig-'  has  shown  that  the  cortico-petal  projection 
fibres  first  became  medullated  in  the  regions  of  the  cortex, 
which  mediate  sensations,  and  thus  by  following  the  proc- 
ess in  these  fibres,  the  sensorimotor  areas  of  the  cortex 
can  be  mapped  out.  Their  demarcation  occurs  within 
the  first  three  months  after  birth.  The  intervening  por- 
tions of  the  cortex  form  the  association  centres  of  Flech- 
sig  and  develop  later.  In  the  .great  sensorimotor  region 
about  the  central  fissure  Passow^"  has  been  able  to 
show  that  the  association  fibres  are  at  maturity  best  de- 
veloped in  the  more  ventral  portion  which  contains  the 
(discharging)  pyramidal  cells  controlling  the  movements 
of  the  lower  arm,  hand,  and  face.  In  the  child  at  one 
and  one-quarter  years  this  laj-er  is  equally  developed 
through  the  length  of  the  gyri,"  that  is,  there  is  no  differ- 
entiation between  the  cell  groups  controlling  the  leg  and 
the  proximal  portions  of  the  ami  and  those  which  con- 
trol the  distal  portions  of  the  arm.  and  from  this  we  infer 
that  the  cortical  control  of  the  finer  muscles  and  finer 
movements  increases  for  some  time  after  that  for  the 
coarser  movements  has  been  completed. 

Henry  Herbert  Donaldson. 
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BRAIN,  HISTOLOGY  OF.— Methods.— The  nerve  tis- 
sues of  tlic  bruin  may  be  studied  fresh  or  in  frozen  sec- 
tion, by  maceration  and  isolation,  or  after  hardening  by 
various  methods. 


Fresh  Tiss^ies. — Nervous  tissues  from  animals  can  be 
obtained  immediately  after  death.  In  human  beings  a 
certain  number  of  hours  practicallj-  always  elapse  be- 
fore the  material  can  be  removed  from  the  body.  Cer- 
tain post-mortem  alterations  occur  early,  particiilarly  in. 
the  most  labile  constituents  of  the  nerve-cell  protoplasm. 
But  for  ordinary  histological  purposes  tissue  obtained 
from  the  central  or  peripheral  nervous  sj-stem  within 
twelve  hours  after  death,  provided  the  body  has  been 
kept  cool,  is  sufficiently  fresh  for  minute  microscopic 
examination.  For  many  studies,  too,  tissue  removed  as 
late  as  twenty-four  hours  after  death,  provided  the  body 
has  been  kept  cool,  is  quite  satisfactory,  though  one 
should  be  sceptical  in  such  tissue  in  drawing  conclusions 
from  the  condition  of  certain  of  the  microscopic  pictures, 
for  examiile,  those  of  the  Nissl  bodies,  and  the  so-called 
fibrillary  structures. 

In  examining  fresh  tissues  either  teased  particles  or 
sections  made  by  the  double  knife  of  Valentine  may  be 
employed.  The  teasing  method  is  particularly  applica- 
ble to  the  study  of  the  jjeripheral  nerves.  These  may  be 
observed  in  an  indilTerent  fluid  like  physiological  salt 
solution  or  blood  serum,  or  after  the  addition  of  some 
reagent  (acetic  acid,  osmic  acid,  caustic  potash).  Sec- 
tions of  entirely  fresh  tissue  made  with  the  double  knife 
of  Valentine  are  very  fragile,  besides  being  extremely 
difficult  to  prepare.  They  may  be  examined  in  physiti- 
logical  salt  solution,  care  being  taken  that  the  cover 
slip  is  not  pressed  upon.  Ehrlich's  method  of  staining 
fresh  masses  of  tissue  will  be  referred  to  later. 

Maceration  and  Isohition. — For  the  isolation  of  histo- 
logical elements,  especially  in  the  central  nervous  system, 
the  use  of  some  macerating  fluid  is  desirable,  A  large 
number  of  these  have  been  employed,  but  only  the  more 
important  ones  need  be  mentioned.  Osmic-acid  solutions 
(one-tenth  of  one  per  cent.)  work  well,  any  fatty  struc- 
tures, including  of  course  the  myeline  sheaths,  being 
stained  of  a  dark  color.  Mllller's  fluid  and  dilute  chromic- 
acid  solutions  (one-one-hundredth  of  one  percent,  to  four- 
one-hundredths  of  one  per  cent.)  are  useful  macerating 
reagents  provided  the  fluids  are  not  allowed  to  act  too 
long.  Tissues  macerated  in  these  solutions  should  be 
leased  and  examined  at  the  end  of  twenty-four  hours. 
Ranvier's  alcohol  (thirty-three  and  one-third  per  cent.) 
yields  verj'  good  results. 

The  tissues  intended  for  maceration  should  be  divided 
into  small  pieces  before  being  placed  in  the  macerating 
fluid.  At  the  end  of  the  period  of  maceration  gentle 
shaking  in  a  test  tube  often  facilitates  the  isolation  of 
elements.  A  pipette  may  be  used  for  transferring  minute 
particles  suspended  in  the  fluid  to  the  microscopic  slide 
for  examination.  Coarser  particles  may  be  teased  upon 
the  slide  or  squeezed  between  the  cover  slip  and  the 
slide. 

The  fluid  used  for  maceration  may  be  employed  as  a. 
rnoimting  medium  for  the  microscopic  observations,  but 
as  a  rule  it  is  better  to  render  the  tissues  somewhat  trans- 
parent. For  this  purpose  dilute  solutions  of  acetic  acid 
(one  per  cent.),  saturated  aqueous  solution  of  potassium 
acetate,  diluted  glycerin,  or  salty  glycerin  may  be  iised. 

Hardened  Tissues.- — The  three  fluids  most  frequently 
employed  at  present  for  the  hardening  of  nerve  tissues 
are:  (i)  Miiller's  fluid,  (2)  alcohol,  and  (3)  formol. 

Midler's  Fluid.  This  hardening  reagent  consists  of 
potassium  bichromate,  2. .5;  sodium  sidphate,  1:  distilled 
water,  IHO.  If  desired  the  .sodium  sulphate  may  be 
omitted,  simple  solutions  of  bichromate  of  potash  appear- 
ing to  act  as  well  as  the  fluid  prepared  according  to  the 
original  formula.  Miiller's  fluid  should  be  changed  fre- 
quently during  the  hardening  process.  Hardening  in 
this  fluid  requires  from  several  weeks  to  several  months 
at  the  ordinary  temperature,  though  if  the  tissues  be 
kept  in  the  fluid  in  a  thermostat  at  the  body  temperature 
the  process  may  be  much  shortened.  In  summer  the 
tluid  is  particularly  prone  to  become  contaminated  with 
growths  of  fungi.  This  may  be  prevented  by  the  addi- 
tion of  a  small  quantity  of  camphor.  After  Miiller's- 
fluid  hardening,  the  tissues  are  best  prepared  for  em- 
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bedding  by  dehydration  in  alcohol,  as  a  rule  without 
previous  washing  out  in  water.  Tissues  hardened  in 
MuUer's  fluid  stain  well  in  carmine  and  with  Weigert's 
myeline  stain.  They  are  not  suitable,  however,  for  the 
application  of  finer  histological  methods,  such  as  that  of 
Nissl. 

Alcohol.  This  reagent  should  be  employed  when  the 
original  Nissl  procedure  is  to  be  applied,  small  pieces  of 
the'tissue  being  left  in  ninety -flve-per-cent.  alcohol  for 
about  three  days  (see  Nissl 's  method).  Alcohol  hard- 
ening is  also  desirable  if  Weigert's  fibrin  stain  or  Gram's 
method  of  staining  bacteria  is  to  be  utilized.  The  per- 
iphery of  bits  of  tissue  hardened  in  strong  alcoliol  is 
likely  to  undergo  marked  contraction  and  distortion. 
The  blood  at  the  periphery  of  such  tissue  is  also  much 
altered.  Artefacts  in  various  parts  of  the  tissue  may 
result  from  the  action  of  the  alcohol. 

Formal.  At  present  solutions  of  this  substance  are 
much  employed  in  neurological  technique  since  tissues 
fixed  in  them  can  be  stained  by  several  different  methods. 
Formol,  or  formalin,  is  a  forty-per-cent.  aqueous  solution 
of  formaldehyde.  As  a  rule,  ten-per-cent.  solutions  of 
formol  are  used  for  hardening  pieces  of  the  central  ner- 
vous system.  This  corresponds  to  a  four-per-ccnt.  aque- 
ous solution  of  the  gaseous  formaldehyde.  The  whole 
brain  may  be  hariiened  more  or  less  satisfactorily  in  such 
a  solution,  but  it  is  better,  as  a  rule,  to  more  or  less  sub- 
divide the  organ.  Formol  does  not  contract  the  tissues 
hardened  in  it.  but  fixes  them  rapidly  in  tlieir  original 
form,  thus  differing  markedly  from  many  other  harden- 
ing fluids.  The  fluid  has  a  characteristic  odor  and  gives 
off  irritating  fumes.  Injury  to  the  eyes  must  be  care- 
fully avoided  when  using  it.  and  it  is  also  well  to  keep 
the  hands  as  nnicli  out  of  tlie  fluid  as  possible,  as  some- 
times a  troublesome  form  of  dermatitis  is  set  uji  by  it. 
After  hardening  in  formalin  for  a  few  days  the  tissue  is 
ready  for  further  manipulation.  If  Weigert's  myeline 
stain  is  to  be  employed  the  tissue  may  be  placed  in  Mai- 
ler's fluid  or  his  chromic  acid  mordant.  The  latter  also 
suffices  for  the  application  of  Weigert's  neuroglia  stain. 
Formalin  tissues  can  also  be  used  for  studies  by  Marchi's 
method ;  the  ordinary  Marchi  procedure  is  gone  through 
with  after  the  formalin  hardening.  Tissues  prepared  in 
formalin  do  not  warp  so  much  as  those  simply  hardened 
in  Jlilller's  fluid.  Very  good  Nissl  preparations  can  also 
be  made  from  formalin  tissues  provided  they  have  been 
gotten  fresh  and  cut  into  small  pieces.  The  results  are 
not  equal,  however,  to  those  obtained  after  fixation  in 
alcohol  or  sublimate.  JIarini's  modification  of  the  for- 
mahn  hardening  is  especially  recommended  when  it  is 
desired  to  examine  tissue  by  several  different  methods. 
This  investigator  recommends  a  fluid  consisting  of  five 
per  cent,  formol  with  one-tenth  of  one  per  cent,  chromic 
acid  in  ninety  per  cent,  alcohol.  Large  pieces  of  the 
tissue  put  into  this  fluid  for  twenty-four  hours  are  then 
removed  and  divided  into  small  pieces.  The  latter  are 
placed  in  more  of  the  fluid  freshly  prepared,  which  is 
changed  every  day  for  from  three  to  tive  days.  The 
blocks  of  tissue  are  then  fastened  upon  cork  (witliout  any 
other  preparation),  and  kept  in  ninety-per-cent.  alcohol 
or  in  a  one-per-cent.  solution  of  chromic  acid  in  ninety- 
per-cent.  alcohol.  Sections  for  staining  with  methylene 
blue  or  thionin  are  placed  in  ninety-per-cent.  alcohol; 
those  for  Weigert's  myeline  stain  in  Mliller's  fluid  or  in  a 
three-per-cent.  solution  of  potassium  bichromate,  while 
sections  to  which  Weigert's  method  for  studying  neurog- 
lia is  to  be  applied  are  placed  in  a  solution  of  chromogen. 

When  the  material  to  be  studied  is  not  limited  in 
amount  it  is  preferable  to  use  at  least  three  hardening 
fluids:  (1)  alcohol  for  Nissl's  method;  (2)  formol  for 
Weigert's  myeline  stain,  for  Marchi's  and  for  Golgi's 
methods;  and  (3)  Weigert's  formol -chrome-alum  mordant 
for  the  neuroglia  stain. 

Sublimate  ".solutions,  Orth's  fluid,  Erlitzki's  fluid, 
Flemming's  mixture.  Van  Gehuchten's  fluid  are  all  recom- 
mended for  special  purposes.  The  formula  for  tliese 
fluids  are  to  be  found  in  the  te.xt  books  of  histological 
technique.     (See  also  article :  Histological  Technique. ) 


Embedding. — Three  methods  are  ordinarily  employed 
for  embedding  neurological  tissues:  (1)  embedding  in 
pith  or  gum;  (2)  celloidin  embedding;  and  (3)  paratBn 
embedding. 

Pith  or  gum  embedding  may  be  dispensed  with.  Nissl, 
for  his  method,  insists  upon  the  avoidance  of  embedding 
entirely.  He  simply  fastens  the  mass  of  tissue  to  the 
block  by  a  solution  of  gum  arable.  He  fears  that  cel- 
loidin or  paraffin  embedding  will  interfere  with  the 
structure  of  the  protoplasm  of  the  nerve  cells.  He  is 
here  in  error.  Careful  embedding  in  celloidin  or  paraf- 
fin, especially  the  latter,  preserves  beautifully  the  struc- 
ture of  the  protoplasm. 

Celloidin  embedding  is  carried  out  as  follows:  After 
dehydration  in  absolute  alcohol  the  tissues  are  left  for 
twenty-four  hours  in  equal  parts  of  absolute  alcohol  and 
ether.  They  are  then  transferred  to  a  very  thin  solution 
of  celloidin  dissolved  in  alcohol  and  ether.  Here  they 
remain  tmtil  the  thin  fluid  has  penetrated  the  tissue. 
Small  blocks  are  sufficiently  penetrated  if  they  remain 
for  from  two  to  five  days.  Large  pieces,  however,  as, 
for  example,  a  whole  heniisphere  of  a  bab.y's  brain,  must 
remain  in  a  thin  celloidin  for  a  much  longer  time.  The 
tissues  are  next  transferred  to  a  solution  of  celloidin 
which  has  the  consistency  of  thick  syrup.  They  need 
not  remain  in  this  fluid  long;  twenty-four  to  forty-eight 
hours  suffice.  There  is  a  widespread  idea  that  the  longer 
tissues  stay  in  thick  celloidin  the  better  are  the  sec- 
tions obtained.  The  reverse  rather  is  true,  especially 
when  we  have  to  deal  with  large  pieces.  The  penetration 
by  the  thin  celloidin  should,  however,  be  complete.  The 
thick  celloidin  may  be  allowed  to  stiffen  very  gradually 
through  evaporation  of  the  alcohol  and  ether,  and  a  block 
of  it  containing  the  tissue  be  fastened  b\'  means  of  cel- 
loidin on  a  piece  of  cork  or  wood.  Or  it  may  hv  jilaced 
directly,  without  previous  stiffening  of  the  celloidin,  on  a 
block,  allowed  to  stand  in  the  air  for  a  few  minutes  until 
the  surface  of  the  celloidin  has  hardened,  after  which  it 
may  be  immersed  in  eighty-per-cent.  alcohol.  The  blocks 
may  be  kept  in  eighty-per-cent.  alcohol  until  the  sec- 
tioning is  carried  out.  Instead  of  celloidin,  photoxylin 
may  be  employed  if  desired ;  it  is  more  transparent  than 
celloidin. 

Celloidin  embedding  is  to  be  preferred  when  large 
pieces  of  tissues  are  handled,  when  the  tissue  is  friable, 
or  when  the  staining  method  to  be  employed  is  one 
involving  considerable  manipulation.  It  is  always  to  bo 
used  when  Weigert's  myeline  stain  is  to  be  applied. 

For  embedding  in  paraffin  small  pieces  should  be 
taken,  thoroughly  dehydrated  in  absolute  alcohol  (twenty- 
four  hours),  cleared  in  xylol  or  chloroform,  and  then 
passed  through  equal  parts  of  the  clearing  reagent  and 
soft  paraffin,  thence  into  melted  paraffin  (melting  point  of 
.52°  C.)  for  two  to  eight  hours.  tlJe  paraffin  being  changed 
twice  during  this  period.  After  complete  penetration  by 
the  paraffin,  best  in  the  thermostat  kept  at  the  melting- 
]ioint  of  the  substance,  the  piece  of  tissue  is  placed  in  a 
shallow  dish  and  covered  with  paraffin.  This  is  rapidly" 
cooled  with  cold  water  until  the  paraffin  stiffens,  after 
which  the  paraffin  block,  properly  trimmed,  can  bo 
fastened  on  the  platform  of  a  microtome,  when  it  is  ready 
for  cutting. 

In  warm  weather  it  may  be  necessary  to  use  a  paraffin 
of  higher  melting  point  (60°  to  6.5°  C.) ;  in  cool  weather,  a 
paraffin  of  low  melting  point  will  be  found  usefid  (4.5°  to 
.50"  C).  If  two  kinds  of  paraffin,  very  soft  and  very  hard, 
be  kept  in  stock,  it  is  easy,  by  mixing  them  in  variable 
proportions,  to  make  a  paraffin  of  any  desired  melting 
point. 

Paraffin  is  to  be  preferred  when  very  thin  sections  are 
desired,  or  when  staining  in  Mo,  before  embedding,  is 
possible.  It  is  especially  useful,  therefore,  in  the  study 
of  the  embryology  of  the  nervous  sj'stem,  and  also  in  the 
investigation  of  the  finest  histological  details  of  the  neu- 
ral elements.  It  is  one  of  the  best  methods  which  can  be 
used  when  Nissl's  method  is  to  be  applied. 

A  combination  of  the  celloidin  and  paraffin  methods 
may  sometimes  be  used  with  advantage.     The  tissue  after 
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deh}-dration  is  passed  through  equal  parts  of  absolute 
alcohol  and  ether  and  then  soaked  for  twenty-four  hours 
in  a  solution  of  celloidin.  The  object  is  then  cleared  in 
oil  of  origanum,  after  which  it  is  to  remain  in  a  mixture 
of  oil  of  origanum  and  fluid  paratfin  for  one  or  two  hours 
at  a  temperature  of  40'  C.  It  is  then  placed  in  melted  par- 
affin of  a  melting  point  suitable  to  the  temperature  of  the 
time  of  year  and  embedded  in  parafflu  in  the  ordinary 
:way.  Now  that  methods  of  fastening  paraffin  sections 
to  the  slide  have  been  ver}'  much  improved,  this  combina- 
tion of  celloidin  and  paraffin  is  very  little  in  vogue. 

Seftioninff. — In  making  sections  of  nervous  tissue  we 
liave  to  consider:  (1)  frozen  sections ;  (2)  sections  after 
celloidin  embedding,  and  (3)  sectioning  after  paraffin  em- 
l)edding. 

Frozen  sections  may  be  made  of  fresh,  tissues  or  of 
tissues  which  have  been  hardened  in  Muller's  fluid  or 
formalin.  Frozen  sections  should  be  verj'  thin,  since  to 
get  the  most  out  of  them  they  have  to  be  studied  with 
high  powers  of  tlie  microscope,  and  unless  the  sections 
are  thin  this  is  of  course  impossible.  An  ether-freezing 
microtome  may  be  employed,  or,  better  still,  a  carbon- 
dioxide  freezing  microtom'e.  If  fresh  tissues  are  used 
they  should  be  transferred  from  the  knife  to  physiologi- 
cal salt  solution  and  mounted  on  a  slide  in  the  same  fluid ; 
if  they  have  been  fixed  in  formalin  or  Midler's  fluid  be- 
fore freezing  they  may  be  examined  either  in  Mullei''s 
fluid,  Farrant's  medium,  or  salty  glycerin. 

Celloidin  Sectioning. — The  sections  may  be  made  with 
any  good  microtome.  The  microtomes  made  by  Bausch 
&  "Lomb,  by  Schanze,  and  by  Jung  are  good.  The 
knife  must  be  kept  very  sharp,  and  it  is  important  to 
have  it  constantly  flooded  with  eighty-per-cent.  alcohol. 
The  whole  edge  of  the  knife  should  be  made  to  cut  from 
the  heel  to  the  tip.  If  very  large  sections  are  to  be  cut, 
it  is  best  to  use  a  microtome  which  is  so  arranged  that 
the  knife  and  tissue  mass  are  entirely  immersed  in  alco- 
hol. Such  microtomes  are  now  available  at  a  moderate 
cost.  If  sections  of  a  whole  hemisphere  are  to  be  made, 
It  is  important  that  the  knife  should  be  clamped  at  both 
ends;  otherwise  the  vibration  of  the  blade  will  lead  to 
streakiness  or  even  more  marked  irregularity  in  the  thick- 
ness of  the  sections. 

Serial  sectioning  in  celloidin  is  quite  possible  if  care  be 
taken.  The  most  convenient  method  is  that  employed 
by  Obregia.  The  glass  slides  upon  which  the  sections 
are  to  be  employed  are  coated  twenty-four  or  forty-eight 
hours  before  they  are  to  be  used,  with  the  following  solu- 
tion: 30  c.c.  of  a  thick  syrup  made  by  dissolving  pow- 
dered candy  sugar  in  boiling  distilled  water  is  mixed 
with  10  c.c.of  a  thick  solution  of  pure  dextrin  in  dis- 
tilled water  and  20  c.c.  of  absolute  alcohol.  The  glass 
slides  after  partial  drying  are  quite  sticky.  On  a  large 
white  plate  two  or  three  thicknesses  of  good  toilet  paper 
are  thoroughly  moistened  with  eighty-per-cent.  alcohol ; 
on  the  toilet  paper  an  area  is  marked  off  in  lead  pencil 
which  corresponds  to  the  size  of  the  large  cover  glass 
which  is  to  cover  the  preparations  on  the  slide.  Each 
celloidin  section,  as  it  is  cut,  is  taken  up  from  the  knife  on 
a  strip  of  moist  toilet  paper  and  transferred  b.y  moans  of 
this  to  the  plate.  Some  regular  arrangement  of  sections 
in  the  area  marked  off  on  the  plate  is  to  be  maintained. 
When  the  area  is  full  of  sections  the  sticky  side  of  the 
prepared  glass  slide  is  pressed  firmly  down  upon  the 
series  of  sections.  On  lifting  the  glass  slide  all  of  the 
sections  adhere  to  the  glass  slide.  With  a  sharp  knife 
the  celloidin  protruding  beyond  the  edge  of  the  glass  slide 
is  trimmed  off.  After  a  moment's  drying  to  permit  any 
excess  of  alcohol  to  disappear,  a  thin  solution  of  photoxy- 
lin  is  poured  over  the  sections  on  the  glass  slide,  care 
being  taken  to  have  the  photoxylin  solution  evenly  dis- 
tributed. For  this  latter  purpose  it  may  be  desirable  to 
use  a  glass  plate  carefully  levelled,  upon  which  the  glass 
slide  may  be  laid,  while  the  photoxylin  is  stiffening.  As 
soon  as  the  photoxylin  has  stiffened  on  the  surface  the 
glass  slide  with  the  sections  now  covered  bj-  a  thin  sheet 
of  photoxylin  can  be  thrown  into  a  large  dish  of  water. 
The  water  dissolves  the  sugar-dextrin  and  the  photoxy- 
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lin  sheet  floats  off  into  the  water.  Each  sheet  of  this  sort 
may  then  be  treated  as  a  single  section.  Just  before  im- 
mersion in  the  wat<?r  it  is  well  to  number  the  photoxylin 
sheet  with  some  quickly  drying  oil  paint.  This  method 
of  serial  sectioning  of  tissues  embedded  in  celloidin  is  the 
best  one  I  Jjnow  of  when  the  Weigert-Pal  staining  is  to 
be  employed.  Weigert's  celloidin  method  is  also  a  very 
useful  method,  and  Obregia's  procedure  is  really  only  a 
modification  of  this. 

Serial  sectioning  of  tissues  embedded  in  paraffin  is  a 
xevy  simple  matter,  especially  if  the  3Iinot  or  Blake- 
Jlinot  microtome  be  \ised.  It  is  possible  with  these 
microtomes  to  make  serial  sections  of  small  pieces  of  tis- 
sue as  thin  as  1  /j  or  less.  In  order  that  the  series  may 
be  satisfactory  the  temperature  of  the  room  and  of  the 
knife  must  be  very  accurately  adjusted,  so  that  they 
shall  be  of  the  proper  temperature  to  suit  the  paraffin  in  . 
which  the  tissue  is  embedded.  In  very  cold  weather  and 
in  very  hot  weather  this  is  not  alwa3'S  easy.  Wlien  the 
conditions  are  perfect,  however,  each  section  lies  flat  and 
smooth,  and  the  sections  one  after  another  hold  together 
at  their  edges  in  the  form  of  a  delicate  ribbon.  The 
problem  of  transferring  the  ribbon  to  the  slide  and  of 
fastening  the  sections  upon  the  slide  so  that  when  the 
paraffin  is  removed  no  particle  of  tissue  may  be  lost  or 
displaced,  has  been  variously  solved.  Three  principal 
methods  are  emploj'ed:  (1)  Schallibaum's  collodion;  (2) 
Mayer's  albumen,  and  (3)  the  water  or  alcohol  method. 

In  1883  Schaliibaum  recommended  mixing  one  part  of 
collodion  with  three  or  four  parts  of  oil  of  cloves  or  oil 
of  lavender.  The  mixture,  which  makes  a  clear  solution, 
is  spread  thinly  over  the  surface  of  a  glass  slide  by 
means  of  a  camel's-hair  brush.  Sections  are  placed  upon 
the  surface  and  gently  warmed  over  a  water  bath  for 
from  five  to  ten  minutes  until  the  oil  has  evaporated. 
The  sections  adhere  firmly  and  can  be  passed  through 
almost  any  fluid  without  being  removed.  Absolute  al- 
cohol, or  equal  parts  of  alcohol  and  ether,  will  dissolve 
out  the  collodion,  and  hence  in  these  fluids  sections  may 
be  lost  if  they  are  left  in  them  for  a  long  time.  The 
method  is  of  especial  advantage  when  tissues  have  been 
stained  in  bulk,  but  is  not  quite  safe  when  the  staining 
is  to  be  done  upon  a  slide. 

Mayer's  albumen  is  made  as  follows:  50  c.c.  of  glyce- 
rin is  mixed  with  the  same  quantity  of  fresh  egg  al- 
bumen. To  the  mixture  1  gm.  of  sodium  salicylate 
is  added.  The  whole  is  well  shaken  and  filtered  into  a 
clean  bottle.  Instead  of  salicylate  of  soda  some  other 
preservative,  like  carbolic  acid  or  thymol,  may  be  em- 
ployed. The  niixt\ire  is  spread  in  a  thin  layer  with  a 
camel's-hair  brush  on  the  surface  of  the  slide,  each  sec- 
tion being  well  pressed  down  upon  the  albumen  with  the 
brush.  "The  sections  are  then  warmed  for  a  few  minutes 
on  a  water  bath,  kept  just  above  the  melting  point  of  the 
paraffin.  As  soon  as  the  paraffin  has  melted  the  slide  is 
put  into  xylol,  which  dis.solves  out  all  the  paraffin,  and 
then  placed  in  absolute  alcohol,  after  which  it  is  passed 
through  graded  alcohols  to  water,  and  is  then  readv  for 
staining.  Care  should  be  taken  not  to  have  too  thick  a 
layer  of  albumen,  otherwise  as  it  coagulates  a  slight 
opacity  occurs  which  may  interfere  with  the  study  of 
the  finest  structures  in  the  cytoplasm  or  nucleus. 

Most  of  the  disadvantages  of  the  above  two  methods 
are  avoidable  if  the  water  or  alcohol  method  be  employed. 
In  this  method  water  or  alcohol  is  placed  upon  a  per- 
fectly clean  glass  slide,  the  sections  are  arranged  on  it 
with  the  aid  of  a  brush  which  has  also  been  moistened 
with  alcohol,  the  slide  then  wanned  up  to  about  40"  C. 
.  (never  u]i  to  the  melting  point  of  the  paraffin) ;  the  alco- 
hol or  water  is  allowed  to  evaporate  slowly,  best  in  the 
thermostat  kept  at  about  37"  C.  for  twenty -four  hours, 
after  which  the  slides  may  be  raised  in  temperature 
to  the  melting  point  of  the  paraffin,  transferred  to  xylol 
to  remove  the  paraffin,  thence  to  alcohol  to  remove  the 
xylol,  and  afterward  passed  through  graded  alcohols  to 
water,  when  the  staining  may  be  imdertaken.  The  warm 
alcohol  or  water  spreads  the  sections  evenly,  removing 
any  creases  which  may  have  been  present  in  the  section 
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when  it  came  from  the  knife.  Care  must  be  taken  not 
to  have  too  thick  a  layer  of  water  or  alcohol,  or  it  will  be 
found  difficult  to  keep  the  sections  in  their  proper  order 
and  position  on  the  slide.  The  water  or  alcohol  will  not 
spread  unifoi'nily  over  the  slide  unless  every  particle  of 
grease  has  been  removed  from  the  slide.  Sections  after 
hardening  in  most  of  the  fluids  employed  in  histological 
technique  generally  adhere  very  firmly  to  tlie  slide  by 
this  method.  An  exception  to  this  statement,  however, 
has  to  be  made  with  regard  to  tissues  which  have  been 
fixed  in  solutions  which  contain  chrome  salts.  Those 
tissues  which  have  been  hardened  in  Miiller's  fluid  or  in 
Flemming's  .solution  do  not  adhere  well,  and  it  is  useless 
to  try  to  emjiloy  the  method  in  such  cases.  One  great 
advantage  of  tiie  alcohol  or  water  procedure  is  the  ab- 
sence of  any  precipitate  or  opacity  due  to  foreign  sub- 
stances. 

When  the  block  of  tissue  to  be  cut  in  paraffin  is  large 
it  is  best  not  to  try  to  make  ribbons  of  the  sections,  but 
to  remove  each  single  section  from  the  knife  and  put  it 
in  its  proper  place  on  the  slide. 

Flatau,  of  Berlin,  has  recently  described  a  method  by 
means  of  which  serial  longitudinal  sections  through  the 
whole  spinal  cord  can  be  prepared.  It  is  especially  ap- 
plicable when  it  is  desired  to  use  the  method  of  Marchi 
for  the  study  of  recent  secondary  degenerations.  The 
spinal  cord  of  the  animal  which  has  been  submitted  to 
experiment  is  removed  whole  about  fifteen  or  twenty 
days  after  the  operation.  A  weight  is  attached  to  the 
Cauda  equina  in  order  to  avoid  twistings  or  distortions 
of  the  cord.  Two  threads  are  drawn  through  the  dura 
mater  of  the  upper  part  of  the  cord,  and  the  whole  spinal 
cord  suspended  in  a  glass  jar  3  or  4  cm.  broad  and  about 
40  cm.  long  filled  with  Midler's  fluid.  The  threads  are 
drawn  out  of  the  mouth  of  tlie  glass  jar  so  that  they  are 
held  in  place  by  the  cork  when  this  is  put  in.  Twenty- 
four  hours  later  the  dura  mater  is  cut  open  along  the 
ventral  and  dorsal  surface  and  the  Muller's  fluid  is  re- 
newed. The  cord  remains  in  this  fluid  for  from  two  to 
three  weeks,  after  which  it  is  taken  out  and  hung  by 
means  of  the  threads  on  a  stand  where  it  swings  free  in 
the  air.  It  is  then  split  lengthwise  through  the  ventral 
longitudinal  sulcus  and  the  dorsal  longitudinal  septum 
by  means  of  a  Graefe's  cataract  knife,  in  order  that 
Marchi's  fluid  may  better  penetrate  the  tissue.  The 
splitting  is  not  carried  as  far  as  the  lowest  part  of  the 
conus  medullaris.  The  spinal  cord  thus  retains  its  con- 
nection in  its  lower  part,  and  the  two  halves  can  later 
be  very  easily  applied  to  each  other.  The  spinal  cord 
is  next  hung  in  a  tall  glass  jar  filled  with  Marchi's  fluid 
and  kept  in  a  warm  place.  Flatau  recommends  graihial 
increase  in  the  strength  of  the  osmic  acid  of  the  solution 
with  frequent  changing  of  the  fluid.  He  leaves  the 
tissue  in  the  Marchi's  fluid  for  from  three  to  five  weeks, 
after  which  the  cord  is  washed  for  twenty-four  hours  in 
running  water,  dehydrated  in  alcohol,  and  embedded  in 
celloidin.  The  tissue  is  then  placed  upon  a  specially 
prepared  block  of  wood  and  fastened  in  Becker's  micro- 
tome. The  sections  are  cut  of  a  thickness  varying  from 
60  to  80  //,  are  dehydrated  in  alcohol,  cleared  in  carbol 
xylol,  and  mounted  in  balsam  on  long  glass  slides. 

Staining  Methods. 

These  may  be  divided  into:  (1)  those  used  for  staining 
masses  of  tissue  in  bulk,  and  (3)  those  used  for  the  stain- 
ing of  sections. 

Staining  in  Bulk. — This  method  is  particularly  appli- 
cable to  the  staining  of  the  whole  nervous  system,  for 
example,  of  embryos  or  of  small  animals  where  serial 
sections  are  to  be  made.  For  ordinary  purposes,  per- 
haps no  better  stain  is  available  than  the  alum  cochineal 
of  Czokor  or  Partsch.  Powdered  cochineal  is  boiled  for 
a  long  time  in  a  five-percent,  solution  of  alum.  After 
filtration  some  preservative  like  salicylic  acid  is  added 
to  prevent  the  growth  of  moulds  or  bacteria.  Herrick 
recommends  sulphate  of  aluminum  instead  of  alum. 

Alum  cochineal  stains  very  well  after  nearly  all  kinds 


of  fixation  and  hardening.  According  to  the  size  of  the 
mass  of  tissue  to  be  stained  it  is  left  in  the  alum  cochineal 
for  from  one  to  four  days;  then  washed  out  thoroughly 
in  water  and  passed  very  gradually  through  graded  alco- 
hols, embedded  in  paratfin,  after  which  serial  sections  may 
be  made.  Grenacher's  alum  carmine  may  also  be  used 
if  desired.  Beale's  ammonia  carmine  and  Grenacher's 
borax  carmine  are  also  much  employed  for  staining  in 
bulk.  If  desired  tissues  ma}-  also  be  stained  in  bulk  by 
one  of  the  various  hfematoxylins  which  have  been  intro- 
duced. The  formula  of  Boehmer  and  that  of  Delafleld 
are  especially  to  be  recommended  {vide  infra). 

Golgi's  method  and  Ehrlich's  method  may  be  consid- 
ered as  methods  for  staining  in  bulk.  They  will  be 
described  further  on. 

Staining  of  Sections. — For  the  staining  of  sections  very 
different  methods  have  been  emploj-ed,  some  being  suit- 
able for  the  demonstration  of  one  element,  others  for  the 
demonstration  of  other  elements  in  the  tissue.  Every 
attempt  has  been  made  by  neurologists  to  devise  elective 
staining  methods  suitable  for  the  demonstration  of  the 
various  constituents  in  the  nervous  organs.  Sections 
may  be  stained  upon  the  slide  after  fixation  thereon,  or 
the}'  may  be  first  stained  and  afterward  transferred  to 
the  slide. 

It  will  be  convenient  to  divide  the  staining  methods  as 
follows:  A.  Methods  which  give  information  concerning 
the  external  form  of  the  nerve  units  or  neurones.  B. 
Jlethods  which  demonstrate  the  internal  morphology  of 
the  neurones.  C.  Methods  which  demon.strate  es]iecially 
the  m_veline  sheaths.  D.  Methods  especially  devised  for 
the  demon.stration  of  axones  or  axis-cj'linder  processes. 
E.  Methods  especially  applicable  to  neuroglia.  F. 
Methods  for  demonstrating  certain  fibrillary  and  reticu- 
lar structures. 

A.  SIethods  Which  Give  Information  Concerning 
THE  External  Form  of  the  Nerve  Units  or  Ned- 
rones. — The  method  above  all  others  which  has  been  of 
.service  in  recent  j-ears  in  demonstrating  the  external 
morphology  of  the  nerve  cells  and  their  processes  is  that 
introduced  by  Golgi  and  the  various  modifications  which 
his  method  has  imdergone  in  the  hands  of  other  investi- 
gatt)rs. 

The  slow  method  is  carried  out  as  follows :  The  fresh, 
small  pieces  not  over  1  to  1.5  cm.  large  are  immersed  in 
a  large  quantity  of  a  two-per-cent.  solution  of  bichro- 
mate of  potash,  where  they  remain  for  a  mouth  in  sum- 
mer or  two  months  or  more  in  winter,  the  strength  of 
the  solution  being  gradually  increased  to  five  per  cent. 
The  pieces  are  then  placed  in  a  0.7.5  solution  of  silver 
nitrate,  where  they  remain  for  from  twenty -four  to  forty- 
eight  hours,  after  which  sections  are  cut. 

The  second  method  of  Golgi  is  sometimes  known  as 
the  mixed  method ;  small  pieces  of  tissue  remain  for  three 
or  four  days  in  bichromate  of  potash  solution,  after 
which  they  are  transferred  to  a  mixture  of  two  parts  of 
a  one-per-cent.  acid  solution  and  eight  parts  of  a  two- 
per-cent.  bichromate  of  potash  solution.  Here  they  re- 
main for  from  three  to  eight  days,  after  which  they  are 
passed  through  a  silver  bath  as  by  the  other  method. 

The  rapid  method  of  Golgi,  which  is  the  one  so  much 
used  by  Ramon  y  Cajal,  is  carried  out  as  follows:  Very 
small  pieces  of  tissue  are  placed  directly  in  a  mixture  of 
one  part  of  one-per-cent.  osmic  acid  solution  and  four 
parts  of  a  three-and-one-half -per-cent.  solution  of  bichro- 
mate of  potash.  In  this  fluid  they  remain  for  a  few  days, 
after  which  they  are  passed  through  the  0.75-per-cent. 
solution  of  silver  nitrate.  The  impregnation  of  the  ner- 
vous elements  varies  according  to  the  length  of  time  the 
tissues  are  immersed  in  the  first  solution.  Thus  in  the 
human  spinal  cord,  neuroglia  is  best  stained  by  an  im- 
mersion of  from  two  to  three  days;  the  cell  bodies. of 
neurones  by  an  immersion  of  from  three  to  five  days ; 
axones  and  collaterals  by  an  immersion  of  from  five  to 
seven  days. 

The  so-called  double  method  gives  very  good  results 
with  some  tissues ;  the  bits  of  tissue  after  having  been 
passed  through  the  procedure  above  described  are  sub- 
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jected  at  once  to  a  repetition  of  the  process,  after  which 
the  sections  are  cut. 

Cox's  modification  of  Golgi's  method  is  very  valuable 
when  it  is  desirable  to  impregnate  a  large  number  of 
elements  in  the  tissue.  He  proceeds  as  follows:  Bits  of 
fresh  tissue  are  immersed  for  from  two  to  three  mouths 
in  the  following  fluid;  bichromate  of  potash  (five-per- 
cent solution),  20  parts :  bichloride  of  mercury  (five-per- 
cent, solution),  20  parts;  distilled  water,  30-40  parts; 
ehromate  of  potash  with  strong  alkaliue  reaction  (five 
per-cent.  solution),  16  parts.  The  l)its  of  tissue  are  then 
washed  for  half  an  hour  in  ninety -percent,  alcohol  to 
remove  the  excess  of  sublimate,  after  which  sections  are 
cut  and  mounted  by  Golgi's  method.  The  sections  can 
be  counterstained,  if  desired,  with  carmine  or  ha;ma- 
toxylin. 

Ehrlich's  Vitril  Staining  irith  Methylene  Blue. — This 
method,  introduced  by  Ehrlicli  in  1886,  has  been  of  very 
great  importance,  inasmuch  as  it  is  an  elective  stain  for 
nerve  elements  in  fresh  tissues.  Ehriich  injected  a  solu- 
tion of  methjdene  blue  dissolved  in  salt  solution  into  the 
vessels  of  animals,  and  found  that  the  axis  cylinders  of 
many  of  the  nerve  fibres  as  well  as  numerous  nerve  end- 
ings stained  after  a  time  when  the  animal  was  killed  and 
the  tissues  exposed  to  the  air.  While  the  nerve  elements 
stain  of  a  deep  blue  color,  the  other  structures  in  the 
tissue  remain  but  little  or  not  at  all  affected.  The  .stain- 
ing was  transient.  S.  Meyer  recommends  subcutaneous 
injection  of  the  methylene  blue,  using  3  c.c.  of  a  satu- 
rated solution  beneath  the  skin  every  fifteen  minutes 
until  the  animal  dies.  A  method  of  fixation  was  intro- 
duced by  Dogiel.  This  investigator  laid  the  pieces  of 
tissue  after  staining  in  an  aqueous  solution  of  ammonium 
picrate.  A  much  better  fixing  method  is  that  of  Bethe, 
who  proceeds  as  follows:  the  tissue  at  the  acme  of 
staining  is  immersed  in  the  following  mixture;  am- 
monium molybdate,  1  gm.  ;  distilled  water.  10  c.c. ; 
hydrogen  peroxide,  1  c.c.  ;  jjure  hydrochloric  acid,  1 
drop.  The  fluid  must  be  well  cooled  before  the  stained 
tissues  are  immersed  in  it,  after  whicli  they  remain  im- 
mersed for  from  two  to  five  hours  in  the  ice  box.  The}' 
are  then  removed  from  the  refrigerator,  left  at  the  room 
temperature  for  a  few  hours,  washed  for  thirty  minutes 
in  distilled  water,  dehydrated  quickly  in  cool  alcohol, 
cleared  in  xylol,  embedded  in  paraffin,  and  finally,  after 
sectioning,  mounted  in  balsam.  Ahuu  cochineal  may  be 
used  as  a  contrast  stain.  Neuroglia  does  not  stain  b_v 
Ehrlich's  method.  A  slight  modification  has  been  intro- 
duced by  Ramon  y  Cajal  in  order  to  demonstrate  the 
geramulesor  lateral  buds  on  the  dendrites  of  tlie  primary 
cells  in  the  brain.  He  uses  a  saturated  solution  of  GrCib- 
ler's  methylene  blue  by  covering  thin  pieces  of  the  fresh 
brain  with  the  fluid  by  means  of  a  small  brush.  The 
fluid  is  allowed  to  act  for  three-quarters  of  an  hour, 
after  which  the  tissues  are  washed  in  salt  solution  and 
fixed  in  the  following  modification  of  Bethc's  fluid;  am- 
monium molybdate,  1  gm. ;  distilled  water,  10  c.c. ; 
pure  hydrochloric  acid,  1  drop.  After  fixation  for  from 
two  to  three  hours  the  excess  of  ammonium  molybdate 
is  removed  by  washing  in  water.  The  tissues  are  then 
hardened  for  from  three  to  four  hours  in  a  forty-per-cent. 
solution  of  formol  to  every  one  hundred  jiarts  of  which 
five  parts  of  aone-pcr-cent.  solution  of  platinum  chloride 
have  been  added.  The  formol  is  washed  out  by  passing 
it  through  an  alcoholic  platinum  chloride  solution,  after 
which  the  tissues  are  embedded  in  paraffin;  thick  sec- 
tions are  made.  They  are  passed  through  absolute  alco- 
hol to  which  platinum  chloride  has  been  added,  cleared 
in  xylol,  and  moimted  in  balsam. 

Other  methods  which  stain  the  nerve-cell  protoplasm 
deeply,  leaving  the  fibres  almost  unstained,  are  of  value 
for  demonstrating  the  external  form  of  the  nerve  cells. 
These  all,  however,  illustrate  also  the  internal  morphol- 
ogy of  the  nerve  cells,  and  the  methods  will  accordingly 
be  described  under  the  next  heading. 

B.  Methods  Which  Demonstrate  the  Internal 
Morphology  of  the  NEt.TnoNES. — The  methods  to  be 
considered  here  are  those  which  bring  out  especially  well 


the  nuclear  and  cytoplasmic  structures.  Generally 
speaking,  it  may  be  said  that  basic  dyes  stain  the  chro- 
matic part  of  the  nucleus,  and  certain  substances  (e.g., 
the  Nissl  bodies  or  tigroid  masses)  in  the  cytoplasm, 
while  acid  dyes  stain  the  other  cytoplasmic  structures 
and  some  of  the  so-called  achromatic  substances  in  the 
nucleus.  It  is  not  unusual  in  staining  methods  to  em- 
ploy combinations  of  the  two  procedures.  Thus,  in  the 
much-used  ha?matoxylin  and  eosin  stainings,  the  hajma- 
toxylin  differentiates  the  chromatic  part  of  the  nucleus, 
while  the  eosin  stains  more  ]iarticularly  the  protoplasm. 
Again,  when  methylene  blue  and  erythrosin  are  employed, 
the  methylene  blue  stains  tlie  nucleoli,  the  chromatin  of 
the  nuclei,  the  tigroid  bodies,  aud  the  neurosomcs  of  the 
protoplasm,  while  the  erythrosin  stains  the  meshwork- 
like  structure  which  is  visible  in  the  cell  protoplasm  as 
well  as  certain  constituents  of  the  nucleus.  Sometimes 
structures  are  present  in  the  cells  or  nuclei  which  take 
up  both  kinds  of  dye  and  assiune  a  color  intermediate 
between  them.  The  most  common  stains  perhaps  are 
the  carmine  and  cochineal  stains,  haematoxylin  and  its 
derivatives,  and  various  aniline  dyes. 

Carmine  and  Cochineal  Stain.<i. — These  have  already 
been  referred  to  above.  Alum  carmine,  alum  cochineal, 
and  borax  carmine  are  important  stains,  and  are  all  appli- 
cable to  tissues  which  have  been  hardened  in  formalin  or 
in  Mailer's  fluid.  A  large  part  of  the  older  work  on  the 
nervous  system  was  carried  out  with  the  aid  of  such 
stains.  Various  picrocarmines  have  been  used,  but  in 
the  writer's  experience  they  possess  no  distinct  advan- 
tages and  can  well  be  omitted  from  ordinary  technique. 
Carmine  is  of  no  value  for  demonstrating  the  finer  struc- 
tures in  the  nerve-cell  protoplasm  or  in  the  nerve-cell 
nucleus.  It  is,  however,  generally  useful  when  simply 
the  gross  relations  of  the  white  and  gray  matter  need  to 
be  studied. 

The  Uo'inatoxi/lin  Stains. — Ha?matox)'lin  is  an  exquis- 
ite nuclear  stain  and  differentiates  the  structures  in  the 
nuclei  far  better  than  does  any  of  the  carmine  stains. 
Tissues  left  long  in  hoematoxylin  solutions  are  usually 
overstained,  and  it  is  accordingly  desirable  to  differen- 
tiate, after  staining,  with  some  decolorizing  agent  like  acid 
alcohol.  The  two  best  solutions  of  ha?matoxylin  for  Or- 
dinary work  are  those  of  Boehmer  and  Delafield. 

Boehmer's  hoeraatoxylin  is  made  as  follows;  two  solu- 
tions are  kept  ready :  (a)  a  ten-per-cent.  solution  of  ha'ma- 
toxylin  in  absolute  alcohol;  (6) a  one-per-cent.  solution  of 
alum.  A  few  da^s  before  it  is  desired  to  use  the  stain 
one  adds  enough  of  the  first  solution  to  the  second  to 
make  the  color  a  bright  violet.  The  fluid  is  then  exposed 
to  the  light  for  a  few  days,  by  means  of  which  it  is  turned 
much  darker.  Sections  can  be  stained  in  the  fluid  for 
from  two  to  five  minutes,  after  wliich  they  are  quickly 
differentiated  in  one-percent,  solution  of  hydrochloric 
acid  in  seventy-percent,  alcohol.  They  are  then  thor- 
oughly washed  out  in  water  and  allowed  to  remain  in  the 
water  until  they  turn  blue  (fifteen  minutes);  they  can 
then  be  dehydrated  (after  previous  counterstaining,  if 
desired),  cleared  in  creosote  or  oil  of  origanum,  and 
mounted  in  balsam.  The  nuclei  are  stained  of  a  deep 
blue  violet  color,  while  the  protoplasm  retains  only  a 
light  blue  tinge. 

Delafield's  lia;matoxyIin  is  made  as  follows:  2  gm.  of 
h.Tuiatoxylin  are  dissolved  in  10  c.c.  of  absolute  alco- 
hol. This  solution  is  mixed  with  200  c.c.  of  an  ammonia- 
alum  solution.  The  mixture  is  exposed  to  the  light  in 
an  uncorked  vessel  for  four  or  five  days,  after  which  it 
is  filtered;  100  c.c.  of  alcohol  and  the  same  quantity  of 
glycerin  are  then  added.  The  fluid  is  again  filtered  and 
the  bottle  corked.  It  is  then  permitted  to  stand  for  a 
long  time,  at  least  si.x  weeks,  generally  several  months,  in 
order  to  ripen.  It  is  then  ready  for  use.  It  is  employed 
in  much  the  same  way  as  Boehmer's  ha'matoxylin. 

Ehrlich's  acid  haematoxylin  has  been  much  recom- 
mended, but  possesses  no  especial  advantages  over  the 
two  formulae  given  above.  It  is  stated,  however,  that 
it  stains  more  quickly  and  that  the  staining  is  more  per- 
manent. 
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The  Iron  hiematoxjiin  stains  are  very  valuable  as 
nuclear  dyes  and  for  the  demonstration  of  particular  ele- 
ments of  the  cytoplasm,  especially  the  centrosomes. 
The  method  of  "Heidenhaiu  or  that  of  Bemla  may  be 
employed.  According  to  Heidenhain,  sections  luirdcned 
in  sublimate  are  immersed  for  from  half  an  hour  to  three 
hours  in  a  oue-and  one-half  to  four  per-cent.  solution  of 
ferric  alum  (clear  violet  crystals).  After  washing  with 
water  the  sections  are  stafned  for  thirty  minutes  in  an 
aqueous  0. 5-pcr-cent.  solution  of  h«mato-xy liu.  They  are 
then  quickly  washed  in  water,  immersed  again  in  a  solu- 
tion of  ferric  alum,  which  removes  a  part  of  the  stain, 
the  differentiation  being  followed  under  the  low  power  of 
the  microscope.  After  the  differentiation  has  been  com- 
pleted the  preparations  are  washed  for  fifteen  minutes  in 
running  water,  dehydrated,  cleared,  and  mounted  in  bal- 
sam. The  method"  is  applicable  to  sublimate  or  alcohol 
material,  but  gives  less  good  residts  with  tissues  hard- 
ened in  chrome  salts.  It  is  best  in  using  it  to  make  sure 
that  the  sections  are  thin.  They  should  not  be  thicker 
than  0  II.     A  contrast  stain  may  be  used  if  desired. 

Henda's  method  also  gives  very  good  results  and  is 
applicable  to  tissues  fi.xed  in  all  of  "the  ordinary  reagents. 
Sections  are  immersed  for  twenty-four  hours  in  the  liciuor 
sulfurici  o-xydati  of  the  German  Pharmacopo'ia,  diluted 
with  one  or  two  volumes  of  water.  After  thorough 
wasliing,  first  with  distilled  water  and  afterward  with 
water  from  the  tap,  the  sections  are  stained  in  a  one-per- 
cent, aqueous  solution  of  luiematoxylin  until  they  turn  of 
a  deep  black  color.  After  rinsing  in  water  they  are  then 
differentiated  in  a  thirty-per-cent.  aqueous  solution  of 
acetic  acid,  the  decolorizing  process  being  carefully  con- 
trolled by  means  of  the  low  jjower  of  the  microscope. 
The  method  is  very  valuable  for  the  study  of  the  central 
nervous  system  and  the  peripheral  nerves.  Acid  fuchsin 
or  eosin  may  be  used  with  advantage  as  a  contrast  stain. 
Mayer's  ha'malum  may  be  used  instead  of  the  ordinary 
hau'natoxylin  solutiims.  The  particular  application  of 
ha'matC'iii,  by  Ainitliy,  for  the  demonstration  of  special 
elements  will  be  referred  to  further  on. 

Weigert's  luematoxylin  method  for  demonstrating 
karyokinetic  figures  is  as  follows:  tissues  which  have 
been  hardened  in  ninety-six-per-ceut.  alcohol  are  cut  into 
very  thin  sections  anil  placed  in  tinctura  ferri  Rademach- 
eri  for  thirty  minutes.  They  are  then  washed  quickly 
in  water  and  stained  for  half  an  hour  in  a  fluid  of  the 
followinu-  formula:  hematoxylin,  1;  absolute  alcohol, 
10;  distilliMl  water,  100.  The  sections  are  washed  in 
water,  dillereutiated  in  feeble  acid  alcohol,  after  which 
they  are  allowed  to  remain  in  ordinary  tap  water  for  ten 
minutes.  They  are  dehydrated  in  absolute  alcohol, 
cleared  in  .xylol  or  some  essential  oil,  and  mounted  in 
balsam. 

The  Aniline  Stains. — Of  the  aniline  dyes  the  most 
useful  in  histological  work  are  methylene  blue,  gentian 
violet,  thionin.  and  toluidin  blue.  Aniline  blue  black, 
and  saffianin  have  also  been  employed.  The  triple  stain 
•of  Biondi-Ehrlich,  which  consists  of  a  mixture  of  methy- 
lene green,  acid  fuchsin,  and  orange  G,  is  of  advantage  for 
the  differentiation  of  some  elements,  but  is  especially 
difficult  to  apply  successfully  to  the  staining  of  tissues. 
Saffranin  is  particularly  valuable  as  a  nuclear  stain,  espe- 
cially in  the  study  of  karyokinesis.  ]\Iethylene  blue  is 
most  employed  in  the  study  of  the  nervous  system  for 
the  stainingof  the  nerve  cells  according  to  the  method 
of  Nissl  or  some  modification  of  this  method.  Thionin 
may,  if  desired,  be  used  in  its  place.  Toluidin  blue  also 
appears  to  yield  eciually  good  results. 

KiHsl's  Method  of  Staining  with  Methylene  Blue. — Nerve 
tissues  as  fresh  as  possible  are  hardened  in  ninety-six-per- 
cent, alcohol  for  three  days.  After  the  hardening  has 
been  completed  small  blocks  of  tissue  are  fastened  to  cork 
by  Weigert's  method  with  gum  arable  without  embed- 
ding. The  sections  are  cut  in  the  ordinary  microtome, 
placed  in  ninety-six -per-cent.  alcohol,  and  stained  in  a 
watch  glass  of  the  dye.  The  dye  has  the  following  con- 
stitution: methylene  blue  B.  pat.,  3.75;  Venetian  soap, 
1.75;  distilled  water,  100.     A  watch  glass  full  of  this  dye 


containing  the  sections  is  heated  over  a  spirit  tlame  until 
small  bubbles  arise,  making  a  crackling  noise.  The  tem- 
perature corresponds  to  about  6.5'  or  70'  C.  The  sec- 
tions are  then  transferred  Xo  a  differentiating  fluid  which 
has  the  following  composition:  colorless  aniline  oil.  10 
parts:  ninety-si.x-pcr-cent.  alcohol,  90  jiarts.  The  aniline 
oil  must  not  only  be  colorless  at  first  but  must  be  kept 
carefully  ])rotected  from  the  light.  The  process  of  dif- 
ferentiation of  the  sections  is  considered  complete  when 
no  more  coarse  clouds  of  color  go  off  into  the  fluid. 

The  differentiated  sections  are  placed  upon  glass  slides, 
carefully  dried  with  filter  paper,  cleared  in  oil  of  caje- 
put.  and  again  dried  with  filter  paper. 

The  slide  is  then  flooded  with  benzin,  after  which 
benzin  colophonium  is  placed  over  the  sections,  ami  the 
whole  slide  is  heated  imtil  all  the  benzin  gas  has  been 
driven  off.  Should  the  material  catch  fire  no  harm  will 
be  done  provided  the  .flame  is  blown  out  immediately. 

To  make  the  benzin  colophonium,  one  adds  benzin 
to  pure  white  rosin  and  allows  the  mass  to  stand  for 
twenty  -  four  hours.  A  fluid,  transparent  substance 
shoidd  be  obtained  which  is  ready  for  use.  If  it  is  too 
thin  it  mav  be  allowed  to  evaporate  until  of  the  correct 
consistency  ;  if  too  thick,  more  benzin  may  lie  added. 

With  this  method  the  tigroid  masses  in  the  cytoplasm 
are  ex(|uisitely  demonstrated.  The  method  is  especially 
valuable  for  the  pathology  as  well  as  for  the  anatomy  of 
the  nerve  cell. 

Held's  Modification  of  INissl's  Method. — This  investiga- 
tor, after  hardening  in  alcohol,  sublimate.  Van  Gehuch- 
ten's  fluid,  or  other  fluids,  embeds  smaU  blocks  of  tissue 
in  paraftin  and  cuts  sections  of  a  thickness  varying 
from  1  to  10  II.  For  the  finest  histological  details  sec- 
tions of  1  II  or  less  are  sometimes  valuable,  but  for  gen- 
eral pathological  studies  thicker  sections  are  of  much 
greater  service.  A  thickness  of  from  1.5  to  30  /i  is  by  no 
means  too  great  for  most  purposes. 

The  paraffin  sections  are  fastened  upon  the  slide  by  the 
alcohol  method  (ride  supra). 

The  sections,  after  they  have  been  fastened  to  the  .slide, 
are  first  stained  in  the  following  solution :  erythrosin,  1 ; 
distilled  water,  1.50;  acetic  acid,  3  drops.  This  stain  is 
Ijermitted  to  act  for  a  minute  or  two,  and  ma}'  be  slightly 
warmed.  Sections  are  then  washed  in  water,  after  which 
they  are  stained  in  methylene  blue.  Ileld's  staining 
fluid  consists  of  equal  parts  of  the  methylenc-blue  solu- 
tionsused  by  Nissl  (ride  supra)  ami  a  five-per-cent.  a(iue- 
ous  solution  of  acetone.  The  sections  are  heated  in  this 
staining  fluid  and  the  heating  is  continued  until  all  smell 
of  acetone  disappears.  The  sections  remain  in  the  fluid 
while  it  cools,  after  which  they  are  differentiated  in  a 
one-tenth  of  one-per-cent.  solution  of  ordinary  alum. 
The  process  of  differentiation  requires  from  a  few  sec- 
onds to  several  minutes,  according  to  the  nature  and 
thickness  of  the  section.  When  the  differentiation  is 
complete  sections  are  quickly  washed  in  water,  dehy- 
drated as  quickly  as  possible  in  absolute  alcohol,  ]iassed 
through  xylol  for  clearing,  and  then  mounted  in  benzin 
colophonium  according  to  the  metliod  advised  by  Nissl. 

The  Nissl  bodies  are  stained  of  a  deep  blue  color, 
sometimes  showing  a  slight  violet  tint.  The  grotmd 
substance  of  the  protoplasm  stains  red,  as  do  the  nuclear 
membrane  and  certain  other  structures  in  the  nucleus. 
The  nucleolus  itself  stains  blue,  the  neurosomes  stain 
violet,  as  do  also  the  accessory  nucleoli. 

Mann's  Method  of  Stainirirj  with  Eosin  and  Toluidin 
Blue. — The  sections  are  fixed  in  sublimate  solution,  sec- 
tioned in  paraffin,  fastened  upon  the  slide,  treated  with 
iodine  to  remove  the  sublimate,  and  then  washed  for  two 
minutes  in  water.  The  sections  which  are  still  some- 
what yellow  are  then  placed  for  from  five  to  ten  minutes 
in  a  one-per-cent,  aqueous  sohition  of  eosiu.  They  are 
then  washed  in  ordinary  water,  after  which  they  are 
stained  in  one-half-per-cent.  aqueous  solution  of  toluidin 
blue  for  from  twenty  to  thirty  nnnutes.  The  sections 
are  then  quickly  washed  off  in" distilled  water  to  remove 
the  excess  of  toluidin  blue,  quickly  dehydrate<l  in  abso- 
lute alcohol,  during  which  blue  clouds  of  color  go  off. 
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The  sections  are  cleared  in  xylol  and  mounted  in  turpen- 
tine balsam.  The  tigroid  bodies  and  the  chromatin  of 
the  nucleus  and  nucleolus  stain  of  a  dark  blue  color; 
while  fibrillary  and  interflbrillary  structures  stain  red. 
The  method  is  very  safe  and  reliable. 

Iliirris's  Method  of  Staining  with  Tohiidin  Blus. — The 
tissues  are  hardened  in  mercuric  chloride,  stained  in  car- 
bolic-acid-water solution  of  toluidin  blue  for  several 
minutes,  differentiated  in  alcohol,  cleared,  and  mounted 
in  bal-sam.  If  desired,  benzo-purpurin  may  be  used  as  a 
contrast  stain. 

Method  of  Stfdning  with  Thionin. — Sections  hardene.d 
in  alcohol  or  sublimate  or  formalin  are  embedded  in  par- 
affin and  fi.xed  to  the  slide  in  the  ordinary  way.  The 
staining  is  carried  out  with  a  concentrated  a(.|ueous  solu- 
tion of  thionin.  the  dye  being  allowed  to  act  for  from 
three  to  five  minutes.  "  The  sections  are  quickly  washed 
in  water  and  are'then  differentiated  in  a  ten-percent,  so- 
lution of  aniline  oil  in  absolute  alcohol.  They  are  cleared 
in  oil  of  cajeput,  then  passed  through  xylol  and  mounted 
in  xylol  balsam. 

O-ram'g  Method  of  Staining,  with  Gentian  Violet,  Tis- 
sues Which  hare  been  Uardsned  in.  Alcohol, — Sections  are 
cut  in  celloidiu  or  paraffin.  They  are  then  stained  in 
Ehrlich's  solution  of  gentian  violet,  which  consists  of: 
gentian  violet,  1;  alcohol,  15;  aniline  oil.  3;  water,  80. 
The  sections  are  transferred,  after  staining,  to  a  slide, 
spread  out  flat,  and  treated  with  the  following  solution: 
iodine,  1 ;  iodide  of  potassium,  2 ;  water,  300.  They  are 
then  dehydrated  in  absolute  alcohol,  cleared  in  .xylol, 
and  mounted  in  xylol  balsam. 

Weigert's  Fibrin  Stain  with  Gentian  Violet. — Sections 
from  tissue  hardened  in  alcohol  are  stained  in  Ehrlich's 
aniline  gentian  violet  (ride  supra).  They  are  then  placed 
on  a  slide  and  blotted  with  filter  paper  covered  with 
Lugol's  solution.  After  this  has  been  allowed  to  act  for 
from  fifteen  to  thirty  seconds  the  sections  are  blotted 
again.  They  are  then  dehydrated  and  cleared  in  a  mix- 
ture of  two  parts  of  aniline  oil  with  one  part  of  xj-lol. 
This  treatment  is  followed  by  pure  xylol,  in  which  the 
sections  are  washed  until  all  the  aniline  oil  has  been  re- 
moved. They  are  then  mounted  in  xylol  balsam.  The 
method  is  of  particular  advantage  in  pathological  his- 
tology. 

Method  of  Staining  with  Aniline  Blue  Black. — Sections 
are  stained  for  from  thirty  to  sixty  minutes  in  the  fol- 
lowing solution :  aniline  blue  black,  0.25;  distilled  water, 
100.  The  sections  are  then  wa.shed  in  water,  dehydrated 
in  alcohol,  cleared  in  creosote,  and  mounted  in  balsam. 

The  Method  of  Staining  with  Saffranin. — Sections  of 
tissue  fixed  in  Flemming's  solution  are  stained  in  a  con- 
centrated aqueous  solution  of  saffranin  for  from  twelve 
to  twenty-four  hours.  They  are  then  carefully  differen- 
tiated in  absolute  alcohol,  or,  if  necessary,  in  weak  acid 
alcohol.  The  sections  are  cleared  in  oil  of  cloves  and 
mounted  in  balsam.  With  proper  differentiation  karyo- 
kiuetic  figures  are  intensely  stained,  while  resting  nuclei 
retain  only  a  feeble  pink  tint. 

liosin's  Method  of  Staining  with  the  Triple  Stain  of 
Biondi-Ehiiich. — Sections  which  have  been  hardened  in 
alcohol  and  embedded  in  celloidiu  are  treated  as  follows: 
They  are  stained  for  one  minute  in  the  following  solu- 
tion: one  part  of  one-half-per-cent.  solution  of  acid 
fuchsin  is  added  to  four  parts  of  a  solution  of  the  follow- 
ing constitution:  dry  triple  stain  (Griibler),  0.4;  distilled 
water,  100  ;  0.5  per  cent,  acid  fuchsin  solution,  7  (if  the 
sections  are  not  embedded  in  celloidiu  they  can  be  stained 
for  five  minutes  in  the  latter  .solution  alone). 

After  staining,  the  sections  are  quickly  washed  in  dis- 
tilled water  which  is  changed  once,  the  washing  requir- 
ing from  one  to  two  minutes;  they  are  then  treated 
for  ten  seconds  with  a  feeble  aqueous  solution  of  acetic 
acid  (one  drop  of  glacial  acetic  acid  in  100  c.c.  of  distilled 
water);  they  are  then  again  washed  in  distilled  water 
for  sixty  seconds  to  remove  all  trace  of  acetic  acid.  Dif- 
ferentiation is  carried  out  with  the  aid  of  absolute  alco- 
hol for  from  two  to  three  minutes,  during  which  clouds 
of  violet  color  are  given  off.     The  sections  are  cleared  in 


xylol  and  moimted  in  balsam.  The  method  requires  con- 
siderable practice  before  good  results  are  obtained. 

C.  JIethods  "Which  Demonstrate  Especially  thb 
Myeline  Sheaths. — Method  of  Exner. — Pieces  of  per- 
fectly fresh  tissue  not  more  than  1  cm.  broad  and  0.5  cm. 
thick  are  placed  in  a  one-per-cent.  solution  of  osmic  acid. 
There  must  be  at  least  ten  times  as  much  osmic-acid 
solution  as  there  is  tissue  by  volume.  After  two  days 
the  osmic  acid  is  changed.  The  tissue  can  be  examined 
between  the  fifth  and  the  ninth  day.  It  is  washed  in 
water,  dried  on  the  surface  with  filter  paper,  fastened  to 
cork  by  means  of  sealing  wax,  and  then  sectioned  in 
the  microtome.  The  sections  are  placed  in  glycerin, 
whence  they  are  brought  upon  a  glass  slide  and  treated 
with  a  drop  of  weak  solution  of  ammonia  (20  drops  of 
liquor  ammonii  caustici  in  50  c.c.  of  water).  The  mye- 
line sheaths  of  the  nerve  fibres  are  stained  black ;  all  other 
structures  remain  pale. 

Weigert's  Method  of  Staining  Myeline  Sheaths. — Tissues 
are  hardened  in  Miiller'.s  fluid  or  in  formol  followed  by 
Miiller's  fluid,  or  in  Orth's  fluid  or  in  formol  followed  by 
four  days  in  the  following  solution :  Potassium  bichro- 
mate, 5  parts ;  chrome  alum,  3  parts  ;  dilute  water.  100 
parts.  The  blocks  of  tissue  are  transferred  without 
washing  into  alcohol  and  are  embedded  in  celloidiu.  The 
sections  are  placed  for  twentj'-four  hours  in  a  saturated 
solution  of  acetate  of  copper  diluted  with  an  equal  vol- 
ume of  water.  They  are  stained  for  from  twenty  min- 
utes to  twenty-four  hours  in  the  following  solution: 
haematoxyliu,  1;  absolute  alcohol,  10;  lithium  carbonate, 
1;  distilled  water  to  make  up  100  parts.  The  sections 
are  next  washed  in  water  and  differentiated  in  the  fol- 
lowing solution:  borax.  2;  ferricyanide  of  potash,  3.5; 
distilled  water,  100.  The  sections  are  then  thoroughly 
washed  in  water,  dehydrated  in  alcohol,  cleared  in  xylol 
or  carbol  xylol,  and  moimted  in  balsam.  The  myeline 
sheaths  of  medullated  nerve  fibres  are  stained  bluish 
black,  the  backgrovuid  being  of  a  brownish-yeUow  color. 

Weigert's  Rapid  Myeline  Stain. — Small  blocks  of  tissue 
are  placed  for  from  four  to  five  days  in  tcn-per-cent. 
solution  of  formol  (four-per-cent.  solution  of  formalde- 
hyde); after  this  they  are  placed  in  a  mordant  of  the 
following  formida:  bichromate  of  potash,  5  parts; 
chrome  alum,  3  parts;  boiling  water.  100  parts.  If  de- 
sired the  hardening  and  mordanting  can  be  done  to- 
gether by  adding  10  gm.  of  the  ten-per-cent.  .solution 
of  formol  to  100  parts  of  the  mordant.  If  desired,  in- 
stead of  the  above  treatment  Weigert's  copper  mordant 
(used  for  his  neuroglia  stain)  may  be  employed.  This 
consists  of  five-per-cent.  copper  acetate,  five-per-cent. 
acetic  acid,  and  two-and-one-half-per-ceut.  chrome  alum 
dissolved  in  water.  It  has  the  advantage  of  making  no 
precipitates  on  the  tissues,  and,  further,  does  away  with 
the  necessity  of  treating  the  sections  with  copper  acetate 
after  they  have  been  cut.  If  left  longer  than  eight  days 
in  the  fluid  the  tissues  become  very  brittle. 

Pal's  Modification  of  Weigert's  Stain  for  Myeline  Sheathe. 
— The  tissues  are  prepared  as  for  Weigert's  method,  ex- 
cept that  the  sections  are  not  treated  with  acetate  of 
copper.  Sections  are  stained  in  Weigert's  hoematoxylin 
solution  for  from  twenty-four  to  forty-eight  hours  in 
the  cold;  they  are  then  washed  in  lithiated  water  (four 
per  cent.);  after  washing  they  are  placed  in  a  freshly 
prepared  0.33-per-cent.  solution  of  potassium  permanga- 
nate for  from  twenty  to  thirty  seconds,  or  until  the  gray 
matter  looks  yclhiwish.  The  sections  are  transferred 
immediately  to  the  following  solution:  oxalic  acid,  1; 
potassium  sulphite,  1 ;  distilled  water,  300.  The  differ- 
entiation is  watched  closelj-  to  see  that  it  does  not  go  too 
far.  Should  it  not  proceed  rapidly  enough  the  sections 
are  put  back  into  the  solution  of  potas.sium  permanga- 
nate and  again  exposed  to  the  oxalic-acid  solution. 
When  the  differentiation  has  gone  far  enough  the  sec- 
tions are  washed  out  in  water,  and  transferred  to  a  strong 
solution  of  lithium  for  five  or  ten  minutes  until  thej'  turn 
of  an  intense  blue  color.  They  are  finally  thoroughly 
washed  in  water,  dehydrated  in  alcohol,  cleared  in  xylol 
or  carbol  xylol,  and  mounted  in  balsam. 
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Schaffer' s  Modification,  of  Weigert'a  Method . — -The  treat- 
ment is  the  same  as  for  Weigert's  method,  except  that 
the  sections  after  having  been  passed  through  water  are 
left  in  March! 's  fluid  for  some  hours;  they  are  then 
thoroughly  washed  and  stained  in  the  following  solution : 
haematoxylin,  1 ;  absolute  alcohol,  10 ;  two-pcr-cent. 
solution  of  acetic  acid,  100.  After  they  have  remained 
in  this  fluid  for  twenty-four  hours  the  sections  are  washed 
in  water  and  decolorized  according  to  Pal's  method  {mde 
supra). 

Vassafe's  Modification  of  Weigert's  Method. — Sections 
are  prepared  as  in  the  method  of  Weigert.  They  are 
then  stained  inaone-per-cent.  aqueous  solution  of  ha>ma- 
tosylin  for  from  three  to  five  minutes,  after  which  they 
are  wa.shed  in  water,  exposed  for  a  few  minutes  to  the 
action'  of  a  saturated  solution  of  neutral  acetate  of  cop- 
per. They  are  then  washed  in  water  and  differentiated 
by  Weigert's  ferricyanide  solution.  They  are  again 
washed  in  water,  di'hydrated  in  alcohol,  cleared  in  carbol 
xylol,  and  mounted  in  balsam. 

'Berkley's  Modification  of  Weigert's  Stain. — Pieces  of 
tissue  2  mm.  in  thickness  are  hardened  in  Flemming's 
solution  for  from  twenty-four  to  thirt}'  hours.  They 
are  transferred  directly  to  absolute  alcohol  which  is 
changed  twice  on  the  following  day.  As  soon  as  the 
consistency  will  permit  of  the  making  of  verj'  thin  sec- 
tions the  pieces  of  tissue  are  embedded  in  celloidiu  and 
cut  under  ninety-five  per  cent,  alcohol.  After  quick 
washing  in  water  they  are  laid  in  a  saturated  solution 
of  acetate  of  copper  and  heated  on  a  water  bath  for  from 
twenty  to  thirty  minutes,  at  a  temperature  of  from  100° 
to  110°  F.  The  fluid  is  allowed  to  cool,  after  which  the 
sections  are  quickly  washed  in  water  and  then  stained 
in  the  following  fluid  freshly  prepared:  to  50  c.c.  of 
boiled  distilled  water  are  added  3  c.c.  of  saturated  solu- 
tion of  lithium  carlionate.  The  boiling  is  continued  for 
another  minute,  after  which  1.5  or  3  c.c.  of  a  ten-per- 
cent, solution  of  h<Tmatox}'lin  in  absolute  alcohol  is 
added  little  by  little  with  constant  stirring.  As  soon  as 
cool  the  fluid  is  ready  for  use.  Sections  placed  in  the 
stain  are  warmed  on  a  water  bath  to  a  temperature  of 
100"  F.  for  from  fifteen  to  twenty  minutes  or  longer. 
After  cooling  they  are  twice  washed  in  water,  then  dif- 
ferentiated in  Weigert's  borax  ferricyanide  solution  di- 
luted with  one-half  or  one-third  its  volume  of  water. 
L'sually  five  or  si.x  minutes  suffice  to  complete  the  decol- 
orization.  The  sections  are  washed  in  two  waters,  dehy- 
drated in  alcohol,  cleared  in  oil  of  bergamot,  and  mounted 
in  balsam. 

Uerriek's  ModificHtinits  of  Weigert's  Stain  for  Coinpara- 
tire  Work. — For  the  formula;  used  by  Herrick  his  original 
article  is  referred  to  ("Report  upon  a  Series  of  Experi- 
ments with  the  Weigert's  ilethods — with  Special  Ref- 
erence for  Use  in  Lower  Brain  Jlorphology."  The  State 
Hospitals'  Bulletin,  Utica,  vol.  ii.,  1897,  pp.  431-461). 

Marchi's  Method  of  Staining  Degenerated  Myeline 
Sheaths. — Small  pieces  of  tissue  are  hardened  for  eight 
days  in  Jli'iller's  fliud,  transferred  without  washing  to 
Marchi's  fluid,  wliich  consists  of  two  parts  Mliller's 
fluid  mixed  with  one  part  of  a  one-per-cent.  solution  of 
osmic  acid.  In  the  latter  fluid  the  bits  of  tissue  remain 
for  from  five  to  ten  days,  after  which  they  are  washed 
for  twenty-four  hours  in  running  water,  hardened  in 
alcohol,  embedded  in  celloidiu,  and  cut  in  the  microtome. 
The  sections  are  cleared  in  xylol  and  mounted  in  xylol 
balsam.  Chloroform  balsam  is  to  be  avoided.  Degener- 
ated myeline  sheaths  stain  of  an  intense  black,  while  all 
others  remain  of  a  light  yellow  color  or  of  a  slightly 
grayish  tint.  The  method  demonstrates  of  course  onl}' 
myeline  sheaths  in  the  process  of  degeneration.  If  degen- 
eration has  existed  for  over  three  months  and  the  myelin 
has  been  absorljed  the  degenerated  fibres  are  not  demon- 
strable by  Marchi's  method.  The  method  has  proved  to 
be  of  especial  value  in  experimental  work.  It  is  also  of 
great  value  in  studying  recent  degenerations  in  human 
cases  in  which  fresh  autopsies  can  be  obtained. 

The  tissues  may  be  fixed,  if  desired,  in  formol  before 
treatment  with  Marchi's  fluid,  but  the  results  are  not 


quite  so  satisfactory  as  when  the  original  procedure  is 
employed.  Formol  tissues  have  the  ad  vantage  that  they 
warp  less  than  tlKjse  prepared  by  the  original  method. 

Vassale's  Modification  of  Marchi's  Method. — Instead  of 
two  parts  of  MilUer's  fluid  to  one  part  of  the  one-per- 
cent, osmic-acid  solution,  Vassale  uses  three  parts,  and, 
further,  to  100  c.c.  of  the  Marchi  fluid  thus  prepared  he 
adds  twenty  drops  of  pure  nitilc  arid.  He  asserts  that 
by  this  method  precipitates  are  less  abundant  and  the 
degenerated  fibres  stand  out  much  more  sharply  from 
the  other  tissues. 

Hamilton's  Modification  of  Marchi's  Method. — Accord- 
ing to  this  method  Marchi's  fluid  is  applied  after  the  sec- 
tions are  made.  The  sections  are  placed  in  a  fluid  ob- 
tained hj  macerating  brains  hardened  in  bichromate,  in 
chromic-acid  solution,  and  filtering.  This  bath,  he  as- 
serts, renders  the  sections  susceptible  to  the  osmium 
reaction  when  they  are  afterward  treated  with  Marchi's 
fluid.  The  method  requires  further  testing.  The  writ- 
er's experience  with  it  has  not  been  satisfactory. 

D.  Methods  fob  the  Especial  Demonstk.\tion  of 
AxoNEs  OK  Axis-Cyunder  Processes. — Golgi's  method 
and  the  method  of  vital  staining  of  Ehrlich  are  the  best 
we  have  for  the  demonstration  of  the  external  form  of 
axones.  For  the  examination  of  the  finer  internal  struc- 
ture of  axones,  various  methods  ha\e  been  recommended. 

Van  Gieson's  Method. — Tissues  hardened  in  Miiller's 
fluid  are  sectioned  after  embedding  in  celloidiu.  The 
sections  are  stained  for  from  thi'ee  to  five  minutes  in 
Delafield's  hematoxylin,  thorough!}'  washed  in  water, 
and  afterward  stained  in  a  mixture  of  saturated  picric- 
acid  solution  with  saturated  solution  of  acid  fuchsin. 
They  are  then  washed  quickly  in  water,  dehydrated  in 
alccihol,  cleared  in  oil  of  origanum,  and  mounted  in  bal- 
sam. The  axis  cylinders  .stain  deep  red  in  the  acid  fuch- 
sin, the  myeline  sheaths  take  a  yellow  tint  from  the  picric 
acid;  all  nuclei  stain  in  h;ematoxylin,  while  neuroglia 
tissue  takes  the  acid  fuchsin,  especially  in  sclerotic  areas. 

Stroebe's  Method  for  Axis  Cylinders. — Tissues  hardened 
in  MUUer's  fluid  are  sectioned  after  embedding  in  cel- 
loidiu. The  sections  are  stained  in  a  Siiturated  aqueous 
solution  of  aniline  blue  until  they  are  of  a  deep  blue-back 
color.  The  .staining  requires  from  fifteen  to  sixty  min- 
utes. The  sections  are  then  washed  in  water,  differen- 
tiated in  absolute  alcohol  to  which  has  been  added  a  few 
drops  of  a  one-per-cent.  solution  of  caustic  potash  dis- 
solved in  absolute  alcohol  and  filtered  after  standing 
twenty-four  hours.  The  sections  remain  in  this  fluid 
until  they  are  of  a  light  brownish-red  color,  which  usu- 
ally appears  after  a  very  few  minutes.  They  are  then 
washed  in  water,  in  which  the  sections  turn  light  blue. 
As  a  contrast  stain  a  dilute  solution  of  saffranin  is  al- 
lowed to  act  for  from  fifteen  to  thirty  minutes.  Sec- 
tions are  dehydrated  in  absolute  alcohol,  cleared  in  xylol, 
and  mounted  in  balsam.  Axones  stain  deep  blue,  myeline 
sheaths  orange  red,  glia  fibres  blue.  The  method  requires 
some  practice  before  good  results  can  be  obtained. 

Ileld's  31et7iod.for  Studying  Axones. — No  better  mode 
perhaps  of  studying  the  finer  internal  structure  of  axones 
has  been  devised  than  Ileld's  modification  of  Nissl's 
methylene-blue  staining  {vide  suprYi).  The  sections  must 
be  very  thin.  The  neurosomes  and  fibrillary  or  honey- 
comb structures  are  exquisitely  brought  out  by  this  pro- 
cedure. For  showing  the  neurosomes  alone  in  all  parts 
of  the  neurones,  perhaps  the  best  method  is  anotlier  intro- 
duced by  Held.  The  tissues  are  fixed  in  a  solution  of 
neutral  chromate  of  potash,  sectioned  in  paraffin,  and 
stained  with  iron  hiematoxylin. 

E.  Methods  Especi.\i.).y  AppLic,\iiLE  to  Necrog- 
Li.\.  —  Weigert's  Nevruglia  Stain. — -This  stain,  the  method 
for  which  was  published  in  1895  by  Carl  Weigert  of 
Frankfort,  is  carried  out  as  follows:  Tissues  are  fixed 
and  mordanted  for  eight  days  in  the  following  solution: 
acetate  of  copper,  5;  acetic  acid,  5;  chrome  alum,  2.5; 
formol,  10;  distilled  water,  100.  The  chrome  alum  must 
be  dissolved  in  boiling  watei',  while  the  acetate  of  cop- 
per and  acetic  acid  are  added  afterward.  If  these  di- 
rections are  not  followed  a  precipitate  will  be  formed. 
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In  particular,  Weigert  advises  boiling  the  chrome  alum 
and  water  in  an  enamelled  saucepan ;  when  tue  boiling 
is  active  after  the  chrome  alum  has  been  dissolved  the 
flame  is  turned  out  and  the  acetic  acid  and  finely  pow- 
dered neutral  acetate  of  copper  are  added.  One  stirs 
vigorously  imtil  one  can  feel  with  the  glass  rod  that  the 
copper  salt  has  almost  entirely  dissolved.  The  fluid  is 
then  allowed  to  cool  aftd  will  remain  clear.  Tissues 
which  have  been  hardened  for  foTir  days  in  formalin  can 
be  placed  in  this  fluid  and  left  for  four  or  five  days  at 
the  temperature  of  tlie  thermostat  or  for  eight  days  at 
the  room  temperature.  It  is  perhaps  better,  however, 
to  harden  directly  in  a  fluid  to  which  teu-per-cent.  formol 
has  been  added.  The  fluid  .should  be  changed  on  the 
second  daj'.  AVeigert  states  that  tissues  never  become 
brittle  in  this  fluid.  Wlien  desired  to  make  sections  the 
pieces  of  tissue  are  washed  with  water,  dehj'drated  in 
alcohol,  and  embedded  in  celloidin.  The  sections  are 
next  placed  in  .some  reducing  fluid.  Weigert  recom- 
mends a  mixture  of  five-per  cent,  chromogen  and  five- 
per-cent.  formic  acid  f specific  gravity,  1.20)  in  water. 
This  mixture  is  filtered  carefully,  and  before  it  is  used 
one  adds  to  90  c.c.  of  the  fluid  10  c.c.  of  a  ten-per-cent. 
solution  of  ordinary  sodium  sulphite  (that  used  in  pho- 
tography). The  sections  are  placed  first  for  ten  minutes 
in  a  0.33-per-cent.  solution  of  permanganate  of  potash. 
They  are  then  washed  in  water,  after  which  the  water  is 
removed  and  the  reducing  fluid  above  mentioned  is 
poured  upon  the  sections.  After  a  few  minutes  the  sec- 
tions which  were  turned  brown  by  the  permanganate  of 
potash  become  decolorized.  Weigert  recommends  that 
the  sections  be  left  for  from  two  to  four  hours  in  the 
chromogen  mixture. 

After  removal  from  the  reducing  fluid  and  washing 
twice  in  water  the  sections  are  placed  in  a  simple  sjitu- 
rated  aqueous  solution  (jf  chromogen  (made  by  dis,solv- 
ing  five  parts  of  chromogen  in  one  hundred  parts  of  dis- 
tilled water  and  filtering). 

The  sections  remain  in  this  solution  over  night.  The 
longer  they  stay  in  tliis  fluid  the  more  stained  are  the 
nervous  elements  of  the  tissue.  They  are  washed  twice 
in  water,  after  which  the  sections  are  ready  for  the  stain. 
If  the}'  cannot  be  stained  at  once  the  sections  should  be 
preserved  in  the  following  mixture:  eighty-per-cent. 
alcohol,  90  c.c. ;  flve-per-cent.  solution  of  oxalic  acid,  10 
c.c. 

The  sections  are  stained  in  a  methyl-violet  solution 
prepared  in  the  following  way :  methyl  violet  in  excess 
is  added  to  hot  seventy-per-cent.  alcohol,  and  after  cool- 
ing the  fluid  is  poured  off  from  the  undissolved  methyl 
violet.  To  every  100  c.c.  of  this  solution  are  added  5 
c.c.  of  a  five-per-cent.  aqueous  solution  of  oxalic  acid. 
The  sections  are  placed  upon  a  glass  slide,  treated  with  a 
solution  of  iodine  and  iodide  of  potash  (as  in  Weigert 's 
fibrin  stain),  after  which  they  are  differentiated  in  a  mix- 
ture of  equal  parts  by  volume  of  aniline  oil  and  xylol. 
They  are  then  washed  in  xylol  very  carefully  several 
times.  Otherwise  the  preparations  do  not  keep  well. 
They  are  then  mounted  in  balsam,  exposed  for  from  two 
to  five  days  to  diffuse  daylight,  and  afterward  kept  in 
cabinets  in  the  ordinary  way. 

An  excellent  staining  method  for  neuroglia  is  that  in- 
troduced by  F.  B.  Mailory,*  of  Boston.  The  tissues  are 
fixed  in  equal  parts  of  a  saturated  aqueous  solution  of 
picric  acid  and  a  five-per-cent.  solution  of  formalin. 
They  remain  in  this  for  from  four  to  seven  days.  The 
tissues  are  then  transferred  to  a  two-per-cent.  solution  of 
ammonium  bichromate,  wheie  they  remain  for  from  one 
to  two  weeks.  They  are  then  washed  in  water,  dehy- 
drated in  alcohol,  and  embedded  in  celloidin.  The  cel- 
loidin is  removed  from  the  sections,  which  are  then  stained 
feebly  in  carmine  and  afterward  stained  by  Weigert's 
fibrin  stain. 

F.  Methods  for  DEUONSTRATrKG  Fibrtllar  and 
Reticular  Stritctures  in  the  Nervous  System. — S. 

*  Mailory,  F.  B. :  Ueher  gewisse  eipenthumllche  Farbereactionea 
der  Neuroglia.  Centralbl.  t.  allg.  Pathol,  u.  path.  Anat.,  Jena,  Bd. 
vt.,  1895,  October  31st,  S.  753-758. 


Apathy,  of  Klausenburg,  has  introduced  several  methods 
which  are  of  the  greatest  value  for  staining  the  neuro- 
fibrils in  lower  animals.  Thev  do  not  stain,  however, 
the  same  fibrils  in  vertebrates.  Three  principal  methods 
have  been  introduced  by  Apathy. 

(1)  Stiiininyof  Fi-esh  Tissue  irith  Methylene  Blue.—Th.\i 
method  is  described  in  the  Zeitschr.  f.  wissensch.  ilikr., 
Bd.  ix.,  1892. 

(2)  Staining  of  Hardened  Tissue  with  a  Solution  of 
IlamntHn. — The  tissues  may  be  fixed  by  any  one  of  sev- 
eral methods:  sublimate,  sublimate  alcohol,  corrosive 
acetic,  picric  acid,  Zenker's  fluid,  etc.  After  fixation  the 
tissues  may  be  kept  in  ninety -per-cent.  alcohol  imtil  it  is 
desired  to  stain  them.  The  pieces  should  not  exceed  5 
mm.  in  thickness.  They  are  stained  in  bulk  in  a  solution 
of  ha'matein,  prepared  by  successively  pouring  together 
equal  volumes  of  the  three  following  ingredients:  one 
percent.  ha?matein  tinctvu'c,  coucentrated  glycerin,  and 
nine-per-cent.  alum  solution  with  addition  of  Siilicylic 
acid  and  acetic  acid.  Tlie  ha'mat(-in  dilution  is  prepared 
from  hematoxylin  b_v  ripening  it.  A  one-per-cent.  solu- 
tion of  ha'matoxylin  crystals  in  a  seventy-per-cent.  solu- 
tion of  pure  alcohol  is  first  made.  This  is  allowed  to 
stand  in  a  flask  of  good  glass  \\liich  is  not  quite  full. 
The  oxidation  of  the  hannatoxylin  tolueraatein  should  go 
on  at  the  room  temperature  for  from  six  to  eight  weeks. 
The  alum  sohition  is  prepared  as  follows:  9  parts  of 
alum,  3  paits  of  glacial  acetic  acid,  and  0.1  part  of  sali- 
cylic acid  are  dissohed  in  100  parts  of  water. 

The  tissue  remains  in  the  dye  for  at  least  forty -eight 
hours.  It  is  then  washed  for  twenty  four  hours  in  pure 
double  distilled  water,  which  must  be  often  changed. 
The  tissue  is  then  placed  in  feebly  alkaline  water  for 
from  three  to  five  hours,  after  which  it  is  returned  for 
two  hours ^at  most)  to  distilled  water.  It  is  then  quickly 
dehydrated  in  alcohol  and  embedded  in  either  celloidin 
or  paraftin. 

(3)  Sldininrj  of  Fresh  and  Fired  Tissues  by  the  Oold 
Method. — The  tissue  is  cut  into  thin  pieces  and  placed  in 
a  solution  of  yellow  gold  chloride.  The  amount  of  fluid 
should  be  ten  times  tlie  volume  of  the  object.  After  the 
treatment  with  the  gold  solution  tlie  tissue  is  exposed  to 
tlie  light  in  a  one-percent,  solution  of  formic  acid  (crys^ 
tallized,  specific  gravity,  1.223)  in  distilled  water.  The 
tissue  should  bo  exposed  to  direct  or  indirect  sunlight 
from  all  sides,  the  vessel  containing  it  sitting  upon  a 
mirror.  The  exposure  to  liglit  should  not  be  too  short, 
but  exposure  for  more  than  twenty-four  hours  is  not 
advisable.  At  least  six  or  eight  hours  is  always  needed. 
For  full  particulars  regarding  the  methods.  Apathy's* 
article  is  referred  to. 

Bethe  has  recentlj'  intr«duced  a  method  by  which  the 
neurofibrils  in  the  tissues  of  human  beings  and  other 
mammals  can  be  stained;  it  is  as  follows:  Fresh  tis,sue 
in  discs  4  to  10  mm.  tliiclv  are  laid  upon  filter  paper  and 
immersed  in  nitric  acid  of  a  strength  of  from  tliree  to 
seven  and  one-half  per  cent.,  where  they  remain  for 
twenty-four  hours,  the  pieces  being  frequently  turned. 
The_y  are  then  transferred  to  ninety-six-per-cent.  alco- 
hol, where  they  remain  for  from  twelve  to  twenty-four 
hours.  The  pieces  are  then  immersed  for  from  twelve 
to  twenty-four  hours  in  the  following  mixture:  ammo- 
nia (specific  gravity,  0.9.5  to  0.90).  1  part;  water,  3 
parts;  ninety-six-per-cent.  alcoliol,  8  parts.  The  tem- 
perature should  not  exceed  20°  C.  The  pieces  are  then 
transferred  for  from  six  to  twelve  hours  to  ordinary 
alcohol.  After  this  they  are  placed  in  acid  alcohol  of 
the  following  constitution:  hj'drochloric  acid,  concen- 
trated, 1  part:  water.  3  parts;  ninety-six-per-cent.  alco- 
hol, 8-12  parts.  In  this  the  tissues  become  light  yellow 
or  nearly  white  if  they  have  only  been  feebly  acted  upon 
by  the  nitric  acid.  After  treatment  with  acid  alcohol  the 
tissues  are  again  placed  in  ordinary  alcohol  for  from  ten 
to  twenty -four  hours.  They  are  then  washed  in  water 
for  from  two  to  six  hours.     After  this  they  are  molyb- 

*  Apdthy,  S.:  Das  leitende  Element  des  Nervensystems  und  seine 
topographischen  Beziehungen  zuden  Zellen.  I.  Mitthellung,  Mittbeil. 
d.  Zool.  Station  Neapel,  Bd.  xii.,  p.  495-748. 
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danized.  The  blocks  of  tissue  are  transferred  to  a  four- 
per-ceut.  solution  of  ammonium  molybdate,  where  they 
remain  for  twenty -four  hours.  They  are  then  quickly 
■washed  in  distilled  water,  dehydrated  in  ninety-six-per- 
cent, alcohol  for  from  ten  to  twenty-four  hours,  then  in 
absolute  alcohol  for  the  same  length  of  time ;  cleared  iu 
xylol  or  toluol  and  emliedded  in  paraffin  (not  in  celloidiu). 

The  neurofibrils  and  the  Golgi  network  can  be  stained 
by  this  method. 

For  further  details  and  for  a  modification  of  the  method, 
Bethe's  original  article  is  referred  to.* 

Microscopic  Appearances. 

The  brains  of  different  animals  vary,  of  course,  in  size 
and  complexity.  The  present  article  deals  almost  en- 
tirely with  the  minute  anatomy  of  the  human  brain. 

In  human  beings  we  designate  as  brain  or  encephalou 
that  portion  of  the  central  nervous  system  enclosed 
within  the  skull.  It  is  continuous  at  the  level  of  the 
great  occipital  foramen  with  the  spinal  cord  or  medulla 
spinalis.  The  brain,  like  the  spinal  cord,  is  enclosed  iu 
membranes  known  as  meninges:  (1)  A  firm  tough  mem- 
brane (dura  mater  encephali);  (2)  a  very  delicate  mem- 
brane close!}'  crowded  with  minute  blood-vessels  and 
closely  attached  to  the  surface  of  the  brain  substance 
(pia  mater  encephali);  and  (3)  a  membrane  between  the 
two  former  membranes,  (arachnoidea  encephali). 

The  gross  anatomy  of  the  brain  is  described  in  another 
article  in  this  Handbook. 

With  the  naked  eye  it  is  seen  that  the  main  mass  of 
the  brain  consists  of  a  very  white  substance,  the  so-called 
white  matter,  or  substantia  alba,  and  a  gray  substance,  the 
so-called  gray  matter,  ox  substantia gri sea .  The  substantia 
alba  is  more  abundant  than  the  substantia  grisea.  In 
general  it  may  be  said  that  in  the  brain  the  gray  sub 
stance  is  chielly  on  tlie  surface  of  Mie  organ  and  in  cer- 
tain large  gray  masses,  the  so  called  basal  ganglia-  while 
the  white  matter  is  situated  internally,  being  surrounded 
by  the  gray.  The  relative  positions  of  white  and  gray 
matter  are,  in  the  brain,  exactly  the  reverse  of  those  in 
the  spinal  cord,  where  the  gray  matter  is  inside  and  the 
white  matter  outsiile.  In  the  region  of  the  brain  nearest 
to  the  spinal  cord,  a  very  irregular  arrangement  of  gray 
and  white  matter  is  met  with,  the  various  masses  of  gray 
matter  being  known  as  "  nuclei  "  of  the  gray  substaiic<'. 
These  nuclei  include  among  other  structures  the  nuclei 
of  origin  and  termination  of  various  cerebral  nerves. 

Histological  research  has  shown  that  the  nervous 
system,  like  the  other  tissues  of  the  body,  consists  of  an 
aggregation  of  cells  and  intercellular  substances  derived 
from  cells.  All  the  cells  of  the  central  nervous  sj'stem 
except  those  of  the  meninges  and  the  blood-vessels,  with 
the  tissue  immediately  adjacent  to  the  latter,  are  believed 
to  be  derived  from  the  ectoderm  or  outermost  layer  of 
the  embryo. 

The  cells  in  the  brain  may  be  divided  into  two  main 
groups:  (1)  the  true  nerve  cells  or  iieiirones,  and  (2)  all 
other  cells  including  those  of  the  neuroglia  and  epemiyma. 

The  neri'e  cells,  or  neurones,  differ  markedly  from  other 
cells  in  the  body  in  that  portions  of  the  protoplasm  are 
drawn  out  in  many  instances  to  form  threads  of  great 
length.  Nt)where  in  the  body  do  cell  processes  so  long, 
so  complex,  so  much  branched,  and  so  delicate  occur  as 
in  the  nervous  system.  While  nerve  cells  vary  distinctly 
in  size,  shape,  and  mode  of  branching,  the  most  common 
type  possesses  the  following  characteristics:  each  nerve 
cell  or  neurone  consists  of  a  cell  body  or  perikaryon,  a 
number  of  protoplasmic  prpcesses  or  dendrites,  and  a  sin- 
gle long,  delicate  process  which  often  becomes  suiTounded 
with  an  especial  fatty  sheath  (myelin),  the  so-called  (/.rone 
or  axis-cylinder  process. 

The  nerve  cells,  compared  with  other  cells  of  the  bod)', 
are  as  a  rule,  large,  contain  large  nuclei,  poor  in  chro- 
matin, and  usually  provided  with  a  large  nucleolus. 

•Bethe,  A.:  Das  Molyhdanverfabren  zur  Darstellung  der  Neuro- 
flbrillen  and  Golirinetze  im  Centralnervensystem.  Zeitschr.  f.  wls- 
senseh.  Mlkr.,  Bd.  xvii.,  1900,  S.  13-35. 


The  dendrites  or  protoplasmic  processes  are  thick  at 
their  origin  and  gradually  diminish  in  calibre  as  they 
pass  from  the  cell,  owing  to  manifold  subdivision. 
Through  the  multiplication  of  these  processes  the  area 
of  the  surface  of  the  protoplasm  of  the  cell  is  enormously 
increased. 

The  a.ro)ie  differs  from  the  dendrite  in  that  it  arises  by 
a  thin  wedge  of  origin,  usually  from  the  cell  body,  but 


Fig.  90.5.— Schematic  Representation  of  a  Lower  Motor  Neurone.  The 
motor  cell  from  the  ventral  horn  of  the  spinal  cord,  together  with  all 
its  prntnplasniic  pmcesses  and  their  divisions,  its  axis-cylinder  proc- 
ess Willi  its  iltvisions,  side  fibrils,  or  collatenils,  and  end  niiuillca- 
tluns  ileldilcndiinus  (ir  motor  end-plates)  in  the  niusrle.  represent 
pai-ts  of  a  single  cell  or  nuuronr.  aJi.  .\.xone  hillock  devoid  of  Nissl 
bodies,  and  showing  a  tendpTu  y  to  tll'rillation  ;  a..r,  axis  cylinder  or 
axone.also  indistinctly  tlhnllated.  Tliis  process,  at  a  short  distance 
from  the  cell  body,  becomes  sun-ounded  liy  a  niyeline  sheath.  )n,  and 
a  cellular  sheath,' the  nem-ilemma.  the  latter  not  beinir  an  integral 
part  of  the  neurone;  c.  cytoplasm  showing  the  dark-i-olored  Nissl 
bodies  and  lighter  ground  substance ;  d,  protoplasmic  processes 
(dendrites)  containing  Nissl  bodies ;  n,  nucleus ;  n',  nucleolus ; 
n.R,  node  of  Ranvler;  .sf,  side  Hbril ;  n  of  h,  nucleus  of  neuri- 
lemma sheath  ;  tel.,  motor  end-plate  or  telodendrion :  m',  striped 
muscle  fibre ;  S.L.,  segmentation  of  Lantemiann.  (From  "  The 
Nen-ous  System  and  Its  Constituent  Neurones,"  D.  Appleton  &  Co., 
New  York,  1899.) 

sometimes  from  one  of  the  dendrites  near  the  origin  of 
the  latter.  The  axone  has  a  smooth,  regular  surface  and 
very  even  calibre,  even  when  followed  for  a  long  distance 
from  the  cell  bod)'  which  gives  it  origin.  The  length  of 
the  axone  may  vary  greatly.     If  it  is  very  long  it  usually 
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becomes  surrounded  by  a  myeline  sheath  (inaxone,  Golgi's 
cell  type  I. )  (Fig.  905) ;  if  it  is  very  short,  terminating  near 
the  cell  body,  it  does  not  become  surrounded  by  a  myeline 
sheath  (dendraxone,  Golgi's  cell  type  II.)  (Fig.  906).    Many 


Fig.  906.— Golgi's  Cell  of  Type  II.  or  Dendraxone  from  the  Cerebrum  of 
a  Cat.  (After  Kr>Iliker.i  The  coarse  protoplasmic  processes,  x,  are 
easily  distmj-'iiish;ihiH  frum  the  axis-cylinder  process,  a.  though  the 
latter  soon  loses  its  id*^ntity,  exhausting  itself  by  multiple  division 
at  a  sbort  distance  from  the  cell. 

axones,  especially  the  longer  ones,  give  off  as  they  pass 
through  the  nervous  tissue  delicate  lateral  branches 
known  as  collaterals.  These  collaterals  are  also  sur- 
rounded by  fatty  sheaths.  A  few  lateral  branches  given 
off  very  close  to  the  origin  of  the  axoue  do  not 
become  surrounded  by  fatty  sheaths  inasmuch  as 
this  portion  of  the  a.xone  is  also  free  from  investing 
sheath.  These  non-medullated  lateral  branches  are 
known  as  the  side  Jibrils  of  Golgi.  All  collaterals 
and  the  terminals  of  the  axones  themselves  ulti- 
mately become  exhausted  by  manifold  subdivi- 
sion in  regions  where  these  fine  subdivisions  can 
enter  into  relations  with  the  cell  bodies  or  branches 
of  the  cell  bodies  of  other  nerve  cells  or  neurones. 
These  ultimate  branchings  with  formations  of  deli- 
cate terminal  arborizations  are  the  so-called  idoden- 
drions.  It  is  believed  that  it  is  the  great  mass  of 
nerve  cells  or  neurones  which  are  responsible  for 
the  truly  nervous  functions,  namely,  the  reflex,  in- 
stinctive, and  volitional  activities  of  the  body. 

The  epemii/miil  cells  are  those  which  line  the  cen- 
tral canal  of  the  centi-al  nervous  system.  Thus, 
they  line  the  walls  of  the  ventricles  of  the  brain, 
those  of  the  aqueduct  of  the  cerebrum  and  the  cen- 
tral canal  of  the  spinal  cord. 

The  ncvroglia  cells,  also  ectodermal  in  origin,  are 
widely  distributed  throughout  the  nervous  tissues 
of  the  brain  and  are  believed  by  most  observers  to 
represent  supporting  cells.  They  include  the  spider 
cells,  the  stellate  glia  cells,  and  various  other  forms 
of  cells.  They  are  present  in  both  the  white  and 
the  gray  substance. 

The  intercellular  substances  in  the  brain  have  only 
begun  to  be  worked  out ;  while  many  believe  that  the 
only  intercellular  substances  present  are  the  fluids  of 
the  lymph  derived  from  the  blood,  others  maintain 
the  existence  of  an  enormous  number  of  fibrils  be- 
tween the  cells.  Studies  of  Weigert  indicate  the  existence 
of  neuroglia  fibrils  differentiated  from  the  neuroglia  cells. 
Many  of  these  fibrils  pass  directly  through  the  bodies  of 
the  glia  cells.  The  studies  of  Apathy  and  Bethe  indicate 
the  presence  of  highly  differentiated  fibrils  inside  the 


bodies  of  the  true  nerve  cells  or  neurones.  These  fibrils 
they  believe  pass  from  one  neurone  to  another.  Nissl 
has  gone  even  further  and  asserts  that  great  masses  of 
these  fibrils  exist  outside  the  cells,  and  ho  believes  that 
the  peculiar  character  of  the  gray  matter,  especially  of 
that  of  the  cerebral  cortex,  is  due  to  the  presence  of 
these  fibrils  between  the  cells.  The  views  of  Nissl  have 
not  as  yet  been  confirmed. 

The  gray  and  white  matter  of  the  brain  are  richly  sup- 
plied with  blood  by  means  of  a  very  indirect  network  of 
capillaries  derived  from  the  intracranial  blood  vessels. 
The  supply  of  blood  to  the  gray  substance  is  much  more 
copious  than  that  to  the  white  substance. 

After  these  preliminarv  statements  the  cells  and  inter- 
cellular substances  of  which  the  brain  is  composed  may 
be  considered  more  in  detail. 

The  nerre  cells  or  neurones  will  be  considered  first.  A 
striking  feature  is  the  uniformity  in  type  met  with  in  va- 
rious parts  of  the  brain.  There  are,  however,  differences 
even  in  external  form  which  are  easily  recognizable  by 
the  trained  histologist.  The  cells  in  certain  of  the  gray 
masses  have  so  distinct  a  type  that  their  origin  can  be 
predicted  at  once  when  they  are  seen  under  the  micro- 
scope. The  differential  features  lie  in  the  form  and  size 
of  the  cell  body,  the  characters  of  the  dendrites  and  ax- 
ones, and  the  relations  of  these  to  the  cell  body. 

Among  the  cell  bodies  or  perikaryons  there  are  great 
variations  in  size.  Thus,  for  instance,  the  large  cells  of 
Betz  in  the  paracentral  lobule  possess  cell  bodies  many 
times  the  size  of  the  minute  perikaryons  of  the  olfactory 
granules.  The  shape,  too,  of  the  cell  bodies  varies  much. 
The  pyramidal  cell  of  the  cortex  of  the  cerebrum,  the 
flask-shaped  cell  of  Purkinje  in  the  cerebellar  cortex,  and 
the  large  multipolar  ganglion  cells  of  Deiters'  nucleus 
may  be  recalled. 

The  dendrites  of  the  nerve  cells  are  usually  numerous, 
rarel}'  single.  These  processes  appear  to  be  much  drawn- 
out  portions  of  the  cell  bod_v.  Tlie  relation  of  the  jiroc- 
esses  to  the  cell  body  varies  with  different  types  of 
neurones.     Thus,  in  the  nuclei  of  origin  of  the  motor 


Fig.  907.— Photomicrograph  of  a  Normal  Purkinje  Cell  from  the  Human 
Cerebellar  Cortex.     (After  Berkley.) 


cerebral  nerves,  large  dendrites  project  from  nearly  all 
portions  of  the  surface  of  the  cell  body.  From  the  cells 
in  the  hippocampus,  dendrites  project  only  from  the  two 
poles  of  the  cell.  In  the  cerebellar  cortex  the  neck  of 
the  flask-shaped  cell  is  a  huge  dendrite  which  subdivides 
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soon  into  two  or  more  large  branches,  which  then  go  on 
to  subdivide  overaud  overagain  until  a  forest  of  dendritic 
branches  has  been  formed  which  has  no  equal  elsewhere 
in  the  nervous  system  (Fig.  907).  In  the  cerebral  cortex 
the  pj-ramidal  cells  give  off  dendrites  from  the  apex  and 
from  the  lateral  angles  of  the  pyramid  (Fig.  908).  While 
in  some  of  the  neurones  the  various  dendrites  arc  ap- 
proximatel.y  equal  in  size  and  in  extent  of  distribution 
(cells  of  motor  nuclei),  in  other  neurones  the  size  and 
mode  of  distribution  of  fibres  from  a  given  cell  may  be 
very  different.  Thus,  taking  a  pyramidal  cell  of  the 
cerebral  cortex  again  for  an  example,  while  the  api<'al 
dendrite  forms  a  large,  strong,  straight  branch  which  as 
a  rule  extends  a  long  distance  from  the  cell  before  lireak- 
ing  up  into  an  end  tuft  of  subdivisions,  the  smaller  den- 
drites given  off  from  the  angles  of  the  pyramid  are  of 
much  smaller  calil)re,  are  often  tortuous,  branch  quickly 
after  leaving  the  cell  body,  and  soon  exhaust  themselves 
by  multiple  subdivision  in  an  area  close  to  the  perikaryon. 
The  branches  of  the  individual  dendrites,  no  matter  how- 
far  away  from  the  cell  they  terminate,  appear  to  end 
free.     It  was  believed  that  they  always  came  into  direct 


in  the  brains  of  individuals  dead  of  certain  pathological 
processes.  In  normal  individuals  these  varicosities  or 
bulging.s  are  probablj'  to  be  regarded  as  artefacts  (Fig, 


\ 
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Fio.  900.— The  Lateral  Buds  or  GPTiiinuIes  on  the  Apical  Den- 
(IritHS  nf  tlif  PxTaiulilal  Cells  of  the  Cerebral  Cortex.  Methy- 
li-ni'-hlue  pri'iiaration.  (After  Ramon  y  Cajal,  S.,  "Textura 
del  sisteuia  n»Tvit)sa,"  p.  .5.5,  FiR.  13.) 

910).     Their  pathological  significance  in  abnormal 
brains  is  difficult  to  determine,     A  few  nerve  cells 


Fig.  908,— Photomicropraph  of  a  Normal  Pyramidal  Cell  from  the  Cere- 
bral Cortex  of  the  (iuinea-Pig.  (.^-tter  Berkley.)  The  single-branched 
apical  dendrite  and  the  h.asal  dendrites  show  distinctly  the  lateral  buds 
or  "gennnules."    The  axone  is  relatively  s:nooth. 


contact  or  even  into  more  intimate  connection  with  the 
walls  of  blood-vessels,  but  this  view  has  been  given  up. 
It  has  been  proven,  however,  that  they  come  into  inti- 
mate relation  with  the  terminals  of  the  axones  and  col- 
laterals of  other  neurones,  and  it  is  believed  by  many  that 
this  relation  is  one  which  subserves  the  purpose  of  a 
transference  of  impulses,  that  is  to  say,  the  relation  is 
thought  to  be  a  conduction  relation.  The  surface  of  the 
dendrites  is  liy  no  means  smooth,  and  in  this  particular 
is  in  strong  contrast  with  the  surface  of  the  axones.  In 
well-impregnated  Golgi  preparations  and  in  certain 
methylene  blue  preparations  it  is  possible  to  make  out 
minute  projections  from  the  surface  of  ceitain  of  the 
dendrites,  esjiecially  from  the  apical  dendrites  of  the 
pyramidal  cells  in  the  cerebral  cortex.  These  prickle- 
like projectif)ns,  when  seen  under  ver_y  high  powers,  have 
a  nodular  extremity.  ,  They  are  the  so-called  lateral  buds 
or  gemmules  (Fig".  9*09).  "in  the  course  of  a  dendrite 
definite  bulgings  are  sometimes  met  with.  These  bulg- 
ings  or  varicosities  are  at  times  found  in  what  are  believed 
to  be  normal  tissues,  but  appear  to  be  more  frequent 


Fig.  910.— Multipolar  Nerve  Cell  from  the  Cord  of  the  Embryo  Calf, 
Showing  Varicosities  of  the  Dendrites.    (After  Van  Gehuchten.) 
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have  been  described  hi  which  no  dendritic  processes 
could  be  made  out.  They  are  the  so-called  adendritic 
neurones. 

The  axone,  as  has  been  stated,  is  usually  single.     There 
are  neurones,  however,  which  possess  two  axones,  the 


Fio.  911. — Special  Cells  (Polyaxones)  of  Molecular  Layer  of  Cerebral 
Cortex  of  a  Dog  One  Day  Old.  (After  Ramdn  y  Cajal.)  .,1,  Fusi- 
form cell ;  B,  triangular  cell :  C  another  fusLfomi  cell ;  D.  polyg- 
onal cell  with  numerous  dendrites  and  an  asone  which  divides  re- 
peatedly ;  c,  axones. 

so-called  diofones.  In  the  cerebral  cortex  are  found  cer- 
tain cells  wliich  possess  several  processes  which  must  be 
regarded  as  axones.  They  are  known  as  polj/aiones  (Fig. 
911).  An  axone  which  in  its  course  divides  or  bifurcates 
into  nearly  equal  parts  is  known  as  a  sdiiicrone.  A  few 
neurones  devoid  of  axones  have  been  designated  as 
aiwxones  or  amacrine  cells. 

The  telode/idrioiis  of  axones  come  into  relation  with 
the  cell  bodies  and  dendrites  of  otlier  neurones.  This 
relation  is  very  intimate,  as  will  be  described  farther  on, 
and  is  believed  by  manj-  to  be  a  conduction  relation  for 
the  transference  of  impulses.  Inasmuch  as  the  teloden- 
driou  of  the  axone  of  one  neurone  usually  comes  into 
such  relation  with  the  cell  bodies  and  dendrites  of  a 
number  of  other  neurones,  it  seems  likely  that  there  is 
under  such  conditions  a  multiplication  of  elements  in  the 
direction  of  the  conducting  path.  This  anatomical  re- 
lation is  the  basis  of  the  "avalanche  conduction  "  hypoth- 
esized by  Ramon  y  Cajal  (Fig.  91'3).  Certain  special 
forms  of  telodendrion  are  met  with  in  different  parts  of 


tral  nervous  system  these  long  axones  do  not,  however, 
possess  any  sheath  which  corresponds  to  the  neurilem- 
ma of  the  peripheral 
nerves. 

The  m  ye  line 
slieath  of  the  axones 
is  strongly  refrac- 
tive and  glistening. 
Examined  fresh  it 
is  quite  homogene- 
ous, but  soon  un- 
dergoes certain  al- 
terations. One  of 
the  most  marked  of 
these  is  the  appear- 
ance of  certain 
oblique  splits  in 
the  medullary  sub- 
stances whii-h  di- 
vide the  myelin  into 
a  number  of  seg- 
ments, known  as 
Lantei'mann's  seg- 
ments. Treatment 
of  the  my e line 
sheath  with  hot 
ether  or  alcohol  dis- 
solves out  a  large 
portion  of  the  m^'- 
elin,  but  leaves  be- 
hind a  delicate  net- 
work which  is  very 
resistant  (Fig.  914). 
This  network  is  not  digestible  in  artificial  pancreatic 
juice.  It  is  the  so-called  neurokeratin  of  Ewald  and 
Kfihne,  and  is  believed  to  be  allied  chemically  to  the 
keratin  of  the  epidermis. 

The  myeline  sheath  at  certain 
intervals  shows  definite  indenta- 
tions, the  nodes  of  Ranvier.  The 
thickness  of  the  myeline  sheath 
varies  greatly  for  different  fibres 
and  does  not  appear  to  be  entirely 
dependent  upon  the  size  of  the 
axone  contained.  It  is  believed 
that  the  myelin  is  dependent  for 
its  origin  and  nutrition  upon  the 
integrity   of    the  axone.     If    the 


FiG.,913.— The  So-Called  "  CUmbing  Fibres  " 
of  the  Cerebellar  Cortex  from  the  Brain 
of  a  ChUd  a  Month  and  a  Half  Old.  (After 
Kolliker.) 


ra 


Fig.  913. — The  neurone  B  bas  an  axone  which  gives  off  a  number  of  branches ;  by  means  of  these  branches  con- 
duction-relation with  the  cell  bodies  of  a'  number  of  Piu-kinje  cells  is  established.  (After  Ram<5n  y  Cajal, 
S.,  "Textiuti  del  sistema  nerrtoso,"  Madrid,  It^Sg.  p.  69,  Fig.  19.) 


the  brain.  Of  these  the  calyx-like  terminals  in  the 
nucleus  of  the  trapezoid  body  and  the  climbing  fibres  of 
the  cerebellar  cortex  (Fig.  913)  may  be  mentioned.  The 
term  syyiajm's  has  been  introduced  to  designate  the  ana- 
tomical relation  of  one  neurone  with  another. 

It  has  been  mentioned  that  the  dendraxones  have  short 
axones  without  an  investment,  while  the  inaxones  possess 
long  axones  provided  with  a  myeline  sheath.     In  the  cen- 


axone  be  cut  through,  the  m3'eline 
sheath  as  well  as  the  axone  distal 
from  the  point  of  section  under- 
goes complete  degeneration  and 
is  absorbed  usually  in  about  three 
months. 

The  medullated  collaterals  pos- 
sess the  same  structure  and  un- 


Fifi.  914.— Nerve  Fibre 
After  Treatment  with 
Ether.  ( After  Ramdn 
y  Cajal,  S.,  "Textura 
del  sistema  nervioso," 
Madrid,  1899.  p.  3na 
Fig.  68.; 


334 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Brain. 
Brain. 


dergo  the  same  mode  of  temination  as  do  fine  axones. 
The  uon-medullated  side  fibrils  behave  like  the  non- 
medullated  axones  of  dendraxones.  Some  of  the  non- 
medullated  side  fibrils,  however,  have  the  peculiarity  of 
rumiing  back  to  end  iu  the  form  of  flat  terniiual  plates 
upon  the  cell  body  of  the  neurone  to  which  they  belong. 
The  axone  close  to  the  nerve  cell  is  usually  entirely 
devoid  of  any  covering  of  myelin  (Fig.  91."i|.  A  reticular 
investment,  however,  has  been  demonstrated  upon  the 
cell  bodies  and  dendrites  by  Golgi  (Fig.  916).     This  in- 


FIG.  915.— Methylene-BIue  Preparation.  The  axone  close  to  the  peri- 
karyon s  devoid  of  myellne  sheath,  f  After  Ram6n  y  Cajal,  "  Tex- 
tura  del  sistema  nervioso,'"  Madrid,  1899,  p.  113,  Fig.  34.) 

vestment  may  be  homogeneous  upon  the  finer  branches 
of  the  dendrites.  Its  exact  nature  has  not  yet  been  de- 
termined, but  Golgi  suggests  that  it  maj'be  of  the  nature 


FlO.  916.— Nerye  Cell  Showing  Reticular  Investment.  (Alter  C.  Golgi, 
Arch.  Jtal.  ilc  Bi<il.,  Turin,  t.  xxx.,  1898,  p.  62.)  The  cell  is  from 
the  ventnti  horn  of  the  spinal  cord  of  a  cat. 

of  neurokeratin.  These  fine  networks  are  drawn,  as  it 
were,  like  stockings  over  the  perikaryon  and  dendrites. 
Golgi's  network  does  not  seem  to  be  identical  with  the 
networks  of  Held  and  Bethe.  Held's  networks  (Fig. 
917)  are  believed  to  be  formed  by  the  subdivisions  of  fine 
terminal  axones.  The  nature  of  Bethe's  pericellular  net- 
'  work  (Fig.  918)  is  not  yet  clear. 


We  may  pass  now  to  a  consideration  of  the  finer  struc- 
ture of  the  protoplasm  and  nucleus  of  the  nerve  cell  or 
neurone,  the  observations  which  have  preceded  having 


Fig.  91V.— Pericellular  Networks  Believed  hy  Held  to  he  Formed  by 
the  Terminals  of  Axones.  Golgi  preparations  from  a  cat  twenty  days 
old.  Sections  lO  ^  thick.  (After  H.  Held,  Arch.  f.  Anat.  it. 
Physiol.,  Leipsic,  1897,  Anat.  Abth.,  Suppl.  Bd.,  Taf.  xiv..  Figs.  5,  7, 
and  8.)  A.  Cell  with  network  from  nucleus  nervi  cochlete  yen- 
Iralis.  The  pericellular  network  suri-onnds  Die  whole  cell  and  a 
deinirit'-  piissiTii:  upwjini.  Tlie  tlttre  ii  <M.rresponils  to  one  of  the 
thickened  lllires  of  the  n.  cochlea-  described  Ipy  liaimin  y  C'ajal  and 
Held,  lieyonil  the  thickened  spot  Illnils  go  to  join  the  general  peri- 
cellular network. 

dealt  almost  entirely  with  the  external  form  of  the  neu- 
rone and  its  various  bi'anches.  The  jiroloplasm  of  the 
cell  body  and  dendrites  of  the  neurone  varies  cousider- 


FiG.  918.— Network  About  Perikaryon  and  Dendrites  Demonstrable  by 
the  Method  of  Bethe.  (After  F.  Nissl,  MUnchen.  med.  WacheHSChr., 
Bd.  xlv.,  1898,  S.  1034,  Figs.  1,  3.)  Nerve  cell  from  the  nucleus 
dentatus  of  a  dog. 
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ably  in  appearance  from  that  of  the  axone,  especially  in 
fixed  preparations.  In  entirely  fresh  specimens  taken 
from  an  animal  just  killed,  little  if  any  difference  can  be 
made  out,  the  protoplasm  in  all  parts  of  the  neurone  be- 
ing homogeneous.  The  protoplasm  of  the  cell  body  con- 
tains an  attraction  sphere  or  archiplasm  within  which 
are  situated  one  or  more  centrosomes.  The  peripheral 
portion  of  the  protoplasm  or  so-called  exoplasm  differs 
somewhat  in  appearance  from  the  central  portion  of  the 
protoplasm  or  so-called  endoplasm,  the  former  show- 
ing a  more  marked  tendency  to  a  fibrillar  structure,  the 
latter  showing  in  most  preparations  a  sf)raewhat  more 
granular  appearance.  The  ground  substance  of  both 
exoplasm  and  endoplasm  looks  in  ordinary  preparations 
to  be  more  or  less  homogeneous. 

The  nucleus  of  the  nerve  cell  or  neurone  is  always 
situated  in  the  cell  body,  never  in  one  of  the  branches, 
and  as  a  rule  occupies  nearly  a  central  position  under 
normal  conditions.  This  nucleus  is  larger  than  that  of 
most  cells  of  the  body,  is  very  poor  in  substances  which 
stain  in  nuclear  dyes,  the  so-called  achromatic  portion  of 
the  nucleus  being  relatively  very  abundant.  There  is 
nearly  always  one  large,  easil_v  stainable  nucleolus. 
Sometimes  the  nucleoli  are  multiple. 

The  appearance  of  the  protoplasm  of  the  neurones 
varies  with  different  methods  of  preparation.  With  cer- 
tain methods  the  protoplasm  has  a  spotted  appearance 
owing  to  the  staining  of  bodies  known  as  tif/roid  masses,  or 
Sfissl  bodies  (Fig.  919).  By  other  methods  a  vacuolar  or 
spongy  network  can  be  demonstrated,  and  in  the  meshes  of 
the  network  certain  minute  staining  bodies,  the  so-called 
neurosomes,  appear.  By  still  other  methods  of  prepara- 
tion a  fibrillar  structure  becomes  apparent.  Accord- 
ingly, very  divergent  views  prevail  as  to  the  ultimate 
nature  of  the  protoijlasmic  structure,  each  investigator's 


Fig.  919.— Part  of  a  Pyramidal  Cell  from  the  Cerebral  Cortex  Showing 
the  Tigroid  Masses.  CAfter  Ranicin  y  Caial,  S.,  "  Textura  del  sis- 
tema  nervioso,"  Madrid,  1899,  p.  Uil,  Fig.  37.) 

views  being  colored  by  the  method  with  which  he  is 
most  familiar  and  in  the  results  of  which  he  places  most 
confidence.  Until  further  knowledge  has  been  gained  it 
is  safer  for  the  neuro-histologist  to  work  with  the  various 


methods,  describing  accurately  the  results  attained  with 
each,  and  holding  his  mind  open  with  regard  to  the  ulti- 
mate nature  of  the  substance  he  is  working  with. 

In  sections  stained  with  Nissl's  and  similar  meth- 
ods the  protoplasm  of  the  neurone  is  seen  to  be  made 
up,  aside  from  any  pigment  whicli  may  be  present,  of 
two  main  constituents;  one  which  stains  in  the  basic  dye 
emplo\'ed,  and  another  which  remains  unstained  in  this 
dye.  The  former  substance  is  known  as  the  si.ainable 
substmice  of  Nissl.  the  latter  as  the  nnstainahie  substance 
of  Nissl.  The  terms  chromatic  and  achromatic  have  been 
applied  to  these  two  substances,  but  there  are  objections 
to  their  use. 

The  stainable  substance  of  Nissl  usually  occurs  in 
masses  of  varying  size  and  form.  Again,  the  masses 
themselves  may  be  arranged  in  rows,  groups,  or  networks 
so  as  to  give  a  characteristic  appearance  to  the  cell.  Each 
of  the  masses  in  turn  may  possess  a  definite  structure,  but 
this  varies  greatly  with  the  mode  of  fixation  which  has 
been  employed.  Thus  a  single  mass  may,  with  one  kind 
of  fixation  be  made  up  of  very  minute  granules,  with  an- 
other kind  of  fixation  of  very  much  coarser  granules. 
Vacuole-like  appearances  in  the  individual  stainable 
masses  are  also  frequently  met  with.  These  stainable 
bodies  in  the  nerve-cell  protoplasm  (fii-st  seen  and  de- 
scribed by  Flemming)  have  been  subsequently  studied 
by  a  large  number  of  investigators,  and  notably  by  Nissl, 
who  has  made  the  appearance  caused  by  their  presence 
in  different  nerve  cells  the  basis  of  an  elaborate  classifica- 
tion. They  are  frequently  spoken  of  in  neurological 
articles  as  Nissl  bodies,  but  it  is  better  to  employ  the 
term  introduced  by  von  Lenhossek,  namely,  tigroid 
bodies  or  tigroid  masses,  from  the  Greek  word  riypouSij^, 
spotted. 

The  larger  tigroid  masses  tend  to  assume  definite  forms 
with  a  given  method  of  fixation,  and  these  forms  appear 
to  be  constant  in  the  same  variety  of  nerve  cell  from  dif- 
ferent individuals.  Three  of  the  more  interesting  forms 
of  tigroid  bodies  are  the  nuclear  caps,  the  wedges  of 
division,  and  the  tigroid  .spindles. 

Nvclear  caps  are  masses  of  tigroid,  shaped  more  or  less 
like  cones,  each  cone  being  hollowed  out  inside.  These 
cones  of  tigroid  sit  usually  upon  the  nucleus  of  the  nerve 
cell.  As  a  rule,  when  tliey  are  present  in  the  neurone 
there  are  two  nuclear  caps  conesponding  to  two  opposite 
nuclear  poles. 

The  iredffes  of  dir/sion  are  masses  of  stainable  substance 
situated  at  the  point  where  a  dendrite  divides  into  two 
branches.  The  base  of  the  wedge  is  directed  away  from 
the  body  of  the  nerve  cell. 

The  tigroid  spindles  consist  of  oblong  or  spindle-shaped 
masses  of  the  stainable  substance.  These  spindles,  thick 
in  the  middle,  become  thin  at  the  extremities  and  some- 
times run  out  into  long,  thread-like  forms. 

The  stainable  substance  of  Nissl  is  limited  to  the 
perikaryon  and  to  the  dendrites.  It  is  not  found  in  the 
axone  nor  in  that  portion  of  the  cell  body  from  which 
the  axone  is  immediately  derived.  This  area  of  the  cell 
bod}'  free  from  the  stainable  substance  of  Nissl  is  known 
as  tiie  axone  hillock. 

On  the  basis  of  findings  in  specimens  stained  by  his 
method  Nissl  divides  all  nerve  cells  into  two  great 
groups.  In  the  first  group,  that  of  the  somatochrome 
nerve  cells,  he  includes  the  cells  in  which  the  cytoplasm 
surrounds  the  nucleus  completely  and  exhibits  a  distinct 
contour.  This  group  includes:  (1)  the  a rki/ocIt?vme  nerve 
cells;  {2)  the  stirhoc/iro/ne  ntrve  ce\lf,:  (3)  the  a  rkyosticho- 
chrome  nerve  cells,  and  (4)  the  f/ri/oc/iroiiie  nerve  cells. 

By  arkyochroine  nerve  cells  (Fig.  920)  Nissl  refers  to 
those  in  which  the  stainable  substance  of  the  protoplasm 
is  arranged  more  or  less  in  the  form  of  a  network. 

The  term  stic/ior/irome  is  applied  to  the  nerve  cells  in 
which  the  masses  of  tigroid  are  arranged  in  rows  or 
threads  which  run  in  a  similar  direction.  The  best  ex- 
ample of  a  stichochrome  nerve  cell  is  met  with  in  the 
nerve  cells  of  the  nuclei  of  origin  of  the  spinal  and  cere- 
bral motor  nerves. 

By  arkyostic/wchroms  nerve  cell  Nissl  formerly  meant 
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a  type  of  cell  in  which  there  was  a  combiuation  of  the 
arkj'ochrome  arrangement  with  the  stichochrome  arrange- 
ment. He  cited,  as  an  example  of  this  type,  the  PurUinje 
cells  of  the  cerebellar  corte.v.  Since  making  his  original 
classification  Nissl    has  suggested    certain    alterations, 


were  uniformly  distributed  through  the  cell  and  were 
present  in  large  quantities.  These  cells  are  called  by 
Nissl  chmmophile  nerve  cells.  They  are  in  all  probability 
artefacts  due  to  the  mode  of  fixation  of  the  tissue  in 
which  they  occur. 

In  sections  of  nerve  cells  stained  by  Held's  method, 
especially  if  the  sections  be  cut  very  thin  (0.5  to  1  /;), 
the  tigroid  bodies  are  found  to  present  a  finely  granular 
appearance.  Each  tigroid  mass  or  Nissl  body,'  if  studied 
with  an  oil-immersion  lens,  is  seen  to  be  made  up  of  a 
mass  of  granules  often  varying  in  size  and  sometimes 
exhibiting  a  characteristic  arrangement.  Along  with 
the  granules  another  substance,  which  Held  describes  as 
a  coagulum-like  mass  which  stains  somewhat  differently 
\>y  his  method  from 

the  principal  gran-  ..  y, 

ules  of  the  tigroid 
mass,  can  be  made 
out.  Vacuoles  of 
different  sizes  occur 
also  in  the  tigroid 
bodies.  Held  is  of 
the  opinion  that  the 
tigroid  bodies  do 
not  occur  preform- 
ed in  the  nerve  cell 
inasmuch  as  no  in- 
dicati  on  of  their 
presence  can  be 
made  t)ut  in  per- 
fectly fresh  nerve 
cells  when  exam- 
ined with  the  very  best  optical  apparatus.  He  believes, 
and  I  agree  with  him.  that  the  substances  which  form 
the  tigroid  are  precipitated  substances.  By  the  use  of 
fixing  reagents  of  different  kinds,  or  even  by  the  use 
of  alcohols  of  different  strength,  the  constituent  granules 
of  a  tigroid  mass  may  be  precipitated  in  different  ways. 
AVhereas  forty-per-cent.  alcohol  throws  down  these  sub- 
stances in  very  fine  granules,  ninety-six-per-cent.  alcohol 
will  precipitate  them  in  much  larger  granules.  The 
significance  of  such  an  observation  for  pathological  his- 
tology is  obvious,  for  if  one  is  to  draw  conclusions  with 
regard  to  changes  in  the  tigroid  masses  in  disease  he 
should  make  sure  that  the  pathological  tissues  he  studies 
shall  be  compared  with  normal  tissues  from  exactly  the 
same  region,  fixed  and  prepared  in  precisely  the  same 
way. 

The  tigroid  mas-ses  are  not  digestible  in  artificial  stom- 
ach juice;  whereas  the  imstainable  substance  of  Nissl 
quickly  digests  in  this  fluid  (Fig.  921).  On  the  contrary, 
weak  and  strong  solutions  of  the  alkalies  will  dissolve 
out  the  tigroid  masses,  but  will  leave  the  unstainable 


no.  SKI.— Nerve  Cell  from  Deiters'  Nucleus 
In  the  Eabbit.  Section  3  f»  tbick.  The 
tissue  has  been  exposed  to  the  diprestive 
action  tif  a  mixture  of  pepsin  and  hydro- 
chloric acid  at  40°  C.  for  twelve  hours. 
The  ground  substance  has  been  dissolved 
out  and  the  Nissl  bodies  alone  remain. 
(After  Held.) 


FIG.  920.— Nerve  Cell  from  Olfai-tory  Bulb  of  Rabbit.  (After  Nissl.) 
Somatochrome  nerve  cell  of  the  arkyochrome  variety  in  the  para- 
pyknomorphous  condition. 

among  which  is  one  in  which  he  gives  up  the  term 
arkyostichochromc,  classing  cells  of  that  group  now 
among  the  arkyochrome  cells. 

Nerve  cells  in  which  the  stainable  substance  is  present 
in  the  form  of  minute  granules  without  any  very  definite 
arrangement  are  called  gryochrome  nerve  cells  by  Nissl. 

The  second  great  group  of  nerve  cells  in  Nissl's  classi- 
fication includes  all  cells  not  falling  in  the  former  group. 
And  Nissl  divides  the  cells  of  this  group  into  (1)  cytochrome 
nerve  cells  and  (2)  karyochrome  nerve  cells. 

In  the  cytochrome  nerve  cells  only  traces  of  a  cell  body 
are  to  be  made  out.  The  nucleus  is  about  the  size  of 
that  of  an  ordinary  leucocyte.  Several  varieties  of  cyto- 
chrome cells  are  distinguished  by  Nissl. 

The  karyochrotne  nerve  cells  also  possess  only  traces  of 
a  cell  body;  but  the  nucleus  is  larger  than  that 
of  the  cytochrome  nerve  cell,  being  always  larger 
than  the  nuclei  of  the  neuroglia  cells  and  as  a 
rule  of  the  size  of  ordiiiar}'  nerve-cell  nuclei. 

A  further  subdivision  of  the  cells  of  each  of 
the  categories  above  mentioned  is  based  upon  the 
differences  in  staining  which  the  individual  cells 
show.  Thus,  ceils  which  are  stained  extremely 
deeply  are  designated  by  Nissl  as  pyknomorphous 
cells — that  is,  cells  in  which  the  tigroid  masses 
are  very  closely  arranged  in  the  cell  bodv.  On 
the  other  hand,  cells  in  which  the  stainable  sub- 
stance is  present  in  small  amounts  are  designated 
as  npyknoitiorpJtoiix  cells,  the  tigroid  masses  being 
rather  widely  separated  from  one  another  by  the 
non-stainable  substance.  The  term  parapykno- 
morphous  has  been  introduced  by  Nissl  for  stages 
intermediate  between  the  pyknomorphous  and 
the  apyknomorphous  condition. 

Care  must  be  taken  in  working  with  Nissl's 
method  not  to  lay  too  much  stress  upon  certain 
appearances  in  the  nerve  cells.  Now  and  then 
in  ordinary  preparations  a  single  cell  or  a  group  Fks.  932.— Nerve  Cell  from  the  Gray  Matter  of  the  Lumbar  Cord  of  the  Ox.  Alco- 
■  of  cells  will  hp  fnn.ifl  In  hr-  stiiinpd  most  intpiiso  l""'  filiation.  Treatment  for  four  days  in  concentrated  aqueous  solution  ol 
oi  ceus  win  ije  louncl  to  ix  stainea  most  intense-  ii,j,ium  carbonate.  The  Nissl  bodies  have  been  dissolved  out,  and  the  ground 
ly,  as   though  the  stainable    substance  of  Niasl       substance  alone  remains.    (After  Held.) 


■flit. 
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substance  of  Nissl  practically  unaltered  (Fig.  922).  The 
chemistry  of  the  tigroid  bodies  is  interesting.  The  sub- 
stances of  which  they  are  made  up  has  been  shown  to 
contain  iron  and  phosphorus.  It  seems  not  unlikely  that 
these  substances  should  be  grouped  among  the  nucleo- 
albumins  or  nucleo-proteids. 

As  to  the  unstainable  substance  of  Nissl,  verj-  little  can 
be  made  out  if  the  method  of  Nissl  alone  be  employed. 
Stained  by  his  method  and  mounted  in  benzin  colo- 
phonium  his  unstainable  substance  shows  no  structure, 
or  if  any  but  little,  and  so  in  such  preparations  is  often 
described  as  the  colorless,  homogeneous  ground  substance 
of  the  nerve  cell.  Other  methods  of  preparation,  how- 
ever, reveal  in  this  unstainable  substance  of  Nissl  very 
remarkable  appearances.  Among  the  methods  most 
suitable  for  its  examination  may  be  mentioned  Held's 
modification  of  Nissl's  method.  Very  careful  studies  by 
this  method  have  been  made  by  Held  himself.  The 
ground  substance  of  the  nerve-cell  protoplasm  which 
corresponds  to  the  unstainable  substance  of  Nissl  is 
stained  of  a  deep  red  color  by  this  metliod :  while  the 
tigroid  bodies  or  stainable  substance  of  Nissl  are  stained 
of  a  blue  color.  It  is  easy  to  estimate  the  relative  ciuanti- 
ties  of  the  two  substances  present  and  to  make  out  their 
reciprocal  relations  in  cells  of  different  types.  Tims,  for 
example,  the  tigroid  in  the  cell  bodies  of  the  nuclei  of  ori- 
gin of  the  motor  cerebral  nerves  and  the  cell  bodies  of  great 
reflex  systems  (such,  for  example,  as  those  of  Deiters' 
nucleus)  is  found  to  preponderate,  the  ground  substance 
in  such  cells  being  limited  to  what  looked  like  narrow 
beams  and  bridges  between  the  tigroid  masses.  On  the 
other  hand,  the  tigroid  is  relatively  scanty  in  the  large 
cells  of  Betz  in  the  cerebral  cortex,  in  the  huge  flask- 
shaped  cells  of  Purkinje  in  the  cerebellar  cortex,  and  in 
numerous  other  cells  in  the  brain.  In  these  cells  the 
amount  of  ground  substance  is  relatively  much  greater 
than  that  of  the  tigroid.  If  the  dendrites  be  followed 
out  into  their  finer  subdivisions  one  comes  always  sooner 
or  later  to  a  part  of  the  dendrite  where  tigroid  bodies 
disappear. 

The  ultimate  branchings  of  the  dendrites,  as  far  as 
can  be  made  out  by  Hel(3"s  method,  are  devoid  of  the 
tigroid  substance.  These  ultimate  branches  of  the  den- 
drites, together  with  the  axones  and  the  axone  hillock 
which  are  also  entirely  free  from  tigroid,  fonu  the  most 
suitable  places  for  the  study  of  the  ground  substance  by 
itself.  Held  finds  in  this  ground  substance  longitudinal 
threads  and  cross  threads  which  he  takes  to  be  sections 
of  honeycomb  network,  the  spaces  of  which  are  stretched 
out  lengthwise  and  arranged  in  rows;  that  is  to  say. 
Held  sees  in  the  ground  substance  of  protoplasm  a 
structure  like  that  postulated  by  Blitschli  for  protoplasm 
in  general.  He  lays  emphasis  on  the  fact  that  very  dif- 
ferent pictures  are  obtainable  by  the  use  of  a  variety  of 
fixing  reagents.  And  he  believes  that  the  great  differ- 
ences in  the  deviating  views  of  investigators  in  general 
are  to  be  attributed  in  large  part  to  this  fact.  Held  con- 
cludes from  his  studies  that  the  fibrils  which  have  been 
desci'ibed  by  so  many  observers  in  the  axis-cylinder  proc- 
esses are  nothing  more  than  the  .sections  of  the  longi- 
tudinal walls  of  the  honeycomb  structure  above  men- 
tioned. He  has  never  been  able  to  make  out  distinctly 
isolated  fibrils  running  near  one  another,  but  in  longi- 
tudinal sections  of  the  axone  or  cross  sections  of  the  same 
structure  lie  makes  out  constantly  a  network  or  mesh- 
work-like  structure.  The  meshes  vary  in  size.  In  the 
meshes  can  be  made  out  granules,  sometimes  very  fine, 
sometimes  somewhat  larger,  lying  most  often  in  the"  nodal 
points  of  the  network,  or  also  frequently  in  its  spaces. 
These  granules  are  arranged  so  that  two  or  several  of 
them  are  always  contained  between  one  or  several  of  the 
long  oval  spaces  which  vary  in  length  and  breadth. 
The  granules  are  not  arranged  with  perfect  regularity, 
except  in  this:  they  are  placed  in  definite  rows  behind 
one  another  parallel  to  the  long  axis  of  the  asone.  This 
arrangement  in  rows  is  explained  from  the  position  of 
the  granules  as  regards  the  long-meshed  network  of  the 
axone.     Held  designates  that  part  of  the  protoplasm  of 


the  axone  which  gives  the  appearance  of  a  meshed 
structure  as  the  axuspongium,  while  the  granules  just 
referred  to  he  calls  neiirosomcs.  While  these  neurosomes 
are  most  easily  demonstrable  in  the  axone  and  axone 
hillock,  they  are  by  no  means  confined  to  these  structures 
but  are  also  present  in  the  ground  substance  of  the  pro- 
toplasm of  the  cell  body  and  of  the  dendrites;  although 
in  these  latter  regions  they  have  a  different  arrangement 
from  that  met  with  in  the  axone.  It  will  be  seen  that 
Held's  studies  are  closely  in  accord  with  the  investiga- 
tions of  Btltsclili.  who  has  alwavs  maintained  that  the 
fibrils  described  by  other  investigators  are  only  appar- 
ently fibrils,  and  that  they  are  everywhere  connected  by 
delicate  transverse  threads  which  arise  from  the  minute 
nodular  swellings  seen  on  the  so-called  fibrils.  The  fact 
that  fixing  reagents  of  different  concentration  give  lise 
to  meshworks  of  different  size  makes  it  seem  likely  that 
the  honeycomb  appearance  is  due  to  a  vacuolization  of 
the  protoplasm  caused  by  the  fixing  reagents.  In  think- 
ing of  the  actual  structure  of  protoplasm,  therefore,  one 
must  conceive  of  certain  peculiarities  of  its  composition 
which  determine  its  vacuolization  in  the  waj*  described. 
But  one  should  not  think  of  these  vacuoles  or  meshes 
actually  existing  in  the  living  protoplasm. 

The  neurosomes  described  by  Held  in  the  axone  have 
nothing  in  common  with  the  Nissl  bodies  or  tigroid  sub- 
stance, but  appear  to  be  identical  with  the  granules  ob- 
served by  various  investigators  in  the  axis-cylinder  pro- 
toplasm. The  number  and  distribution  of  the  neurosomes 
vary  markedly  in  the  same  and  in  different  axis  cj-lin- 
ders.  They  stain  by  Held's  method  of  a  violet  tint.  At 
the  axone  hillock  the  neurosomes  are  arranged  in  rows. 
In  the  terminals  of  the  axone  and  in  the  terminals  of 
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Fig.  923.- Cell  of  the  Nucleus  Corporis  Trapezoidei  of  an  Adult  Rab- 
bit. Fixation  with  Van  Gehuohten's  mixture  :  paraffin  section  1.5  /* 
tbick  ;  erytbrosin  methylene-blue  staining.  (After  H.  Held,  Arch. 
f.  Anat.  u.  P?i)/S!oi.,  Anat.  Abtb.,  Leipsic,  1897.  Taf.  x..  Fig.  3.) 
The  axis  cylinders  (a  I  which  go  by  the  cell  are  stained  homogene- 
ously :  the  fibres  (b)  terminating  in  the  cell  contain  large  numbers 
of  isolated  neurosomes ;  the  lower  border  i>f  the  cell  enclosed  by  the 
tenninal  axone  shows  very  distinctly  a  most  intimate  union  between 
the  a.\is-cylinder  protoplasm  and  the  ground  substance  of  the  cell 
body,  since  here  the  same  plasma  layer  is  common  to  both.  <  )n  the 
right-hand  side  the  c\-tospongium  is  wide-meshed,  owing  to  coarse 
vacuolization,  on  account  of  which  the  axis-cylinder  terminal  looks 
to  l>e  more  independent  from  the  rest  of  the  cell  mass. 

collateral  brandies  of  the  axone  the  neurosomes  are  ex- 
tremely abundant — much  more  abundant  than  in  any 
other  part  of  the  nerve-cell  protoplasm  (Fig.  923). 

The  protoplasm  of  an  axis-cylinder  process  of  a  neu- 
rone is  continuous  through  the  axone  hillock  with  the 
ground  substance  (unstainable  substance  of  Nissl)  of  the 
cell  bod}'  and  dendrites.  But  in  the  cell  body  and  den- 
drites the  anatomical  appearances  are  complicated 
by  the  presence  of  the  tigroid  bodies  which  are  de- 
posited in  them  in  various  forms.     Held's  method  shows 
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a  very  similar  structure  in  the  cell  body  and  dendrites 
to  that  met  with  in  the  axone,  as  far  as  the  ground 
substance  is  concerned.  The  meshwork  in  the  cell  body 
resembles  the  axospongium  of  the  axone,  but  the  meshes 
are  somewhat  less  close  and  the  staining  shows  some  dif- 
ferences. The  arraugement  of  the  meshwork  is  of  course 
also  influenced  by  the  deposition  of  the  tigroid  masses. 
Held  calls  the  meshwork  in  the  cell  body  the  cytospon- 
gium.  The  neurosomes  in  the  cell  body  vary  in  size, 
number,  and  distribution  in  diiferent  nerve  cells.  In  the 
dendrites  neurosomes  can  be  seen  in  rows  placed  in  such 
close  apposition  that  they  look  like  beaded  rods. 

The  neurosomes  are  well  seen  in  specimens  fixed  in 
neutral  chromate  solutions  which  do  not  precipitate  the 
tigroid  bodies.  When  sections  of  such  tissues  are  stained 
with  iron  ha;matoxylin  the  form,  number,  and  distribu- 
tion of  the  neurosomes  are  particularly  clear. 

Other  views  of  the  ultimate  structure  of  the  ground 
substance  are  held  by  Flemmiug,  Altmaun,  Ramon  y 
Cajal,  and  Dogiel. 

Flenuning  maintains  the  existence  of  definite  fibrils  in 
the  grouuil  substance.  He  does  not,  however,  deny  the 
possibility  that  these  fibres  mav  form  the  network. 

Altmaun,  who  has  directed  his  attention  chiefly  to  the 
granules  in  nerve  cells  observable  by  his  particular 
method  of  staining,  speaks  of  granules  and  of  an  inter- 
granular  substjiuce.  At  least  a  part  of  Altmann's  gran- 
ules corresponds  to  the  neurosomes  of  Held ;  while  a  large 
part  of  Altmann's  iutergranular  substance  evidently  cor- 
responds to  Held's  cytospongiura  and  axospongium. 

Ramon  y  Cajal  describes  the  ground  substance  as  con- 
sisting of  a  network  with  granules  situated  at  the  nodal 
points. 

Dogiel,  who  is  an  adherent  of  the  fibrillar  doctrine, 
describes  very  fine  fibrils  in  the  ground  sulistance.  He 
finds  that  the  fibrils  have  a  definite  and  peculiar  arrange- 
ment, differing  in  different  types  of  nerve  cells.  He  de- 
scribes and  pictures  minute  granules  in  his  fibrils.  As 
far  as  one  can  tell  from  a  comparison  of  his  illustrations 
with  those  of  Held,  it  must  be  concluded  that  the  granules 
in  Dogiel's  fibrils  are  identical  with  the  rows  of  neuro- 
somes described  and  pictured  by  Held. 

Very  different  appearances  from  those  just  described 
are  met  with  in  the  protoplasm  of  the  nerve  cells  if  they 
be  stained  by  the  hseinatcin  or  the  gold-chloride  method 
of  Apathy.  These  methods  demonstrate  morphological 
constituents  inside  the  protoplasm  which  appear  to  be 
definite  fibrils.  In  many  places  the  fibrils  are  independ- 
ent of  one  another,  but  especially  in  the  cell  body  they 
anastomose  freely,  according  to  Apathy,  to  form  a  neural 
reticulum. 

Apathy,  whose  work  has  been  chiefly  upon  inverte- 
brate animals,  divides  all  cellular  eletneuts  within  the 


nervous  system  into  two  kinds  of  cells,  which  he  desig- 
nates "  nerve  cells  "  and  "  ganglion  cells  "  respectively. 
The  "  nerve  cell "  has  the  power  of  building  neurofibrils 


Fio.  925.— Colossal  Ganglion  Cell  {Type  O)  from  the  Leech.  (After  S. 
Apdthy,  •'  Mltth.  aus  der  Zool.  St.  zu  Neapel,"  Bd.  xii.,  1897,  H.  4, 
Taf.  xxTlii.,  Figs.  4,  .5,  and  6.) 

(1)  The  neuroflhrils  of  a  colossal  ganglion  cell  of  a  posterior  me- 
dian section,  with  indication  of  the  external  glia  sheath  and  connec- 
tive-tissue nuclei,  hf/k.  Connective-tissue  nucleus ;  i/i/i,  glia  sheath ; 
kyi.  ni-.'^us  of  the  ganglion  cell;  Ipf,  "conducting"  primltiv* 
fibril. 

(2)  Cross  section  of  a  ganglion  cell  of  type  G,  showing  plexus  of 
neuroflhrils. 

(3)  Section  of  a  colossal  ganglion  cell  with  plexus  of  neuroflhrils. 
The  meridian-like  decussation  of  the  neuroflhrils  at  the  pole  of  the 
cell  is  illustrated. 


P/ia 


(^wv^;-- 


prorimad     ^^  ^j„ 

Fio.  92*.— Motor-Nerve  Spindle  in  Longitudinal  Section  of  the  Right  Anterior  Nerve  Stem  from  the  Leech  (After  S  Apiithy,  '' Mitth.  aus  der 
Zool.  St.  zu  Neapel,"  Bd.  xii.,  1897,  H.  4,  Taf.  xxiv..  Fig.  3.)  The  soiiKiloplasm  of  the  nerve  cell  is  simply  indicated  around  the  cell  nucleus, 
zfcH.  Near  this  nerve  spindle  are  seen  some  primitive  tllwils  in  sniisorv  lumdles,  a<. :  the  contours  of  the  motor-nerve  spindle  correspond  to 
a  focus  somcwiKil  mI.ovc  the  level  of  the  nucleoli ;  tliosi-  (.ranches  of  the  motor  nerve-divide,  mnf.  which  are  visible,  are  a.h,  c.  rt,  e.    pjl 

represents  ilic  primitive  flbril  projected  upon  the  surf ■  of  the  dr;i\ving  paper  as  far  as  it  is  contained  in  the  section.    The  dotted  point* 

correspond  to  the  place  where  it  is  not  contained  in  the  section.    The  asterisk  indicates  a  division  of  the  primitive  flbnl  into  two  Umbs. 


339 


Brain. 
Brain. 


REFERENCE   HANDBOOK   OF  THE  IIEDICAL  SCIENCES. 


(Fig.  934),  while  the  "  ganglion  cell "  does  not  possess 
this  power.  Neurofibrils  built  by  "nerve  cells"  can, 
however,  leave  the  cell  in  which  they  arise  and  pass 
through  one  or  more  ganglion  cells  and  ultimately  be- 


FiG.  926.— Three  Pear-Shaped  Ganglion  Cells  of  Type  K.  in  Longi- 
tudinal Section  from  the  Leech.  (After  .1.  Apithv,  "  Mitth.  aus  der 
Zool.  St.  zu  Neapel,"  Bd.  xii.,  1897,  H.  4,  Taf.  xxviii..  Fig.  7.)  The 
internal  or  perinuclear  plexus  of  neuroflbrils  is  well  shown,  as  are 
also  the  radial  fibres.  The  peripheral  plexus  is  indicated,  of.  Axis 
fibril  which  Apathy  takes  to  be  motor:  di/,  external  intr.ii'ellular 
plexus  of  neurofibrils;  ')i(7,  internal  perinu.U-;ir  plexus  of  ni-uro- 
flbrils;  c/pf,  cellulifugally  "conducting"  piiuiitivc  ilbni.  sec  iji;.i, 
cellulipetally  "conducting"  primitive  fibril ;  It,  nucleus  of  the  gan- 
glion cell ;  rf.  radial  flbrifs  connecting  the  external  plexus  with  the 
internal  plexus  of  neurofibrils;  «(,  stem  pro<''e8s  of  pear-shaped 
^ngUon. 

come  connected  with  a  sensory  surface  or  with  a  muscle 
fibre.  One  neurofibi'il  can  accordingly  pass  through  a 
great  nvimber  of  cells,  and  inasmuch  as  thedilTerent  nevi- 
rofibrils  are  connected  with  one  another  by  means  of  an- 
astomo.ses,  Apathy  conceives  of  the  conducting  apparatus 
in  the  whole  nervous  system  as  a  continuum  of  neuro- 
fibrils. A  neurofibril  varies  in  calibre  in  diffei'ent  parts 
of  its  course,  being  largest  where  it  arises.  It  consists, 
according  to  Apathy,  of  a  complex  of  "  elementary  fibrils, " 
and  as  the  neui'ofibril  follows  its  course  through  a  series 
of  "ganglion  cells"  it  gives  olf  on  its  way  at  shorter  or 
longer  intervals  numerous  elementary  fibrill;^  until  final- 
1}'  it  itself  consists  of  one  elementary  fibril.  While  the 
neurofibrils  pass  through  ganglion  cells  which  do  not 
give  origin  to  them.  Apathy  has  put  forward  the  hypoth- 
esis that  the  force  which  is  to  be  conducted  along  the 
neuroflbrils  arises  in  the  ganglion  cell.  Two  kinds  of 
these  ganglion  cells  are  met  with  in  the  leech:  («)  the 
large  ganglion  cell  and  (b)  the  small  ganglion  cell.  The 
large  ganglion  cell.  Apathy's  type  G  (Fig.  935).  possesses 
the  following  characters:  each  cell  has  a  pear-shaped 
process  by  way  of  which  neurofibrils  arrive  within  the 
protoplasm  of  the  cell.  Once  inside,  the  neurofibril 
breaks  up  into  its  elementary  fibrils,  and  these  can  be 
seen  to  diverge  like  meridians  into  what  Apiitliy  calls  the 
external  chromatic  zone  of  the  cell.  As  these  elementary 
fibrils  pass  peripheral  ward  they  can  be  seen  to  form  free 
anastomoses  with  one  another.  On  the  far  side  of  the 
cell  the  elementary  fibrils  turn  round  and  converge  again 
by  passing  through  the  bodj-  of  the  cell  once  more  at  the 
pear-shaped  process,  going  out  of  the  cell  as  another 
neurofibril.  Each  pear-shaped  process  accordingly  con- 
tains two  kinds  of  neurofibrils,  and  Apathy  suggests  that 
one  of  the  fibrils  carries  impulses  into  the  cell  and  the 
other  carries  impulses  out  of  the  cell. 

In  Apathy's  second  type  of  "ganglion  cell,"  which  he 
calls  the  "small  ganglion  cell"  and  designates  as  "type 
K  "  (Fig.  936).  somewhat  different  apjiearances  are  met 
with.  Each  pyriform  process  contains  within  it  one 
thick  neurofibril,  which  passes  nearly  through  the  centre 


of  the  process,  and  several  finer  neurofibrils  in  the  per- 
iphery of  the  process.  The  finer  neurofibrils,  however, 
entering  the  cell  body  pass  out  to  the  periphery  of  the 
protoplasm  of  the  cell  and  break  up  into  a  dense  reticu- 
lum formed  by  the  anastomosis  of  the  "  elementary  fibrils  " 
of  which  they  are  composed.  This  anastomosis  occurs 
in  what  Apathy  calls  the  outer  chromatic  zone  of  the 
cell.  Sniall  rami  of  the  fibrils  pass  from  this  peripheral 
plexus  inward  to  reach  the  internal  chromatic  zone  of 
the  cell,  where  another  rather  fine  plexus  of  elementary 
fibrils  is  formed.  The  composing  fibrils  of  this  plexus, 
after  having  imdergone  free  anastomosis,  converge  and 
pass  toward  the  pyriform  process,  where  they  unite  to 
give  rise  to  the  single  large  neurofibril,  which  passes  away 
from  the  cell  through  the  centre  of  the  pear-shaped  proc- 


FiG.  927.— Neurofibrils  In  Pyramidal  Cells  of  the  Cerebral  Cortex. 
(After  A.  Bethe,  taken  froin  A.  Van  Gehuchten's  "  Le  systeme  ner- 
veux  de  I'homme,"  3d  ed.,  Louyain,  1900,  yol.  i.,  p.  .3fti,  Fig.  187.) 

ess.  Apathy  believes  that  the  peripheral  finer  neuro- 
fibrils of  the  pear-shaped  process  are  sensory  and  that 
the  single  central  neurofibril  of  large  calibre  is  motor. 

The  descriptions  of  Apathy  bearing  upon  the  relations 
of  the  neurofibrils  to  sensory  surfaces  and  to  the  constit- 
uent elements  of  muscular  tissue  and  secreting  glands 
do  not  concern  us  here.  One  important  point,  however, 
in  connection  with  his  work  must  be  mentioned.  He 
believes  that  the  neuropihmi  of  invertebrates  is  formed 
by  a  huge  plexus  of  anastomosing  neurofibrils.  This 
plexus  he  designates  as  an  "  Elementargitter. " 
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Bethe  has  been  able  to  demonstrate  similar  fibrils 
witbin  the  protoplasm  of  the  nerve  cells  of  vertebrates, 
including  human  beings  (Fig.  927).  Bethe  tliiuks  that 
he  can  determine  whicli  neurofibrils  conduct  toward  the 
cell  and  which  conduct  a\vay  from  the  cell.  He  finds 
that  lioth  kinds  of  fibrils  occur  in  the  dendrites  of  the 
cells,  and  argues  that  a  dendrite  accordingly  carries 
both  celluli])etal 
and  cellulitugal  im- 
pulses. It  must 
be  remembered  that 
many  do  not  be- 
lieve that  it  has  yet 
been  proved  that  it 
is  the  neurofibril 
which  is  the  actual 
conducting  element 
in  the  nerve  cell. 

Bethe  in  the  main 
accepts  ApSthy's 
views  concerning 
the  structure  of  the 
neuropilum  of  in- 
vertebrates, but  in 
opposition  to  Apa- 
thy denies  the  oc- 
cuiTence  of  anas- 
tomoses between 
the  individual 
fibrils. 

Nissl  accepts  the 
doctrines  of  Apa- 
thy and  Bethe  ap- 
parently without 
question  and  has 
carried  their  hy- 
potheses much  fur 
t  h  e  r  than  they 
themselves  appear 
to  have  been  will- 
ing to  take  them. 
According  to  a  late 
hypothesis  formu- 
lated by  Nissl,  neu 
rofibrils  exist  out- 
side of  the  nerve 
cells  and  their  proc- 
esses, these  being 
especially  abundant 
in  the  gray  matter 
of  the  cerebral  cor- 
tex. Nissl  denies 
the  interpretations 
of  those  who  have 
worked  with  Gol- 
gi's  method,  of  the 
findings  met  with 
in  silver  prepara- 
tions, and  asserts 
that  a  large  part  of 

the  areas  between  the  cell  bodies  in  the  cerebral  cortex  sup- 
posed by  Golgi  workers  to  be  filled  up  by  the  multiple  sub- 
divisions of  dendrites,  axones,  and  collaterals  are  not  in 
reality  so  made  up,  but  consist  of  an  immense  number  of 
naked  neurofibrils  situated  outside  of  the  cells;  these 
fibrils,  Nissl  thinks,  correspond  in  a  sense  to  a  highly 
cornplicated  neuropilum.  In  support  of  his  view  he 
publishes  comparative  pictures  of  the  motor  area  of  the 
cerebral  cortex  of  a  man  (Fig.  938),  a  dog  (Fig.  929),  and 
a  mole  (Fig.  930).  The  increased  distance  Itetween  the 
cells  in  thehigher  animals  he  believes  to  be  accounted  for 
by  the  increased  amount  of  his  hypothetical  neuropilum. 
Nissl  was  led  all  the  more  readily  to  accept  the  views  of 
Apathy  and  Bethe  inasmuch  as  Becker  has  also  been  able 
to  demonstrate  fibrillar  appearances  within  "nerve  cells" 
by  ha'matoxyliii  siaiiiing 

Still  another  mode  of  demon.strating  networks  of  a 
curious  cha,racter  within  the  bodies  of  nerve  cells  has 


Fig.  itt.'^.-HHpnMluitiMn  cf  a  PhntoL'rani  ..f  : 
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been  introduced  by  Golgi  by  a  slight  modification  of  his 
osmic  bichromate  method.  A  definite  endocellular  net- 
work apparently  difEerent  from  that  described  by  any 
previous  observer  can  be  demonstrated  (Figs.  931  and 
932).  Veratti  has  worked  with  the  sjime  method  and 
has  been  able  to  impregnate  networks  in  a  variety  of 
nerve  cells  similar  to  those  described  by  Golgi. 

Nucleus. — The 
iiuclei  of  the  nerve 
cells  of  the  brain 
agree  in  structure 
with  those  of  nerve 
cells  in  general 
(Fig.  983).  The  nu- 
clei are  relatiTely 
large  and  pale,  and 
present  in  prepara- 
tions stained  by 
Ni-ssl's  method  a 
chromatic  mem- 
brane and  a  large 
deeply  staining  nu- 
cleolus. There  is, 
as  a  rule,  an  abun- 
dance of  achroma- 
tic substance.  In 
the  nucleolus  it  is 
possible  in  methy- 
lene-blue  prepara- 
tions to  make  out 
minute  deeply 
staining  points,  the 
nurlrnliili  of  von 
Lenhossek.  The 
n  u  c  1  e  o  1  u  s  some- 
t  i  m  e  s  jiresents  a 
vacuolated  appear- 
ance. It  is  believed 
by  many  that  each 
nucleolus  consists 
of  a  delicate  baso- 
phile  external  layer 
and  a  central  non- 
basophilic  sub- 
stance. According 
to  Scott  each  nucle- 
olus is  a  vesicle 
with  an  oxyphile 
centre  and  a  baso- 
pliile  periphery. 
In  p  r  e  \>  a  r  a  t  i  o  n  s 
stained  by  Held's 
method  it  is  passi- 
ble to  make  out  in 
the  achromatic 
parts  of  the  nu- 
cleus, strands  and 
masses  which  tjike 
theerythrosiu  stain. 
These  strands  and 
masses  may  correspond  to  the  lanthanin  of  Heidenhain. 
Careful  microchemical  studies  of  the  nuclei  and  nu- 
cleoli have  been  made  by  Levy.  Levy  was  unable  to 
find  nucleoluli  in  nucleoli  stained  by  Biondi's  method. 
Scott  believes  that  the  basophile  covering  of  the  nu- 
cleolus contains  both  iron  and  phosphorus  as  does  also 
the  oxyphile  nuclear  substance.  The  latter  is  readily 
dissolved  in  pepsin  and  hydrochloric  acid.  It  is  altered 
but  not  dissolved  by  acids  and  alkalies,  which  liberate 
the  iron  from  it.  He  believes  that  the  tigroifl  masses  of 
the  cell  protoplasm  consist  of  chromatin  that  has  ditf  used 
itself  from  the  nucleus  into  the  cytoplasm. 

Various  authors  have  proven  that  the  nucleoli  of  the 
nerve  cells  change  in  size  during  functional  activity. 
They  are  small  when  the  cell  is  at  rest,  but  increase  in 
vohime  when  the  cells  are  active. 

The  so-called  supporting  stibstatices  of  the  nervous 
tissue  of  the  brain  consist  of  ependyma  cells  and  neu- 


r.ipi'ii'tirular  Section  through  the  Tip  of 
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roglia  cells  aud  Ihcir  derivatives.     These  cells,  it  is  now 
believed,  are  all  epiblastic  in  origin;  the  doctrine  of  a 


Fig.  Sra.— I!<pTi"lufti"H  nf  a  riioioirmm  fmm  a  Pcrpendioular  Corti- 
cal Si-i-tii.n  tliroiii-'li  till-  Suniiiiit  "f  tin-  (.vnis  of  an  Adull  Dog,  Just 
in  Front  of  tlic  Sulius  Cniciniiis  Clcrso  to  the  Falx.  Staining  by 
the  method  of  Nissl.  1  =  oortical  layer  free  from  cells ;  2,  sut)- 
divlsible  into  a  narrower  external  and  a  broader  internal  zone,  but 
in  noway  hoinological  with  II.  of  Fl?.  ie«.  tin  the  other  haiid,  2  in 
Fig.  928  corresponds  to  3  in  Fig.  9.30 :  3  in  Fig.  928  corresponds  to  4 
in  Fig.  9.30;  (4  +  5)  =  layer  of  medullated  flbres  corresponding  to 
5  +  6  in  Fig.  928,  and  also  to  5  +  6  in  Fig.  9.3(X  That  is.  4  in  Fig.  928 
corresponds  to  5  in  Fig.  930.  while  5  in  Fig.  928  =  6  in  Fig.  9.30. 
(After  F.  Nissl,  Mtltxch.  mcd.  Wochemchr.,  Bd.  xlv.,  1898,  S.  1027, 
Fig.  4.) 

mesoblastic  neuroglia  has  been  given  up.     In  the  earlier 
stages  of  developmcut  the  cells  lining  the  cavities  of  the 


FIG.  9.30.— Reproduction  of  a  I'hotogram  of  a  PerpcDdicuIar  Section 
through  the  Cerebral  Cortex  of  a  Jlole,  1  mm.  in  Frontof  the  Crucial 
Suture  Close  to  the  Falx.  Staining  by  the  method  of  Nissl.  1  =  ex- 
ternal layer  free  from  cells ;  2,  characteristic  type  of  cell  ari-ange- 
ment  in  all  conical  areas  connected  with  the  olfactorius,  especially 
in  the  lobus  pvriformis ;  3  ( =  2  of  Fig.  929,  except  the  thin  cell 
layer  adjoining  the  cell-free  layer,  which  reminds  one  still  of  2  of 
Fig  929);  4  (=  3  of  Fig.  929)  ;  5  (=  4  of  Fig.  iB9)  ;  6  (=  .5  of  Fig. 
929).  (After  F.  Nissl,  MUnch.  med.  Wocheiuschr.,  Bd.  xly.,  1898, 
S.  1027,  Fig.  5.) 


central  nervous  system  extend  through  the  whole  wall 
of  the  neural  tube,  the  peripheral  processes  being  drawn 
out  into  long  pillars  or  columns.  Later,  some  of  the 
cells  become  removed  from  the  central  canal ;  the  cell 
bodies  assuming  positions  at  various  distances  from  the 


Fig.  931.— tiolgi's  Endocellular  Network.     (Taken  from  A.  Van  Ge- 
huchten's  work.) 

central  canal  somewhere  between  it  and  the  periphery. 
Those  which  remain  in  connection  with  the  central  canal 
are  known  in  adult  life  as  ependyma  cells,  while  those 
the  cell  bodies  of  which  are  situated  in  the  nerve  sub- 
stance are  known  as  neuroglia  cells.     A  further  origin 


■m^^M^m^ 


Fig.  932.— Golgi's  Endocellular  Network.    (Taken  from  A.  Van  Ge- 
huchten's  work.) 

of  neuroglia  cells  from  germinal  cells  quite  like  those 
which  give  rise  to  the  neuroblasts  and  true  nerve  cells  is 
assumed  by  a  number  of  authors. 

The  ependyma   ctHs  have  bodies  which  are  cubical  or 
low  columnar  in  shape  and  long  peripheral  processes 


Fig.  933.— Examples  of  a  Variety  of  Nerye-CeU  Nuclei.  (After  Ram6n 
y  Cajal,  S.,  "'Textura  del  sistema  nerrloso,"  Madrid,  1899,  p.  134, 
Fig.  43. ) 

which  extend  for  a  shorter  or  longer  distance  into  the 
grav  and  white  substance.  With  ordinary  nuclear  stains 
the'cell  body  and  its  nucleus  near  the  cavity  of  the  ven- 
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tricles  are  well  seen,  but  the  processes  are   difficult   to 

make   out.       In   order  to   demonstrate   the    latter,    the 

method  of  Golgi  should  be  employed.     AVith  the  silver 

impregnation     long    strands    with 

5  short,  prickl_v  processes  ou  the  sur 

Is,..         .,••  face  cau  be  distinguished. 

Neuroglia  cells  as  seen  in  prepa 
rations  stained  by  ordinary  nuclear 
dyes  are  small  cells  with  deeply 
staining  nucleus  and  surrounded  by 
verj'  little  protoplasm  (Fig.  934). 
The  cell  often  appears  to  be  the 
centre  of  a  radiating  sj'Stem  of  proc- 
esses or  fibrils.  These  appearances 
in  freshly  teased  and  stained  prep- 
arations were  carefully  investigated 
by  Deiters,  and  they  have  since 
been  spoken  of  as  the  "  spider  cells 
of  Deiters."  The  most  careful  of 
the  earlier  investigations  was  made 
by  Golgi  in  1871.  He  studied  neu- 
roglia chiefly  by  means  of  teased 
preparations  and  sections,  and  pic- 
tured the  glia  cells  as  small  ele- 
ments from  which  num<>rous  rigid 
glistening  fibres  radiated  out  into 
the  nerve  substance.  He  believed 
that  these  libres  did  not  branch 
and  that  they  formed  no  anasto- 
moses. The  processes  of  the  glia 
cells  in  the  gray  substance  are,  ac- 
cording to  Golgi,  more  delicate  and 
less  rigid  than  those  in  the  white 
substance.  The  histogenetic  posi- 
tion of  the  glia  cells  was  not  under 
stood,  however,  by  Golgi  at  the  time 
of  his  earlier  work.  Although  he 
recognized  that  the  glia  tibrcs  differ 
materially  from  ordinary  connec- 
tive-tissue fibres,  still  he  believed 
them  to  be  connective-tissue  elements. 

A  very  important  advance  in  our  knowledge  of  glia 
followed  u|)ou  the  application  of  the  .silver  chromate 
method.  In  ]ireparations  thus  made  the  glia  cells  appear 
as  small  black  masses  from  which  radiate  out  into  the 
nervous  tissue  great  numbers  of  delicate  black  processes 
(Fig.  935).      These   for  the  most  part  are  unbranched. 


Tig.  9*4.— Neuroglia 
Cells.  (After  Raiinjn 
y  Cajal,  S.,  "Textura 
del  sistema  nervloso," 
p.  188,  Fig.  58.) 


Tig.  935.— Glia  Cells  as  Impregnated  in  Silver-Chromate  Preparations. 
(After  I!am(5n  y  Cajal,  S.,  "  Textura  del  sistema  nervioso,"  Madrid, 
1899,  p.  175,  Fig.  48.) 


and  do  not  form  anastomoses.  AVhile,  as  a  rule,  they 
appear  to  radiate  out  in  all  directions  from  the  periphery 
of  the  cell,  in  other  instances  the  processes  project  from 
the  two  extremities  of  the  cell  or  even  from  one  extrem- 
ity only.  From  the  peculiar  appearances  presented  by 
the  radiating  processes  the  name  astrocyte  has  been  use(l 
as  a  designation  for  the  cell  of  Deiters  or  Golgi  to  dis- 
tinguish it  from  the  ependyma  cell.  Kolliker,  who  has 
given  very  exact  descriptions  of  neuroglia,  divides  the 
astrocytes  into  two  principal  groups :  first,  those  with  long 


Fig.  936.— Neuroglia  Fibrils  as  Demonstrated  hy  Welgert's  Neuroglia 
Stain.  (After  Weigert,  C,  "Der  menschliche  Neuroglia,"  Frank- 
fort, 189-.) 

branches  (Ldmixtmhhv);  and  second,  those  with  short 
branches  {Kurzstinhkr).  The  cells  with  short  branches 
are  more  abundant  in  the  gray  substaace  and  are  charac- 
terized chiefly  by  the  brevity  and  delicacy  of  their  radi- 
ating processes.  Their  processes  show  a  marked  ten- 
dency to  varicose  swelling  in  Golgi  prejiarations.  Thej' 
are  inuch  more  difficult  to  imiiregnate  with  the  silver 
chromate  method  and  often  assume  a  brownish  rather 
than  a  black  color. 

The  glia  cells  with  long  processes  occur  in  different 
parts  of  the  gray  and  white  substance.  They  are  the 
typical  glia  cells  which  were  studied  by  Deiters  and 
Golgi. 
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Fig.  937.— Anterior  Portion  of  the  Body  of  a  Chick,  the  Head  Distinctly 
DitTerentiated ;  seen  from  the  surface,  (.\fter  J.  KoUmann,  "Lehr- 
buch  der  Entwickelungsgeschichte  des  Menschen,"  Jena,  1898,  S. 
199,  Fig.  120.) 

Through  the  use  of  certiiin  special  methods  introduced 
by  Mallory,  Weigert,  and  Beneke,  appearances  are  ob- 
tiiined  whicli  have  led  many  to  the  conclusion  that  the 
so-called  glia  tibres  are  not  really  processes  of  tlie  neu- 
roglia cells,  but  are  fibiils  which  lie  upon  or  which  run 
through  the  cells.  Ranvier  was  one  of  tlie  first  to  pro- 
mulgate the  view  that  the  supporting  tissue  of  tlie  cen- 
tral nervous  system  presents  a  similar  relation  of  cells 
and  fibres  to  that  met  with  in  ordinary  connective  ti.ssue. 
He  asserted  that  the  so-called  Deiters'  cell  as  ordinarily 
described  is  an  artefact,  believing  tliat  he  was  able  to 
demonstrate  that  the  fibres  looked  upon  as  processes  only 
apparently  lu'oceed  from  the  protoplasm  of  tlie  cell  radi- 
ating out  from  the  latter  as  a  centre:  but  in  reality  are 
only" attached  to  it.  Ran vier's  method  was  very  simple. 
He  dissociated  with  tliirty-three-and-one-third-per-cent. 
alcohol  and  afterward  stained  with  picrocarmine.  In 
these  isolation  preparations  he  convinced  himself  that 
the  so-called  cell  processes  are  not  actual  prolongations 
of  the  protoplasmic  body,  but  represent  definitely  differ- 
entiated fibres  which  go  through  the  cell  body  or  simply 
pass  over  it.  Though  they  radiate  out  from  the  cell  body 
as  a  central  point,  still  the  fibres  are  clinically  and  mor- 
phologically entirely  different  from  the  cell  bodies. 

AVeigert's  studies  of  the  subject  are  the  most  extensive. 
The  neuroglia  fibrils  by  his  method  stain  of  a  deep  blue 
color  and  are  exquisitely  differentiated  (Fig.  936).  In 
the  so-called  astrocytes  or  Deiters'  cells  Weigert  finds 
that  blue-stained  neuroglia  fibrils  run  directly  through 
the  protoplasm  of  the  cells,  the  nuclei  of  the  cells  being 
entirely  independent  of  the  fibrils.  Weigert  feels  sure 
that  the  fibrils  stained  by  his  method  do  not  represent  a 
new,  hitherto  unknown,  structural  element,  but  are 
identical  with  what  have  been  described  as  the  processes 
of  Deiters'  cells.  The  fibrils  are  not  chemically  identical 
with  the  protoplasm,  but  are  composed  of  an  entirely 
different  substance.  Nt)r  does  this  chemical  difference 
between  fibres  and  cell  protoplasm  appear  at  any  distance 
from  the  cell  body  in  the  so-called  processes  of  the  glia 
cells,  but  the  differentiation  can  be  made  out  in  the  cell 
body.  It  is  even  quite  close  to  the  nucleus  of  the  cell. 
Aecbrdingly,  Weigert  believes  that  most  of  the  so-called 
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processes  of  the  cells  are  in  reality  not 
processes,  but  fibres  running  through  the 
cells  and  more  or  less  independent  of 
them.  In  the  embryo  thej'  may  be  re- 
garded as  actual  processes,  but  in  the 
adult  the  differentiation  is  always  de- 
monstrable. Weigerfs  method  shows 
that  the  fibres  are  more  or  less  straight 
or  they  may  run  in  stiff  curves.  They 
are  never  markedly  tortuous.  They  are 
solid,  no  central  cavity  being  demon- 
strable in  them.  They  are  always 
smooth,  rarely  presenting  varicosities  or 
moss-like  processes.  They  vary  in  thick- 
ness from  extremely  fine  fibres  on  the 
limits  of  microscopic  visibility  to  fibres 
1.5  /I  thick.  Weigert  has  never  been 
able  to  observe  division  of  his  fibres  nor 
could  he  make  out  in  any  case  the  exist- 
ence of  anastomoses. 

The  arrangement  of  the  various  histo- 
logical elements  in  the  different  parts  of 
the  brain  can  best  be  studied  by  examin- 
ing a  series  of  sections  taken  at  different 


Fig.  938.— Median  Section  through  Embryo  Human  Brain  at  the  End 
of  the  First  Month.  (Alter  \V.  His,  "  Anatomische  Nomenclatnr," 
Leipsic,  1895,  S.  158,  Fig.  17.) 

I.  Myelencephalon. 
I.  1.  Pars  ventralls.  1.  3.  Pars  dorsalis. 

11.  Mesencephalon. 
II.  1.  Pons.  II.  ~'.  Cerebellum. 

III.  Isthmus. 
III.  1.  Pedunculi  cerebri.  III.  2.  Brachia   conjunctiva, 

vel.  med.  ant. 
rv.  Mesencephalon. 

IV.  1.  PeduncuU  cerebri.  IV.  2.  Corpora  quadrigemlna. 

V.  Diencephalon. 

V.  1.  Pars  mammillaris  hypothalami.    V.  2.  Thalamus. 

V.  3.  Metathalamus. 
V.  4.  Epithalamus. 
VI.  Telencephalon. 
VI.  1.  Pars  optica  hypothalami.  VI.  2.  Corpus  striatum. 

VI.  3.  Rhinencephalon. 
VI.  4.  Palhum. 

levels  and  made  in  various  directions.  It  will  be  most  con- 
venient in  this  article  to  study  a  series  of  frontal  sections 
passing  from  the  spinal  extremity  of  the  brain  forward. 
In  describing  these  .sections  the  nomenclature  used  will 
be  that  of  the  B.  N.  A.*     Of  the  three  primary  cerebral 

*  Those  who  are  accustomed  to  the  terms  employed  by  Professor 
Wilder  will  And  the  equivalents  of  the  terms  of  the  Basle  CommisaioQ 
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vesicles  the  first  gives  rise  to  the  forebraiu  or  telenceph- 
alon and  the  interbrain  or  diencephalon,  the  second  to 
the  midbrain  or  mesenceijhalou,  and  the  third  to  the 
rhombencephalon.  The  relations  of  these  parts  are 
shown  in  the  accompanying  figures  (Figs.  937,  938,  and 
939).  Perhaps  the  classification  which  follows  will  be 
found  most  satisfactory.  It  is  that  introduced  by  His  of 
Leipsic.  The  encephalou  or  brain  is  divisible  into  the 
cerebrum  and  the  rhombencephalon.  The  rhombenceph- 
alon in  turn  includes  the  myelencepbalou,  the  meten- 
cephalon,  and  the  isthmus  rhombencephali.  The  myelen- 
cephalon  corresponds  to  the  medulla  oblongata,  the 
metencephalon  to  the  ]ions  and  cerebellum.   The  cerebrum 

SuUiu  cingvli 

ip<trs  marginatia}. 


Fig.  939.— Median  Section  through  Fa'tal  Human  Brain  of  the  Third 
Month.  (Alter  His,  Arch.  f.  Anat.  u.  PhysinU  Anat,  Abth.,  1892.) 
Lettering  same  as  in  Fig.  9to  {vUle  »upra). 

is  divisible  into  the  mesencephalon  and  prosencephalon. 
The  mesencephalon  includes  the  pedunculi  cerebri  and 
the  corpora  quadrigemina.  The  prosencephalon  is  divis- 
ible into  the  diencephalon  or  interbrain  and  the  telen- 
cephalon or  endbrain.  The  diencephalon  includes  the 
pars  mamillaris  hypothalami  and  the  thalamencephalon, 
the  thalamencephalon  in  turn  including  the  thalamus, 
the  metathalamus,  and  the  epithalamus.  The  telen- 
cephalon includes  the  hemisphoeiium  and  the  pars  optica 
hypothalami.  The  hemispha^rium  is  made  up  of  the  pal- 
lium, the  corpus  striatum,  and  the  rhinencephalon.  These 
relations  are  presented  below  in  tabular  form: 


the  fis»ura  medi- 
ana  Tentralis,  the 
commissura  ii  e  n- 
tralis  ulha  (Ca), 
the  commissura 
f/risea,  containing 
the  oiiiiilis  t'i'iitrii- 
lis  suri'oiuidi-d  liy 
the  siihstiintiii  gel- 
atinosa  eentralis 
(Siir) ;  behind  is 
the  septum  media- 
mim  dorsalis  sep- 
arating GoU's  fas- 
ciculi of  the  two 
sides.  In  the  half 
of  the  cord  shown, 
the  gray  sub- 
stance is  seen  to 
be  completely  sur- 
rounded by  the 
white  substance. 
The  white  sub- 
stance consists  of 
the  three  funiculi, 
the  fiiiuenbis  ven- 
triiUs  in  front,  the 
fuiiicnbis  Ifiteriilis 
at  the  side,  and 
the  funiculus  dor- 
salis  behind.  The 
funiculus  vcntra- 
lis  includes  the/o*- 
ciculus  ccrebrii-spi- 
nalis  reniriiIi.H  or 
ventral  pyramidal 
tract  (PyV),  the 
fasciculus  centra- 
lis proprius  or  ven- 
tral ground  bun- 
dle ( Vrf),  and  the 
fasciculus  suleo- 
manjinalis  (rtii). 
The  funiculus  la- 
teralis includes 
the  fasciculus  spi- 
iw-cerebellaris  dor- 
so-lateralis  or  di- 
rect cerebellar 

tract  (KS).  the  fasciculus  ventro-lalcralis  Gowersi  or  Gow- 
ers'   tract  (G),  the  fasciculus  c«rehro-spinalis  lateralis  or 


Fig.  940.  —  Schematic  Transverse  Section 
throuch  the  Pars  rervicalis  of  the  Medulla 
Spinalis.  (After  H.  Ohersteiner,  '".inlei- 
tunsr  beim  Stndiuin  des  Banes  der  nennsen 
Centralnrgnne,"  Hi,  AuH.,  Leii.z.  u.  Winn, 
1896,  S,  2.i7,  Fig.  113,)  B.  FuMiiulus  luncatus 
Burdachi :  Of,  cominissuiii  venlralis  ;  (Vhi, 
comu  ventnilis :  Coji,  ci.niu  dorsalls;  tr, 
fasciculus  \'i'iiin)-lali'ialis  (Jowei^^i;  G.S", 
fasciculu.s  grariiis  <;mII)  ;  <isZ,  nii.xed  bun- 
dle of  funiculus  lalrratis  ;  Ha.  (loi-so-lateral 
field  of  funiculus  d'Tsalis ;  ?.S,  intermediary 
bundle  of  funiculus  lutei-alis  ;  ii.S,  fascicu- 
lus ccTi'lii-Iln-spiualis  oi-  dii-et^t  cerebellar 
tract  of  Fli'ilisig  ;  />.  l.issauer's  fasciculus  : 
m,  niiiiifinal  zone;  PiiS.  fasciculus  c^re- 
bro-spinalis  hitrralis  or  lateral  pyramidal 
tract ;  P^y.  fasciculus  icrebro-spinalis  ven- 
tralis  or  ventral  pyi-aiiiidal  tract;  R.  sub- 
stantia gelaiinosa  Roiundi ;  Ea,  radix  ven- 
tralis :  Rp.  ladi.x  Uorsalis;  SC.  comma  of 
Schultze ;  SH.  lateral  limiting  layer;  .Sctc, 
substantia  gelatinosa  centralis;  V'G.  fascic- 
ulus ventnilis  proprius ;  vll.  ventral  field 
of  dorsal  funiculi :  vm.  fasciculus  suleo-mar- 
ginalis ;  u\  dorsal  root  fibre. 


Posterior 
cerebral 
vesicle. 

Middle 
cerebral 
vesicle. 


Anterior 
cerebral 
vesicle. 


I,    Medulla  oblongata Myeloncephalon  I,  (Afterbrain), 

"'■  rorohpii',;™ [  Metcnceplialon  II.  (Hindbraln). 


IIj.  Cerebellum 
III 


IV,.  Pedunculi  ceiehri 

IVj.  Corpora  quadrigemina... 


Istliiuus  rlioinbencephali  III.  I 

Mesenceplialon  IV.  (Midbrain). 


KUoiubencephalon  I. -Ill, 

(Rautcnhirn) . 


V],  Pars  mauiniillaris  hypothalami 

(Hypothalamus  \ice  pars  mam,  and  pars  optica). 

Vj.  Thalamus )     Thalamen- 

V3.  Metathalamus -      cephalon 

V^.  Epithalamus 1        V3— V.^. 

VIi .  Pars  optica  hypothalami 

VI2.  Corpus  striatum  I         Herai- 

VI3.  Rhinencephalon -     sphasrium 

VI4.  Pallium *       VIj-VI,. 


BienoepUalon 

(Interbrain). 

Telenoeplialon 
VI. 

(Endbrain), 


Prosenceplialoi 
V.  and  VI. 

(Forebraini, 


rerebrnm 
IV.— VI. 

(Gi-oss/j/rn), 


En- 

oeplialon 

I.-VI. 

(Brain), 


In  describing  sections  through  these  various  parts  it 
will  be  necessary,  in  order  to  make  clear  the  connections 
of  all,  to  begin  with  a  section  of  the  spinal  cord  in  the 
cervical  region. 

If  we  begin  with  a  schematic  transverse  section 
through  the  cervical  portion  of  the  spinal  cord  it  will 
be  easy  to  localize  the  main  fetitures  of  the  cross  section 
and  to  connect  these  with  the  iiarts  met  with  in  sections 
higher  up.  In  this  sectiou  (Fig.  940)  only  one-half  of 
the  cord  is  shown.     In  the  middle  line  in  front  is  seen 

In  Professor  Wilder's  article  entitled  "  Neural  Terms— International 
'and  NaHonaL"    Journ.  Comp.  Neurol..  Granville,  vol,  vi.  (189(5),  pp. 
21(i-352, 


lateral  pyramidal  tract  (PyS),  the  fasciculus  Lissaueri  (L), 
the  fasciculus  lateralis  limitans  or  lateral  limiting  layer 
(SO),  the  faMiculus  lateralis  proprius  or  lateral  ground 
bundle  (GSZ  iS).  The  funiculus  dorsalis  includes  the 
fasciculus  gracilis  or  Goll's  fasciculus  (G-'-S)  and  the  fas- 
ciculus cimeatus  or  Burdach's  fasciculus  (/?).  Goll's  fas- 
ciculus is  separated  from  Burdach's  fasciculus  by  the 
septum  paramedianum.  The  region  of  Schultze's  comma 
in  tlie  dorsal  funiculus  is  designated  as  SC. 

The  gray  matter  is  divisible  in  this  region  into  a  ven- 
tral and  a  dorsal  column.     The  columna  tentralis  (Coa), 
often  spoken  of  as  the  ventral  horn  or  anterior  horn,  con- , 
tains  the  motor  cells;  the  columna  dorsalis  (Cop),  often 
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called  the  dorsal  horn  or  posterior  horn,  contains  a  large 
number  of  small  cells,  probably  sensory.     The  entering 

dorsal  root,  radix  dormlis 
{lip),  and  the  issuing  ven- 
tral root,  radi.v  ren  traits 
(Ra).  are  shown.  The  lat- 
eral horn  is  not  well  illus- 
trated in  tlie  schematic  fig- 
ure. 

The  more  exact  relations 
at  the  level  of  the  third  cer- 
vical nerve  are  shown  in 
Fig.  941.  The  legend  will 
explain  the  various  parts 
sufficiently. 

A  little  higher  up,  just 
at  the  junction  of  the  cer- 
vical spinal  cord  with  the 
medulla  oblongata,  the 
relations  of  the  gray  mat- 
ter to  the  white  matter 
change  considerably.  In 
Fig.  942  one  can  easily 
make  out  that  the  gray 
matter  is  more  abundant 
than  at  the  lower  level, 
that  the  donsal  horns  of 
gray  matter  are  inclined 
much  more  lateralward 
instead  of  dorsalward. 
while  the  neck  of  gray 
matter  connecting  the  dor- 
sal horn  with  the  rest  of 
the  gray  matter  is  very 
long  and  narrow.  In  the 
region  of  the  lateral  horn 
of  gray  matter  the  white 
and  gra}-  matter  are  much 
mixed  up,  corresponding 
to  the  beginning  of  the 
formatio  reticularis  of  the 
medulla  oblongata. 

A  section  taken  through 


fsla. 


Fig.  941. — Cross  Section  throujrb  the 
Human  Splnjil  Conl,  Stained  with 
Carmine,  (.\fter  H.  ubersteiner. 
"AnUMiuiitr  licini  Studium  des 
Banes  der  nerviisen  Centralorgane 
im  pesumien  iind  kranken  Zu- 
stande."  jii.  Aufl.,  Leipzig  und 
Wien,  1896,  S.  227,  Figs.  96-103.) 
A,  Transverse  section  at  the  level 
of  C  ill;  Cit'  conimissui'a  grisea; 
Ap,  apex  cohiiiiiia'  dnrsalis:  Ca, 
coinmissura  veiitralis  alba;  Cc. 
canalis  centnilis;  C/»,  commis- 
surameiiiilliv spinalis;  Crn, cornu 
ventralis;  CriK  cornu  dorsalis ; 
Fna,  fuDiculus  venti^lis;  FnB, 
fasciculus  cuneatus  liiirdachi ; 
F»G,  fasciculus  gracilis  Golli ; 
FitU  funicidus  lateralis:  FsJa, 
flssura  mediana  ventralis;  Fslp, 
sulcus  medianus  dorsalis ;  fr,  trac- 
tus  solitarius ;  I'r,  formatio  retic- 
ularis; Ra,  radix  ventralis;  Rp, 
radix  dorsalis ;  Su,  substantia 
gelatinosa  Rolandi ;  Sid,  sulcus 
lateralis  dorsalis ;  Snul,  septum 
medianum  dorsale ;  Spd,  septum 
intermedium  dorsale ;  Til,  tractus 
lnt«rmedio  lateralis. 


one  side  of  the  central  ner 
vous  system  of  the  new-bom  babe  at  the  junction  of  the 
cervical  portion  of  the  spinal  cord  with  tlie  medulla  ob- 
longata will  show  certain  particulars  not  brought  out  in 
previous    .sections   (see   Fig.    943).     Here    not    all    the 
white  matter  is  medullated.     Thus,  for  example,  the  fibres 
of  the  pyramidal  tract  are  not  yet  surrounded  by  myeline 
sheaths.     In  the  centre  is  seen  the  ca- 
nalis   centralis;    ventral   from   it   is  a 
white  area  corresponding  to  the  non- 
medullated  decussation  of  the  pyramids 
(decussntio    pyraiiiidum);    dorsal    from 
the  central  canal  is  a  mass  of  graj'  mat- 
ter and  a  median  dorsal  septum  and 
sulcus.     The  ventral  part  of  the  sec- 
tion has  been  cut  off  so  that  the  gray 
matter  of  the  ventral  horn  is  not  well 
shown.     That  of  the  dor.sal  hora  (col- 
umnci  dorsalis)  is,  however,  well  illus- 
trated.    It   is   directed,    however,    far 
lateralward  instead  of  backward,  and 
is   capjied   by  a  large  mass  of  gelat- 
inous  substance   (substantia  gelatinosa 
Rolandi).     Between    the    dorsal    horn 
and  the  median  line  are  two  new  masses 
of  gray  matter  not  met  with  in  the 
spinal  cord  lower  down ;  one  verj-  well 
developed,  occupying  a  large  part  of 
the  region  of  the  funiculus  gracilis,  is 
called   the   iiiichiis  funicvli  gracilis  or 
GoH's  nucleus.     Lateral  from  it,  in  the 
ventral  part  of  the  fasciculus  cuneatus. 
a  mass  of  gray  matter  is  beginning  to 
appear  which  higher  up  becomes  very 
voluminous  and  is  known  as  the  nucleus 


funiculi  fi/n^rt/t  or  Burdach's  nucleus.  The  white  matter 
surrounds  the  gray  matter  as  before,  and  is  again  divis- 
ible into  the  funiculus  ventralis,  the  funiculus  lateralis, 
and  the  funiculus  dorsalis.  The  funiculus  ventralis  in- 
cludes the  non-medulhited  pyramid  and  the  partly 
medullated  fasciculus  ventralis  proprius.     The  funiculus 


Fig.  942  —Transverse  Section  at  the  Junction  of  the  Medulla  Spinalis 
with  the  Medulla  Oblongata.  (After  J.  Henle,  "  Handbuch  der 
Nervenlehre  des  Menschen,"  zweite  Aufl..  Braunschweig,  1879,  S. 
20S,  Hg.  124.1  Cc,  Canalis  centralis;  Cml,  coluuma  (grisea)  dor- 
salis ;  Vqw  columna  (gilsea)  ventralis ;  Fc,  funiculus  ventralis ;  Fc, 
fasciculus  cuneatus:  Fg,  fasciculus  gracilis ;  ly.  substantia  gelatinosa 
Rolandi ;  (jc.  substantia  gelatinosa  centralis ;  7,  ventral  root  of  the 
first  cenical  nerve  :  the  a.sterisk  *  indicates  a  cross  section  of  a  blood- 
vessel :  Ft,  formatio  reticularis.  This  section  is  below  the  level  of 
the  decussatio  p>Tamidiim. 

lateralis  includes  the  partially  medullated  fasciculus  ven- 
tralis proprius,  the  well-medullated  fasciculus  spino-cere- 
bellaris  dorso-latcralis.  In  the  funiculus  dorsalis  are  seen 
the  well-medullated  fasciculus  gracilis  and  the  well- 
medullated  fasciculus  cuneatus.  Passing  transversely 
lateralward  tlirough  the  gray  matter  and  through  the 


Fasciculus  gracilis. 
JVmcicuZim  cuntatus. 


Kucleus  funiculi  graeUit. 


Substantia  gelatinosa 


X.  accessoriits. 


Fasciculus  spino-cere- 
beliaris  dorso-latcralis. 


Canalis  centralis. 


Fasciculus  ventro-lateral is 
proprius. 


I  Pecnssatio  pyramidum. 


FtG.  943.— Transverse  Section  through  One  Side  of  Central  Nervous  System  of  New-Bom 
Babe  at  Junction  of  Pars  Cervicalls  MedulUv  Spinalis  with  the  Medulla  Oblongata,  Show- 
ing the  N.  Accessorius.  (Weigert-Pal  preparation  by  Dr.  John  Hewetson,  drawing  by 
A.  Karsted. )  (Taken  from  "  The  Nervous  System  arid  Its  Constituent  Neurones,"  New 
York,  D.  Appleton  &  Co.,  1899.) 
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funiculus  lateralis  are  seen  the  root  fibres  of  the  accessory 
nerve  (?'<w?(>  nervi  acefSBoni).  A  good  deal  of  white  matter 
mixed  up  with  gray  matter  is  visible  in  the  lateral  region. 


Fig.  944.— Transverse  Section  through  the  Medulla  Oblongata  at  the 
Level  of  the  Decussatio  Pjramidum.  (.^fter  J.  Henle,  "Handbuch 
der  Ner\>'iilHlire  des  Mensehen,"  Zwelle  Aufl..  Braunschweig.  1ST9, 
S.  211,  Fitr.  l:.'ti.i  Cyr,  Columna  (grisea)  ventralis  or  ventral  horn  ; 
Fv',  onntinuulion  in  the 
medulla  nt  the  fascicu- 
lus ventralis  proprius 
(.Vuriltrstrangrest  of 
the  Germans);  Fpj/,  fas- 
ciculi cerebro-spinales 
pyramidales  undergoing 
decussation :  g,  sub- 
stantia gelatinosa  Ro- 
land! ;  Xg,  spinal  ex- 
tremit y  of  nucleus 
funiculi  gracilis ;  XI, 
nervus  accessorius. 


and  between  it  and  the  surface  lie.  instead  of  the  fascic- 
ulus of  Lissauer  met  with  in  the  spinal  cord,  the  descend- 
ing fibres  of  the  spinal  tract  of  the  trigeminal  nerve  (trac- 


This  corresjjonds  to 
the  beginning  of  the 
form  a  t  io  retic  u  la  lis. 
A  section  from  a  sim- 
ilar region  in  the 
adult  is  shown  in  Fig. 
944.  In  this  figure 
the  decussation  of  the 
pyramids  is  well 
marked. 

At  a  little  higher 
level  (Fig.  945),"  the 
relations  of  the  gray 
matter  to  the  white 
matter  have  become 
still  more  complex. 
The  fasciculus  gra- 
cilis is  almost  entirely 
replaced  by  the  nu- 
cleus funiculi  gracil- 
is, and  the  funiculus 
cuneatus  is  much  en-' 
croached  upon  by  the 
nucleus  funiculi  cu- 
neati.  The  region  of 
the  lateral  funiculus 
is  being  converted 
largely  into  a  mass 
of  formatio  reticu- 
laris. The  substantia 
gelatinosa  Rolandi 
has  increased  in  bulk. 


/r^ 


^^f, 


Fig.  946.— Transverse  Section  tlirouirh  the  Medulla  ot>longata  in  the  Region  of  the 
Distal  Portion  of  the  Fossa  Rhoniboidea  of  an  Adult  Htiman  Being.  The  nerve 
fibres  have  been  drawn  in  on  the  left  side  (Weigert-Woltefs'  stainingi  ;  on  the 
right  side,  the  cells  (Nissl's  stain) .  (.^fter  E.  Flatau,  '*  .Vtlas  )  'erebri  Humani,"  Tab. 
X.,  Fig.  B.)  1,  Fissura  longitudinalls  medlana;  2.  stratui))  interolivare  lemnisci; 
3,  pyramis;  4.  radix  nervi  hypoglossi :  .5,  nucleus  olivarisinfciior;  6,  fibne  arcuatie 
su|«TtIciules  laterales ;  7,  nucleus  olivaris  accessorius  dorsalis ;  8,  nucleus  laterahs ; 
9.  substantia  reticularis  grisca  with  Bbr«  arcuatce  interna?;  10,  libra;  arcuatte 
supertliiales  laterales;  11,  tn;ctus  ^pillaUs  ner\i  trigemini;  12,  corpus  restlforme; 
I'i.  subsuuitia  gelatinosa  ;  14,  ner\tis  hvpoglossus;  1."),  libra?  arcuatije  superflciales 
dorsiiles ;  Hi,  funiculus  cuneatus  Burdachi ;  IT,  nucleus  funiculi  cuneati ;  18,  trac- 
tus  solitarius ;  19,  nucleus  funiculi  gracilis;  20,  funiculus  gracilis  Golli;  21,  distal 
part  tpf  fossa  rhomboidea  ;  22,  nucleus  ala?  cinerea- ;  2;i,  nucleus  fnniculi  gracilis: 
24,  nucleus  nervi  hypoglossi ;  2,5,  nucleus  funiculi  cuneati ;  26,  scattered  cells  of 
the  formatio  reticularis  grisea ;  2T,  substantia  gelatinosa ;  38,  dorsal  part  of  sub- 
stantia reticularis  alba  (fasciculus  longitudinalls  medlalis)  ;  29,  nucleus  laterahs; 
311,  cells  iit  tile  nuiiiMis  .ili\aris  accessorius  dorsalis;  31,  cells  of  the  nucleus  oli- 
varis inferior;  32,  ni|ilie  with  the  stratum  interolivare  lemnisci  on  each  side  of  it. 
On  both  sides  of  the  rsiphe  lie  s(une  scattered  small  cells ;  33,  cells  of  the  nuclei  ar- 
cuatl.  Some  large  cells  which  lie  in  the  region  between  the  dorsal  accessory  olive 
130)  and  the  substantia  gelatinosa  (27)  belong  to  the  nucleus  ambiguus. 


Fig.  945.— Transverse  Section  through  the  Medulla  Oblongata  at  the 
Level  of  the  Most  Caudal  Fila  Radicularia  of  the  Nervus  Hypo- 
glossus.  (After  J.  Henle,  "  Handbuch  der  Nen-enlehre  des  Men- 
sehen," Zweite  Aufl., 
Braunschweig.  1879.  S. 
213,  Fig.  127.)  FC,  Con- 
tinuation in  the  Medulla 
of  the  fa.sciculus  ven- 
tralis proprius  of  the 
spinal  cord  ;  Ftm,  pyra- 
mis I  at  uppennost  level 
of  decussatio  pyrami- 
dnm);  »,  substantia 
gelatinosa ;  Nc,  nucleus 
funiculi  cuneati  (Bur- 
dachi) ;  Kg.  nucleus 
funiculi  gracilis  (Golli). 
The  deQussatio  lemnis- 
corum  is  not  indicated 
in  the  figure,  though  it 
is  to  be  seen  at  this  level. 


tus  spinalis  nervi  tri- 
gemini). 

In  a  section  at  a 
higher  level  (Fig. 
946)  the  central  ca- 
nal has  opened  out 
into  the  lower  part 
of  the  fourth  vcntri 
cle.  Below  the  stra- 
tum griseum  centrale 
is  the  nucleus  nervi 
hypoglossi  (24).  Just 
dorsad  from  this  nu- 
cleus is  situated  part 
of  the  nucleus  alae 
cinerese  (33).  while 
more  laterally  and 
dorsalh-  placed  is 
seen  the  upward  con- 
tinuation of  the  nu- 
cleus funiculi  gra- 
cilis (19,  33);  some 
fibres  of  the  funicu- 
lus gracilis  are  still 
present  (20).  Still 
more  lateralward  is 
seen  the  upward  con- 
tinuation  of  the  fu- 
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nioulus  cuneatus  (16),  and  ventrad  from  this  the  nucleus 
funiculi  cuneati  (17,  35).     Curving  around  the  funiculus 


-^8 


FIO  947 —Transverse  Section  through  the  Medulla  OWonguta  in  the  Region  of  the 
Nucleus  Nervi  H\-pofflossi  and  .Nucleus  Alae  Cinereie  in  an  Adult  Human  Being.  On 
the  left  side  the  fibres  are  phot.iLT.iplicd  (Weigert-Wolters'  stain);  on  the  right  side 
the  cells  have  been  drawD  in  from  Nlssl  |irepa- 
rations.  (After  E.  Flatau,  "  Atla.^i  fercbri  Hu- 
mani."  Tab.  xi..  Fig.  A.)  1.  Stratum  interoU- 
vare  lemnisci;  3,  flbne  arcuat*  superltciales 
ventrales;  3,  nuclei  arcuati;  4.  pyramis;  .5, 
flbra?  arcuatie  superflciales  lateralis:  0.  nu- 
cleus olivaris  inferior ;  7,  nucleus  olivaris  ac- 
c-essorius  dorsalis :  8  and  9,  flbne  arcuatiE  in- 
terna": 10,  tractus  spinalis  nervi  trigemini: 
11,  nervus  vagus:  Vi,  corpus  rc.stiforme:  VS, 
nucleus  funiculi  cuneati:  14,  remains  of  the 
nucleus  fuuiruU  gracilis  and  bundles  of  the 
radl-\  dcscrndi-ns  nervi  vestibuU;  1-5,  tractus 
solitarius;  Hi.  nucleus  ahe  cinereie:  17,  for- 
matio  reticularis  grisea:  1!*,  nervus  hypo- 
glossus:  19,  nucleus  nervi  hypoglossl;  20, 
raphe;  21,  nucleus  nervi  hypoglossl;  23,  nu- 
cleus nervi  vagi:  2:3,  nucleus  neni  vesti- 
buU :  24,  groups  of  cells  which  belong  partly 
to  the  nucleus  funiculi  cuneati  and  partly  to 
the  nucleus  tractus  solitarii :  3).  nucleus  funic- 
uli cuneati;  2ii.  scattered  cells  in  the  for- 
mat!" reticularis  grisea;  27,  cells  of  the  sub- 
stantia gelatinosa;  2S,  cells  of  the  nucleus 
lateralis :  29,  cells  of  the  nucleus  ainbiguus : 
30,  cells  of  the  nucleus  lateralis :  31.  cells  of 
the  nucleus  olivaris  accessorius  dorsalis:  32, 
cells  of  the  nucleus  olivaris  inferior ;  3:1,  cells 
of  the  nuclei  arcuati :  34  and  35.  cells  of  the 
nucleus  olivaris  accessorius  medialis ;  36,  nu- 
clei arcuati. 

cuneatus  are  a  few  of  the  fibrfe  arcuatfe 
superticiales  dorsales.  Jloi'e  ventrally 
situated  is  the  corpus  restiforme  (12), 
here  consisting  chiefly  of  the  upward 
continuation  of  the  direct  cerebellar  tract 
from  the  spinal  cord.  Tlie  pale  mass 
of  substantia  gelatinosa  is  visible  at  13, 
while  lateralward  from  it  are  seen  in 
transverse  section  the  descending  fibres 
of  the  tractus  spinalis  nervi  trigemini 
(11).  Just  lateralward  from  this  are 
more  lateral  superlicial  arcuate  fibres 
(10);  ventralward  from  the  substantia 
gelatinosa  are  situated  the  nuclei  later- 
ales  (8.  29).  In  the  zone  between  the 
area  above  described  and  the  radix  n. 
hypoglossl  (4.  14)  are  seen  the  following 
structures:  the  tractus  solitarius  (18), 
which  represents  chiefly  descending 
fibres  from  the  nervus  glosso-pharyn- 
geus,  the  formatio  reticularis  with  many 


fibras  arcuatse  internse  (9),  tlie  nucleus  olivaris  acces- 
sorius dorsalis  (7,  30),  the  nucleus  olivaris  inferior (5,  31), 
and  the  flbrse  arcuata;  superflciales  later- 
ales  (6).  In  the  middle  line  is  seen  the 
raphe  extending  from  the  fissura  longi- 
tudinalis  ventralis  (1)  to  the  floor  of  the 
fourth  ventricle  (21).  From  the  dorsal 
surface  ventralward  between  the  raphe 
and  the  radix  n.  hypoglossl  the  following 
structures  are  met  with:  Below  the  gray 
matter  are  seen  in  transverse  section  the 
fibres  of  the  fasciculus  longitudinalis  me- 
dialis. Yentral  from  this  are  the  trans- 
verse sections  of  the  fibres  of  the  stratum 
interolivare  lemnisci  which  are  made  up 
of  internal  arcuate  fibres  which  have 
crossed  the  raphe  and  turned  to  run 
longitudinally.  Among  these  fibres  some 
small  cells  are  present  (32).  At  the  most 
ventral  part  of  the  interolivarv  layer  of 
the  lemniscus  are  seen  many  transverse 
fibres;  at  the  level  of  the  olive  (2)  the 
large  bundle  of  white  fibres  on  the  ven- 
tral surface  is  the  pyramis  (3).  At  the 
periphery  of  the  pyramid  a  few  cells  are 
seen  which  represent  a  continuation 
downward  of  the  nuclei  arcuati  of  the 
pons. 

If  a  section  be  taken  still  higher  up 
the  relations  become  somewhat  more 
complex  (see  Fig.  947).  The  fourth  ven- 
tricle has  become  much  wider,  the  two 
halves    of   the    medulla    are    separated 


Fig.  94S.— Transverse  Section  through  the  Medulla  Oblongata  at  the  Level  of  the  Nervtis 
Vagus  and  Nervus  Glosso-Pharyngeus  in  an  .\dult  Human  Being.  On  the  left  side, 
photogi-aph  of  a  fibre  preparation ;  on  the  right  side  the  cells  have  been  drawn  in  from 
Nissl  preparations.  (,\fter  F..  Flatau.  "Atlas  Cerebri  Humani,"  Tab.  xl..  Fig.  13.)  1, 
Nuclei  arcuati :  2,  flbne  arcuati  superflciales  ventrales ;  3.  stratum  interolivare  lem- 
nisci; 4.  pyniuii^  :  .*>.  nucleus  olivaris  inferior;  fl.  flbnv arcuatfe  superflciales  laterales: 
7,  formalin  reticularis  grisea  with  flbn^  arcuat;e  internije ;  8,  flbn^cerebello-olivaree ;  9, 
tractus  spinalis  nervi  trigemini:  10.  e.xtra-medullary  bundle  of  the  nervus  vagus  and 
nervus  glosso-pllar\^lgeus :  11.  corpus  n-stifonne:  l2,  bundle  of  the  nervus  glosso- 
pharyngeus  (the  radial  Hbres  runmiiL'  im-dial  from  this  and  not  lettered  represent  the 
motor  fibres  of  the  vagus  and  glos.so-plianngeal  nerves);  13,  radi.v  descendens  nervi 
vestibuli:  14.  tnictus  solitarius:  1-5,  nucleus  nervi  vestibuli ;  16,  nucleus  nervi  glosso- 
pharvngei :  IT.  siria^  iniMlullares ;  18.  radial  fibres  in  the  fonnatio  reticularis  grisea  lat 
the  boundary  between  the  flbrse  arcuatie  intern*  and  the  flhiie  cerebelk«)livares)  :  19, 
nucleus  funiculis  teretis :  20,  fasciculus  longitudinalis  medialis :  21,  raphe :  22,  nucleus 
funiculi  teretis:  'ii.  cells  which  lie  dorsalward  frem  the  fasciculus  longitudinalis 
medialis  and  lielong  to  the  cells  of  the  fonuatlo  reticularis  grisea:  24,  nucleus  nervi 
vagi ;  2.5,  nucleus  nervi  vestibuli  medialis :  26,  nucleus  ner\i  glosso-pharyngei :  27, 
cells  of  the  nucleus  nervi  vestibuli  lateralis  (Deiters)  and  of  the  remains  of  thfr 
dorsal  horn  of  the  spinal  cord  :  28,  scattered  cells  of  the  formatio  reticularis  grisea ; 
29,  cells  belonging  to  27 ;  30,  cells  of  the  substantia  gelatinosa :  31,  nucleus  lateralis : 
32,  cells  of  the  nucleus  ambiguus  :  3;i.  nucleus  lateralis  (?)  ;  34,  cells  of  the  nucleus 
oUvaris  accessorius  dorsalis :  35,  36,  37,  cells  of  the  nucleus  oUvaris  inferior ;  38,  39, 
cells  of  the  nuclei  arcuati. 
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from  each  otber  by  the  raphe  (30).  In  the  floor  of  the 
fourth  ventricle,  passing  from  the  middle  line  lateral- 
ward,  are  seen  the  nucleus  n.  hypoglossi  (19,  31),  the 
nucleus  aVx  cinereoe  (IG,  32),  the  tractus  solitarius  (l.T), 
and  the  lower  portion  of  the  nucleus  n.  vestibuli  (23), 
near  which  are  a  few  fibres  of  the  fasciculus  cuneatus 
and  some  fibres  of  the  t-mUx  descendeus  n.  vestibuli  (14). 
Each  half  of  the  medulla  is  divisible  by  means  of  the 
radix  n.  vagi  and  the  radix  n.  hj-poglossi  into  three  com- 
partments: one  lateral  between 
the  dorso-lateral  edge  and  the 
radix  n.  vagi,  one  middle  be- 
tween the  radix  n.  vagi  and  the 
radix  n.  hypoglossi,  and  one 
medial  between  the  radix  n.  hy- 
poglossi and  the  raphe. 

In  the  lateral  compartment  can 
be  seen  the  corpus  restiforme 
(12),  the  nucleus  funiculi  cuneati 
(13,  35),  the  tractus  spinalis  n. 
trigemini  (10),  and  the  substantia 
gelatinosa  (37). 

In  the  middle  compartment 
there  are  the  tibne  arcuatie  super-' 
ficiales  laterales  (5),  the  nucleus 
olivaris  inferior  (6,  32).  the  nu- 
cleus olivaris  accessoriusdorsalis 
(7,  31),  the  tibra>  arcuat;e  in- 
terna; (8.  9),  the  format  io  reticu- 
laris grisea  (17,  26),  the  nuclei 
laterales  (28),  and  the  nucleus 
ambiguus  (29)  which  is  regarded 
as  the  motor  nucleus  of  origin 
of  the  n.  vagus  and  the  n.  glosso- 
pharyngeus. 

In  the  medial  compartment, 
passing  from  the  dorsal  surface 
ventralward,  is  seen  the  stratum 
interolivare  lemnisci  (1),  the  ven- 
tral superficial  arcuate  fibres  (2), 
the  pyramis  (4).  the  nuclei  arcu- 
ati  (3),  and  the  nucleus  olivaris 
accessorius  medialis  (34,  3.j). 

In  the  next  section  (Fig.  948), 
taken  from  the  upper  jiart  of  the 
medulla  oblongata,  the  fourth 
ventricle  is  very  wide  and  the 
corpus  restiforme  has  become 
very  markedly  developed.  In 
the  floor  of  the  fourth  ventiicle, 
passing  from  the  middle  line  lat- 
erahvard,  are  seen  the  nucleus 
funiculi  tcretis  (19,  22),  the  nu- 
cleus ala3  cinerea'  (24),  the  strii"e 
medullares  or  striiC  acustiei  (17), 
the  nucleus  n.  vestilmli  medialis  (15,  25).  The  cor- 
pus restiforme  (11)  is  .seen  as  a  large  mass  of  fibres 
cut  transversely  at  the  lateral  dorsal  angle  of  the  cross 
section.  Just  medial  to  it  are  seen  the  bundles  of  the 
radix  descendens  n.  vestibuli  (13).  In  many  of  these 
bundles  are  masses  of  gray  matter  (27)  which  represent 
chiefly  the  nuclei  of  the  descending  root  of  the  vestibular 
nerve".  The  round  bundle  formed  by  the  tractus  solitarius 
(14)  is  clearly  visible,  and  close  to  "it  the  nucleus  tractus 
solitarii  (36) "  at  9  the  tractus  spinalis  n.  trigemini  is  seen 
crossed  by  black  bimdles  of  fibres,  the  librae  cerebello- 
olivares  (8).  Medial  from  the  tractus  spinalis  n.  trigem- 
ini aresittiated  the  cells  of  the  substantia  gelatinosa  (30). 
The  nucleus  lateralis  (31)  is  still  visible.  The  motor 
nucleus  of  the  n.  vagus  and  of  the  n.  glosso-pharyngeus, 
or  so-called  nucleus  ambiguus,  is  visible.  At  this  level 
(33)  the  fitirte  arcuat.T  interna?  (7)  are  numerous,  crossing 
the  formatio  reticularis  grisea  and  running  toward  the 
raphe.  The  nucleus  olivaris  inferior  (5,  35)  is  accom- 
panied by  the  nucleus  olivaris  accessorius  dorsalis  (34) 
and  the  nucleus  olivaris  accessorius  medialis  (37).  Dorso- 
lateral from  the  olive  are  the  flbra;  arcuatw  superficiales 
laterales.     In  the  middle  line  is  seen  the  raphe  and  close 


to  it  the  fasciculus  longitudinalis  medialis  (20),  the  stra- 
tum interolivare  lemnisci  (3),  and  the  pyramis  (4);  run- 
ning around  the  pyramid  are  the  fibr*  arcuata'  super- 
ficiales ventrales  (3),  and  the  nuclei  arcuati  (1,  38,  39). 

The  section  which  follows  (Fig,  949)  is  taken  at  the 
uppermost  part  of  the  medulla  oblongata  just  where  it 
goes  over  into  the  pons.  Here  the  fourth  ventricle  is  at 
its  widest,  and  running  transversely  across  it  are  seen  the 
stria'  medullares  (16).     Connected  lateralward  with  the 


Fig.  949.— Transvi»rsf  Swtinn  thmuKli  tin'  Pro.ximal  Part  .■f  the  Medulla  Ohloneata  at  the  Region 
of  Enlranii'  "f  Un.'  Niivus  .^i-ii^iii-u.s  in  an  .\dult  Hninan  lieinpr.  On  the  left  the  fllires  have 
been  pliotiifrai)tn*il ;  en  \hf  right  the  ci-Us  havf  linen  dniwn  in.  (.\fter  E.  Flatau.  "  Atla.s  Cerebri 
Humani,"  Tab.  .xil..  Fig.  A.I  1,  Nuclei  areuati;  3,  Bbra>  arc'iiatic  suiiertliiales  ventiales:  3, 
pyramis;  4,  stratum  interolivare  lemnisci :  5,  nucleus  olivaris  inferior:  t>.  ilhrj' aicnaiie  super- 
ficiales laterales:  7,  fa.sciculus  tegmenti  centralis,  or  centrale  Haulienbahii  of  von  lieiliierew  ;  8, 
flbra?  arcuat:e  internie:  '.'.  Ilbi",i*  cerellello-^'livares:  10.  tra<^tus  sjiinalis  nervi  trigemini:  11, 
suljstantia  gelaiino^a:  IL'.  nucleus  nervi  coelileie  ventralis;  l:i  iiervus  cochlea-;  14.  nucleus 
nervl  cochleie  iloi-salis  auberculum  acuslicumi;  15,  corpus  restiforme;  lii.  slriie  medullares 
(very  markedly  devei,.|ied  i ;  IT,  radix  nerrt  glosso-pharragei ;  Is,  radi.x  descendens  nervi 
vestibuli:  19,  nucleus  nervi  vestibuli  medialis;  20,  lonnatio  reticularis  grisea;  21,  stratum 
iutei-olivare  lemnrsci ;  22.  fasciciilus  longitudinalis  medialis;  2:!,  raphe:  24,  cells  dorsal  from 
tbe  fasciculus  lungiiudinalis  medialis  connected  with  the  nucleus  reticulai'is  tegmenti:  25, 
scattered  cells  of  the  tegmentum  (von  Bechterew's  nucleus  reticularis  tegmenti)  ;  21),  nucleus 
nervi  vestibuli  mi'dialis;  :;7.  nucleus  nervi  vestibuli  lateralis  inciters) ;  2.'<,  cells  of  the  sub- 
stantia gelatinosa;  2!i,  ci-lls  of  the  tuberculum  acusticuin;  :iO,  toiigue-like  collection  of  cells; 
31.  venlro-meilial  continuiUion  of  the  nucleus  nervi  cochle;e  ventralis;  :J2,  nucleus  nenrt 
facialis ;  ;!:i.  nucleus  lateralis ;  34,  large  multipolar  cells  (connected  with  the  scattered  cells  of 
the  formati)'  retii-iilaiis  grisea);  3.5,  nucleus  oliyaris  accessorius  dorsalis ;  36,  cells  of  nucleus 
olivaris  iuferioi- :  -K.  scalti'rcd  cells  at  the  dorsal  periphery  of  the  pyramid  (beginning  nuclei 
pontis) ;  38,  cells  of  the  nuclei  arcuati. 


nucleus  n.  cochlefe  dorsalis  or  tuberculum  acustictim  (14) 
is  the  n.  cochle*.  In  the  floor  of  the  fourth  ventricle, 
passing  from  the  middle  line  lateralward,  can  be  seen 
some  cells  of  the  nucleus  reticularis  tegmenti  (34)  and  the 
nucleus  n.  vestibuli  medialis  (19,  36).  The  corpus  resti- 
forme (15)  is  separated  from  the  pcripherv  by  the  dorsal 
cochlear  nucleus  (14,  29);  medial  from  it  the  radix  de- 
scendens n.  vestibuli  is  present  in  the  form  of  numerous 
discrete  bundles  in  among  which  are  situated  the  large 
multipolar  ganglion  cells  of  Deiters'  nucleus  (nucleus  n. 
vestibuli  laterahs)  (27).  Ventral  from  the  corpus  resti- 
forme and  the  radix  descendens  n.  vestibuli  are  seen  the 
root  fibres  of  the  n.  glosso-pharyngeus  (17).  A  portion  of 
the  nucleus  n.  cochlete  ventralis  is  visible  (12,  31).  Ven- 
tralward from  the  root  fibres  of  the  glosso-pharyngeal 
nerve  are  seen  the  fibres  of  the  tractus  spinalis  n.  trigemini 
(10),  and  medial  from  them  the  cells  of  the  substantia  gela- 
tinosa (11,  28).  The  formatio  reticularis  (20)  is  well  de- 
veloped. It  is  crossed  as  in  the  sections  below  by  many 
fibrre  arcuatse  interna?  (8) ;  the  flbra;  cerebello-olivares  are 
still  visible  (9).  The  section  passes  through  the  upper 
part  of  the  nucleus  olivaris  mferior  (5)  and  a  portion  of 
the  nucleus  olivaris  accessorius  dorsalis  (21 ,  35).    The  fibrae 
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arcuata  superficiales  laterales  are  still  present  (6),  and 
dorso-lateral  from  the  olive  are  seen  some  of  the  fibres  of 
the  fasciculus  tegmenti  centralis  or  centrale  Haubenbahu 


In  sections  through  the  pons  we  have  to  distinguish 
between  the  pars  dorsalis  pontis  and  the  pars  basilaris 
pontis.      The   pars   basilaris   pontis   includes   the   large 

fasciculi  longitudi- 
nales  of  tl]e  pons, 
the  large  bundles  of 
transverse  til  ires  of 
the  pons,  and  the 
great  gray  masses 
known  as  the  nu- 
clei pontis.  The 
pars  dorsalis  pontis 
includes  the  up- 
ward continuation 
of  the  medulla  ob- 
longata with  the 
exception  of  the 
pyramids.  It  con- 
tains the  nuclei  of 
the  nerves  connect- 
ed with  the  pons, 
the  fasciculus  longi- 
tudinalis  medialis, 
the  medial  and  lat- 
eral lemnisci.  the 
corpus  trapezoide- 
uni,  the  formatio 
reticularis  and  the 
superior  olivary 
complex.  In  Fig. 
9.50  some  of  the 
principal  structures 
of  the  lower  part  of 
the  pons  are  shown. 


Fig.  950.— Transverse  Section  through  the  Pons  at  the  Level  of  the  Nervus  Facialis  and  Nervus  .ihduoena  In  an  Adult 
Man.  On  the  left  side  the  tlbres  have  been  photographed  ;  on  the  right  the  cells  have  been  drawn  in.  (After  E. 
Flatau,  "  Atlas  Cerebri  Humanl," 
Berlin,  18»9,  Tab.  xii..  Fig.  B.)  1, 
Fibne  pontis  superficiales  ;  2,  fas- 
ciculi longltudinales  pontis;  3, 
lemniscus  medialis ;  4,  flbra?  pontis 
profunda? ;  .5,  brachium  pontis;  6, 
nucleus  olivaris  superior ;  7,  sub- 
stantia gelatinosa  (beginning  sen- 
sory nucleus  of  the  trigeminus) ; 

8,  tractus  spinalis  nervi  trigemini ; 

9,  con^us  restifonnc  (ascending 
to  cerebellum.) ;  10,  radi.>t  descen- 
dens  nervi  vestibuli ;  11,  radix 
nervi  facialis  pars  secunda ;  13, 
nucleus  nervi  vestibuli  medialis; 
13,  formatio  retii-ularis  grisea  vrith 
ascending  tlbres  from  the  nu<-lcus 
nervi  facialis  and  fibres  from  the 
nucleus  olivaris  superior  to  the 
nucleus  nervi  abducentis;  14, 
nucleus  neni  abducentis ;  15, 
genu  internum  nervi  facialis; 
16,  nen'us  abducens;  17.  fascicu- 
lus loiigltudinalis  medialis;  18, 
nucleus  nervi  abducentis ;  19, 
cells  of  formatio  reticularis  gri- 
sea; 30,  nucleus  nervi  vestibuli 
lateralis  Deiters ;  21,  nucleus  reti- 
cularis tegmenti  von  Bechterew ; 
22,  cells  of  the  substantia  gela- 
tinosa ;  23,  cells  of  the  proxunal 
part  of  the  nucleus  nervi  facialis 
or  of  the  distal  motor  nucleus  of 
the  nervus  trigeminus ;  24  and  25, 
cells  of  the  nucleus  olivaris  su- 
perior; 2ti,  continuation  of  the 
nuclei  pontis  in  the  tegmentum ; 
37,  nuclei  pontis. 


of  von  Bechterew  (7).  A  good 
many  fibres  run  longitudinally 
in  the  raphe  (2R).  The  fasci- 
culus longitudinalis  medialis 
(32)  is  larger  than  in  the  sec- 
tions below.  The  stratum  in- 
terolivare  lemnisci  (4)  is  highly 
developed  just  before  going 
over  into  the  lemniscus  medi- 
alis of  the  pons.  The  pyramis 
(3)  is  large,  is  surrounded  by 
the  fibroe  arcuatie  superficiales 
ventrales,  and  has  close  to  it 
the  nuclei  arcuati  (1,  38). 


Fig.  951. — Transverse  Section  through  the  Pons  at  the  Level  of  the  Nervus  Trigeminus  in  an  Adult 
Human  Being.  On  the  left  side  the  fibres  have  been  pliotographed ;  on  the  right  side  the  cell  bodies 
have  been  drawn  in.  (After  E.  Flatau,  "Atlas  Cerebri  Humani,"  Tab.  xiil..  Fig.  A  )  1,  Fibrse 
superficiales  pontis;  2,  fasciculi  longltudinales  printis:  3,  fibr.e  pontis  profundie ;  4,  radix  nervi 
trigemiui ;  5,  brachium  pontis;  t>,  radix  nervi  triL^emini ;  7,  nucleus  olivaris  superior;  8,  radix 
nervi  trigemini  pars  sensorius;  9,  corpus  restiforme;  10,  nucleus  sensorius  nervi  trigemini:  11, 
radix  m^itorius  nervi  trigemini;  12,  nucleus  nu'torius  princeps  nervi  trigemini:  13.  radix  de- 
scendens  mesencephalica  nervi  trigemini ;  14,  brachium  conjunctivum  :  15.  cros.sed  fibres  of  nervus 
trigeminus ;  Iti.  lemniscus  medialis ;  17,  formatio  reticularis  tegmenti :  18.  tibne  arcuativ  intemse 
tegmenti :  19,  fibne  arcuata*  interna*  ventrales  (compact  bundle)  :  20,  fasi-iculus  longitudinalis  me- 
dians: 21,  raphe:  22.  ceils  of  the  middle  line:  23,  cells  at  the  dorso-latemi  part  of  the  fasciculus 
longitudinalis  medialis  (connecting  with  the  cells  of  the  middle  line) ;  24  ami  25,  nucleus  centralis 
tegmenti,  a  large  agirregatinu  of  ceils  in  the  tegmentum  at  the  ventral  part  of  the  middle  line  re- 
lated to  the  nuclei  i..iuti>i  ;  ^'(1,  cells  of  the  stratum  griseum  centrale  ;  27,  scattered  large  cells  of  the 
tegmentum  (nucleus  iiiagn-u-eliularis  ditfusus  of  von  Kolliker)  ;  28,  nucleus  motorius  princeps 
nervi  trigemini :  2i),  cells  of  the  locus  coeruleus  ;  30  nucleus  sensorius  nervi  trigemini ;  31,  cells 
of  the  nucleus  olivaris  superior ;  33,  nuclei  pontis. 
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The  section  is  taken  at  the  level  of  the  nuclei  of  origin  of 
the  n.  facialis  and  the  n,  abducens.  In  the  pars  dorsalis 
pontis  the  raphe  is  seen  in  the  middle  line.  The  nucleus 
n.  abducentis  is  situated  close  to  the  tloor  of  the  fourth 
ventricle  (14,  18).  Running  ventralward  from  the  medial 
side  of  the  nucleus  are  seen  the  root  fibres  of  the  n.  abdu- 
cens (16);  the  nucleus  n.  facialis  is  present  (23);  the  pars 
prima  of  the  radix  n.  facialis  exists  as  a  number  of  scat- 
tered fibres  radiating  dorsahvard  and  niediahvard  (13). 
The  genu  internum  n. faci- 
alis (15)  is  indicated  just 
medial  to  the  nucleus  n. 
abducentis,  the  pars  se- 
cunda  of  the  radix  n.  faci- 
alis passing  obliquely  ven- 
tralward and  lateralward 
at  11.  A  portion  of  the 
nucleus  n.  vcstibuli  is 
shown  near  the  floor  of 
the  fourth  ventricle  (12, 
30),  and  lateral  from  it 
still  some  fibres  of  the  ra- 
dix descendens  n.  vesti- 
buli  (10).  At  this  level 
the  corpus  restiforme  (9) 
turns  dorsalward  to  enter 
the  cerebellum.  The  mass 
of  fibres  of  the  bracliiinn 
pontis  (5)  are  shown  in 
their  relation  to  the  trans- 
verse fibres  of  the  pons. 
Near  the  raphe,  in  the 
forraatio  reticularis,  is  a 
mass  of  cells,  the  so-called 
nucleus  reticularis  tcg- 
menti  of  von  Bechterew 
(21).  The  cells  of  the 
substantia  gelatiuosa  (22) 
are  seen  chiefly  medial  to 
the  fibres  of  the  tractus 
spinalis  n.  trigcmiui  (8). 
Running  transversely 
across  the  pons  at  the 
most  ventral  part  of  the 
pars  dorsalis  pontis  are 
seen  the  fibres  of  the  cor- 
pus trapezoideum,  and  in 
between  these  fibres  run 
lengthwise  the  fibres  of 
the  lemniscus  medialis  (3). 
In  the  lateral  part  of  the 
corpus  trapezoideum  is 
seen  the  nucleus  olivaris 
superior  ((i,  24,  25).  In  the 
pars  basilaris  pontis  are 
the  fasciculi  longitudi- 
nales  (2),  the  fibras  pontis 
profunda  (4)  and  the  fibriE  pontis  superficiales.  In 
among  these  transverse  and  longitudinal  bundles  are 
situated  the  nuclei  pontis  (27).  Some  of  the  cells  of  this 
nucleus  extend  into  the  tegmental  region  (26). 

A  section  through  the  pons  at  the  level  of  the  root  of 
the  n.  trigeminus  is  illustrated  in  Fig.  951.  Here  the  pars 
dorsalis  pontis  or  tegmentum  is  more  sharply  differenti- 
ated from  the  pars  basilaris  pontis  than  in  the  previous 
section.  The  fourth  ventricle  is  narrowing  as  the  aque- 
duct of  Sylvius  is  approached.  The  raphe  (21)  separates 
the  two  halves  of  the  section  from  each  other.  Just 
lateral  from  the  raphe  on  each  side  are  seen  the  fibres  of 
the  fasciculus  longitudiualis  medialis.  In  the  floor  of  the 
fourth  ventricle  are  seen  the  cells  of  the  stratum  griseum 
centrale  (26).  At  the  lateral  augle  is  a  group  of  pigmented 
cells  of  the  so-called  locus  co^ruleus  (29);  the  fibres  of  the 
corpus  restiforme  (9)  arc  still  visible  at  this  level,  and  a 
cross  section  of  the  fibres  of  the  superior  cerebellar 
peduncle  or  brachium  conjunctivum  (14)  is  met  with. 
.The  junction  of  the  n.  trigeminus  with  the  pons  is  shown 
at  4,  the  radix  n.  trigemini  at  6.     Lateral  from  it  is  seen 


the  brachium  pontis  (5).  The  sensory  portion  of  the  root 
of  the  n.  trigeminus  (8)  is  distinguishable  from  the  motor 
portion  (11).  The  sensory  nucleus  of  termination  of  the 
n.  trigeminus  (10)  is  situated  more  lateralward  than  the 
nucleus  motorius  princepsn.  trigemini  (12).  The  crossed 
fibres  of  the  trigeminal  root  are  indicated  at  15,  while  the 
radix  descendens  mesencephalica  n.  trigemini  is  shown 
at  13.  The  fibrre  arcuataj  interna>  (18)  are  present  in  the 
tegmentiun  of  the  pons,  but  are  not  so  much  curved  ag 


Fig.  9.52.— Transverse  Section  through  tlie  Pons  in  the  Region  of  the  Velum  Medullare  Anterius  in  an  Adult 
Human  Being.  On  the  left  side  the  fibres  hnve  been  photographed :  on  the  right  side  the  cell  bodies  have 
been  drawn  in.  (After  E.  Flatau,  "Alios  I'lTcbri  Hiimani."  Tab.  xiii..  Fig.  is.i  1,  Blbne  pontis  super- 
ficiales: 2,  fasciculi  l<>ngitinliiiali's  pnTiii>  ;  :>,  illinc  puntis  |irnfnnd;e  :  4,  latero-dorsal  compact  peduncular 
part  of  pons  ;  .5,  latenMlorsuI  part  of  iiuclt-i  jMiniis  ;  *\  Iciiinisinis  medialis  ;  7,  nucleus  lemni.si-i  lateralis ; 
8,  lemniscus  lateralis  ;  1i.  cniitlruiation  of  nuclei  pontis  into  lateral  portion  of  tegnumtnm  :  lo,  fnrmatio  re- 
ticularis t'uiiieini  ;  11.  brartiiinn  coniiinrlivinii  ;  12,  radi.x  descemiens  iiii-senceplialica  iiiT\  i  IriL'emini ;  13, 
fasci<-uUis  longitudiualis  medialis:  11,  lingiila  ;  1.5,  velum  medullare  iinieniis;  In,  transilMin  from  the 
fossa  rhomliiMdea  t<i  the  a()uedneius  cerebri  Sylvii :  IT,  asjcreiration  of  cells  doi-sal  fioiii  the  fasciculus 
longiuiiliiialis  medialis.  coiitinunus  with  the  cells  of  the  middle  line:  18,  cell  bodi.'s  of  the  locus  coeru- 
leus  :  r.t,  (■■aiiinuation  nf  the  iiu<-lei  pontis  into  the  te^nneiituiii :  20,  cells  at  the  \'eiitro-lateral  periphery 
of  the  brachium  conjunctivum  ;  21,  scattered  cells  in  the  tegmentum  (nucleus  reticularis  tugmeuti  of  von 
Bechterew)  ;  22,  nucleus  lemniscl  lateralis ;  23,  continuatiun  of  nuclei  pontis  into  the  lateral  part  of  the 
tegmentum :  24,  nuclei  pontis. 


those  which  were  seen  in  the  medulla  oblongata.  They 
are  more  compact  in  the  ventral  part  of  the  tegmentum 
(19).  The  lemniscus  medialis  (16)  is  more  laterallj'  placed 
than  in  sections  lower  down.  Just  dorsolateral  from  it 
is  seen  the  nucleus  olivaris  superior  (7.  31);  tlie  nucleus 
centralis  tegmenti  (24,  25)  at  this  level  makes  a  large 
mass  of  cells  near  the  raphe  on  each  side.  In  the  pars 
basilaris  pontis  are  seen  the  fasciculi  longitudinales  (2), 
fibne  pontis  superficiales  (1),  the  fibrie  pontis  profundae 
(3),  and  the  nuclei  pontis  (32). 

A  section  taken  at  a  higher  level  (Pig.  952)  shows  the 
beginning  of  the  aqueductus  cerebii  (16),  the  r:)ot  of  which 
is  formed  by  the  velum  medullare  anterius  (15).  Above 
this  a  cross  section  of  the  lingula  (14)  is  illustrated.  In  the 
lateral  portion  of  the  pars  dorsalis  pontis  the  large  mass  of 
fibres  of  the  brachium  conjunctivum  (11)  is  seen.  Lateral 
from  the  aqueductus  cerebri  are  to  be  found  the  fibres  of 
the  radix  descendens  n.  trigemini.  In  the  floor  of  the  aque- 
duct, close  to  the  raphe  on  each  side,  is  the  fasciculus 
longitudiualis  medialis  (13);  it  is  separated  from  the 
aqueduct  by  a  mass  of  cells  (17).     The  cells  of  the  locus 
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coeruleus  (18)  are  situated  just  ventral  from  the  radix 
descendens  n.  trigemiui.  Tlie  forniatio  reticularis  teg- 
mentl  (10)  contains  scattered  cells  of  the  nucleus  reticu- 
laris tegmenti  (21).  Ventro-lateral  from  the  brachium 
conjunctivum  are  seen  the  fibres  of  the  lenmiscus  lateralis, 
and  among  them  the  cells  of  the  nucleus  lemnisci  lateralis 
(22).  The  lemniscus  niedialis  (0)  forms  a  broad,  flat  rib- 
bon in  the  floor  of  the  pars  dorsalis  pontis.  In  the  pars 
dorsalis  pontis  are  met  with  again  the  fasciculi  longi- 
tudinales  (2),  the  flbra'  pontis  superficiales  (1),  the  libra; 
pontis  profundi^  (3).  and  the  nuclei  pontis  (24). 

The  ne.xt  section  is  taken  at  the  level  of  decussation  of 
the  trochlear  nerves  of  the  two  sides  (Fig.  9.")3).  The 
lumen  of  the  aquednctus  cerebri  (20)  is  small  and  diamond- 
shaped.  In  the  roof  is  seen  the  decussatio  nervorum 
trochlearium,  and  dorsal  from  it  the  lateral  part  of  the 
velum  medullare  anterius  (16).  The  radix  n.  trochlcaris 
before  decussation  (15)  is  seen  in  the  central  gray  matter 
(21).  The  locus  ca'ruleus  (22)  here  contains  large  cells. 
The  comma-shaped  cross  section  of  the  fasciculus  longi- 
tudinalis  niedialis  (18)  is  a  striking  feature  at  this  level. 
The  lemniscus  lateralis  (10)  is  situated  latcralward,  many 
of  its  fibres  coming  into  relation  with  tlie  nucleus  lemnisci 
lateralis  (11).  The  lenuiiscus  niedialis  (7)  becomes  dis- 
placed more  and  more  latcralward.     The  brachium  con- 


junctivum (9,  12)  is  undergoing  decus.sation  (8)  at  this 
level;  its  tibres  run  through  the  forniatio  reticularis  teg- 
menti (17.  2.5).  At  the  junction  of  the  pars  dorsalis  with 
the  pars  basilaris  pontis,  near  the  middle  line,  is  seen  the 
tractus  mamillo-peduucularis  (Edinger).  and  lateral  from 
it  the  bundle  from  the  lemniscus  niedialis  to  the  basis  pe- 
dunculi.  Close  to  the  middle  line,  at  about  this  level,  are 
seen  cells  of  the  corpus  interpedunculare  (28).  In  the 
pars  basilaris  pontis  the  same  structures  are  to  be  met 
with  as  at  lower  levels. 

The  next  section  (see  Fig.  954)  passes  through  the 
midbrain  and  shows  the  corpora  quadrigemina  and  the 
pedunculi  cerebri.  In  the  middle  line  is  situated  the 
aqueductus  cerebri  (24).  On  each  side  of  the  aqueduct 
dorsalward  the  section  passes  through  the  superior  colli- 
culus  of  the  corpora  quadrigemina.  The  amount  of  the 
stratum  griseum  centrale  (25,  26)  is  large  in  this  region. 
In  the  superior  colliculus  passing  from  the  dorsal  surface 
inward  can  be  seen  the  stratum  zonale  (20)  or  superficial 
white  layer,  the  cappa  cinerea  (17)  or  superficial  gray 
layer,  the  stratum  opticum(16)  or  external  gra\'ish-white 
layer,  the  middle  gray  layer  (15),  the  stratum  lemnisci 
(14),  the  deep  white  "layer  (19),  and  the  commissure  be- 
tween the  two  superior  colliculi  (21).  The  cerebral 
peduncle  is  divisible  into  two  parts,  the  tegmentum  and 


no.  953.— Transverse  Section  In  the  Bffrinn  of  the  Proximal  Portion  of  the  Pons  and  of  the  Decussation  of  the  Trochlear  Nerves  (C\osf  Behind 
the  Inferior  Colliculi  ttf  the  (  orpora  guadrigeniina)  in  an.Vdult  Human  Being.  On  the  left  side  a  photograph  of  the  fibres  Is  represented; 
on  the  right  side  the  cell  hodies  haw  hcen  drawn  in  from  Xis>l  pri-paraiions.  (.\fter  E.  Flatau,  "  Atlas  cerebri  Humani."  Tab.  xlv.,  Berlin, 
1899.)  1,  Blood-vessel ;  2.  ilbr.e  pontis  supertlciales ;  :i,  fasciculi  luugitiKliuales  pontis :  4,  lateral  portion  of  ba.sis  pedunculi ;  -5,  flbne  pontis 
profundar,  (J,  tractus  uiainillo-peduncularis  (i-Mlngerl  and  lateral  from  it  the  bundle  from  the  medial  lemniscus  to  the  pons  (or  to  the  basis 
pedunculi  i;  7,  lemniscus  medialls ;  8,  decussatio  hiachli  conjunctivl :  9,  brachium  conjunctivum  ;  10,  lemniscus  lateralis ;  11,  bundles  of 
the  lateral  lemniscus  cut  transversely  lin  the  nucleus  lemnisci  lateralis):  12.  brachium  conjunctivum  ;  i;i  radial  transverse  bundles  of  the 
lenuiiscus  lateralis  pa.ssing  across  the  radix  descendens  neiTi  trigemiui;  14,  nervus  trochlearis  after  the  decussiition ;  1.5,  nervus 
trochlcaris  before  the  decussation  ;  Iti,  lateral  pait  of  the  velum  medullare  anterius  going  over  into  the  substance  of  the  tegmentum :  17, 
formatio  reticularis  tegmenti ;  IS,  fasciculus  lungitudinalis  medialls  ;  U*.  dtM'ussatio  nen'orum  trochlearium  :  '2(\  aqueductus  cerebri  Sylvli: 
31,  cell  bodies  of  the  stratum  griseum  centrale ;  32.  cells  of  the  locus  coTuleus  (the  dorso-lateral  cell  boilles  ltel'>ng  probably  to  the  radix 
descendens  nervi  trigcminii;  3:i,  cell  bodies  of  the  middle  line;  34,  nucleus  lemnisci  lateralis;  35,  cell  bmiics  of  the  formatio  reticularis: 
36,  gray  intermediary  layer  of  the  formatio  reticularis  tdorso-medial  from  the  lemniscus) ;  37,  scattered  cells  in  the  neighborhood  of  the 
decussatio  bracbii  conjunctiTi ;  28,  cells  of  the  corpus  interpedunculare  (substantia  perforata  posterior) ;  29,  nuclei  pontis. 
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the  basis  pedunculi.  Between  the  two  is  the  substantia 
nigra  (3,  39).  In  the  tegmentum,  below  the  stratum 
griseum  centrale,  are  seen  some  deep  arcuate  fibres  (18) 
which  represent  the  continuation  of  the  fibres  of  the  deep 
white  matter  of  the  superior  colliculus.  The  large 
nucleus  ruber  (13)  is  seen  at  this  level  in  cress  section. 


whole  is  well  shown  in  Plate  A  and  Fig.  955.  In  Plate  A 
the  model  is  viewed  from  the  lateral  surface  and  its  rela- 
tions to  the  spinal  cord  and  cerebellum  and  the  third 
ventricle  are  ilUistrated.  In  Fig.  955  it  is  viewed  from 
the  dorsal  surface  and  the  fourth  ventricle  is  seen  to  be 
an  important  guide.     A  large  central  fibre  mass  contain- 


FIG.  9.54.— Transverse  Section  through  the  Superior  roUlculi  of  the  Corpora  QuadrlKemina  and  the  Pertunculi  Cerebri  in  an  Adult  Human 
Being.  On  the  left  side  the  fibres  have  been  photographed:  on  the  right  the  cells  have  been  drawn  in.  (.\fter  E.  Flataii,  "  Atlas  Cerebri 
Humani,"  Berlin,  181K>.  Tab.  .w.)  1.  Ventral  Tegmental  decu^sation  of  Forel;  2,  radix  nervi  oculomotorii :  3,  substantia  nigra  Soem- 
mering!;  4,  basis  pediini'tili ;  .">,  Innrrituilinnl  Imndles  in  the  lateral  part  of  the  substantia  nigra;  fi.  lemniscus  medialis;  7.  tractus 
opticus  entering  the  con>us  genirulatum  latentle;  s.  coipus  geniculatum  mediale;  0,  formatio  reticularis  tegmenti ;  10,  brachium 
quadrigeminum  superius;  11.  Ihiilaimis;  IX',  leinulscus  lateralis;  i:^,  nucleus  ruber  (proximal  pail  i ;  14,  pari  of  lemniscus  medialis:  1.5, 
middle"  gray  layer :  in,  stnitum  i>iiticuiii  (exteiiiiil  gr.ivisb-wliite  layeri.;  17,  capita  cmerea  '-^utierllciiil  gray  layer  of  superi.ir  colliculus i; 
18,  deep  iircuate  fibres;  I'.i,  deep  white  layer  ..f  suiierior  culliculus  ;  x*o.  stratum  znuale  t;  iipertl.i;il  white  layer  of  superinr  (■■.lliculusi ;  21, 
commissure  of  superior  colljciili ;  L'x',  fasciculus  U>ngitudiualis  medialis:  -;l,  dorsal  tcLniicutal  dectr^saliou  of  Meyuert;  X*4.  a'lUedllctus 
cerebri  Sylyii :  -■'>,  cell  bufiics  in  strittuiu  griseum  centrale  :  x'li.  aggreg!iti(ui  of  ceils  in  peripheral  part  of  stratum  griseuiu  ceiuiiile  :  :i7,  cell 
bodies  of  internal  Ln;iyisli-wliite  layer:  L's,  cell  botiie^  i.f  middle  giay  layer  with  scattered  large  tiiultipolar  cells  :  '^.>,  cell  bodies  of  the  cappa 
cinerea;  3n,  cell  bcMlies  of  the  radix  descendens  nervi  tiiL'cuniii :  ;il.  aggreLratiun  i.f  cell  bodies  in  later. i-dorsal  part  uf  tegmcntimi :  33, 
cells  of  distal  part  of  tliahimus  ipulvinar);  Si,  cell  bodies  i>f  ci.i|.ii>  jjeni.  ulatum  meiljale:  ;M,  cell  bodies  of  substantia  nigra;  X>,  cell  bodies 
of  proximal  part  of  nm-leus  ruber :  S6,  nucleus  ner\  i  <jiuli>mnti>rii  exteudiiig  \  eniialward  into  the  region  of  the  fasciculus  longitudinahs 
medialis ;  37,  nucleus  nervus  oculomotorii ;  38,  most  proximal  reinuaut  of  nuclei  pontis ;  39,  cell  bodies  of  substantia  nigra ;  40,  cell  bodies 
of  the  middle  line. 


The  formatio  reticularis  (9)  is  very  highly  developed. 
Lateral  from  the  nucleus  ruber  are  seen  the  fibres  of  the 
lemniscus  lateralis,  and  still  more  lateralward  those  of 
the  brachium  quadrigeininuiu  superius  (10).  The  cor- 
pus geniculatum  mediale  is  shown  at  8  and  33,  while 
the  pulvinar  of  the  thaltimus  is  seen  at  11  and  32.  En- 
tering the  corpus  geniculatum  laterale  and  the  pulvinar 
is  the  tractus  opticus  (7).  The  fibres  of  tlie  lemniscus 
medialis  (6)  are  seen  between  the  nucleus  ruber  and  the 
substantia  nigra.  Near  the  middle  line  the  fasciculus 
longitudinahs  medialis  (22)  is  met  with  iu  cross  section. 
Just  dorsal  to  it  is  the  nucleus  n.  oculomotorii  (36,  37). 
The  root  fibres  of  this  nerve  (2)  are  shown  passing  ven- 
tralward  to  the  interpeduncular  space.  The  ventral  teg- 
mental decussation  of  Forel  is  visible  at  1. 

The  basis  pedunculi  consists  of  a  compact  mass  of 
fibres  that  is  sometimes  known  as  the  pes  pedunculi 
cerebri.  Through  it  run  the  fibres  of  the  pyramidal  tract, 
those  of  the  frontal  cerebro-cortico-pontal  path,  and  those 
of  the  temporal  cerebro-cortico-pontal  path. 

One  of  the  most  satisfactory  methods  of  studying  the 
structure  of  the  medulla,  pons,  and  midbiuin  is  by  wax 
reconstruction  from  serial  sections.  The  model  con- 
structed by  Jliss  Florence  Sabin  from  specimens  prepared 
by  Dr.  John  Hewetson  is  of  especial  value  inasmuch  as 
it  gives  ideas  in  three  dimensions  of  the  form  relations  of 
this  part  of  the  brain.*  The  model  and  its  parts  are  de- 
picted in  Plate  A  and  Figs.  955-962.     The  model  as  a 

*  Sabin.  Florence  R. :  "A  Model  of  the  Jle.lulla  niilongata.  Pons, 

and  Midbrain  of  a  New-Born  Babe."    Conrril'utiotis  tn  the  Science  of 

Medicine,  dedicated  by  his  pupils  to  Wiiham  Ileurv  Welch  on  the 

•  Twenty-fifth  Anniversary  of  his  Doctorate.    The  Johns  Hopldns  Press, 

Baltimore,  1900,  pp.  93,">-101o. 
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ing  the  medial,  lateral,  and  superior  lemnisci  has  formed 
the  basis  of  the  model.  This  central  fibre  mass  is  divided 
into  two  parts  by  a  cross  bar  of  fibres,  the  corpus  trape- 
zoideum.  The  distal  part  consists  of  a  thin  sheet  of  fibres 
extending  the  whole  length  of  the  medulla  and  reaching 
almost  from  the  dorsal  to  the  ventral  sui'face  (Fig.  958); 
Miss  Sabin  calls  it  the  medulla  sheet.  The  proximal  part 
is  divisible  into  three  subdivisions,  the  ventral  division 
(lemniscus  medialis),  a  dorsal  division  (fasciculus  longi- 
tudinahs medialis).  and  a  middle  portion  (formatio  reticu- 
laris). The  medulla  sheet  corresponds  doisalward  to  the 
upward  continuation  of  the  ground  bundles  of  the  spinal 
cord,  vciitralward  to  the  stratum  interoHvare  lemnisci. 

The  ventral  fibres  of  the  proximal  subdivision  of  the 
central  fibre  mass  are  divisible  into:  (1)  a  horizontal 
pontal  sheet  and  (2)  a  vertical  midbi'ain  sheet.  The 
lateral  portion  of  the  pontal  sheet  contains  the  bulk  of 
its  fibres.  It  is  tlie  lemniscus  medialis  on  its  way  to  tlie 
diencephalou.  By  gradual  rotation  the  horizontal  pontal 
sheet  becomes  the  obliquely  vertical  midlu'ain  sheet 
(Fig.  959).  In  the  centre  of  the  midbrain  sheet  rims  the 
lemniscus  medialis.  Ventral  to  it  is  a  part  of  the  cap- 
sule of  the  nucleus  ruber,  while  dorsal  to  it  are  the  fibres 
of  the  lemniscus  superior  or  Obereschleife  of  tlie  Germans. 

The  dorsal  portion  of  the  proximal  subdivision  of  the 
central  fibre  mass  is  the  fasciculus  longitudinalis  medi- 
alis and  is  obviously  the  continuation  of  the  dorsal  part 
of  the  medulla  sheet  (Figs.  95"  and  960).  It  follows  the 
course  of  the  floor  of  the  ventricle.  The  bundles  of  the 
two  sides  form  a  trough  at  tlie  beginning  of  the  mid- 
brain (Fig.  956).  In  the  sides  of  the  trough  are  shallow 
depressions,  three  on  the  right  side  and  two  on  the  left. 
They  correspond  in  position  to  the  nuclei  of  the  oculo- 
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motor  and  troclilear  nerves  (Pig.  960).  The  space  cere- 
bralward  from  these  depressions  left  in  the  wall  cor- 
responds to  the  region  of  exit  of  the  main  mass  of  fibres 


Fig.  955.— View  of  the  Model  from  the  Dorsal  Surface.  The  right 
side  of  the  view  shows  the  surface  fomi.  the  left  the  structures  of 
the  model.  'J"he  posiljim  of  these  structures  can  he  related  to  the 
doreal  funiculi  of  the  spinal  cord,  the  fourth  ventricle,  and  the  in- 
ferior and  superior  colliculi.  1.  Fasciculus  retroflexus  (Meynerti); 
2,  stratum  alhum  prof undum;  3.  nucleus  n.  oculomotorii ;  4.  com- 
missune  nuclei  colliculi  inferioris;  5.  nucleus  n.  trochlearis:  6, 
substantia  ferruftina?;  7,  ventriculus  quartus;  8,  brachium  con- 
juuctivum;  9,  corpus  restiforme:  10.  radi.x  n.  facialis  (irenu  in- 
ternum}; 11.  nucleus  n.  abducentis;  12.  fasciculus  longitudinalis 
medialis:  ]:i  nucleus  olivaris  inferior:  14.  nucleus  n.  hypoglossi; 
15.  fasciculus  ^acil is;  16.  nucleus  funiculi  gracilis;  IT,  fasciculus 
cuneatus;  l.H.  nuclei  funiculi  cuneatl;  19,  tractus  solitarius  et 
nucleus  alse  cinerea? ;  2)),  corpus  restiforme ;  21,  nucleus  n.  cochleae 
dorsalis;  23.  nucleus  et  radix  n.  vestibuli;  23.  corpus  restifonne; 
24.  nucleus  n.  vestibuli  lateralis ;  25,  nucleus  n.  trigemini  (sens.) ; 
26,  nucleus  raotorius  princeps  n.  trigemini ;  27,  radix  n.  trigemini 
(sens.):  28.  radix  n.  trigemini  (mot.):  29,  locus  coeruleus;  30.  radix 
descendens  n.  trigemini;  31,  brachium  conjunctivum :  32.  a;  33, 
radix  n.  trochlearis;  34,  nucleus  colliculi  inferioris;  3.3,  lemniscus 
medialis. 

yuclcus  et  radix  n.  vcstihuti:  The  ascending  root  is  marked 
by  the  most  proximal  of  the  three  lines  on  the  figure;  the  descending 
by  the  most  distal  line,  while  the  nucleus  n.  vestibuli  medialis  is 
indicated  by  the  middle  of  the  thiee  lines.  The  nucleus  n.  vestibuli 
superior  is  continuous  with  the  medial  nucleus  and  lies  opposite  the 
ascending  root.  The  nucleus  n.  vestibuli  lateralis  consists  of  two 
parts,  one  between  the  corpus  restiforme^  and  the  ascending  root,  the 
other  in  the  notch  between  the  medial  and  superior  nuclei. 

Nucleus  n.  cncJiUa:  (ior:<alis :  The  more  proximal  of  the  two 
lines  points  to  the  striie  acusticae.    (After  Sabin,  F.  R.) 


of  the  root  of  the  oculomotor  nerve  (P^g.  960).  Prox- 
iiiiiil  from  this  space  is  a  long  groove  which  opens  out 
into  the  pro.\imal  capsule  of  the  nucleus  ruber.  The 
groove  contains  the  nucleus  of  Darkschewitsch  and  marks 
the  junction  of  three  different  masses  of  fibres:  (1)  the 
fasciculus  longitudinalis  medialis;  (2)  the  commissura 
posterior,  and  (3)  the  capsule  of  the  nucleus  ruber.  The 
sides  of  the  trough  formed  by  the  fasciculi  longitudinales 
mediales  of  the  sides  are  related  in  the  modef  to  a  large 
hollow  shell  which  occupies  the  centre  of  the  dorsal  part 
of  the  midbrain.  It  represents  the  stratum  album  pro- 
fundum.  The  relations  of  the  fasciculus  longitudinalis 
medialis  to  the  nuclei  of  the  motor  cerebral  nerves  is  strik- 
ing. It  is  in  intimate  relation  with  the  nuclei  of  the  n. 
hypoglossus,  n.  abducens,  n.  trochlearis,  and,  n.  oculo- 
motorius. 

The  middle  portion  of  the  proximal  subdivision  of  the 
central  fibre  mass  corresponds  to  a  part  of  the  formatio 
reticularis  alba.  The  relations  of  the  nuclei  of  the  cere- 
bral nerves  to  the  central  fibre  mass  are  interesting.  In 
Fig.  957  of  the  model  can  be  seen  the  trough  which 
contains  the  ventral  column  of  gray  matter  of  tiie  spinal 
cord,  opening  out  on  to  the  medulla  sheet.  From  this 
point  two  separate  groups  of  nuclei  belonging  to  the 
Cerebral  nerves  can  be  traced:  a  median  motor  group, 
and  a  lateral  group  containing  both  motor  and  sensory 
nuclei.  The  median  motor  group  includes  the  nucleus 
n.  hypoglossi.  the  nucleus  n.  abducentis,  the  nucleus  n. 
troclileai'is.  and  the  nucleus  n.  oculomotorii.  The  lateral 
group,  lying  near  the  formatio  reticularis,  can  be  subdi- 
vided into  a  ventral  motor  group  and  a  dorsal  sensory 
group.  The  motor  group  includes  the  nucleus  n.  ac- 
cessorius  of  the  motor  nuclei  of  the  n.  glosso-pharyngeus, 
n.  vagi,  n.  facialis,  and  n.  trigeminus.  The  "sensory 
group  includes  the  nuclei  of  termination  of  the  sensory 
portions  of  the  n.  glosso-pharyngeus.  n.  vagus,  n.  inter- 
medins, and  n.  trigeminus,  together  with  alHhe  nuclei  of 
the  cochlear  and  vestibular  nerves. 

The  corpus  restiforme  and  brachium  conjunctivum  are 
well  illustrated  in  the  model.  The  corpus  restiforme  is 
made  up  at  this  stage  chiefly  of  the  direct  cerebellar  tract 
from  the  lateral  funiculus  ifrom  the  spinal  cord  and  the 
dorsal  external  arcuate  fibres  from  the  dorsal  funiculi. 
The  fibr;ie  olivo-cerebellares  are  non-medullated  at  this 
stage.  The  relation  of  the  corpus  restiforme  to  the 
spinal  cord,  as  well  as  its  position  with  reference  to  the 
cereliellum  and  to  the  other  cerebellar  peduncles,  is  shown, 
in  Plate  A. 

The  lirachium  conjunctivum  or  superior  cerebellar  pe- 
duncle is  illustrated  in  Plate  A,  and  Figs.  9o5.  906,  and 
960.  The  part  of  it  whicli  forms  the  commissure  between 
the  superior  nuclei  of  the  vestibular  nerve  is  well  showa 
(Fig.  960). 

A  number  of  facts  concerning  the  cerebral  nerves  and 
their  nuclei  are  made  apparent  in  the  model.  The  nuclei 
of  the  median  group  all  lie  near  the  middle  line  just 
ventral  to  the  central  canal  and  are  closely  related  to  the 
fasciculus  longitudinalis  medialis  (Fig.  9.57).  The  nuclei 
of  the  u.  hypoglossus  and  n.  abducens  are  very  near  the 
dorsal  surface,  while  the  nuclei  of  the  n.  trochlearis  and 
n.  oculomotorius  are  farther  ventral  inasmuch  as  they 
lie  on  the  midbrain  curve.  The  nerve  fibres  from  all 
the  nuclei  of  the  groups  except  those  of  the  root  of  the 
n.  trochlearis  pass  ventralward  to  the  surface  near  the 
middle  line.  The  root  of  the  n.  trochlearis  takes  an 
anomalous  course  since  it  passes  dorsalward,  decussates- 
in  the  velum,  and  leaves  the  brain  on  the  dor.sal  surface 
of  the  isthmus  of  the  rhombencephalon.  The  motor 
nuclei  of  the  lateral  group  lie  in  the  formatio  reticularis 
at  a  considerable  distance  from  the  middle  line  and  at  a 
level  ventral  from  the  central  canal.  The  root  fibi-es  from 
these  nuclei,  with  the  exception  of  those  of  the  n.  tri- 
geminus, do  not  follow  a  direct  course  toward  the  sur- 
face of  the  central  nervous  system.  The  root  fibres  of 
all  four  nerves  take  their  exit  at  the  lateral  sulcus. 

The  sensory  nuclei  of  the  entire  region  belong  to  the- 
lateral  group,  and  their  root  fibres  enter  without  excep- 
tion on  the  lateral  surface  (Plate  A  and  Fig.  956).     From 
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■what  we  know  of  the  relation  of  sensory  fibres  to  motor 
fibres  in  the  spinal  cord,  it  is  not  surprising  that  the  sen- 
sory nuclei  tend  to  occupy  a  position  farther  dorsalward 
than  the  motor  nuclei  of  the  lateral  group. 

The  n.  hypoglossus  arises  from  the  nucleus  n.  hypo- 
glossi  which  is  seen  to  be  long,  and  its  dorsal  border  con- 
forms to  the  cervical  curve.  The  nucleus  extends  more 
than  one-half  the  length  of  the  meduUa,  corresponding 
in  general  to  the  extent  of  the  nucleus  olivaris  inferior. 
The  root  fibres  leave  the  nucleus  from  its  ventral  boitler 
and  have  their  superficial  origin  between  the  olive  and 
the  pyramid.  The  nucleus  n.  abduceutis  is  well  shown 
in  Figs.  9.57  and  958.  It  lies  in  the  distal  part  of  the  pons 
just  below  the  floor  of  the  fourth  ventricle  and  just  lateral 
from  the  fasciculus  longitudiualis  medialis.  Its  relations 
to  the  knee  of  the  facial  nerve  are  beautifully  shown  in 
three  dimensions.  The  root  fibres  of  the  nerve  leave  the 
nucleus  at  its  ventro-medial  border  and  pass  ventral  ward 
and  slightly  spinalward,  emerging  between  the  pons  and 
the  medulla  hear  the  middle  line.  The  root  fibres  of  the 
n.  abducens  pass  through  the  trapezoid  body. 

The  nuclei  of  the  trochlear  and  oculomotor  nerves  are 
illustrated  in  Plate  A  and  Figs.  955  and  956.  These 
nuclei  lie  in  a  trough  formed  by  the  fasciculus  longitudi- 
nalis  medialis  on  its  midbrain  curve.  The  nucleus  of  the 
trochlear  nerve  is  distally  and  dorsally  situated  on  the 
curve,  lying  as  it  does  in  the  proximal  jsart  of  the  coUicu- 
lus  inferior.     There  is  a  lack  of  symmetry  in  the  nuclei  of 


the  two  sides,  as  the  mass  of  cell  bodies  is  single  on  the 
left  side  and  double  on  the  right.  The  volumes  of  the 
cell  masses  of  the  two  sides  are,  however,  about  equal. 
The  root  fibres  leave  the  lateral  and  dorsal  border  of  the 
nucleus  and  pass  at  first  lateralward  in  scattered  bundles. 
They  then  turn  dorsalward  and  slightly  spinalward.  In 
this  dorsal  course  the  fibres  of  the  root  bundles  are  col- 
lected into  from  two  to  four  compact  bundles,  lying  in 
the  central  gray  matter  just  inside  the  stratum  profundum 
album.  The  decussation  dorsal  to  the  central  canal  is 
well  illustrated  in  Fig.  955. 

The  nucleus  of  the  n.  oculomotorius  is  seen  in  Fig. 
955  to  consist  of  a  long  mass  of  cells  lying  in  the  trough 
before  mentioned.  The  nucleus  as  a  whole  lies  farther 
ventralward  than  does  the  nucleus  n.  trochlearis.  The 
nucleus  is  placed  obliquely  to  a  horizontal  plane  so  that 
the  distal  end  is  situated  farther  dorsalward  than  the 
proximal  end.  The  nuclei  of  the  two  sides  lie  so  close 
together  that  they  have  been  modelled  as  a  single  mass, 
which  consists  of  two  lateral  parts  which  are  fused  to- 
gether in  their  ventral  portions  so  as  to  make  a  gutter  in 
which  lies  the  median  nucleus.  The  whole  mass  has  the 
shape  of  a  triangular  prism  with  the  apex  pointing  ven- 
tralward and  the  base  dorsalward.  The  course  of  the 
root  fibres  leaving  the  nucleus  is  best  seen  in  Fig.  956. 
The  root  bundle  I'uns  ventralward  between  the  brachium 
coujuncti\um  and  the  red  nucleus  to  the  superficial 
origin  in  the  fossa  interpeduncularis. 


Fig.  9.56.— View  of  the  Model  from  the  Lateral  Aspect.    After  removine  from  Plate  A  the  following  structures :  the  corpus  restiforme,  the 


substantia  nisra.  and  the  medial,  lateral,  and  superior  leinnisci.  The  view  is  de.signed  to  show  fl)  the  sensory  nerves  and  theu-  nuclei,  and 
(2)  the  midbrain.  ThP  nuclei  of  the  dorsal  funiculi  represent  a  way  station  for  the  sensory  abres  from  the  spinal  cord;  the  sensory 
cerebral  nerves  are  represented  by  the  nuclei  nervi  glosso-phan'ngei,  vagi,  vest.ibuli.  et  trigemini.  These  include  all  of  the  sensory  neryes 
of  the  region  of  the  model,  except  the  n.  cochleae,  which  was  removed  with  the  corpus  restiforme.  1,  Nucleus  motonus  pnnceps  n. 
trigemini :  3,  nucleus  n.  trigenuni  (sensory) ;  3,  radix  descendens  (m.)  n.  trigemini ;  4.  stratum  album  profundiim  :  5,  nucleus  n.oculo- 
motorii :  6,  radix  n.  ocuMmotorii :  7,  radix  descendens  (ni. )  n.  trigemini :  8.  a ;  9,  brachium  conjunctivum  :  10,  fasciculus  longitudinalis 
medialis;  11,  mi.-leus  u.  vastibuli  superior:  12,  radix  n.  f.icialis  fgenu  internum-):  13,  nucleus  n.  abduceutis:  14.  nucleus  nyestiDim 
lateralis;  1.1,  nidi.x  des.endens  et  ascendens  n.  vestibuli ;  16,  (Ibres  to  tractus  soUtanus;  1,,  radices  n.  IX.  and  i..;  18  tractus  sohtanus.  19 
nucleus  funiculi  cuueati :  2(1,  nucleus  funicuU  gracilis :  21.  nucleus  funiculi  cuneali  lateralis ;  22,  fascicuh  graciles ;  23.  fasciculus  cuneatus . 
21,  substantia  gelatiuosa  fRoIandi) ;  25.  fasciculus  cerebellnspinalis;  2ti,  flhne  arcuata?  interna;  (distal  bundle);  27,  substantia gelaUn<»a 
(^Rohmdi) ;  ».  f:isciculus  cerebro-spinalis :  29,  radix  n.  hypoglossi ;  .30,  nucleus  olivaris  inferior ;  31.  radices  n.  IX.  and  X.;  <i-,  tract  from 
Deiters'  nucleus  to  spinal  cord :  33.  fasciculus  lateralis ;  :«.  radix  n.  vestibuli :  3o.  radix  n.  facialis :  m.  corpus  tiapezoideum ,  d7,  radix  n 
trigemini  (sens.) ;  3h.  radix  n.  trigemini  Cmot.);  39.  lemniscus  lateralis;  40.  lemniscus  medialis  :  41,  fibres  to  decussatio  tegmenti  dorsalis, 
42,  radix  n.  oculomotoril ;  43,  nucleus  columnaris ;  44,  nucleus  capsuhe  lateralis  nuclei  nibrl ;  4-5.  lectus  substantia;  nigra; ;  46,  nucleus  ruber. 
Radix  n.  trigemini  (.sens.:) :  The  proximal  line  runs  to  the  root  bundle,  the  distal  to  the  tractus  spinalis  n.  tngemim.  (After  Sabin, 
F.  R.) 
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As  to  the  n.  accessoriiis.  only  the  extreme  proximal 
part  of  the  spinal  portion  is  shown  in  the  model.  The  so- 
called  vagus  portion  of  the  nerve  is  not  illustrated.    The 


the  superticial  origin,  thus  forming  what  Miss  Sabin  re- 
fers to  as  a  pars  prima  and  a  pars  secunda  of  the  root. 
The  nucleus  ambiguus  or  motor  nucleus  of  origin  of  the 
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Fig.  957.— View  of  tlie  Model  from  the  Lateral  Aspeot.  The  sensorr  nerves  of  Tig.  956  have  been  removed  and  all  of  the  motor  cerebral 
nerves  except  the  n.  trochleiiris  are  now  shown.  1,  Fasciculus  reiroflexus  (Meynerti) :  2.  capsula  dorsalis  nuclei  rubri;  8.  nucleus  n. 
oculoniotorii ;  5.  radix  de.scendens  (m. )  n.  tripemini :  (>.  lemniscus  luedialis;  7.  locus  co^ruleus:  8,  lemniscus  lateralis ;  9,  fasciculus 
loncituilinalis  ini',li;ilis ;  10.  formatio  reticularis  allra  :  11,  nucleus  niotorius  princeps  n.  trigemini ;  13,  formati"  reticularis  alba  ;  13,  radix 
n.  fai-ialis  iLTcnu  internum);  14,  nucleus  n.  abducentis ;  1.'),  nucleus  n.  facialis  :  Itj.  tract  from  Deiters' nucleus  to  funiculus  laterahs:  17, 
nucleus  auibii-'iuis  :  IS,  radices  n.  IX.  and  X.  (mot. J  :  19,  fasciculus  loneitudiualis  medialis  :  HX  nucleus  n.  hyposrlossi :  31,  radi.x  n.  h>-po- 
glossi:  33,  radix  u.  accessorii :  33,  fasciculus  gracilis;  ^,  canalis  centralis;  25,  position  nf  cniumna  ventralis;  3ti,  fasciculus  ventralis 
proprius;  27,  fasciculus  cerebello-spinalis ;  38,  fasciculus  cerebello-spinalis;  39,  fa.sciculus  lateralis;  :>(1,  radix  n.  hypofflossi :  31,  nucleus 
olivaris  accessorius  medialis;  33,  nucleus  olivaris  superior;  3^^,  radix  n.  facialis,  pars  secuiula;  'ii.  corpus  trapezoideum ;  35,  radix  n. 
trigemini  (mot.);  36,  lemniscus  medialis  to  siilistjintia  nigra  ;  .37.  radix  n.  oculoniotorii;  38.  nucleus  columnaris;  39,  nucleus  capsulie 
lateralis  nuclei  rubri  ;  4(1,  lectus  substantive  nigne  ;  41,  capsula  lateralis  nuclei  rubri;  43,  lemniscus  medialis  ;  43,  capsula  superior  nuclei  rubri. 
(After  Sabin,  F.  U.) 


root  fibres  of  the  nerve,  instead  of  passing  directly  from 
the  cell  bodies  of  origin  to  the  lateral  groove,  jiass  dorsal- 
ward  and  then  turn  ventiiihvard  and  lateralward  toward 


Fig.  958.— View  of  the  Lateral  Surface  of  the  Medulla  Sheet.  The  riew  can  be  related  to  Plate  A 
and  Figs.  9.55  and  9.56  b\  the  position  of  the  nucleus  n.  abdui-entis.  1.  Fasciculus  longitiidinalis 
medialis;  2,  formatio  ri'ticularis  alba;  3,  nucleus  n.  abducentis;  4,  position  of  nucleus  centralis 
inferior;  .5.  fasciculus  louL'itudinalis  medialis;  6,  formalin  n-ticularis  alba;  7,  lemniscus  nieilialis; 
8,  nucleus  of  Roller:  'X  position  of  part  of  nucleus  acces.'sorius  medialis;  10,  position  of  columna 
ventralis  in  fa.sciculus  ventro-lateralis  (1) ;  11.  nucleus  olivarius  superior;  12.  radix  n.  abducentis; 
13.  connis  trapezoideum  ;  14.  radix  n.  facialis,  pars  secunda ;  15,  lemniscus  lateralis ;  16,  lemniscus 
medialis ;  17,  corpus  trapezoideum.  (After  Sabin,  F.  R.) 


n.  glosso-]iharvngeus  and  the  n.  vagus  is  diagrammati- 
callv  represented  in  Fig.  9.~)7.  It  lies  in  the  formatio  re- 
ticulaiis,  dorsolateral  to  the  dorsal  accessory  olive  and 
lateral  from  the  tract  from  Deiters'  nucleus  to  the  spinal 
cord.  It  is  on  about  the  same  horizontal  level  as  the 
nucleus  n.  facialis.  The  root  fibres  are  divided  by  Miss 
Saliin  into  a  pars  prima  and  a  pars  secunda.  In  the 
pars  prima  they  pass  median  ward  and  dorsal  ward  toward 
the  floor  of  the  fourth  ventricle.  Then  the  pars  secunda 
begins,  the  fibres  turning  sharply  to  pass  ventralward 
and  lateralward,  where  they  follow  the  same  course  as  do 
the  entering  sensory  fibres  of 
the  same  nerve.  The  root 
fibres  plunge  through  the 
tractus  spinalis  n.  trigemini. 
The  nucleus  n.  facialis, 
situated  in  the  dorsal  part  of 
the  pons  just  dorsal  to  the 
level  of  the  corpus  trapezoid- 
eum, is  seen  in  Fig.  957.  It 
is  a  compact  oval  mass  of  cells 
having  its  long  axis  parallel 
to  the  long  axis  of  the  pons. 
The  illustration  in  three  di- 
mensions of  the  root  fibres, 
including  the  pars  prima,  the 
genu  internum,  and  the  pars 
secunda.  represents  one  of 
the  most  satisfactory  features 
of  the  model.  Tlie  motor 
part  of  the  n.  trigeminus  is 
shown  in  Fig.  963.  and  the 
entire  nerve  is  well  illustrated 
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in  Fig.  9o0.  The  nucleus  motorius  princeps  n.  trigem- 
ini  lies  in  the  mitldle  of  the  pons,  just  proximal  to  the 
transverse  part  of  the  knee  of  the  facial  nerve.     The  dis- 


»- 


Fig.  959.— View  of  the  Model  from  a,  Dorso-Medlan  Aspect.  ThLs 
view  is  desif^ned  to  show  the  central  fibre  inos,s.  that  Is,  the  me- 
dulla, pontal  and  niidhrain  sheets,  together  with  the  corpus  tra- 
pezoideuin.  1,  Capsiila  superior  nin-lei  nihri ;  3.  radix  n.  octllo- 
motorii :  :i,  nuc-leus  rulier;  4,  fascir-ulus  retroflexus  <  Meynerti) ;  .'>. 
lemniscus  medialis;  t>,  corixis  trapezoideum ;  7,  nucleus  olivaris 
superior;  8,  stratum  inlerolivare  lemnisci;  9,  nucleus  n.  hypi)- 
glossi;  10.  nucleus  olivariji  accessorius  medialis;  11,  decuiwatio 
lemniscorum;  13,  canalis  centralis;  1.3,  substantia  ffeliitinosa  (Ro- 
iandi)  ;  14,  nucleus  funiculi  trraciiis;  1.5,  fasciculus  cuncafus  to  for- 
matio  reticularis ;  10,  nucli-us  funiculi  cuneati;  17,  nnr-lcus  olivaris 
Inferior;  IS,  radix  n.  c(.<lile;e ;  I'.i.  corpus  trapezoid. •um  ;  :;o,  radix 
n.  vestibuli;  31,  nucli-us  n.  cochlea  dorsaiis;  23,  siriic  acuslicie; 
Zi^  nucleus  n.  abducenlis;  34.  radix  n.  facialis:  3.'»,  nnrlcns  olivaris 
superior;  3*i,  fonnario  reticularis  alba;  27,  fasciculus  lontritudiualls 
medialis;  38,  lemniscus  lateralis. 

<i.  Fibres  runnini;  from  lemniscus  lateralis  to  the  brachium  con- 
Junctivum.    (After  Sabiu,  F.  R.) 

tal  end  lies  opposite  the  pro.ximal  end  of  the  nucleus 
olivaris  superior.  The  radix  descendens  mesencephalica 
n.  Irigemini  is  seen  in  the  model  starting  at  the  distal 
border  of  the  stratum  album  profundum  and  traversing 
the  pons  as  a  narrow  bundle  parallel  to  the  raphe.  Its 
relation  to  the  locus  coeruleus  is  obvious.  The  decus.sat- 
ini;  fibres  pertaining  to  the  n.  trigeminus  are  shown  in 
Fig.  9.5r). 

As  regards  the  sensory  nuclei  in  the  model,  those  con- 
nected with  the  n.  glosso-pharyngeus  and  n.  vagus  may 
first  he  referred  to.  They  include  the  nucleus  als  cineretc 
and  the  nucleus  tractus  .solilarii.  These  are  well  illus- 
trated in  Figs.  9o.")  and  9-56.  The  mass  of  cell  bodies  situ- 
ated at  the  distal  end  of  the  tractus  solitarius,  shown  in 


Fig.  9.55,  possibly  corresponds  to  the  commissural  nucleus 
of  Ramon  y  C'ajal. 

The  sensor}'  nucleus  of  the  n.  trigeminus  corrresponds 
to  tlie  substantia  gclatinosa.  In  Fig.  9.56  the  sensory 
fibres  of  the  n.  trigeminus  are  .seen  to  enter  the  lateral 
surface  of  the  pons  just  distal  to  the  motor  bundle.  The 
fibres  form  a  compact  mass,  which  extends  dorsiilward 
past  tlie  lenmiscus  lateralis  iiilo  the  region  of  the  pars 
dorsaiis  pontis.  The  bundle  bifui'cutes  into  a  Y,  corre- 
sponding to  llie  Y  slia]icil  liifiu'cation  of  its  constituent 
fibres.  Into  the  nolcli  of  tlic  Y  (its  the  upper  end  of  the 
sensoi'V  nucleus.  Tlii^  latei'al  and  longer  ai'm  of  the  Y 
forms  "the  tractus  spinalis  n.  trigcmini.  The  medial  and 
shorter  arm  of  the  Y  passes  dorsahvard  just  medial  1o  the 
sensory  nucleus.  Tlie  tractus  spinalis  n.  trigemini  ex- 
tends t'rom  the  middle  of  th(^  pons  to  the  iip])er  jiart  of 
the  cervical  spinal  coi'd.  It  lies  medial  to  tiu' cochlear 
nuclei  but  lateral  from  the  nuclei  of  the  doi'sal  funiculi. 
For  details  with  regai-d  to  the  sensoiy  nucleus  of  the 
trigeminal  nerve  and  tlu^  tractus  sjiinalis  n.  trigemini, 
Miss  Sabin's  article  may  be  consulted. 

The  various  nuclei  connected  with  the  n.  vestibuli  are 
depicted  in  three  dimensions  in  the  model.  The  root 
fibres  of  the  vestibular  nerve,  on  entering  the  central 
nervous  system,  bifurcate  into  short  ascending  limbs  and 
long  descending  limbs.     The  bundle  of  descending  limbs 
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Fio.  960.— view  of  the  Midbrain  from  the  Superior  or  Cerebral  As- 
pect. This  view  can  be  understood  Itv  comparing  it  with  Plate 
A  and  Figs.  95i;  and  n:i7,  which  show  the  stratum  profundum 
album,  the  lenmiscus  sutierior,  and  the  cupsula  nuclei  rubri  from 
the  lateral  aspect.  1,  .Nucleus  n.  abducentis:  2,  fasciculus  longi- 
tudinalis  lucdiahs;  3,  nucleus  reticularis  iciruienti;  4,  nucleus  colll- 
culi  infi-rioris;  .5,  capsula  nui-lei  cullKuli  iuferiorls;  f),  position  of 
nucleus  n.  trochlearis;  7,  lemniscus  supcri..r;  8,  y;  9,  position  of 
nucleus  n.  oculomotorii;  10.  stratum  albiiiu  profundum;  11,  lem- 
niscus medialis;  12,  commissura  posterior;  i:!,  fasciculus  retro- 
fle.\us  I Mevnerti) ;  14,  capsula  superior  nuclei  rubri:  In,  lectus 
nuclei  ruliri ;  11!.  nucleus  fascicuh  lonritiKlinalis  iijc.lialis:  17,  fas- 
ciculus loniritudinalis  medialis;  18.  dccussati..  ti^t'iiiciiti  ventralls; 
19,  decussatio  tefmenti  dorsaiis;  3(1,  capsula  .lorsalis  nuclei  rubri; 
21,  decussatio  tcirTiicntl  dorsaiis:  22,  brachium  i-oujunctivum:  33. 
a;  24.  brachium  coujiuictivum  (dorsaiis  bunilii') :  3.').  corpus  trape- 
zoideum  and  nucleus  olivaris  superior;  3<),  commissure  between 
Bechterew's  nuclei. 

Y  is  a  space  in  the  model,  in  the  stratum  profundum  album,  where 
fibres  of  the  formatlo  reticularis  alba  are  related  to  the  substantia 
centralis  grisea.    {After  Sabin,  F.  B. ) 

is  known  as  the  radix  descendens  n.  vestibuli.  There 
are  four  nuclei,  namely:  (1)  the  nucleus  n.  vestibuli 
medialis ;  (3)  the  nucleus  n.  vestibuli  radicis  descendentis, 
which  is  directly  continuous  with  (1);  (3)  the  nucleus  n. 
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vestibuli  superior  or  nucleus  of  von  Bechteiew,  and  (4) 
the  nucleus  n.  vestibuli  lateralis  or  nucleus  of  Deiters. 
The  last-mentioned  nucleus  is  divisible  into  two  parts, 
one  part  lying  lateral  to  the  root  bundle  of  the  vestibular 
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FIG.  961. 


FIG.  962. 


Figs.  961  and  963.— Fig.  961.— view  of  the  Dorso-Lateral  and  Lateral  Surfaces  of  the  Nucleus  Olivaris 
Inferior.    f.tU.,  Fades  dorso-lateralis :/.!..  facies  lateralis ;  /.ji.,  dssura  prima :  /.s.,  flssura  secunda ; 
f.t.,  tlssura  teriia;  /.q.,  fls.sura  quarta;    Lp.,  lobus  primus;  I.8., 
lobus  secundus :  It.,  lobus  teriius;  (.g.,  lobus  quartus. 

Fig.  962.— view  of  the  Ventral  Surface  of  the  Nucleus  Olivaris  Su- 
perior, s.p.  Sulcus  primus;  s.s.,  sulcus  secundus:  s.t.,  sulcus 
tertius.    (.\tter  Sabiu,  F.  R.) 


A  surprising  feature  of  the  inodel  is  the  appearance 
presented  by  the  nucleus  olivaris  inferior  (Figs.  961,  963). 
Sections  through  the  medulla  have  long  taught  us  that 
the  gray  matter  of  the  olive  forms  a  hollow  .shell  with  a 
wrinkled  wall,  but  the  method 
of  reconstiuction  indicates  that 
the  olive  has  a  constant  and 
definite  shape,  its  surface  be- 
ing marked  by  gyri  and  sulci 
as  detinitely  'as  that  of  the 
cerebral  corte.x.  iliss  Sabin 
describes  the  lateral  surface  as 
presenting  four  lobes.  The 
first  or  proximal  lobe  is  the 
largest;  it  is  subdivided  in  the 
dorsal  portion  b}'  two  or  three 
groups  or  sulci.  It  contains 
three  g.yri.  The  second  and 
third  lobes  each  consist  of  a 
single  convolution  or  gyrus; 
the  fourth  lobe  is  the  smallest 
of  all,  and  consists  like  the  sec- 
ond and  third  of  a  single  gyrus. 
In  the  midbrain  the  main 
bundles  of  fibres  have  been 
modelled  as  well  as  the  nu- 
cleus ruber  and  its  capsule, 
the  fasciculus  retroflexus  of 
Meynert,  the  various  decus- 
sations of  the  tegmentum,  the 
stratum  album  profundum,  the 
substantia  centralis  grisea,  and 
the  substantia  nigra. 

Passing  now  to  the  histology 
and  microscopic  anatomy  of 
the  prosencephalon,  we  may 
begin  by  a  description  of  some 
sections  which  pass  through 
the  hypothalamus  and  the 
thalamencephalon. 

In  Fig.  963,  which  repre- 
sents a  transverse  section 
through  the  human  brain  at 
the  level  of  the  decussatio  bra- 
chii  conjunctivi,  the  positions 
of  the  lemniscus  superior  and 
of  the  main  portions  of  the 
lemniscus  medialis  are  out- 
lined. Lateral  and  dorsal  from 
the  lemniscus  superior  is  seen 
the  brachium  quadrigeminum 
Inferius. 

In  a  section  higher  up  (Fig. 
964),  in  addition  to  structures 
met  with  in  sections  lower 
down,  some  of  the  nuclei  of  the 
thalami  are  seen,  the  nucleus 
ventralis  lateralis  thalami  and 


nerve  and  the  other  part  lying  in  an  angle  between  the 
superior  and  medial  nuclei  of  the  vestibular  nerve.  The 
model  illustrates  further  a  set  of  internal  arcuate  fibres 
passing  from  the  medial  nucleus  to  the  raphe,  a  com- 
missure between  the  superior  vestibular  nuclei  off  the 
two  sides,  a  tract  from  Deiters'  nucleus  to  the  spinal  cord, 
and  two  sets  of  fibres  relating  the  vestibular 
area  with  the  cerebellum. 

Connected  with  the  n.  cochleae  near  its  en- 
trance are  two  definite  nuclei  of  termination, 
namely,  the  nucleus  n.  cochlea;  ventralis  and 
the  nucleus  n.  cochleiE  dorsalis  (Plate  A).  The 
relation  of  the  ventral  cochlear  nucleus  to  the 
corpus  trapezoideum  is  shown  in  Figs.  959  and 
960. 


PiUvinar. 


Corpus  genicutatum  mediate. 
!    Brachium  quadrigeminum  inferius. 
ColUculus  superior. 


Corpus  geniculatum  laterale. 

Ifucteus  posterior  thalamf. 


/  Aqxieductxts  cerebri. 


Decussatio  brachii 
conjunctivi. 


Fig.  96-3.— Frontal  Section  through  a  Normal  Human  Brain  at  the  Level  of  the 
Decussatio  Brachii  Conjunctivi.  (Af ter  C.  von  Monakow,  Arch.  f.  Psiichiat., 
Berlin,  aa.  .\-\\  n..  IS'J.j.  (Taken  from  "'The  Nervous  System  and  Its  Constituent 
Neurones,"  New  York.  190;i.) 
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the  nucleus  posterior  tlialanii.     The  relation  of  the  lem- 
niscus to  the  nucleus  ventralis  lateralis  thalami  is  obvious. 


SiteUua  posterior  thalumi. 


Corpus  genicutatum  laterale. 
Corpus  geniculatum  ij^ediale, 

Lemniscue. 


.Nucleus  ventralis  lateralis  thalami. 

Pulvinar. 

Colliculus  superior. . 

*   Commissura  posterior  cerebri 
('     Aqueductus  cerebri. 


Fasciculus  longitudi- 
natis  medialis. 

'Brachiuni  conjunctivum 
et  nucleus  ruber. 


'Substantia  nigra. 

Lemniscus  medialis. 
Basis  pedunculi. 

Fig.  964.— Froutal  Section  through  a  Normal  Human  Brain  at  Level  of  Upper  Extremity  of 
Corpus  (ieniculatum  MediiilH.  (After  C.  von  Monakow,  Arch.  f.  Psuchiat.,  Berlin,  Bd. 
xxvii.,  I'^H;').  Taf.  ii..  Fil'.  VI)  x.  Lateral  white  matter  of  lateral  geniculate  body  ;  i/, 
lateral  white  umtlfrof  pidvinar.  (Taken  from  "The  Nervous  System  and  Us  Constituent 
Neurones,"  New  York,  liKRl.) 
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Ventriculus  tateralis  [eomu  mferius) 

Nucleus  ventralis  thalami  (a). 
Nucleus  ventralis^ thalami  ibi 
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More  ventrally  situated  are  seen  the  lateral  and  medial 
geniculate  bodies. 

In  a  section  higher  up  (Fig.  965)  the  nucleus  hypo- 
t.halamicus.  o  r 
Luys'  body,  is  il- 
lustrated. In  the 
thalamus  aie  seen 
the  taenia  thalami, 
the  nucleus  medi- 
alis thalami,  the 
lamina  niedullaris 
thalami.  the  nu- 
cleus medialis 
thalami  (or  cent  re 
median  of  Luys), 
the  lamina  medul- 
laris  medialis,  the 
nucleus  ventralis 
thalami  (b).  the 
lamina  niedullaris 
media,  the  nucleus 
ventralis  thalami 
(a).  Lateral  from 
the  latter  is  seen 
the  capsula  inter- 
na, and  more  lat- 
eral still  the  nu- 
cleus leutiforniis. 
In  the  hypothala- 
mus the  nucleus 
hypothalamicus  or  corpus  Luysi  is  seen  just  dorsal  to  the 
biise  of  Ihe  peduncle  where  it  goes  over  into  the  capsule. 

A  litt'.e  higher  up  (Fig.  966).  passing  from  the  third 
ventricle  laterahvard.  are  seeu  the 
tieuia  thalami,  the  lamina  niedullaris 
medialis,  the  nucleus  anterior  thai- 
ami,  the  nucleus  lateralis  thalami, 
and  the  zona  reticularis.  Lateral 
from  the  latter  is  seen  the  capsula 
interna.  The  anterior  part  of  the 
nucleus  ventralis  thalami  is  met  with 
in  the  ventral  part  of  the  thalamen- 
cephalon.  At  the  ventral  extremity 
of  the  lamina  niedullaris  medialis,  in 
transverse  section,  is  the  fasciculus 
thalamo-mammillaris  (Vicq  d'Azyri). 
In  the  hj-pothalamus  are  seen  a  part 
of  Ford's  field  H  and  the  two  parts 
of  the  ansa  leuticularis.  namely,  the 
pars  dorsalis  and  the  pars  ventralis. 
Ventro-medially  situated  is  the  eolum- 
na  fornicis,  and  most  ventral  of  all  in 
section  is  the  tractus  opticus. 

In  the  next  section  (Fig.  967)  the 


part  cut  through  corresponds  to  the  most  anterior  portion 
of  the  thalamencephalon.  Passing  from  the  middle  line 
laterahvard  are  seen  the  stratum  griseum 
centrale,  the  ta?nia  thalami,  the  nucleus 
anterior  thalami  with  its  ventral  capsule, 
the  fasciculus  thalamo-mammillaris  (Vicq 
d'Azyri),  the  nucleus  lateralis  thalami, 
and  the  nucleus  ventralis  thalami  (an- 
terior part).  Bounding  the  thalamus 
laterahvard  is  the  capsula  interna  of  the 
nucleus  lentiformis.  The  three  parts 
of  the  nucleus  lentiformis  are  represent- 
ed, nanielv,  the  pars  medialis  and  pars 
lateralis  of  the  globus  pallidus  and  the 
putanien.  Ventral  to  the  glolius  jialli- 
dus  is  the  commissura  anterior  cerebri. 
A  portion  of  the  ventral  part  of  the  ansa 
lenticularis  is  seen  in  the  ventro-niedial 
part  of  the  section. 

The   histology  of  the   cerebral  cortex 
varies  in  different  parts.     At  least  four 
layers  are  usually  described  (Fig.  968): 
(1)   an  external   molecidar  layer:   (3)   a 
layer    of    small    pyramidal   cells;   (3)  a 
layer  of  large  pyramidal  cells,  and  (4)  a  layer  of  polymor- 
phous cells.     The  molecular  layer  contains  a  very  large 
number  of  nerve  fibres  which  run  in  various  directions. 

They     represent 
Xxtniina  m^d^itlaris  media. 
,       Lamina  medullaris  medialis. 

I^ucleus  medialis  thalami  (h) 
1        (centre  median). 


Nucleus  medialis  ihalami  (a). 
/ 


t 


.Toenia  thalami. 
^-Lamina  medullaris  thalami. 


j^—C'X,-' ^'ucleu 

^.l^asciculus  retrofiexus 


t  ruber. 


Fig.  965.— Frontal  Seotinn  through  a  Normal  H\niian  Brain  at  the  Level  of  the  Lower  End  of 
the  Nurli-us  Hv|«.ili;ilainii-iis.  Afti-r  ('.  v.m  M'.nakow,  .Ircd.  f.  Psyr/itof.,  Berlin,  Bd. 
xxvli.,  Is'.i,',,  T;if.  lii..  Fig.  2().)  a.  liorsal  wliiti-  nialtpr  of  nucleus  ruber;  /3,  ventral  white 
matter  of  nucleus  ruber;  y.  lateral  white  matter  of  nucleus  ruber.  (Taken from  "The 
Nervous  System  and  Its  Constituent  Neurones,"  New  York,  1900.) 


for  the  most  part 
terminals  of  other 
cortical  cells  or  of 
projection  or  asso- 
ciation fi  b  r  e  s. 
The  subdivisions 
of  the  apical  den- 
drites of  the  pyra- 
midal cells  consti- 
tute a  large  part 
of  this  layer. 
Three  types  of 
cells  exist  here : 
(1)  polygonal 
cells,  (2)  spindle- 
shaped  cells,  and 
(3)  triangular  or 
stellate  cells. 

The  layer  of 
small  pyramidal 
cells  and  that  of 
the  large  pyrami- 
dal cells  are  very 
characteristic. 
They  contain  the 
pyramidal-shaped 
perikaryons  which  are  so  characteristic  of  the  micro- 
scopic jiicture  of  the  cerebral  cortex.  Each  perikaryon 
gives  off  an  ascending  dendrite  known  as  the  chief  proc- 


(Meynerti). 

.Fasciculus    pedunculomam. 
miUaris,  pars  tegmentatis. 


P 


Nucleus  hypothahnnicrts 
{corpus  Luysi). 


Basis  pedunculi. 


Capsula  interna. 


Zona  reticularis  (Gitter-  .Vr*i 
schichty  I    ' 

Nucleus  lentiformis. 


Nucleus  lateralis  thalami. 

'Nucleus  anterior  ihalami. 


yLnmina  medullaris  medialis. 
?-••  Toenia  thalami. 


Nucleus  ventralis  thalami  :; 
^ant.). 


Fasciculus  thalamo  mammil- 
laris  (,  Vicq  d'Azyri). 


Ansa  lenticularis,  pars  ~\"' 

dorsalis.  ^-*- 


Commissura  anterior  cerebri. 
Ansa  lenticularis  (pars  ventralis). 

Pedi^nculus  cerebri. 


.•^Columna  fornicis. 
'Tractus  opticus. 


Fig.  966.— Frontal  Section  through  a  Normal  Human  Brain  at  the  Level  of  the  Ansa  Lenticu- 
laris (Anterior  to  the  Nucleus  Hypothalamicus).  ( After  C.  von  Monakow,  A rch .  f.  Psi/c/i  lat ., 
Berlin,  Bd.  xxvil.,  1885,  Taf .  iii..  Fig.  28.)  (Taken  from  "  The  Nervous  System  and  Its  Con- 
stituent; Neurones,"  New  York,  1900.) 
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ess  and  several  basilar  dendrites.     A  single   axone  de- 
scends into  the  white  substance. 

The  laj-er  of  polymorphous  cells  contains  also  a  few 
pyramidal  cells,  but  a  large  proportion  of  cells  in  this  layer 


Capsula  interna. ' 


/Nucleus  lateralifi  fhalami. 

/Nucleus  anterior  thalami  (a). 
:L/       Capsula  ventralis  nucl.  ant, 
s/  thalami: 

/TcEnia  thalami. 


'%:_- 


X-  -  ■ 


^"*^;t,  \. 


Nucleus  ventralis  .-''V 
thalami  {ant.'' 


Vv       ^.. 


\y     'y   •.«■*    5i5-t6;r    ,  *.V'   Columna  fomicii 
ufamen.'  \    /    \'  ^       ^C'V/     'i 


•^/Fasciculus  thalamo-mammil- 

\,.     laris  {Vicqd^Azyri). 
,/|'  Stratum  griseum  cejitrale. 
-Pedunculus  thalami  medialis. 

ids. 


Globus  pallidus,  pars 

lateralis.  y 

Qlithus pallidus^  pars  medialis. 

Commissura  anterior  cerebri 


*  Ansa  lenticularis,  pars  ventralis. 


Fig.  967.— Frontal  .Section  through  aNonnal  Human  Brain  at  Level  of  Anterior  Part  of 
Thalamus.  (After  C.  von  Monakow,  Arch.  f.  P.<j/c?iia(..  Berlin,  Bd.  xxvii..  189.5,  Taf. 
Iv.,  Fig.  33.)  (Taken  from  "The  Nervous  System  and  Its  Constituent  Neurones,"  New 
York,  19<X).) 


are  dcndiaxoncs  (Golgi  cells  of  type  II.).  and   the  so- 
called  Martiuotti  cells  which  have  ascending  axones. 

The  cortex  in  the  region  of  the  sense  centres  has  a 
peculiar  stamp  for  each  particular  sense  centre.  The 
structure  of  the  occipital  cortex  near  the  calcai'ine  fis-sure 
may  be  cited  as  an  example.  A  section  is  shown  in  Fig. 
969.  The  enormous  complexity  of  the  various  laj'ers  is 
obvious. 

The  cortex  varies  much  in  appearance,  too.  in  different 
animals,  as  will  be  seen  by  comparing  a  section  through 
the  human  cortex  with  one  from  that  of  the  dog  and  of 
the  mole  {ride  siipni). 

A  schematic  section  of  the  cerebellar  cortex  is  shown 
in  Fig.  970.  The  structures  seen  in  ordinary  ha-ma- 
toxylin  and  eosin  preparations  are  illustrated  in  Fig.  971. 
Resume  of  Conduction  Paths  in  tlie  Brain. — The  prin- 
cipal conduction 
paths  in  the  brain 
are  made  up  of 
several  sets  of 
supe  rimposed 
neurones  or  neu- 
rone systems. 
The  conduction 
paths  may  be  di- 
vided into  the 
centripetal  or  sen- 
sory, the  centrif- 
ugal or  motor, 
and  the  associa- 
tive. 

The  centripetal 
or  sensory  con- 
duction paths  in- 
clude those  (1)  of 
bodily  sensation ; 
(2)  of  taste;  (3) 
of  smell;  (4)  of 
sight ;  (o)  of  hear- 
ing. 

The  centripetal 
conduction     path 
of    bodily    sensa- 
tion    carries     the 
impulses  concern- 
ed  in  touch,  tem- 
perature,  pain, 
muscle  sense,  and 
visceral   sensa- 
tions.    It  consists 
Fig.  968.— Golgi  Preparation  of  the  Cerebral    „f    „     i^:j.„,.t    „„„ 
Cortex.       (After   Bohm   u.  von    Davidoff,    j      '.    ""^^'    "-"": 
"LehrbuchderHistologie,"S,283,  Fig.201.)    duction   path  and 


( external  molec- 
)      ular  layer. 


layer  of  small 
pyramidal 
cells. 


layer  of  large 
-1  pyramidal 
(     cells. 


layer  of  poly- 
morphous 
cells. 


several  roundabout  conduction  paths.  Just  which  im- 
pulses are  (Jariied  b_y  these  various  portions  of  this  cen- 
tripetal conduction  path  is  not  known.  The  most  direct 
conduction  path  consists  in  all  probability  of  three  sets 
of  superimposed  neurones  or  neurone 
systems:  (1)  The  peripheral  sensory  neu- 
rones {including  the  ganglion  cells,  and 
their  prolongations,  of  the  ganglia  on 
the  dorsal  roots  of  the  spinal  nerves, 
and  the  ganglia  on  the  sensory  cerebral 
nerves).  (2)  A 
set  of  neurones 
extending  from 
the  nuclei  of  ter- 
mination of  the 
peripheral  sen- 
sory nerves  to 
the  ventro-later- 
al  region  of  the 
thalamus  (in- 
cluding the  nu- 
clei of  Goll  and 
Burdach  in  the 
medulla  and  the 
fibres  of  the  me- 
dial lemniscus). 
(3)  A  set  of  neurones,  the  cell 
bodies  of  which  are  situated  in 
the  ventrolateral  part  of  the 
thalamus  and  the  axones  of 
which  reach  to  the  somipslhetic 
area  of  the  cerebral  cortex,  that 
is,  to  the  central  gyii,  the  feet  of 
the  frontal  gyri,  and  the  gyrus 
fornicatus. 

The  less  direct  portions  of  this 
conduction  path  concern  mainly 
the  portion  of  the  conduction 
path  situated  between  the  per- 
ipheral sensory  neurone  systems 
and  the  neurone  system  extend- 
ing from  the  diencephalon  to  the 
som;Testhetic  area  of  the  cortex. 
Roundabout  routes  are  made 
through  the  cerebellum  by  wav 
of  Gowers'  tract  and  the  direct 
cerebellar  tract  to  the  cerebellum, 
and  by  way  of  the  brachium  con- 
junctivum  from  the  cerebellum 
to  the  red  nucleus.  Fi'om  the 
red  nucleus  a  neurone  system 
extends  higher  up.  probably  to 
the  cortex,  possibly  indirectly, 
by  way  of  a  new  neurone  whose 
cell  body  is  situated  in  the  hy- 
pothalamus. The  conduction 
path  just  described  is  diagram- 
inaticallv  illustrated  in  Fig. 
972. 

The  peripheral  sensory  neu- 
rones of  the  path  concerned  in 
bodily  sensation  have  their  cell 
bodies  situated  in  ganglia. 
These  cell  bodies  give  off  an 
axis-cylinder  process  which  bi- 
furcates T-shaped  to  form  two 
fibres.  One  of  these  fibres  runs 
to  the  periphery,  the  other  into 
the  central  nervous  system. 
That  going  to  the  periphery  is 
the  stronger,  the  central  fibre 
being  of   smaller   calibre.     The 

buntlle  of  medullated  central  fibres  from  a  given  ganglion 
forms  the  dorsal  root  of  one  spinal  nerve.  The  peripheral 
fibres  are  connected  in  their  distal  parts  frequently  with 
special  kinds  of  terminal  sensory  apparatus,  sometimes 
they  end  free  in  among  the  cells  of  the  tissues  at  the  per- 
iphery.    The  central  fibres  entering  the  spinal  cord  un- 


^ 


* 


U- 


Fig.  969.-Section  through 
the  Cortex  of  the  Gyrus 
Occipitalis  Superior. 
(After  C.  Hammarberg. 
"Studior  ofver  Idiotiens 
Klinik  och  Patologi,  etc., 
Upsala,  1893,  Taf.  II.. 
Fig.  4.) 
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dergo  Ysbaped  division  with  formation  of  a  long  ascend- 
ing limb  and  a  sliort  descending  limb.  On  their  wa\- 
they  give  off  collaterals  wliieb  run  in  to  end  in  the  gray 
substance,  and   the   main    tiljres   themselves   ultimately 


of  the  sensory  neurones  of  the  second  order  chiefly  termi- 
nate, a  new  neurone  system  (sensory  neurones  of  the  third 
order)  begins.  The  perikaryons  of  tliis  neurone  system 
are  situated  in  the  ventrolateral  nuclei  of  the  thalamus. 


Fig.  97n.— Sohemntir  Dmirramnf  the  Cerebellar  rorte.f.  i.\Hi-i  llnhm  u.  \"ii  Ii.ivi.loff,  "Lehrbuch  der  Histol.«ii'  .1.  v  M.  jis,  Ih  ii."  .-~.  ~';'.i.' 
Onliiiiuv  nurlrar  slaillill^'  (the  lavrr  uf  Purliinje  cells  is  "iiiitti'ili;  I!,  si-rtmri  vt-rtifal  to  the  surface  of  a  c"iivcihiti"ii ;  i ',  Inniruudinal 
sectioh  tliriHitrh  a  iiuivnliituiii.  Band  C  by  Uicchrume-silvcr  method.  1,  stellate  cell ;  2,  molecular  layer;  3,  frniiiular  layer:  4,  niedullary 
layer ;  5,  a.xoue  of  a  I'm  kiuje  cell ;  li,  moss  flbre ;  7,  cell  of  );rauular  layer ;  »,  iixone  of  cell  of  granular  layer ;  9,  climbing  Ubre ;  lU,  teloden- 
drion  ol  collateral  of  climbing  Ubre ;  1 1,  axone  of  cell  of  granular  layer ;  13,  large  stellate  cell ;  13,  stellate  cell. 


terminate  by  running  in  to  end  in  the  gray  matter  of  the 
central  nervous  sj'stem.  Tiie  longest  fibres  from  the 
dorsiil  roots  reacli  tlie  mcdullti  olilongata  and  terminate 
In  the  nucleus  funic\ili  gi'acilis  of  Goll  or  the  nucleus 
funiculi  cuneati  of  Bnrdach.  Tlie  shorter  fibres  of  the 
dorsal  roots  end  in  the  graj'  matter  of  the  central  system 
near  the  point  of  entrance.  Tlie  collaterals  anil  termi- 
nals of  the  sensoiT  fibres  end  in  the  spintil  cord,  cliiefly 
about  the  cell  bodies  of  neurones  in  the  dorsal  horns  and 
in  the  middle  zone  of  the  gray  matter.  The  axones  of 
these  cells  carry  impulses  fartiier  cerebralward.  A  cer- 
tain number  of  collaterals,  the  so-called  refiex  collaterals, 
end  about  the  cell  bodies  of  tlie  lower  motor  neurones  in 
the  ventral  horns.  Another  group  of  collaterals  crosses 
tlirougli  the  posterior  commissuie  to  end  about  the  cell 
bodies  of  neurones  in  the  graj'  matter  of  the  opposite  side 
of  the  cord.  An  important  group  of  collaterals  ends  in 
among  the  cell  bodies  of  the  nucleus  dorsalis  (Clarice's 
column). 

The  sensory  neurones  of  the  second  order  of  the  con- 
duction path  now  under  discussion  include  the  cell 
bodies  of  the  nucleus  funiculi  gracilis  and  the  nucleus 
funiculi  cuneati  and  their  a.xis-cylinder  processes.  The 
meduUated  axones  from  the  perikaryons  in  these  nuclei 
go  as  internal  arcuate  fibres  to  the  middle  line  of  the 
medulla  oblongata  where  they  cross  over,  decussating 
with  similar  fibres  from  the  opposite  side,  to  form  the 
decussatio  lemniscorum.  On  crossing,  these  meduUated 
axones  turn  and  run  cerebralward,  first  in  the  stratum 
interolivare  lemuisci,  higher  up  forming  the  lemniscus 
medialis.  These  fibres  in  tlie  lemniscus  medialis  are 
joined  by  meduUated  axones  from  the  sensory  nuclei  of 
termination  of  the  cerebral  nerves.  The  fibres  of  the 
lemniscus  medialis  pass  through  the  pons  and  enter  tlie 
cerebral  peduncle  lying  in  its  tegmental  portion.  They 
pass  through  the  hypothalamus  and  end  chiefly  in  the 
ventro-lateral  region  of  the  tlialamus.  Not  all  the  fibres, 
however,  of  the  lemniscus  medialis  reach  this  diencephalic 
termination.  Many  end  in  the  pons  and  midbrain.  From 
the  ventro-lateral  region  of  the  thalamus,  where  the  axones 


The  meduUated  axones  of  these  neurones  pass  through 
the  internal  ctipsule  in  the  posterior  part 'of  its  occipital 
subdivision  and  extend  to  the  gyri  of  tlie  cerebral  cortex 
in  the  regions  previousl}'  designated  under  the  term 
soma;sthetic  area.      According  to  llie  iieriod  of  medul- 


FiG.  971.— A  Section  through  the  Cerebellar  Cortex  Stained  vrith 
Haematoxylin  and  Eosln.  (Alter  Biihin  u.  yon  Davldoff,  "  Lehrbuch 
der  Histoiogle  des  Jlenschen,"  S.  278,  Fig.  197.)  1,  Blood-yessel ; 
2,  dendrite :  3.  Pui  kinje  cell ;  4.  large  stellate  ceU  ;  5,  cell  ol  granu- 
lar layer ;  B,  layer  of  nerve  Ubres. 
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lation,  these  diencephalo-telencephalic  ueiirones  are  di- 
visible into  at  least  three  systems  (Flechsig). 

While  the  above  sensory  neurones  of  the  second  order 
account  for  the  further  conduction  of  sensory  impulses 


"'lev; 


Fig.  972.— Scheme  of  General  Somsesthetlc  Paths.  (Taken  by  permission  Irom 
"The  Nervous  System  and  Its  Constituent  Neurones,"  p.  744,  Fig.  470,  New 
York,  D.  Appleton  &  Co.,  1900.) 


■nhich  reach  the  nuclei  of  Goll  and Burdacli  in  the  medul- 
la, there  are  other  sensory  neurones  of  the  second  order 
■nhich  carry  farther  cerebralward  the  impulses  which  are 
brought  to  the  spinal  cord  bj-  meaus  of  the  shorter  fibres 
of  the  dorsal  roots  and  the  collaterals  of  the  longer  fibres 
which  end  in  the  gray  matter  of  the  cord.  These  include 
the  neurones,  the  axones  of  which  make  up  the  direct 
cerel)ellar  tract,  Gowers'  tract,  and  the  ground  bundles 
of  the  lateral  and  ventral  funiculi. 

Those  the  axones  of  which  make  up  the  direct  cere- 
bellar tract  have  their  cell  bodies  situated  in  the  nucleus 
dorsalis  (Clarke's  column).  The  tract  is  first  well  marked 
in  the  lower  part  of  the  thoracic  cord.  The  medullated 
axones  run  cerebralward  in  the  dorso-lateral  region  of  the 
lateral  funiculus  of  the  cord,  pass  through  the  corpus 
restiforme,  and  terminate  chiefly,  without  crossing  to  the 
opposite  side,  in  the  vermis  of  the  cerebellum. 

Those  the  axones  of  which  make  up  Gowers'  tract 
have  their  perikaryons  situated  chiefly  in  the  region  of 
the  gray  matter  of  the  cord,  partly  of  the  opposite  side. 
The  medullated  axones  run  upward  in  the  ventrolateral 
region  of  the  cord,  pass  through  the  medulla  oblongata 
and  pons  as  far  as  the  level  of  the  root  of  the  trigeminal 
nerve.     The  fibres  hook  about  this  and  then  pass  back- 


ward through  the  velum  meduUare  anterius  to  end  in 
the  cerebellum. 

The  neurones  of  the  second  order  whose  axones  run  in 
the  ground  bundles  of  the  ventral  and  lateral  funiculi 
chiefly  represent  short  tracts  which  run  in  to 
end  in  the  gray  matter  of  the  central  system  at 
various  levels,  so  that  the  conduction  path  of 
which  these  neurones  constitute  a  member  is 
probably  a  multiple-membered  path. 

The  sensory  neurones  of  the  second  order 
whose  axones  end  in  the  cerebellum  transfer 
their  impulses  in  all  probability  to  neurones  of 
a  higher  order,  the  axones  of  which  are  rep- 
resented by  the  fibres  of  llie  braehium  conjunc- 
tivum.  Many  of  these  fibres  end  in  the  red  nu- 
cleus of  the  opposite  side.  Others  pass  by  the 
red  nucleus  and  end  in  the  hypothalamus. 
From  the  red  nucleus  and  from  the  hypotha- 
lamic region  neurone  systems  carry  impulses 
through  the  posterior  part  of  the  internal  cap- 
sule out  to  the  soma?sthetic  area  of  the  cortex. 

The  centripetal  conduction  path  of  taste  is  not 
so  well  known  as  some  of  the  other  conduction 
paths.  The  peripheral  sensory  neurones  of  this 
path  include  a  portion  of  those  of  the  nervus 
glosso-pharyngeus  and  probably  also  of  the  ner- 
vus trigeminus  and  nervus  intermedius.  The 
perikaryons  of  these  neurones  are  situated  in  the 
ganglia  on  the  roots  of  these  nerves.  The  periph- 
eral fibres  run  out  to  the  tongue  and  are  there 
connected  with  the  peculiar  bodies  known  as  the 
taste  buds.  The  central  fibres  of  the  n.  glosso- 
]iharyngeus  and  of  the  n.  intermedius  run  into 
the  medulla  and  aie  situated  chiefly  in  the  trac- 
t\is  snlitarins.  The  central  fibres  of  the  n.  tri- 
geminus run  into  tlie  pons  in  the  sensory  root 
of  this  nerve,  there  bifurcate  into  a  shoit  ascend- 
ing limb  and  a  long  descending  limb,  the  latter 
running  down  and  helping  to  form  the  so-called 
tractus  spinalis  n.  trigemini.  These  filjres  give 
off  collaterals  which,  together  with  the  ultimate 
terminals,  end  in  the  gray  matter  which  repre- 
sents the  nucleus  of  termination  of  the  sen.sory 
part  of  the  n.  trigeminus.  The  central  neurones 
of  this  path  are  very  incompletely  understood. 
Those  of  the  second  order  have  their  perikaryons 
situated  in  the  nuclei  of  termination  of  the  n. 
glosso-pharyngeus.  n.  intermedius,  and  n.  tri- 
geminus. Their  axones  probably  nm  longitu- 
dinally in  the  formatio  reticularis.  But  the  fur- 
ther continuation  of  the  conduction  path,  the 
number  of  neurone  systems  superimposed  in 
this  path,  and  the  cortical  termination  of  the 
path  are  not  yet  satisfactorily  understood. 
The  centripetal  conduction  path  of  smell  has  been  in 
part  carefully  worked  out.  The  peripheral  sensory 
neurones  of  this  path  (olfactory  neurones  of  the  first 
order)  include  peculiar  bipolar  cells  situated  iu  the  nasal 
mucous  membrane.  The  central  processes  are  non- 
luedullated  axones  which  perforate  the  cribriform  plate 
of  the  ethmoid  bone  and  terminate  by  multiple  ramifica- 
tions iu  the  olfactory  glomeruli  of  the  bulbus  olfactorius. 
The  olfactory  neurones  of  the  second  order  have  peculiar 
perikaryons,  known  as  the  mitral  cells  of  the  olfactory 
bulb.  The  impulses  are  brought  to  the  perikaryons  from 
the  olfactory  glomeruli  by  means  of  the  dendrites  of  the 
mitral  cells.  The  axones  of  these  cells  run  through  the 
olfactory  tract,  some  of  them  entering  the  gyrus  olfac- 
torius lateralis,  others  the  gyrus  olfactorius  medialis. 
A  good  many  of  the  axones  end  in  two  small  gyri  in  the 
vmcus  of  the  temporal  lobe  (gyrus  semilunaris  rhinen- 
cephali  and  gyrus  ambiens).  This  is  the  temporal  olfac- 
tory centre  of  Flechsig.  Others  of  the  fibres  end  in  the 
gyrus  sulicallosus  and  the  substantia  jierforata  anterior 
(frontal  olfactoiy  centre  of  Flechsig).  Some  axones  pass 
through  the  anterior  commissure  of  the  brain  to  the 
olfactory  region  of  the  opposite  side.  The  connections 
of  the  temporal  and  frontal  olfactory  centres  with  other 
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portions  of  the  brain  are  very  complex  and  special  treat- 
ises must  be  consulted  for  a  description  of  them.  Some 
of  them  are  shown  in  Fig.  973. 

The  centripetal  conduction  path  concerned  in  carrying 
the  visual  impulses  is  made  up  as  follows:  The  peripheral 


r."' 


Fig.  9?:!.— Sclii'iiiatir  Rcpresentatidii  of  Some  of  the  Principal  Neurone  Systems  of  the  Olfactory 
Condiiitinii  I'Mili.  i>n.ji'(ti-il  iiitc.  .simiilal  plane.  BuUi.  olf.,  bullpus  oltactorius ;  Col.  forii.. 
colunina  f"rniri>;  (V./.  ,-■»//.,  i  ,.lli(iilii>  Miperior;  Cimiin.  mil.,  eommissiira  anterior  cerebri; 
Corji.  iiiniii..  cnrpiis  iiiaiiiiiiillar.- ;  c.iy..  i,iii..  corpus  piiicalc  :  <!.  o.  h..  panttlion  optlcum  basale  ; 
Glut:..  (.'loiiiiTuli  olfactorii;    lliir.  aitili.  rliiii..  s.'\  rus  aiiihii-ns  rliiiii'nccpliall ;    (.Ijir.olf.  lat., 

gyrus  oiractonus  laloralls  ;   (iiir.  «.  m..  nyru.s  olfarioriils  i liali.s;   (iiii:  siniiiiinl.  iliiii..  gyrus 

semilunaris  rljiniMK-opliaJl ;  (iyr.  snilirdil.,  gyrus  subi-allosus;  Lam.  aili.,  lamina  cribrosa: 
N.  a.  til.,  nuilous  aiuerior  thalami;  Nn.  ulf.,  ncrvi  olfaitorii ;  Nuel.  hah.,  nucleus  habenula^; 
Fed.  ccnhri.  pcduiiculus  cerebri;  Sir.  hiny.  mnl.,  slna  loiigitudinalls  medlalis;  Sfr.  medull.. 
stria  uicdullaiis;  Tnivl.  ulf.,  tractus  oltactorius;  Tnnt.  upt.,  tractus  opticus:  7,  axones  of 
mitral  i-hIIs  isxing  to  stria  olf'actoria  lateralis;  7',  axone  of  mitral  cell  tcrmiiiatinir  in  L'ray  matter 
of  triiroiiiiiii  olfactoriuin  ;  77,  axone  of  mitral  cell  terminaliDK  in  irray  iiiatUT.  whence  axone 
goes  to  conimissiira  anterior  cerebri ;  77',  a.xones  to  anterior  coiiniiisMin' ;  77",  centrifucal  fibre 
terminating  in  bullms  olta.torius ;  777,  axone  of  mitral  cell  teniiiiiatiiii,'  in  gyrus  oltactorius 
metlialis  ;  IV,  axoni's  of  neurones  I'onnecting  the  olfactory  jiortiou  of  the  uncus  (gyrus  ambiens 
and  gyrus  semilunaris^  with  the  liipiw ■campus  (cornu  ammonls) ;  l',  axcaies  from  tiipi>ocampu5  to 

fornix;    V.  a.xone  l( iiiiiisMira  hi|ipocampl;    T",  axones  from  fornix  to  septum  pelliiclrtum  ; 

V",  axones  from  fornix  to  eoipiis  niaiinnillare;  V"",  axone  from  fornix  to  iiueleus  halieuuke  by 
way  of  the  stria  meitiillaris;  r7,  tascieulus  mammillaris  princeps;  VI',  fasciculus  thalamo- 
mahimillaris  Vicq  (IWzvri:  IT',  fasiiculiis  |.ecliineulo-inamiiiillaris,  pars  tegmentalis  (Hauben- 
blliiilcl  of  von  (iuiMeh);  r77,  fasciculus  pe.luiiculo.mammillans,  pars  basilaris  tpedunculus 
corporis   mammillaiisi:     r7/7,   fasciculus    retrotlexiis 

Meynerti  e.xteiulini-'    from    the    nucleus  habenute   to  — 

the  ganglion  interpedunculare.  (Taken  from  "The 
Nervous  system  anrl  Its  Constituent  Neurones,"  p.  "79, 
Fig.  501,  New  York,  D.  Appleton  &  Co.,  1900.) 

visual  neurones  or  optic  neurones  of  the  first 
order  are  the  bipolar  cells  of  the  retina.  The 
optic  neurones  of  the  second  order  or  central 
visual  neurones  include  the  cell  bodies  of  the 
ganglion  cell  layer  of  the  retina  and  their  ax- 
ones. The  axones  of  these  ueui'ones  run  through 
the  optic  nerve  to  the  optic  chiasm,  where  part 
of  them  cross  over,  decussiiting  with  similar 
fibres  of  the  opposite  side.  In  the  decussation 
the  fibi-es  from  the  lateral  half  of  the  retina  run 
into  the  optic  tract  of  the  same  side,  while  those 
from  the  medial  half  of  each  retina  cross  ovei 
to  enter  the  ojitic  tract  of  the  opposite  side. 
The  filires  of  each  optic  tract  terminate  chiefly 
in  the  latenil  geniculate  body,  but  some  of  the 
fibres  terminate  in  tlie  superior  colliculus  of  the 
corpora  (juadrigemina  and  others  in  the  pulvinar 
of  the  thalamus.  These  are  the  so-called  ]M-i- 
niary  optic  centres  in  the  brain.  Extending  fiom 
the  primary  optic  centres,  especially  from  tlie 
lateral  geniculate  bod}'  to  the  occipital  coi'tex, 
is  a  third  group  of  neurones  (optic  neurones  of 
.  the  third  order),  their  cell  bodies  being  situated 
in  the  primary  optic  centres  and  their  axones 


running  through  the  occipito-thalamic  radiation  of  Gra- 
tiolet  to  terminate  ultimatelj'  in  the  gray  matter  of  the 
cortex  of  the  occipital  lobe,  especially  that  about  the 
fissura  calcarina  (Fig.  974). 

Tlie  centripetal  conduction  path  which  cariies  the  im- 
pulses concerned  in  hearing  is 
a  complex  path.  The  peiiph- 
eral  auditory  neurones  (audi- 
toiy  neurones  of  the  first 
order)  have  their  cell  bodies 
situated  in  the  spiral  ganglion 
of  Corti.  Their  peiiphei'al 
processes  run  out  to  end  free  in 
among  the  cells  of  the  organ  of 
Corti;  their  centi'al  pi-ocesses 
run  in  througli  the  cochlear 
nerve  to  terminate  in  the  pons, 
chiefly  in  tlie  nucleus  n.  coch- 
leiE  ventralis  and  the  nucleus 
n.  cochleae  dorsalis.  In  these 
two  nuclei  are  situated  the  cell 
bodies  of  the  majority  of  the 
auditory  neurones  of  the  second 
order.  The  axones  froiu  the 
cell  bodies  in  the  vential  coch- 
lear nucleus  go  to  form  the 
main  portion  of  the  corpus 
trapezoideum,  the  fibi-es  of  the 
two  sides  decussating  in  the 
middle  line.  These  axones 
terminate  in  part  in  the  su- 
perior olivary  complex  of  the 
opposite  side,  liut  siimeof  them 
run  forward  in  the  lateral  lem- 
niscus of  the  opposite  side. 
The  axones  from  the  dorsal 
cochlear  nucleus  run  through 
the  stritie  medullai-es  and 
plunge  down  to  the  region  of 
the  supeiior  olivary  complex 
of  the  oiiposite  side,  wbei-e 
some  of  tlicm  terminate,  others 
entering  the  lateral  lemniscus 
of  that  side.  The  lateral  lem- 
niscus receives  also  axones 
from  cell  bodies  situated  in  the 
superior  olivary  complex.  In 
the  pons,  then,  the  lateral  lem- 
niscus    represents    the     main 


FIG.  974.— Scheme  of  Visual  Conduction  Path.      (Taken  from  "The   Nervous 
System  and  Its  Constituent  Neurones,"  New  York,  1900,  p.  833,  Fig.  5d3.) 
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Fig.  975. — Scheme  of  Neurnnt'?;  Siiiiprimpnsed  to 
form  the  Auditory  ('ondin-tii'ii  I'iith.  (Taken 
from  "TheNeiTous  Svstt-m  ;ind  Its  Cnnstitiieut 
Neurones,"  p.  S80,  Fig.  otij.  New  York,  1900.) 


through  the  anterior  two-thirds  of  the  posterior  limb  of 
the  iuterual  ctipstile,  thiouith  the  midille  portiou  of  the 
base  of  the  cerebral  iieduncle,  form  the  l)tilk  of  the  longi- 
tudinal fibres  in  the  basilar  part  of  the  pons  and  the  pyr- 
amids of  tlie  medulla.     The  majority  of  the  fibres  un- 
dergo decussatiou  in  the  medulla  and  pass  down  in  the 
lateral  funiculus  of  the  opposite  side  of  the  cord.     Some 
of  the  fibres  do  not  decussate  but  pass  down  chiefly  in 
the  ventral  funiculus  of    the  same  side  of   the 
cord.     A  few  of  the  uncrossed  libres  descend  in 
the  lateral  funiculus  of  the  same  side  of  the  cord. 
The  axoncs  of  the  pyramidal  tract  terminate  in 
the  gray  matter  of  the  pons:  medulla,  and  spinal 
cord. 

The  impulses  running  along  the  upper  motor 
neurones  are  transferred  to  the  lower  motor  neu- 
rones. The  lower  motor  neurimes  have  their 
cell  bodies  situated  in  the  so-called  motor  nuclei 
of  the  cerebral  nerves  and  in  the  ventral  horns 
of  the  spinal  cord.  Their  a.xones  form  the  motor 
roots  of  the  cerebral  nerves  and  the  ventral  roots 
of  the  spinal  nerves.  They  nm  out  to  the  vari- 
ous muscles  of  the  head,  trunk,  and  limbs  (Fig. 
976). 

The  frontal  cerebro-cortlco-pontal  path  consists 
of  a  set  of  neurones  whose  cell  bodies  are  situat- 
ed chiefly  in  the  feet  of  the  frontal  gyri.  Their 
medtdlat'ed  axoues  descend  through  the  corona 
radiata  and  through  the  anterior  limb  of  the 
internal  ctipsule  to  the  base  of  the  cerebral  pe- 
duncle occupying  its  most  medial  region.  These 
fibres  terminate  in  the  pons  among  the  cell  bodies 
of  the  nuclei  pontis. 

The  temporo-  and  occipito-cerebro-cortico-pon- 
tal  path  con.si-sts  of  neurones  the  cell  bodies  of 
which  are  sitiuited  in  the  temjioral  and  occipital 
lobes  of  the  brain.     Their  axones  descend  to 


"tf^i^ 


conducting  path  for  auditory  impulses  toward 
higher  centres.  A  large  proportion  of  these  fibres 
terminate  in  the  nucleus  coUiculi  inferioris  of 
the  corpora  quadrigemina,  which  therefore  repre- 
sents a  very  important  way-station  in  the  audi- 
tory conduction  path.  Some  of  the  fibres  of  the 
lateral  lemniscus  run  past  the  inferior  coUiculus 
and  terminate  first  at  a  higher  level.  These  fibres 
are  joined  b.y  the  axones  of  neurones  whose  ceil 
bodies  are  situated  in  the  nucleus  coUiculi  In- 
ferioris. The  conjoint  bundle  is  known  as  the 
arm  of  the  inferior  coUiculus  (brachium  qiiad- 
rigeminum  inferius).  These  fibres  terminate 
chiefly  in  the  corpus  geniculatum  mediale,  thotigh 
some  go  by  it.  In  the  corpus  genicultitiun  medi- 
ale are  situated  the  cell  bodies  of  neurones,  the 
axones  of  which  run  out  through  the  posterior 
part  of  the  occipital  litnb  of  the  internal  capsule 
to  terminate  in  the  cortex  of  the  temporal  lobe. 
This  auditory  centre  in  the  temporal  lobe  is  situ- 
ated at  the  junction  of  the  thiril  and  fourth  fifths 
of  the  gyrus  temporalis  superior  and  includes  the 
two  transverse  temporal  gyri  situated  in  the  fossa 
Sylvii.  The  main  fealtires  of  this  conduction  path 
are  illustrated  in  Fig.  9~o. 

The  principal  centrifugal  conduction  paths  to 
be  considered  are:  (1)  the  general  cortico-muscular 
conduction  path;  (2)  the  frontal  cerebro-cortico- 
pontal  path,  and  (3)  the  temporal  cerebro-cortico- 
pontal  path. 

The  cortico-mtiscular  conduction  path  consists 
of  at  least  two  sets  of  superimposed  neurones. 
The  upper  set  of  motor  neurones  consists  of  neu- 
rones whose  cell  bodies  are  situated  in  the  motor 
region  of  the  cerebral  cortex  (central  gyri  and 
paracentral  lobule).  They  include  the  large  py- 
ramidal cells  of  this  area.  Their  meduUated  ax- 
ones are  those  of  the  so-called  pyramidal  tract. 
These  axones  descend  through  the  corona  radiata, 


"^an 


Fig.  976.— Scheme  of  Upper 
and  Lower  Motor  Neurones. 
(Taken  from  "The  Ner^'ous 
System  and  Its  Constituent 
Neurones,"  p.  1037,  Fig.  Bo7, 
New  York,  1900.) 
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the  base  of  the  cerebral  peduncle,  where  they  form  the 
lateral  mass  of  fibres.  Passing  through  the  peduncle 
the}'  terminate  in  the  nuclei  pontis.  From  the  nuclei 
poiitis  go  off  axones  through  the  brachium  pontis  of  the 
cerebellum,  there  to  commu- 
nicate with  cerebellar  neu- 
rone systems  which  in  turn 
are  capable  of  throwing  the 
lower  motor  neurones  under 
their  infiuence. 

A  word  nuist  be  said  con- 
cerning the  conimisstu'al  neu- 
rones and  tlie  associative  neu- 
rones of  the  telencephalon. 
Of  the  commissural  neiu'ones 
the  most  important  are:  (1) 
those  whose  medullatcd  ax- 
ones make  up  the  corpus  cal- 
losum;  (2)  those  whose  med- 
ullatcd axones  constitute  the 
principal  part  of  the  anterior 
cerebral  commissure,  and  (3) 
those  whose  medvdlated  ax- 
ones make  up  the  commissura 
hippocampi. 

The  meilullated  axones  of 
the  corpus  callosum  connect 
the  two  hemispheres  with 
each  other,  jiossililj'  identi- 
cal portions  of  the  two  hemi- 
spheres. The  anterior  cum- 
mlssure  of  the  brain  may  be 
looked  upon  as  a  supplement 
of  the  corpus  callosum.  It 
is  generally  supposed  that 
this  commissure  connects  the 
temporal  Inhes.  the  basal  sur- 
face of  the  occipital  lobes, 
and  the  olfactory  bullis  with 
one  another,  the  corpus  cal- 
losum connecting  .similar  por- 
tions of  the  rest  of  both  cere- 
bral hemispheres.  The  fibres 
of  the  comraissuia  hippo- 
campi, or  so-called  "lyre  of 
David,"   connect   the   hipjio- 

campus  of  one  side  with  that  of  the  other.     It  is  y>roh- 
ably  to  be  regarded  as  an  olfactory  commissural  jiath. 

The  association  neurones  of  the  telencephalon  connect 
a  portion  of  one  hemisphere  with  another  portion  of  the 
same.  Some  of  them  have  short  axones,  others  have 
long  axones.  Those  with  short  axones  connect  adjacent 
gyri,  those  with  long  axones  connect  distant  gyri,  with 
one  another. 

The  association  neurones  with  short  axones  inchule  the 
flbrte  propriiB  of  the  cerebral  gyri.  In  the  occipital  lobe 
a  number  of  neurone  systems  with  short  axones  have 
been  worked  out.  Tliey  include  the  stratum  calcariuum. 
the  fasciculus  occipitalis  verticalis,  the  fasciculus  occip- 
italis transversus  cunei,  fasciculus  occipitalis  transver- 
sus  gyri  lingualis,  and  the  stratum  proprium. 

The  association  neurones  which  have  long  axones  in- 
clude the  cingulum,  the  fasciculus  lougitudinalis  superior, 
the  fasciculus  uncinatus,  the  association  bundles  of  the 
fornix,  and  the  tapetum. 

The  cingulum  is  an  olfactory  tract  which  extends  in  a 
sagittal  direction  in  the  white  matter  of  the  two  main 
parts  of  the  gyrus  fornicatus,  namely,  the  gyrus  cinguli 
and  the  gyrus  hippocampi. 

The  fasciculus  lougitudinalis  superior  is  a  curved 
bundle  extending  in  a  .sagittal  direction,  apparently 
between  the  frontal  lobe  and  the  occipital  lobe  (Fig. 
977). 

The  fasciculus  longit\idinalis  inferior  is  usually  de- 
scribed as  extending  between  the  lobus  occipitalis  and 
the  lobus  temporalis.  The  anterior  part  of  the  fasciculus, 
however,  is  difficult  to  differentiate,  and  accordingly  its 
anterior  connections  ai'e  disputed. 


The  fasciculus  uncinatus  extends  between  the  uncus 
and  the  basal  portions  of  the  frontal  lobe.  It  is  probably 
olfactory  in  function.  The  fornix  contains  the  niedul- 
lated  axones  of  man}-  association  neurones.     One  impor- 


FIG.  977.— Lateral  Surface  of  the  Left  Cerebral  Hemisphere.  The  edges  of  the  flssura  cerebri  lateralis 
(Sylvli)  have  been  pulled  apart  to  show  the  Insulan  and  retrolnsulrr  region.  The  fa.sciculus 
uncinatus.  the  fasciculus  lougitudinalis  superior,  and  the  fasciculus  occipitalis  vcrtic;)Iis  are 
seen  in  transparency.  (After  J.  Dejerine,  "Anatomie  des  centres  nerveux,"  Pans,  is'iri,  p.  7.57, 
Fig.  377.)  Arc,  Fa.sciculus  lougitudinalis  superior;  Fj,  i*^Q,  gyrus  frontalis  uicdiits  ami  gyrus 
frontalis  iTifrrior  ;  /i,  sulcus  frontalis  inferior ;  /a.  sulci  orbitales ;  Fs  (G),  gyrus  frontalis  inferior 
pars  tiiaiiLnilaiis  ;  Ftu  gyrus  centralis  anterior;  Fu,  fasciculus  uncinatus:  /«.,  /p,  gyri  insula;  ip, 
sulcus  interitarietalis;  ma,  mp,  ntf,  sulcus  circularis  Reili;  Oi,  0^,  gyri  occipitales;  oa,  sulcus 
occipitalis  anterior  of  Weniieke  ;  oF^,  nF^,  oFg,  orbital  portion  of  frontal  gyri ;  OpR,  operculum, 
pars  frontalis ;  OpI\,  operculum,  pars  parietalis ;  Oc,  fasciculus  occipitalis  verticalis  ;  Pi.  lobulus 
parietalis  superior;  P^,  lolnilus  pariet^ilis  inferior:  Pit,  gyrus  centralis  posterior:  Pc,  gyrus 
angularis  ;  Ppo,  flssura  paiieto-occipiialis;  pm',  portion  of  sulcus  intcrparictalls  bdiind  tlie  up[ier 
part  of  the  gyrus  centralis  postrnor  ;  pii,  sulcus  pra 'central  is  ;  /.*.  sulcus  cmtra  lis  Rolatuli ;  .s  ur  i. 
S  do.  anterior  and  vertical  r'auius,  aiUcrior  Itorizontalis.  and  ramus  aiUcnor  asccndciis  of  flssura 
cerebri  lateraUs  Sylvii;  7'i,  gyrus  temporalis  superior;  Ta,  gyrus  temporalis  uiedius ;  t,,  sulcus 
temporalis  superior;  f,  ('.  vertical  laun  of  the  sulcus  temporalis  superior;  Tp,  gyri  temporales 
transversl;  VS,  fossa  cerebri  lateralis  Sylvii. 


tant  bundle  connects  the  hippocampus  with  the  sub- 
stantia perforata  anterior  and  is  probably  olfactory  in 
function. 

The  tapetum  is  an  association  bundle  connecting  the 
occipital  lobe  with  the  frontal  lobe  (Dejerine). 

LeireUys  F.  Barker. 
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BRAIN  :  HYDROCEPHALUS.— See  EydrocephaluB. 

BRAIN,  HYPER/EMIA  OF.— A  term  used  to  signify 
augmentation  nf  tlic/ mass  of  blood  in  the  vascular  de- 
paitment  of  the  braiu.  An  equivalent  meaning  is  con- 
veyed by  cerebral  congestion.  Both  terms  indicate  in 
the  main  an  extra-physiological  accumulation  in  the  cir- 
culation of  the  encephalon,  and  express  the  same  cause 
united  to  different  symptoms,  although  congestion  seems 
to  apph'  rather  to  the  sudden  or  the  so-called  tluxionarv 
hypenemia  resulting  from  pathological  conditions  in 
other  parts  of  the  body.  Some  writers  claim  that  in- 
crease of  arterial  blood  passing  through  the  encephalon 
is  the  only  true  hj'pera-mia,  and  that  fulness  of  the  brain 
should  more  properly  be  described  by  "  venous  conges- 
tion,'' which  is  associated  with  the  an;rmia  consequent 
upon  impaired  vaso-motor  innervation  of  the  neuras- 
thenic state. 

Like  that  of  many  questions  in  medicine,  the  history 
of  cerebral  congestion  is  old,  and  so  completely  chaotic 
that  in  recent  times  the  possibility  of  its  occurrence,  and 
consequently  its  clinical  importance,  have  been  doubted. 
Putting  aside  its  existence  as  a  separate  disease,  or  as  a 
morbid  entity  having  pathognomonic  and  regular  symp- 
toms, we  will  assume  that  the  brain,  like  any  other  organ, 
may  be  the  seat  not  only  of  aniiemias  but  of  hypentmias 
either  circumscribed  or  generalized.  Analogical  justiti- 
cation  so  obvious  as  that  furnished  by  expeiimental  in- 
vestigation on  the  lo^er  animals,  having  reference  to 
venous  hypencmia,  renders  the  possibility  of  increased 
vascularization  of  the  brain  admissible.  Further  evi- 
dence that  the  contents  of  the  cranial  cavity  may  vary 
in  quantity  is  furnished  by  the  intracranial  pressure  de- 
tected in  infants  in  whom  the  fontanels  are  open,  the 
scalp  being  raised  above  the  level  of, the  skull,  or  de- 
pressed, according  as  the  head  is  raised  or  lowered,  or 
when  the  tension  of  the  fontanel  is  increased  by  com- 
pression of  the  j\igular  -ceins.  When  a  portion  of  the 
brain  is  exposed,  after  an  injury  of  the  skull,  it  will  be 
observed  to  enlarge  and  to  contract  in  correspondence 
with  the  elevation  or  depression  of  the  head,  the  presence 
or  absence  of  sleep  and  emotional  excitement,  or  with 
the  action  of  any  cause  that  accelerates  the  circulation. 
Any  cause  that  constricts  the  neck  may  produce  a  sen- 
sation of  fulness  anil  pain  about  the  head,  with  bleeding 
from  the  nose :  and  as  a  fact  of  pathological  moment  that 
should  be  emphasized,  there  may  be  mentioned  the  ob- 
struction to  the  flow  of  venous  blood  resulting  from  in- 
suflicient  removal  of  carbon  dioxide.  In  dependent 
positions  of  the  head,  indications  of  congestion  are  notice- 
able in  the  bloodshot  countenance  and  Qther  evidences 
of  imperfect  return  of  blood.  The  existence  of  intra- 
cranial congestion  in  such  circumstances  is  further  demon- 
strated b}'  the  very  red  papilla;  and  much-congested 
vessels  of  the  optic  nerve.  These  changes  at  the  fundus 
of  the  eye  are  not  found  in  such  gymnasts  as  trapeze 
performers  and  "  fly  walkers."  because  by  constant  train- 
ing and  habit  the  animal  economy  accommodates  itself 
to  the  abnormal  jjositions.  Variability  of  the  cerebral 
circulation  is  further  shown  in  the  pallor  of  the  fundus 
of  the  eye,  following  the  administration  of  drugs  that 
are  known  to  irritate  the  vascular  nerve  centres,  as  ergo- 
tin  and  belladonna.  Finally,  the  existence  of  cerebral 
hypcrajmia  is  revealed  by  the  necroscopic  appearance  of 
the  brains  of  persons  or  of  animals  who  during  life  suf- 
fered from  interruption  to  the  perfect  return  of  blood 
from  the  head. 

Pathological  Anatomy. — It  is  quite  difficult  to  recog- 
nize cerebral  hypersemia  on  the  cadaver,  since  evident 
traces  are  not  always  left  in  the  braiu,  and  there  may  be 
sanguinary  stases  brought  about  by  gravity  and  the 
position  of  the  cadaver  which  do  not  exist  during  life. 
Venous  hyperemia  is  more  easily  recognizable  after 
death  than  the  arterial  form.  In  a  severe  case  of  hyper- 
iemia  the  tissues  over  the  cranium  are  often  found  to 
contain  an  abnormal  quantity  of  blood ;  drops  of  extrava- 
sated  blood  from  ruptured  vessels  are  seen  on  the  dura 
after  removing  the  calvarium;  the  dura,  when  detached. 


is  of  a  bluish  tint;  the  sinuses  of  the  dura,  the  veins 
emptying  into  the  sinuses,  the  veins  of  the  pia  and  the 
choroid  plexuses  are  distended  with  blood ;  and  degen- 
eration of  the  vessels  themselves  has  been  frequently  ob- 
served. The  mass  of  the  brain  appears  larger"  and 
swollen,  the  gyri  are  flattened,  the  stdci  effaced,  and  the 
ventricles  may  be  tilled  from  subarachnoidean  eft'usion; 
there  is  a  reildening  of  the  whole  organ,  and  the  mem- 
branes are  dry  and  viscous.  This  leddish  or  deep  red 
tint  is  particularly  noticeable  in  the  intense  hyperaraia 
of  the  new-born. 

The  gray  substance,  increased  in  consistence,  presents 
a  reddish-gray  color,  and  if  the  hyperemia  has  been  in- 
tense, small  punctiform  hemorrhages  are  observed.  The 
white  substance,  also  increased  in  consistence  and  in  den- 
sity, is  of  a  uniform  rose  color.  On  section  the  biain, 
without  being  a>dematous,  shows  numerous  sanguinary 
points  which  are  larger  than  usual,  owing  to  increased 
size  of  the  capillaries.  The  meninges  are  usually  filled, 
and  the  veins  of  the  cortex  are  toituous.  If  the  case  has 
lieen  a  chronic  one,  uniform  widening  and  tortuosity  of 
the  vessels  are  much  more  pronounced,  showing  the  devel- 
opment of  small  aneurismal  dilatations,  and  sequela?  con- 
ditioned bj-  the  increased  vascularization,  such  as  va.scular 
development  of  the  cellular  tissue  which  enters  into  inti- 
mate relations  with  the  glia.  The  cribriform  or  sieve- 
like appearance  observed  on  making  a  transverse  section 
of  the  hemispheres  is  usually  regarded  as  a  consequence 
of  long-standing  stasis,  especially  if  found  in  the  brains  of 
old  people,  of  chronic  drunkards,  of  opium-eaters,  or  of 
maniacs.  There  are  also  reasons  for  believing  that  cere- 
bral atrophy  may  be  developed  in  old  people  in  con- 
sequence of  continuous  venous  stasis.  The  pathological 
changes  of  arterial  hyperajmias  peculiar  to  the  cranial 
cavity  are  rarely  observed  on  the  cadaver,  as  they  usu- 
ally disiippear,  with  its  causes,  after  death.  When  we 
take  into  consideration  the  imperfect  knowledge  both  of 
its  mechanism  and  of  its  anatomical  details,  and  the  diffl- 
cidty  to  establish  the  relations  existing  between  its  numer- 
ous symptoms  and  the  lesions  timt  determine  them,  it  is 
not  surprising  that  the  existence  of  cerebral  hypera'raia 
is  not  always  easily  demonstrable.  The  condition  may 
sometimes  be  studied  on  the  large  arteries  of  the  pia.  but 
no  one  has  yet  distinguished  an  arterial  from  a  venous 
hypera-mia  in  the  cortical  portion  of  the  brain.  It  is  only 
in  such  processes  as  Basedow's  disease  that  chronic  arterial 
hypentmia  is  recognized.  The  ditliculty  of  recognition 
is  increased  by  the  inflammatory  changes  and  simple 
hyperplasias  that  are  often  present,  and  often  overlooked 
after  frequent  and  long-continued  attacks  of  chronic 
arterial  hyperaemia.  According  to  recent  researches, 
when  the  disorder  has  run  a  rapid  course  pathological 
changes  may  be  foimd  in  the  ganglion  cells,  or  in  the 
cortical  connective  tissue,  with  nuclear  proliferations  in 
the  walls  of  the  vessels,  and  in  the  fibrillar}-  plexus  of 
the  cortical  substance. 

Etiology. — If  there  exists  a  disproportion  between  the 
clinical  and  the  post-mortem  phenomena  of  cerebral 
hyperajmia,  it  must  be  admitted  that  the  mass  of  the 
blood  within  the  skull  varies  according  to  certain  cir- 
cumstances, and  that  the  brain,  like  other  organs  of  the 
body,  is  subject  both  to  ana'mia  and  to  hyperspmia ;  in- 
deed, it  would  be  surprising  if  it  were  not.  The  question 
of  hyperfemia  resolves  itself  into  that  of  a  liquid  circu- 
lating in  tubes,  in  which  repletion  or  engorgement  can 
be  produced  in  but  two  ways,  namely,  by  increase  of  the 
inflow,  or  by  diminution  of  the  outflow.  Active  fluxion- 
ary  hyperajmia  may  be  caused  by  the  augmentation,  and 
passive  hypera'mia,  or  that  of  stasis,  by  diminution  of 
the  sanguinary  flow.  The  force  and  abundance  of  the 
inflow  of  blood  into  the  vessels  of  the  brain  are  influenced 
by  the  general  increase  of  pressure,  and  by  diminution 
of  local  resistance,  and  it  seems  as  if  the  greater  number 
of  active  congestions  should  be  brought  under  the  first 
category.  For  a  long  time  the  congestive  influence  of 
certain  exciting  drinks,  as  tea,  coffee,  and  alcohol,  has 
been  admitted;  and  violent  muscular  exertion,  general 
plethora,  caidiac  hypertrophy,  emphysema  of  the  lungs. 
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the  effects  of  strong  emotion,  and  the  exaggeration  of 
normal  fuuctioual  activity,  are  believed  to  talie  great 
part  in  the  production  of  cerebral  congestion.  But  the 
genei'al  increase  of  blood  pressure  plays  simply  a  second- 
ary part  in  the  production  of  hypenrmia,  which  it  can 
facilitate  or  augment  only  when  there  exist  local  altera- 
tions, such  as  inflammations  or  vascular  lesions.  Hyper- 
trophy of  the  heart  can  scarcely  be  said  to  cause  conges- 
tion of  the  brain,  except  in  cases  in  which  the  cerebral 
vessels  have  become  weakened  on  account  of  other  causes, 
and  the  same  ma^'  be  said  of  other  agents  that  increase 
the  cardiac  impulse. 

Otlicr  conditions  that  tend  to  produce  congestion  of 
the  lirain.  by  excess  of  arterial  tension  and  too  consider- 
able afflux  of  blood,  are  chronic  Bright's  disease,  Base- 
dow's disease,  intermittent  fever,  extremes  of  heat  and 
cold,  and  the  tension  produced  in  the  vessels  of  the  head 
and  neck  when  the  aorta  is  constricted  or  strongly  com- 
pressed by  a  thoracic  or  an  abdominal  tumor.  This  in- 
creased arteiial  tension  may  also  be  brought  about  by  the 
suppression  of  the  normal  or  pathological  secretions,  as 
the  menses  at  the  menopause  or  other  period,  by  the 
sudden  stoppage  of  hemorrhoidal  bleeding  when  general 
plethora  exists,  by  the  checking  of  a  chronic  diarrhcea  of 
long  standing,  or  by  stopping  the  hemorrhages  in  htema- 
tophilia,  and  it  maj'  residt  from  facial  eiTsipelas,  or  any 
cerebral  or  meningeal  phlegmasia,  from  .diverse  periph- 
eral irritations,  from  extended  lesions  of  the  skin  pro- 
duced by  burns  and  eruptive  diseases,  as  variola,  scarla- 
tina, and  measles. 

An  imijortant  and  considerable  class  of  congestions 
may  residt  from  local  increase  of  pressure  or  collateral 
fluxions,  by  means  of  which  the  entrance  of  blood  is  shut 
out  from  the  organs.  The  pathological  phenomena  sus- 
ceptible f)f  giving  place  to  collateral  fluxions  are  acute 
inflammations,  thromboses,  and  embolisms,  ami  the  in- 
farctions resulting  therefrom.  Interstitial  hemorrhage 
may  have  tlie  same  result ;  and  the  energetic  local  com- 
pression excited  on  the  skin  liy  the  application  of  thick 
layers  of  collodion  also  produces  a  considerable  local 
hyperaemia.  Fluxionary  hypersBmias  from  exaggeration 
of  pressure  result  from  general  pressure  only,  not  from 
local,  and  the  greater  part  of  them  result  from  the  patho- 
logical causes  above  mentioned. 

Hypera-mias  of  fluxion,  l)y  diminution  of  local  resist- 
ance, may  result  when  atmospheric  pressure  is  dimin- 
ished or  defective,  the  simplest  type  of  which  is  furnished 
by  the  application  of  the  large  exhausting  apparatus 
used  to  produce  cutaneous  revulsion.  The  opposite 
condition  may  bring  about  the  hypersemias  peculiar  to 
workmen  in  condensed  air  (see  Caisson  Disease).  The 
congestive  phenomena  brought  about  by  the  rapid  dis- 
appearance of  a  considerable  effusion,  as  ascites,  and 
even  by  the  extirpation  of  certain  tumors,  belong  to  the 
same  category.  The  condition  is  also  brought  about  by 
direct  or  reflex  paralysis  of  the  vaso-motors  which  influ- 
ence the  dimensions  of  the  vessels  in  the  brain  cavity. 
The  inner\ation  of  the  vascular  walls  may  be  directly 
diminished  by  an_y  pressure  whatever,  as  that  of  a  tumor, 
or  they  may  be  paralyzed  by  reflex  action  in  consequence 
of  an  irritation  of  the  sensitive  nerves  of  a  part,  as  ob- 
served in  inflammation  and  in  lesions  of  the  nerve  cen- 
tres. Direct  paralysis  of  the  muscular  walls  of  vessels 
may  be  brought  about  by  variations  of  temperature. 
Extreme  heat  and  cold  and  insolation  are  capable  of  pro- 
ducing intense  congestion,  atd  the  action  of  rubefacients 
is  analogous.  Direct  insolation  doubtless  acts  by  raising 
the  temperature  of  the  cranium  to  such  a  degree  as  to 
cause  incipient  paralysis  of  the  muscular  action  of  the 
vessels,  and  consequent  diminution  in  the  tonic  force  of 
their  walls.  The  same  nervo-vascular  phenomena  are 
asserted  to  be  brought  about  by  tlie  action  of  such  sub- 
stances as  opium,  alcoliol,  belladonna,  hyoscyamus, 
hasheesh,  stramonium,  and  amjd  nitrite.  Fatty  or 
amyloid  degeneration  of  the  vascular  walls,  especially 
in  old  people,  transforms  the  vessels  into  inert  and  dilat- 
•  able  tubes,  which  may  favor  hypersemias  of  this  order. 
The  presence  of  entozoa,  or  of  any  pre-existing  focus  of 


disease  in  the  brain,  is  also  an  etiological  factor.  Finally, 
all  the  processes  that  decrease  intracranial  pressure  favor 
the  creation  of  cerebral  hyperajmia.  Among  them  mu.st 
be  reckoned  such  causes  as  intense  excitement,  no  matter 
whether  produced  by  imagination,  temperament,  or 
thought.  Intellectual  work  that  consists  in  logical  com- 
binations of  ideas  seems  to  be  less  hurtful  in  this  respect 
than  the  more  exciting  residts  of  a  heated  imagination, 
or  the  depressing  effects  of  sadness,  sorrow,  and  sudden 
shocks. 

Passirc  lii/pera'mia.  or  the  hyperipmia  of  stasis,  may  re- 
sult from  the  active  or  fluxionary  form.  It  happens  that 
the  capillary  vessels  do  not  regain  their  first  tonicity  after 
the  enormous  distention  of  an  active  hypera'tnia,  "so  that 
the  stases  become  confused  with  the  preceding  fluxions. 
The  cau.ses  of  hyperaemia  by  stasis  are  principally  those 
that  retard  the  return  of  blood  from  the  brain,  either  by 
diminution  of  the  local  pressure  or  by  increase  of  the 
obstacles  opposed  to  the  returning  circulation.  The 
former  exists  in  the  case  of  alterations  of  the  arterial 
walls,  or  when  their  contractility  and  elasticity  are  lost, 
and  in  obliteration  of  the  arteries :  the  second"  is  seen  in 
the  hypostases  of  certain  congestions  resulting  from  the 
long  continuance  of  one  position  of  the  body,  or  in  those 
following  certain  maladies,  and  in  the  compressions  of 
the  venous  system  by  tumors  or  any  neoplasm  whatever. 
Venous  congestion  or  hemorrhagic  stasis  ma\'  result  from 
thi'ombosis,  or  it  may  result  from  congestion  of  the  vena 
porta",  from  compression  of  the  jugidar,  from  a  stasis  in 
the  region  of  the  lesser  circulation,  from  mitral  in.suffi- 
cicncy,  emphysema,  and  stenosis  of  the  larynx,  from  all 
forced  expiratory  efforts  made  with  closed  glottis,  and 
from  all  processes  that  invade  the  abdominal  cavity, 
especially  in  plethoric  individuals.  Chronic  constipation 
and  flatulence,  blowing  wind  instruments,  violent  vocal 
efforts,  parturition,  epilepsy,  hysteria,  and  chlorosis  — 
these  causes  are  all  at  fault  in  producing  this  variety  of 
hypera'mia. 

Sv.MPTOMS. — Although  no  one  sign  of  cerebral  hyper- 
a'luia  is  of  absolute  diagnostic  value,  yet  its  existence  is 
often  established  by  the  symptoms  alone.  Fluxionary 
hypersemia  constitutes  rather  a  phenomenon  superadded 
to  various  morbid  states,  but  in  certain  cases  of  mental 
alienation  overactivity  of  the  mind,  though  always 
secondary,  is  very  nearly  the  only  pathological  manifes- 
tation. As  in  anaemia,  the  symptoms  met  with  in  exag- 
gerated distention  of  the  vessels  of  the  bi-ain  are  those 
arising  from  derangements  of  the  sensorium,  the  organs 
of  special  sense,  and  of  the  sensitive  and  motor  nerves. 
The  manifestations  of  cerebral  hypeneniia  are  perhaps 
better  known  to  alienists  and  neurologists  than  to  other 
physicians.  They  are  most  important  as  throwing  light 
on  the  general  pathology  of  insanity,  many  cases  of 
which,  having  unknown  or  undetermined  lesions,  are 
doubtless  owing  to  encephalic  congestions.  Of  the  cere- 
bi'al  functions  the  most  strongly  affected  is  the  intelli- 
gence. Deliriiun  is  the  prominent  symptom  of  cerebral 
hypera>mia.  It  is  generally  that  of  excitement,  and  in 
many  cases  in  no  way  connected  with  general  paralysis 
there  are  found  to  predominate  the  delusions  of  grandeur, 
riches,  ambition,  and  the  like,  characteristic  of  conges- 
tive mania.  The  superactivity  of  the  cerebral  circula- 
tion, as  well  as  that  of  thought  and  well-being,  may  be 
recalled  in  the  rosj'  excitement  produced  by  wine  and 
good  cheer,  in  the  artificial  excitement  of  poetic  frenzy, 
in  the  beatific  visions  of  psychopathic  women,  and  in  re- 
ligious ecstasy.  Insomnia  is  one  of  the  surest  signs  of 
hyperaemia  of  the  brain.  In  many  cases  mania  and  cer- 
tain hallucinations  are  connected  with  a  notalile  hj'per- 
ffmia  of  the  gray  layer.  The  delirium  of  febrile  conges- 
tion, which  is  of  a  more  distressing  cliaracter,  is  owing 
less  to  cpiantit}-  than  to  the  quality  of  the  blood,  which 
is  warmer,  and  besides  charged  with  pj^rogenic  sub- 
stances, as  miasms,  pus,  and  the  like. 

Di.\GN0Sis. — General  hypera'sthesia  most  often  coin- 
cides with  furious  delirium,  and  headache  also  exists  in 
a  great  number  of  cases.  The  troubles  of  the  organs  of 
sense  are  characterized  by  excitement  and  irritability. 
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It  is  claimed  that  parsesthesia  may  be  detected  with  the 
a;sthesiometer.  Generally  the  pupil  is  ccmtracted.  This 
has  been  noted  in  the  greater  proportion  of  cases.  Paraly- 
sis of  the  dilator  or  irritation  of  the  sphincter  is  met 
with.  Photophobia,  ocular  spectra,  and  ringing  in  the 
ears  are  symptoms  peculiar  rather  to  cerebral  ana-mia  or 
to  the  venous  variety  of  hypera^mia.  The  ophthalmo- 
scope teaches  but  little  in  regard  to  cerebral  hyperfemia. 
Its  use  has,  however,  justified  the  supposition  of  a  tran- 
sitory vaso-motor  paralyses  during  frequent  and  severe 
attacks  of  cerebral  congestion  in  a  case  of  hysteria  with 
paralysis  and  other  s_ymptoms.  Diplopia  and  illusive 
transformations  of  hearing  are  often  present  with  the 
other  derangements  of  the  special  senses.  Recent  obser- 
vations point  to  the  connection  between  tympanic  con- 
gestion and  cerebral  hypera-mia.  Examination  of  the 
membrana  tymijani  appears  to  indicate  the  state  of  the 
cerebral  circvdation,  a  fact  demonstrated  by  comparing 
the  state  of  this  membrane  befoi'e  and  after  the  adminis- 
tration of  quinia  or  amj'l  nitrite.  It  is  remarked,  in  con- 
nection witli  this  circumstance,  that  evidences  of  conges- 
tion are  noticed  in  the  vessels  over  the  handle  of  the 
malleus,  and  that  the  membrana  tympani  is  of  a  light 
pinkish  color.  There  is  also  a  rise  of  temperature  in  the 
external  auditory  canal. 

Motor  disorders  are  seen  in  the  agitations  and  strug- 
gles of  the  patient.  There  may  be  numbness  and  formi- 
cation of  the  extremities,  but  paralysis  does  not  in  any 
way  belong  to  arterial  hyperiemia.  Convulsions  are 
most  common  in  infants,  and  belong  rather  to  ana>mia  or 
venous  stasis  than  to  arterial  hypera^nia,  and  they  may 
be  confounded  with  epilepsy.  The  vomiting  sometimes 
met  with  belongs  also  most  often  to  anoemia.  The  cir- 
culatory apparatus  is  more  or  less  disturbed  in  cases  of 
active  congestion.  There  are  palpitation  and  a  sense  of 
oppression ;  the  pulse  is  full  and  rapid  and  the  carotids 
pulsate.  This  morbid  excitability  of  the  heart  is  particu- 
larly influenced  by  emotional  disturbance.  There  is, 
however,  a  difiference  of  opinion  as  to  its  symptomatic 
importance.     Reflex  excitability  is  preserved. 

The  phenomena  of  teiians  nr  passh'e  congestions  are  in 
reality  those  that  commonly  relate  to  ana?mia  of  the  brain, 
and  in  a  given  case  of  anoxylucmia  it  is  ditiicult  to  recog- 
nize whether  the  condition  be  owing  to  want  of  blood  in 
totality  or  to  venous  stasis.  In  a  venous  stasis  from 
thrombosis  of  the  sinuses  or  from  embolism  the  symptoms 
present  are  similar  to  those  of  congestion,  namely,  de- 
rangements of  the  intelligence,  the  sensibility,  and  tlie  mo- 
tility, and  sometimes  there  is  an  agitated  state  of  mind, 
with  dilated  pupils.  Vertigo,  photophobia,  auditory 
subjective  phenomena,  and  incoherence  of  ideas  exist, 
however,  to  a  less  degree  in  this  form  than  in  the  fluxion- 
ary,  and  in  the  case  of  delirium  it  is  rather  of  the  mild  or 
demented  kind.  The  symptoms  may  vary  according  to 
age,  sex.  and  other  circumstances.  Jlen  are  more  suli- 
ject  than  women.  The  difl'erent  periods  of  life  known 
as  increase,  maturity,  and  decline  are  modifying  influ- 
ences, but  it  does  not  appear  that  season  exerts  any  in- 
fluence. The  symptom.s  may  be  light  or  severe,  and 
they  may  be  acute  or  chronic. 

In  a  case  of  acute  fiixiimai-i/  hyperemia  the  patient 
may,  after  a  short  premonitory  headache  and  dizziness, 
fall  senseless,  with  or  without  convulsive  movements. 
The  face  is  red,  the  conjunctiva"  are  injected,  the  pupils 
contracted,  the  temporals  and  carotids  pulsate  vehe- 
mentlj',  the  pulse  is  hard  and  strong,  the  respiration 
stertorous.  There  are  often  convulsive  movements  and 
twitchings,  especially  in  children,  combined  with  slight 
paresis,  and  the  condition  often  ends  in  stupor  and  death. 
If  the  case  does  not  terminate  fatally,  the  symptoms  de- 
crease in  severity  and  disappear  entirely,  or  they  may 
pass  into  the  chronic  form.  The  latter  is  characterized 
by  a  sense  of  fulness  and  heaviness  in  the  head,  liy  con- 
tinuous or  paroxysmal  headache,  dizziness,  and  pulsa- 
tions of  the  temporal  and  carotid  arteries.  These  symp- 
toms become  worse  by  lowering  the  head,  and  by  the 
influence  of  alcohol,  if  the  hypernemia  is  still  active. 
The  frame  of  mind  is  rarely  serene,  the  patient  is  morose. 


excitable,  and  explosive.  There  is  a  disinclination  to 
mental  labor,  with  confusion  of  thought,  the  combina- 
tions of  which  are  illogical,  morbid,  and  exaggerated; 
and  symptoms  of  morbid  apprehension,  like  those  com- 
mon to  agoraphobia,  are  often  present.  A  morbid  fear 
of  impotence  is  a  predominant  idea  in  this  condition. 
Other  symptoms  arrange  themselves  according  to  the 
fundamental  conditions  that  originate  the  exaggerated 
distention  of  the  cerebral  vessels. 

The  symptoms  of  passiee  /ij/permiiia  are  not  entirely 
identical"  with  the  foregoing.  There  is  more  apathy,  and 
the  patient  is  more  depressed.  It  should  be  taken  into 
account  that  the  poisonous  influences  of  carbon  dioxide 
obtain  in  this  condition:  it  is  the  defect  of  oxygen  in  the 
venous  blood,  and  not  its  quantity,  which  causes  the 
characteristic  phenomena. 

Diagnosis. — The  diagnosis  of  cerebral  hypera;mia  is 
often  not  clear,  because  of  the  likeness  of  the  symptoms 
to  those  of  auannia.  The  question  here  concerns  the 
symptoms  that  have  already  been  mentioned  in  connec- 
tion with  the  excitements  of  the  three  great  faculties  of 
the  nervous  system,  another  enumeration  of  which  would 
be  tedious.  In  the  delirium  of  anoemic  origin,  as  in 
grave  fevers  and  inanition,  the  aspect  of  the  patient  is 
quite  the  opposite  of  the  flushed  face,  the  brilHaht  eye, 
and  general  rugged  appearance  so  often  associated  with 
hyperamiic  deljrium.  The  essentially  transitory  char- 
acter of  the  excitement  met  with  in  these  cases,  the  syn- 
cope and  convulsions,  leave  no  doulit  as  to  the  anaemic 
cause  of  the  delirium.  Delirium  tremens  and  a  certain 
kind  of  delirivmi  from  lead-poisoning  resemble  in  some 
points  the  delirium  of  cerebral  hyperfcmia,  but  the  dis- 
crimination is  easy  when  attention  is  directed  to  the  his- 
torj-  of  the  case  and  a  knowledge  of  the  patient's  habits. 
Elevation  of  temperature  is  of  use  in  distinguishing  in- 
flammatory diseases  of  the  brain  from  hyperjtmia.  The 
latter  condition  is  usually  apyretic,  but  at  times  it  is 
possible  to  detect  an  elevation  of  one  or  two  degrees 
above  the  normal  by  means  of  the  differential  calorimeter 
applied  to  different  regions  of  the  head.  Vertigo,  epi- 
lepsy, unemia,  embolism,  thrombosis,  softening,  and 
hemorrhage  maj'  be  confounded  with  cerebral  hj-per- 
sEmia ;  but  each  of  these  affections  may  be  distinguished 
after  careful  examination  into  the  condition  of  the  urine, 
heart,  lungs,  and  blood-vessels,  and  on  comparing  the 
symptoms  of  the  afore-mentioned  disea.ses  with  those  of 
hypera^mia. 

Pkognosis. — The  prognosis  of  cerebral  hypernemia  de- 
pends upon  the  intensity  and  duration  of  the  symptoms 
as  well  as  on  individual  circumstances.  Children  are 
more  liable  to  succumb  to  the  intensity  of  congestion,  and 
in  old  people  cerebral  congestion  is  particularly  danger- 
ous because  of  the  tendenc.v  to  rupture  in  the  degener- 
ated vessels.  Strong  cerebral  congestions  are  as  grave  as 
cerebral  hemorrhage,  and  may  lead  to  death.  Tliey  may 
also  prove  tlie  immediate  cause  of  death  in  such  chronic 
conditions  as  tumor  of  the  brain  and  senile  degeneration 
of  its  vessels.  The  tendency  to  such  secondary  lesions  as 
hemorrhage,  softening,  cerebritis,  and  the  like  is  greatly 
increased  by  the  frequency  of  the  paroxysms.  Active 
cerebral  hypera'mia,  being  more  amenable  to  treatment, 
is  consequently  more  favorable  to  recovery  than  is  the 
passive  variety. 

Treatment. — The  chief  therapeutic  indication  in  acute 
fluxionary  hypera-mia  is  to  diminish  the  sanguineous 
afliux,  and  this  is  perhajjs  best  done  by  judicious  inac- 
tion and  careful  watching  of  the  symptoms.  The  condi- 
tion is  not  one  either  of  pressure  or  of  a-dema,  but  of  an 
over-active  circulation,  and  the  treatment  must  vary 
according  as  the  causes  are  primary  or  secondary.  The 
nature  of  the  treatment  of  active  congestion  from  such 
causes  as  extremes  of  temperature,  insomnia,  or  other 
irritable  condition  of  the  brain  wiU,  of  course,  differ 
from  that  required  by  the  secondary  congestions  caused 
by  suppression  of  the  menses,  by  gout,  or  by  rheumatism. 
Rest  and  position  are  of  primary  importance  during  an 
attack.  The  head  should  be  elevated  and  the  arms 
stretched  upward.     Quiet  surroundings,  fresh  air,  and  a 
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darkened  room  are  advisable.  Local  bleeding  is  recom- 
mended by  most  practitioners,  but  it  should  be  done 
with  a  certain  amount  of  discretion  and  caution.  As  a 
rule  it  is  contraindicated  in  children  and  old  people,  and 
in  hysteric  or  chlorotic  persons.  The  so-called  derivation 
and  revvilsion,  in  which  a  considerable  congestion  of  the 
■whole  or  part  of  the  intestinal  canal  is  produced  by  the 
administration  of  a  drastic  purgative,  may  diminish  the 
afflux  of  l)lood  to  the  brain.  In  fact,  main  reliance  is  to 
be  placed  upon  the  derivative  effects  of  croton  oil,  colo- 
cynth,  and  irritating  euemata,  as  of  vinegar;  the  irrita- 
tion of  hot  or  mustard  baths  for  both  the  hands  and 
feet;  and  the  production  of  diuresis.  Reflex  action  is 
further  brought  about  by  the  application  of  a  mustard 
plaster  to  the  epigastrium,  and  of  the  actual  cautery  to  the 
nape  of  the  neck.  Cold  vigorously  applied  to  the  head, 
in  the  form  of  ice,  or  cold  douches  upon  the  head,  com- 
bined with  a  hot  bath,  are  adjuncts  in  the  treatment  too 
valuable  to  be  overlooked.  When  there  is  a  heart  com- 
plication it  may  be  met  with  cardiac  medicaments. 
Among  the  internal  remedies  that  it  is  advisable  to  em- 
ploy as  agents  in  relieving  the  cerebral  congestion  are 
the  bromides,  ergot,  oxide  of  zinc,  eucalyptus,  and 
hydrobromic  acid.  When  the  sj'mptoms  of  congestion 
have  disappeared,  strychnia,  phosphorus,  _and  cod-liver 
oil  may  be  administered  with  advantage,  and  at  the  same 
time  the  patient's  nervous  sj'stem  is  to  be  carefully 
nursed.  This  is  particularly  to  be  enjoined  in  the  case 
of  chronic  hyperamiia.  Complete  intellectual  rest,  fresh 
air,  regular  habits,  and  the  disuse  of  tea,  coffee,  alcohol, 
and  tobacco  should  form  part  of  the  hygienic  treatment. 
The  milk  cure  and  the  grape  cure  may  be  mentioned  as 
valuable  dietetic  measures.  If  the  congestion  arises  from 
stoppage  of  a  hemorrhoidal  flow,  leeches  may  be  applied 
to  the  anus.  Wonderful  effects  have  been  thus  brought 
about.  Like  results  have  been  obtained  by  applying 
leeches  to  the  mouth  of  the  uterus  in  secondary  hyper- 
semia  caused  by  suppression  of  the  menses.  In  this  con- 
dition the  electric  brush  applied  to  the  thighs,  with 
douches  to  the  loins  and  perineum,  has  been  found  effica- 
cious in  restoring  the  menses.  Galvanization  of  the  head 
and  of  the  sympathetic  nerve,  having  the  power  to  con- 
]  tract  the  cerebral  blood-vessels,  may  often  be  used  with 
good  effect.  A  systematic  course  of  hydrotherapeutics 
is  often  advantageous. 
I  In  passive  hypera^mia  the  causes  are  to  be  made  the 

special  objects  of  treatment.     Generally,  it  is  a  question 
of  restoring  vascular  tonicity  and  combating  symptoms 
I      that  in  many  respects  resemble  those  of  cerebral  ana?mia. 
'      Stimulants  ma_y  be  administered  in  many  cases.     Satis- 
j      factory  results  have  been  obtained  from  ether  inhaled  in 
I     small  quantities.     The  use  of  cardiac  tonics,  as  digitalis, 
when  the  stasis  results  from  some  vascular  or  cardiac 
lesion,  or  when  there  is  cirrhosis  of  the  kidney,  is  a  ques- 
tion that  still  admits  of  a  satisfactory  solution. 

Irriny  G.  Rtsse. 

BRAIN:  LESIONS  OF  THE  CORPORA  QUADRI 
GEIVIINA. — In  discussing  the  lesions  of  the  corpora 
quadrigemiua  in  man  our  material  is  scant}',  and  it  is 
often  impossible  to  distinguish  bet\veen  the  "results  due 
to  injury  of  one  portion  of  the  brain  and  those  due  to  the 
destruction  or  irritation  of  neighboring  parts. 

The  corpora  quadrigemiua  of  mammals  correspond  in 
structure  to  the  optic  lobes  of  frogs,  birds,  and  fishes. 
Little  is  known  about  purely  destructive  lesions  of  the 
corpora  quadrigemiua  in  man.  Experiments  on  animals 
would  lead  us  to  suppose  that  destruction  of  the  whole 
corpora  quadrigemiua  would  result  in  complete  blind- 
ness, and  unilateral  lesion  in  hemianopsia.  In  man.  how- 
ever, this  does  not  always  occur.  In  a  case  related  by 
Eisenlohr,  a  revolver  bullet  entering  through  the  forehead 
passed  directly  into  the  right  corpus  quadrigemiuum 
and  there  remained.  The  power  of  sight  was  only  par- 
tiaUy  lessened  at  first— R.  fg,  L.  *^:  later.  R.  f^.  L.  -^ 
(Monakow).  Jlonakow  concludes  that  the  destruction 
Of  a  whole  anterior  corpus  quadrigemiuum  in  man  causes 
only  moderate  affection  of  sight  and  leaves  the  color 
Vol.  II.— 24 


sense  intact.  Local  lesions  of  the  corpora  quadrigemiua 
may  cause  dilatation  of  the  pupils  in  one  or  both  eyes 
and  the  pupillary  reaction  to  Ught  and  accommodation 
may  be  much  impaii-ed.  As  the  process  advances  toward 
the  base,  disturbances  of  the  ocular  muscles  become 
prominent.  Total  ophthalmoplegia  is  rare,  but  there  is 
paresis  of  the  various  muscles,  not  homologous,  incom- 
plete, and  developing  unvenly.  The  posterior  corpora 
quadrigemiua  have  nothing  to  do  with  sight ;  after  iso- 
lated lesion  of  them  no  effect  on  vision  is  observed. 
Paralysis  of  the  fourth  nerve  (unilateral  or  bilateral)  and 
disturbances  of  chewing  have  been  found  in  such  cases. 
Lesions  of  the  corpora  quadrigemiua  also  produce  both 
ataxia  of  movement  and  cerebellar  ataxia.  Tremor  re- 
sembling that  of  paralysis  agitans  and  sometimes  choroid 
movements  either  of  the  opposite  extremities  or  bilateral 
may  exist. 

An  important  symptom  in  cases  of  lesion  of  the  j;o»- 
terior  corpora  quadrigemiua  is  a  dimunition  of  hearing 
in  the  opposite  ear. 

In  cases  of  tumor  or  foreign  growth  in  the  corpora 
quadrigemiua  or  their  neighborhood  the  adjacent  regions 
are  liable  to  be  affected  and  symptoms  strictly  referable 
to  the  disturbance  of  these  regions  are  apt  to  occur. 
These  symptoms,  as  well  as  the  general,  that  is  non- 
localizing,  symptoms  of  cerebral  tumor  cannot  be  dis- 
cussed here,  but  must  be  considered  as  of  much  impor- 
tance in  forming  the  diagnosis.       William  N.  Billiard. 
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BRAIN:  LESIONS  OF  THE  CORPORA  STRIATA.— 

By  corpora  striata  is  designated  the  lateral  portion  of  the 
collection  of  gray  matter  called  basal  ganglia;  these  are 
further  subdivided  into  two  parts,  the  nucleus  caudatus 
and  nucleus  lenticularis. 

These  parts  of  the  brain  are  rarely  if  ever  the  seat  of 
independent  states  of  disease.  The  lesions  found  in  this 
region  of  the  brain  are  almost  exclusively  vascular  or 
tumors. 

The  symptomatology  of  disease  of  the  corpora  striata 
is  very  obscure,  and  reports  of  pathological  without  dis- 
tinct clinical  findings  are  often  met  with. 

The  main  symptoms  to  be  expected  from  lesions  in  this 
neighborhood  will  be  dependent  upon  implication  of  the 
adjacent  capsular  structures.  As  symptoms  pointing 
with  some  probability  to  involvement  of  the  corpora 
striata,  these  motorial  irritation  phenomena  are  cited: 
choreatic  and  athetotic  twitchings  and  spasms  or  con- 
vulsive laughter  or  crying.  Joseph  D-aenkel. 

BRAIN:    MALFORMATIONS.     See  Teratolof/i/. 

BRAIN:  METHODS  OF  REMOVING,  PRESERVING, 
DISSECTING,  AND  DRAWING.— g  1.  This  article  has  no 
direct  reference  to  microscopical  or  pathological  require- 
ments, which  are  provided  for  elsewhere  in  this  work  and 
in  special  papers.*  Neither  is  it  designed  for  neurologi- 
cal specialists,  or  for  those  who  may  have  the  benefit  of 
their  counsel,  or  access  to  large  libraries;  but  physicians 
and  students  at  a  distance  from  medical  centres,  who  de- 
sire to  attain  a  real  and  personal  acquaintance  with  the 
gross  anatomj'  of  the  human  brain  as  an  aid  to  the  com- 
prehension of  its  minute  structure,  its  functions,  diseases, 
and  mental  relations,  may  profit  from  an  account  of  the 
methods  found  useful  in  a  laboratory  where  manj-  stu- 
dents have  prepared  for  a  medical  course. 

*  For  example,  that  of  Donaldson,  1894 ;  see  the  Bibliography  at  the 
close  of  this  article. 
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§  2.  Keed  of  More  Attention  to  the  Subject. — In  the  large 
city  schools  considerabU'  time  is  now  devoted  to  the  anat- 
omy and  pliysiology  of  the  nervous  system,  and  instruc- 
tion is  given  especially  in  histological  methods:  but  even 
there  the  gross  anatomy  is  not  always  adequately  worked 
out  by  the  student  himself  upon  good  material,  and  it  is 
to  be  feared  that  in  some  institutions  the  conditions  de- 
scribed seventeen  years  ago  (W.,  1884,  a)  may  still  pre- 
vail. 

g  3.  Inasmuch  as  he  is  permitted  to  clean  scrupulously 
the  abdominal  muscles  before  examining  the  vastly  more 
important  viscera,  the  average  first-year  student  is  at 
least  consistent  in  deferring  the  removal  of  the  organ  of 
the  mind  until  he  has  carefully  dissected  the  muscle  that 
wrinkles  the  forehead.  AVith  saw  and  chisel  he  lacerates 
the  brain,  tears  it  in  the  effort  to  save  entire  the  sacred 
skull-cap:  injures  it  yet  more  in  the  process  of  extrac- 
tion.* and  places  it  upon  a  hard,  flat  surface,  where  its 
own  weight  completes  the  rupture  of  delicate  connections 
and  hopelessly  distorts  its  shape.  Here  he  leaves  it 
(having  to  clean  some  bones),  perhaps  for  a  day  or  two, 
probably  drying,  and  either  freezing  or  decomposing  ac- 
cording to  the  temperature.  He  then  transfers  it  to  a 
basin  or  pail,  covers  it  with  strong  alcohol,  notes  with 
satisfaction  that  the  surface  hardens  rapidly,  feels  sure 
of  finding  out  all  about  the  brain,  and  sees  himself  a  fu- 
ture neurological  expert,  perhaps  even  an  asylum  super- 
intendent. In  due  time,  armed  with  his  "  Gray  "  and  a 
big  knife,  he  succeeds  in  identifying  the  cerebellum,  the 
chiasma,  and  the  pons.  Upon  the  cerebrum  he  recog- 
nizes the  Sylvian  fissure,  but  is  doubtful  about  the  cen- 
tral: moreover,  the  effort  to  detach  the  dried-on  pia  cre- 
ates so  many  undescribed  depressions  and  fissural 
confluences  that  he  imagines,  a  la  Benedikt,  that  it  be- 
longed to  some  hardened  criminal.  Lifting  the  occipital 
lobes,  his  fingers  readilj'  enter  cavities  which  must  be 
the  "descending  horns  of  the  lateral  ventricles,"  a  trium- 
phant refutation  of  the  opinion  of  certain  "theoretical" 
anatomists  that  there  is  no  such  thing  as  a  "great  trans- 
verse fissure  "  till  artificially  produced.  He  then  slices 
the  brain  seniniliim  profcusoris  artem.  and  is  so  jileased  at 
demonstrating  the  "(•('/(</■//»(  0TO?p  ?;(rtj»,v "  that  he  is  not 
seriously  disturbed  at  the  presence  of  an  unexpected  rent 
in  the  callosum  and  an  irregular  orifice  at  either  side. 
Continuing  his  operations,  he  finds  the  interior  of  the 
brain  a  mass  of  amorphous  pulp :  suspects  that  the  names 
in  the  books  have  much  the  same  significance  as  those  of 
the  heavenly  constellations;  modestly  admits  that  be  may 
not  be  sutficiently  advanced  to  comprehend  the  brain, 
and  resolves  that,  when  this  branch  is  undertaken  again, 
his  (irmamentarium  shall  consist  not  of  a  scalpel  but  a 
spoon. 

§  4.  The  more  important  of  the  macroscopical  methods 
of  studying  the  brain,  pursued  in  the  Neurologic  Laliora- 
tory  of  Cornell  University,  are  summarized  in  i;§  7-52. 
From  the  nature  of  the  case  a  strictly  logical  sequence  is 
impracticable ;  certain  of  them  are  subsequently  described 
in  detail. f 

S  5.  AckiwwUdgmenta. — Did  space  permit,  I  would 
gladly  specify  the  sources  of  such  of  these  methods  as 
are  not  original,  and  the  points  in  which  efficient  aid  has 
been  rendered  by  my  students,  past  and  present,  in 
either  carrying  out  my  own  ideas  or  in  improving  upon 
them:  the  following  deserve  particular  mention :  P.  A. 
Fi.sh.  S.  H.  Gage.  F.  L.  Kilborne.  B.  F.  Kingsburv.  W. 
C.  Krauss.  B.  L.  Oviatt,  M,  J.  Roberts.  M.  G.  Sclilapp. 
The.ibalcl  Smith,  H.  E.  Summers,  B.  B.  Stroud,  and  F. 
L.  Washburn. 

*  The  article  "  Anatomy  "  In  the  lasit  edition  of  the  Encyclopaedia 
Britannica  Ci.,  876)  seems  to  acquii-scf  in  tht*  present  state  of  things  a5 
beyond  remedy:  "  In  lal^iiii:  tlir  brain  out  uf  the  cninial  cavity  this 
commissure  [the  medic* nnmissuiv]  is  usually  moreorlesstoni  through, 
and  the  cavity  [diacelc]  is  consi-qiiently  eniarged." 

+  Tlia1  these  metlinds  ace  fairly  sui->-e.ssful  maybe  concluded  from 
the  farilitv  witli  whirli  those  wlio  iu~artise  iliem  receive  the  more 
advanced  or  spccializi'd  instruttiou  imparted  at  the  great  medical 
schi'nls.  and  fi-nm  the  luiture  <.f  tl)e  pii^parati-'us  in  tlie  museum.  Yet 
there  is  liaidly  one  nf  these  metlinds  tlial  is  not  suseeptilile  of  change 
for  the  ijetter ;  indeed,  the  constant  elTort  t^i  improve  them  has  been  a 
serious  hindrance  to  the  completion  of  this  article. 


I  6.  Order  of  Treatment . — Introduction  and  Acknowl- 
edgments, §§  i-6. 

Summary  of  Principal  Methods.  S§  7-52. 

Preliminary  Work  upon  Certain  Animal  Brains.  S^ 
53-59. 

Removal  of  the  Adult  Human  Brain,  g|  60-71. 

Removing  the  Biains  of  Infants  and  Fetuses,  |g  73-80. 

Preservative  Litiuids,  ^^  81-90. 

Injection  into  the  Cavities  and  Arteries,  §§  91-115. 

Dry  Preparations,  ^tj  116-119. 

Injection  Mixtures,  ^§  120-121. 

Economics  of  Alcohol.  tJS  122-127. 

Storage  and  Trans]iortation  of  Brains,  ^§  128-131. 

Dissection,  ^^  132-136. 

Instruments  and  Apparatus.  g§  137-144. 

Labelling  and  Recording,  t;^  14.5-151. 

Methodsof  Representatron,  §§  152-171. 

Bibliography. 

§  7.  Before  dealing  with  the  human  brain,  the  various 
processes  of  removal,  preservation,  and  dissection  are 
practised  upon  the  more  accessible  brains  of  the  sheep 
(pp.  1.53.  173,  208,  209,  372.  374.  382)  and  the  domestic 
cat  (pp.  149  and  151):  ''Fiat  expe.ri mentum  in  a/rpore 
rili." 

§  8.  Fetal  and  infant  brains  are  utilized  not  only  for 
what  is  learned  fnmi  them  as  such  (pp.  136  and  185-189), 
but  also  as  preliminary  to  dealing  with  the  adult  organ 
when,  as  is  sometimes  the  case,  the  latter  is  less  readily 
procured  and  removed. 

§  9.  Although,  in  most  cases,  the  ultimate  object  of 
neurologic  study  is  the  comprehension  of  the  structure 
and  functions  of  the  lnunan  brain,  yet  it  is  held  to  be  de- 
sirable that  students  should  understand  the  general  pat- 
tern of  the  oi-gan  and  recognize  both  the  conformity  of 
the  human  thereto  and  the  degree  of  its  departure  there- 
from :  for  this  purpose  are  studied  the  brains  of  certain 
lower  vertebrates,  especially  the  green  turtle  {Chelorw 
mydas  (p.  148)  and  the  sheep  (pp.  209  and  374).* 

$5  10.  Although  the  pattern  of  the  cerebral  fissures  of 
man  and  the  other  primates  differs  widely  and  perhaps 
irreconcilably  from  that  of  the  other  mammals  (p.  198,  § 
303),  yet  the  methods  of  fissural  study  apply  equally  to 
all,  and  the  comparative  simplicity  of  the  fissures  in  dogs 
and  especially  cats  renders  them  convenient  subjects 
upon  which  to  commence  a  difficult  branch  of  neurology 
(pp.  187-206). t 

55  11.  Still  other  animal  brains  may  be  found  useful  in 
the  illustration  of  special  points  (e.f/..  pp.  140.  148.  150, 
170.  204.  and  207) :  but  I  strongly  deprecate  the  extent 
to  which  merely  curious  or  startling  facts  of  compara- 
tive anatomy  are  sometimes  introduced  into  medical  pub- 
lications. 

§  12.  Before  the  detailed  study  of  the  contours  of  the 
mas.ses  there  is  gained  a  general  idea  of  the  cavities,  their 
connections  and  their  circumscription. 

t^  13.  Skulls — which  may  be  purchased  or  easily  pre- 
pared under  nearly  all  circumstances — are  less  esteemed 
than  lirains;  the  "kernel  "  is  more  highly  valued  than  the 
■•shell." 

g  14.  The  infant  cranium  is  divided  with  scissors  and 
nippers  (Fig.  986).  or  softened  bj'  ten  per  cent,  nitric  acid 
so  as  to  be  cut  with  the  knife. 

§  15.  The  common  method  of  dislodging  the  adult  cal- 
va  (calvaria  or  skull-cap),  after  the  circular  cut  with  the 
saw,  by  "inserting  a  strong  hook  and  giving  a  ipiick 
jerk,"  is  held  to  be  artistically  brutal  and  anatomically 
futile:  a  second,  sagittal,  section  is  made,  a  little  way 
fi'om  the  meson  (middle  line)  and  the  calva  removed  in 
two  pieces :  ^  60.  E. 

%  16.  Excepting  for  special  reasons  the  dura  is  retained 

*  Were  opossums  as  common  as  cats  in  most  civihzed  lands  the  less 
prep<:>nderance  of  the  cerebrum  and  cerebellum  over  other  parts  would 
warrant  the  general  study  of  their  brains. 

+ 1  desire  to  reiterate  here  the  conviction  expressed  on  several  pre- 
riiiiis  oee.isions  as  to  the  inutilitv  of  the  lirains  of  ordinary  monkeys 
for  tlie  eliieidation  nf  imiuaii  tlssural  jirolilems:  Indeeil.  our  present 
cniniireheusinii  and  iinmenehiture  nf  eereliral  elevatinns  and  depres- 
sions woulil  be  far  lietter  tliau  tiiey  are  havt  neither  Gratiolet  nor  any 
other  anatomist  ever  examined  a  liionkey  brain. 
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until  the  calva  is  removed,  and  it  is  sometimes  extracted 
with  the  brain. 

!:  17.  The  fresh  brain  is  removed  over  brine  (saturated 
and  filtered),  supported  in  it  during  the  operation,  and 
kept  in  it  until  it.?  final  disposition  is  made. 

?  18.  A  fresh  brain  in  the  dura  is  lifted  by  the  latter 
and  supported  in  liquid  by  attaching  cords  to  the  dural 
edges,  the  other  ends  of  the  cords  being  carried  over  the 
rim  of  the  pail  or  other  vessel  and  wound  about  books, 
or  otherwise  attached. 

§  19.  A  fresh  brain  deprived  of  its  dura,  if  it  is  to  be 
either  studied  from  any  aspect  or  injected  into  the  arte- 
ries or  the  cavities,  is  support*-d  and  steadied  in  a  pail  of 
brine  by  pa-ssing  under  it  a  towel  or  broad  strip  of  cloth, 
the  ends  of  which  are  secured  to  the  pail  by  hooks,  tacks, 
or  otherwise :  the  brain  may  thus  be  kept  at  any  height 
in  the  brine,  and  rotated  without  touching  it. 

S  20.  The  fresh  brain  is  never  allowed  to  bear  its  own 
weight  or  to  rest  upon  a  flat  .surface,  but  is  supported  in 
the  calva  or  in  a  bowl  of  appropiiate  shape,  or  in  a  liquid 
of  equal  specific  gravity,  or  on  a  bed  of  ordinary  cotton.* 

S;  iil.  The  VLse  to  be  made  of  a  brain  is,  if  possible,  de- 
termined upon  in  advance.  If  only  part  is  to  be  em- 
ployed for  a  specific  purpose,  the  rest  is  cut  away  and 
preservative  effort  concentrated  upon  the  selected  por- 
tion. + 

§  "22.  When  the  brain  is  to  be  preserved  entire,  espe- 
cially for  the  elucidation  of  membranous  attachments 
and  the  circumscription  of  the  cavities,  alcohol  (or  other 
active  preservative  liquid)  is  injected  into  the  arteries  by 
continuous  pressure,  and  thus  carried  directly  to  the  tis- 
sues: ??  99  and  114. 

§  23.  When  a  .separated  head  is  obtained  the  brain  is 
sometimes  hardened  in  place  by  the  continuous  injection 
of  alcohol  (i  99);  it  shrinks  somewhat,  but  retaiiLS  its 
natural  proportions.  Such  a  head,  medisected  with  a 
sharp  saw,  is  in.structive  in  many  respects  (Fig.  670,  p. 
141).  Sometimes  sections  are  made  in  other  directions, 
or  the  calva  removed  as  with  the  fresh  brain  (S  60). 

I  24.  For  macro.scopic  purpo.ses  freezing  is  avoided,  as 
tending  to  leave  the  mass  friable. 

§  2.'i.  If  a  specimen  is  to  be  used  especially  for  the  elu- 
cidation or  demonstration  of  the  contours  and  circum- 
scription of  the  cavities  and  the  lines  of  attachment  of 
membranes  and  plexu.ses,  strong  alcohol,  or  an  alcoholic 
solution  of  zinc  chloride,  is  injected  into  the  cavities  and 
the  arteries. 

p  26.  If  certain  portions  of  the  cavities  are  in  question, 
free  access  of  the  preservative  is  gained  by  widely  open- 
ing some  other  region,  as,  e.g.,  by  cutting  off  a  frontal, 
temporal,  or  occipital  lobe. 

§  27.  Unless  there  are  special  reasons  to  the  contrary, 
brains  are  transected  in  the  narrow  region  of  the  mesen- 
cephal  (gemina  or  optic  lobes)  (Figs.  689  and  756):  the 
cerebral  and  cerebellar  portions  are  then  removed  sepa- 
rately with  greater  ease  and  less  risk  of  laceration(i;  60, ./). 
Each  of  these  regions  is  medisected.  if  desired,  more  ac- 
curately than  the  entire  brain  can  be.  whether  before  or 
after  hardening,  and  the  two  divisions  of  either  half  are 
subsequently  apposed  for  study,  or  even  attached  for  ex- 
hibition. 

^  28.  When  the  mesencephalic  region  itself  is  to  be 
preserved  intact,  by  lifting  the  occipital  lobes  a  little 
more  the  transection  is  inade  through  the  diencephal 
(thalami)  (Fig.  707). 

g  29.  For  the  study  of  fissures  and  gyres,  the  cerebrum 
(with  the  thalami)  is  conunonly  medisected  (g  61),  and 
each  half  liardened  by  placing  "it  on  its  mesal  surface  in 
the  preservative. 

•  So  general  has  become  the  use  of  ateorbent  ootton  that  one  does 
not  always  i-ealize  thai  iis  rerj  ei<*ellence  for  certain  purposes  renders 
tt  less  appropriate  for  othere ;  when  wet  it  packs  very  closel.v.  where- 
as, in  any  liquid,  the  ordinary  cheap  cotton  retains  its  elasticitr  much 
longer. 

■♦  The  city  neurologist  has  perhaps  only  to  decide  that  a  brain  is 
needed :  but  others,  like  the  writer,  may  find  it  advantageous  to  keep 
to  a  portfolio  slip  memoranda  of  wiia't  he  wishes  to  do  with  fresh 
twainji.  or  beads.  a<lult  or  young,  as  the  case  may  be:  when  the  op- 
portunity occurs  he  has  only  to  decide  among  several  things  that 
migtu  be  done,  and  linle  time  is  lost. 


P  30.  So  far  as  possible,  incisions  of  the  brain  are  made 
in  liquid  or  while  the  .scalpel  is  irrigated:  with  hardened 
brains  alcohol  is  used  :  with  fre.sh  a  salt  solution. 

g  31.  Specimens  which  have  become  dry  and  distorted 
are  immersed  for  a  day  in  weak  spirit  (twentv-two  per 
cent.),  and  then  replaced  in  the  strong  alcohol.' 

p  32.  When  part  of  a  thin  brain  preparation  {e.g.,  ahy- 
drocephalous  cerebrum  like  that  shown  in  Fig.  715)  has 
dried,  it  is  restored  by  placing  on  the  spot  a  bit  of  absor- 
bent cotton  wet  in  water. 

§  33.  To  remove  a  delicate  specimen  from  a  vial,  the 
vial  is  immersed  in  a  dish  of  alcohol  and  the  sjiecimen 
floated  out:  to  replace  it.  if  the  alcohol  is  clear,  the  vial 
is  immersed  and  the  specimen  floated  in:  if  turbid,  the 
specimen  may  be  transferretl  upon  a  bit  of  paper,  a  watch 
glass,  spoon,  or  vjjon — not  between — the  points  of  the  fine, 
curved  forceps  (Fig.  985). 

g  34.  Friable  specimens  are  infiltrated  with  paraffin; 
see  the  paper  by  W.  C.  Krauss  (Buffalo  Medie/il  and  Bur- 
giml  Journal.  November,  1888)  and  publications  there 
referred  to. 

§  35.  Defibrillation — the  tearing  of  brain  substance  in 
the  direction  of  the  least  resistance  so  as  to  make  "cleav- 
age prei)arations  ^ — is  not  regarded  as  affording  conclu- 
sive evidence  of  tract  arrangement;  but  it  is  practised  in 
illustration  of  facts  determined  by  more  exact  methods, 
microscopical,  pathological,  and  experimental. 

§  36.  For  the  decided  maintenance  or  increase  of  the 
Cfllor  differentiation  of  the  two  kinds  of  nervous  tissue, 
alba  and  cinerea  (p.  139.  Fig.  66),  specimens  are  im- 
mersed in.  or  injected  with  (or  both),  a  solution  of  potas- 
sium dichromate  (?  8-5):  or  Miiller's  liquid  (t;  86). 

g  37.  ^Vhen  the  color  and  micro.scopic  structure  are 
subordinate  to  purely  morphologic  considerations  a  choice 
is  made  between  four  compound  liquids  devised  by  past 
or  present  assistants  in  the  laboratory,  the  zinc-glycerin 
(g  88)  or  the  zinc-formalin  (g  89)  of  Fish,  the  saline-alco- 
hol (g  90)  or  the  simplified  saline-alcohol  (S  90)  of  Stroud. 

g  38.  Dry  (mummified  i  preparations  are  made  accord- 
ing to  the  improved  method  (turpentine  and  castor  oil)  of 
P.A.  Fi.sh  (g  117). 

S;  39.  When  the  larger  vessels  are  to  be  studied. 
Gage's  modification  of  PaiLsch's  starch  mixture  is  em- 
ployed (g  120);  if  the  ultimate  vascular  supply  is  in  ques- 
tion, a  fine  gelatin  ma-ss  is  used  (g  121). 

g  40.  When  practicable  the  leptomeninges  (pia  and 
arachnoid)  are  remo%-ed  as  soon  as  they  loosen  from  the 
surface,  whicli  is  commonly  within  two  days  after  im- 
mersion; but  this  is  not  essential,  for  they  may  be  re- 
moved at  an}-  subsequent  period,  with  merely  somewliat 
more  care  against  breaking  or  wounding  the  hardened 
brain. 

g  41.  Alcoholic  brains  are  examined  before  fresh  ones. 

g  42.  The  size  and  fonn  of  the  c-avities  are  maintained 
and  the  preservation  of  their  immediate  parietes  is  in- 
sured by  injecting  alcohol  into  them ;  Fig.  731. 

g  43,  The  forms  of  cavities  are  ascertained  by  making 
solid  casts:  Fig.  718. 

§  44.  Encephalic  fragments,  and  poorly  preserved  or 
distorted  specimens  serve  for  preliminary  dissections,  so 
that  the  perfect  material  may  be  more  completely  uti- 
lized. 

§  45.  Before  attempting  to  comprehend  large  sections, 
involving  perhaps  several  parts  but  distantly  related  ex- 
cepting by  topographical  contiguity  (Fig.  732).  the  be- 
ginner makes  dissections  for  the  exposure  of  parts  in 
their  structural  continuity;  Figs.  681.  682,  and  801. 

g  46.  To  facilitate  discrimination  of  natural  from  arti- 
ficial surfaces.  especiaUj-  upon  permanent  preparations, 
incisions  always  follow  straight  lines  and  meet  at  angles 
rather  than  join  by  curves:  see  Rgs.  7(J8  and  733. 

g  47.  Specimens  that  might  be  injured  by  falling  upon 
a  hard  surface  from  the  height  of  even  a  decimetre  (four 
inches)  are  held  during  examination  over  a  pad  of  cotton 
or  a  dish  of  alcohol,  and  carried  from  room  to  room  in  a 
vessel  and  not  in  the  hand. 

g  48.  Embryos  and  delicate  brain  preparations  are  dis- 
sected under  alcohol,  and  sometimes  pinned  to  a  piece  of 
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cork  loaded  with  sheet-lead ;  see  Fig.  734.  Preparations 
including  the  medicommissure  (Fig.  709)  are  supported 
upon  cork  while  making  and  for  exhibition. 

§  49.  In  brain  dissection,  as  in  surgery,  the  knife  is 
made  the  last  resort;  blunt  points  and  blowpipes  are  em- 
ployed as  long  as  possible.  When  cutting  is  to  be  done 
the  aphorism  of  Dr.  Holmes  is  recalled :  "  Let  the  eye  go 
before  the  hand,  and  the  mind  before  the  eye." 

§  50.  Delicacy  of  manipulation  is  cultivated  and  a 
prompt  check  put  to  all  forms  of  anatomical  Philistinism, 
whether  in  word  or  deed ;  the  student  is  urged  to  prac- 
tise self-control,  to  restrain  what  Hyrtl  calls  the  ^ furor 
secandi,"  and  never  touch  his  specimen  except  for  a  good 
and  sufficient  reason.  From  the  ecclesiastical  standpoint, 
perhaps,  the  "  laying  on  of  hands  "  cannot  be  overdone, 
but  in  practical  anatomy  its  excess  is  likely  to  prove  the 
reverse  of  a  blessing.     These  cautions  are  called  for  in 


Fig.  978.— Base  or  Ventral  Aspect  of  the  Sheep's  Brain  with  the  Eyes  Attached.  SliRhtly  enlarged. 
(From  '■  Physiology  Practicuras.")  1,  Frontal  portion  of  pallium  mcsad  of  olfactory  bulb ;  3,  nar- 
row portion  of  olfactory  tract  (compare  Fif^.  (WS,  p.  153) ;  3, precribnim  ("anterior  perforated 
space  ")  just  cephalad  of  the  optic  tract :  4,  tip  of  temporal  lobe  overhanging  optic  tract :  *  .5,  root 
of  trifacial  (trigeminus  or  fifth  cranial  nerve):  H.  opposite  the  narrow  band  of  fibres  crossing  the 
cms,  called  by  von  (iudden  "tractus  peduncularis  transversus,"  cimbia  by  the  Ass'n  Amer. 
Anatomists ;  7,  trapezium,  concealed  in  man  by  the  overhanging  margin  of  the  pons :  8,  pyramid. 
Compare  Figs.  673  and  689,  pp.  143  and  154.  Most  of  the  nerve  roots  and  many  other  details  are 
omitted. 

respect  to  the  dissection  of  muscles,  etc.,  to  which  the 
examination  of  the  brain  is  as  watchmaking  to  the  wield- 
ing of  hammer  and  tongs. 

§  51.  All  specimens  are  numbered  as  soon  as  received 
(§  146),  and  the  essential  data  preserved  in  the  form  of  a 
card  catalogue  (§  151). 

§  52.  From  the  beginning  students  are  required  to 
make  outline  drawings,  accurate  if  not  artistic,  and  clear 
rather  than  shaded. 

§  53.  Preliminary  Work  upon  Animal  Brains. — I  can- 
not too  strongly  emphasize  the  view  indicated  in  §  7  as 


to  the  desirability  of  gaining  fi'om  the  comparativelj'  in- 
expensive brains  of  lower  mammals  the  manipulative 
dexterity  and  the  familiarity  with  parts  and  their  names 
so  essential  to  making  the  best  possible  use  of  the  pre- 
cious and  costly  brain  of  man.  The  two  particularly 
recommended  are  of  the  sheep  and  the  domestic  cat ;  but 
the  methods  of  removal  and  dissection  appropriate  for 
the  latter  may  be  applied  to  the  rabbit  and  to  small  dogs, 
while  larger  dogs,  the  pig,  the  calf,  and  cattle  may  be 
dealt  with  substantially  as  indicated  for  the  sheep. 

§  54.  Remoral  of  the  Sheep's  Brain. — Unless  already 
familiar  with  the  general  form  and  size  of  the  organ  it 
will  be  well  to  consult  the  representations  of  it  on  pp. 
153,  173,  208,  209,  372,  374,  382,  or  a  plaster  cast  such 
as  may  be  had  for  a  small  sum  at  AVard's  Natural  History 
Establishment,  Rochester,  N.  Y.  The  mode  of  extrac- 
tion recommended  was  devised  by  Prof.  P.  A.  Fish 
while  instructor  in  my  depart- 
ment in  1890,  and  is  indicated, 
perhaps  sufflcientiv,  in  Figs. 
979  and  980.  In  brief,  the  cra- 
nium, containing  the  brain,  is 
removed  from  the  facial  por- 
tion of  the  head  by  sawing  in 
a  plane  coinciding  with  the 
ventral  margins  of  the  orbits 
and  of  the  foramen  magnum. 
The  corners  of  the  cranium  are 
then  sawn  off  and  the  brain  ex- 
posed with  nippers,  beginning 
with  the  base.  The  nci-ve 
roots  must  be  divided  with  the 
scissors.  The  dura  must  be 
divided  about  the  hypophysis, 
and  special  pains  taken  to  dis- 
lodge the  olfactorv  bulbs  from 
their  fossa;  (§  60,  'H). 

§  55.  Instruments  Required. 
— In  addition  to  a  stout  knife, 
coarse  forceps,  and  coarse 
curved  scissors,  strong  nip- 
pers, and  a  medium-sized  saw, 
the  sawing  will  be  easier  and 
more  expeditious  if  the  head 
can  rest  against  the  edge  of  a 
board  or  in  an  oblique  sort  of 
miter-box :  the  form  of  this 
will  readily  suggest  itself  if 
the  operation  is  repeated  sev- 
eral times. 

I  56.  liemoml  of  the  Cat's 
Brain. — The  following  direc- 
tions are  condensed  and  modi- 
fied from  W.  and  G.,  pp. '423- 
432.  The  brain  only  is  con- 
sidered here  and  other  parts 
are  disregarded.  Consult  Figs. 
682  and  686,  pp.  149  and  151. 
The  head  is  supposed  to  have 
been  cut  off. 

A.  In.struments  and  Materi- 
als.— Arthrotome  or  stout  scal- 
pel ;  coarse  curved  scissors  and 
forceps;  nippers  of  medium 
size. 

B.  Removing  the  Skin.  — 
With  arthrotome  or  knife,  di- 
vide the  dorsal  skin  from  near  the  nose  to  the  caudal  free 
margin.  Remove  the  skin  in  the  easiest  way  by  putting 
the  connective  tissue  on  the  stretch  and  cutting.  Note 
the  third  eyelid  or  plica  at  the  mesal  angle,  represented 
in  man  by  a  vestigial  fold  of  mucosa. 

C.  Remoring  the  Mandible. — Dissect  the  temporal  mus- 
cles from  the  side  of  the  cranium.  Divide  the  zygoma 
with  the  nippers,  its  cephalic  end  by  pushing  a  point 

*  According  to  the  view  expressed  on  p.  209,  §  371,  the  part  marked 
3  and  the  olfactory  tract  cephalad  of  it,  are  parts  of  the  rhinencephal, 
while  4  and  6  are  portions  of  the  prosencephal. 
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ventrad,  between  it  and  the  eyeball ;  its  caudal  end  by 
pushing  a  point  ventrad  from  the  temporal  fossa  just 
ceplialad  of  the  auditory  meatus.  The  mandible  may 
now  be  moved  up  and  down  so  as  to  indicate  the  location 


Fig.  979.— Lett  Side  of  Head  of  Sheep.  Skinned.  (From  my  paper.  1896,  g.) 
Aloiitr  th)'  line  A.-B  the  hutiiier  may  cut  with  saw  or  i-Ieaver  so  as  to  remove 
most  nf  tin'  fat-e ;  it  extends  from  the  anglt*  of  the  jaw  to  a  point  about  mid- 
way liftwt'tMi  the  nose  and  the  prominence  of  the  liead  between  the  eyes. 
The  rest  of  the  face  is  then  to  be  separated  from  the  cranium  i>y  sawing  some- 
what accurately  along  the  line  A-C,  intersecting  the  ventral  margins  of  the 
orbit  O,  and  of  the  occipital  condyles  V.    See  §  54. 


resting  in  a  dish  of  brine.  By  raising  the  base  of  the 
cranium  carefully  there  may  be  recognized  successively 
the  pairs  of  cranial  nerves;  each  is  to  be  cut  with  the 
scissors  as  far  as  possible  from  the  brain.  Continue 
caudad  as  far  as  the  myel  was  exposed;  then 
divide  the  myel. 

L.  The  rentral  dura  has  probably  been  re- 
moved with  the  base  of  the  cranium.  Remove 
the  remainder  as  convenient,  noting  the  mesal 
fold  between  the  two  hemicerebrums,  constitut- 
ing the  falx,  and  its  connection  with  the  layers 
of  dura  between  which  was  the  bony  tentoiium. 
§  57.  Endymal  Continuity  and  Celinn  Circum- 
scription.— A  detailed  account  of  these  features 
of  the  mesal  cavities  of  the  human  brain  occurs 
on  pp.  151-153  in  connection  with  Fig.  687.  In 
connection  with  it,  and  preferably  as  preliminary 
to  it,  the  mesal  aspect  of  the  sheep's  brain  may 
be  studied  by  the  aid  of  Fig.  981. 

§  58.  Transections. — Before  transecting  or  dis- 
secting the  human  brain  it  is  well  to  make  and 
study  carefully  transections  of  the  sheep's  brain 
at  levels  such  as  are  indicated  in  Fig.  981 ;  and 
at  others  as  preferred.  They  are  more  instruc- 
tive in  some  respects  if  the  alba  and  cinerea 
are  differentiated  as  by  some  chromic  acid  com- 


pound (§§  84-86). 


of  the  joint;  open  this  with  the  arthrotome;  cut  the  soft 
parts  about  the  mouth  and  throat  and  remove  the  mandi- 
ble together  with  the  larynx,  esophagus,  etc. 

D.  licmove  the  ei/eshy  cutting  the  muscles,  etc.,  with 
curved  scissors.  The  white  cylindric  optic  nerve  at  the 
bottom  of  the  orbit  is  to  be  cut.  not  torn. 

E.  Remore  the  cervical  muicles  by  cutting  lengthwise 
at  either  side  of  the  cervical  spines  and  then  dissecting 
off  the  mu.scles.  With  the  nippers  cut  off  the  spines ; 
the  atlas,  of  course,  has  none.  Note  the  occipital  crest 
for  attachment  of  the  strong  mtiscles. 

F.  Opening  the  Cranium. — Rest  the  head  on  either  side. 
Apply  the  nippers  at  nearly  right  angles  to  the  convex 
temporal  region  and  "gnaw  "  through  the  cranium  till 
the  dura  is  reached,  taking  care  not  to  plunge  the  points 
into  the  brain.  The  dura  may  be  recognized  by  tough- 
ness and  non-vascularity.  It  may  adhere  so  closely  to 
the  bone  as  to  come  off  with  it,  but  should  be  left  on  the 
brain  for  the  present  if  possible.  Continue  to  expose 
the  brain  by  nipping  off  successive  fragments,  by  break- 
ing rather  than  by  direct  cutting.  Before  crossing  the  me- 
son expose  the  entire  lateral  aspect  of  the  cerebrum  and 
continue  cautiously  cephalad  to  the  olfactory  bulb. 

G.  The  CerebeUum. — Expose  this  from  the  same  side. 
Between  it  and  the  cerebrum  is  a  bony  tentoriiun,  whiclr 
maybe  removed  without  injuring  the  brain  if  the  nippers 
are  introduced  sidcwise  for  about  1  cm.  between  the 
cerebellum  and  the  cerebrum  at  the  meson  and  just  above 
the  meatus.  Continue  caudad  by  nipping  the  sides  of 
the  atlas  and  axis  so  as  to  expose  a  portion  of  the  mj-el. 

H.  The  other  half  of  the  brain  is  most  easily  exposed 
by  passing  the  nippers-point  between  the  cranium  and 
dura  at  the  meson,  and  nipping  or  breaking  off  fragments 
as  before ;  but  constant  care  will  now  be  needed  lest  the 
fingers  crush  the  side  already  exposed. 

I.  Remore  tlie  maxilla  by  cutting  with  the  nippers 
across  the  spongy  ethmoid  region  about  1  cm.  cephalad 
of  the  cerebrum,  and  then  dividing  the  base  and  sides  of 
the  maxillary  bone.  The  olfactory  bulbs  may  now  be 
exposed;  at  the  first  trial  one  or  both  is  almost  sure  to 
be  toi'n  or  crushed. 

J.  Tleiuore  the  base  of  the  cramum,  in  fragments,  using 
both  nippers  and  coarse  scissors  cautiously  until  at  about 
the  middle  of  the  cerebrum  is  seen  the  chiasma:  try  to 
expose  the  optic  nerves  for  a  few  millimetres ;  avoid  pull- 
ing upon  them  lest  the  brain  be  torn.  The  hypophysis 
lies  just  caudad  and  is  to  be  saved  if  possible. 

K.  Hold  the  specimen,  ventral  side  up,  the  brain  just 


§  59.  Fig.  9S1  illustrates:  A.  The  general 
similarity  to  the  corresponding  aspect  of  the 
human  brain  as  shown  on  pp.  141,  189,  and  213. 

B.  The  slighter  cranial  flexure;  p.  142,  g  36. 

C.  Tlie  smaller  relative  size  of  the  cerebrum,  permit- 
ting the  cerebellum  and  even  the  olfactory  bulbs  to  ap- 
pear in  a  dorsal  view  of  the  organ ;  p.  144,  §  40. 

D.  The  large  size  of  the  medicommissure ;  p.  166,  §  151. 

E.  The  distinctness  of  the  crista  in  the  adult  sheep ;  p. 
308,  §  366. 

F.  The  non-extension  of  the  callosal  rostrum,  as  a 
copula,  to  join  the  terma,  as  in  man  (ind  the  chimpanzee, 
and  the  consequent  closure  of  the  narrow  pseudocele  by 
the  pia  only;  p.  184.  §  223. 

G.  The  absence,  as  in  mammals  generally,  of  small 
foliums  upon  the  lingula;  p.  160,  §  119. 

H.  The  absence,  as  in  mammals  generally,  of  a  meta- 
pore  (foramen  of  JIagendie) ;  p.  154,  §  78. 

I.  'The  completeness  of  the  endymal  continuity  or  celian 
circumscription;  p.  151,  g  63. 

J.  The  possibility  of  transecting  several  of  the  seg- 
ments without  cutting  others.     A-A  crosses  the  myel; 


maxilla 


nasal  septum 


eye 


coronoid  process 


mandibular    fossa    (or 
condyloid  process) 


basiocclpltal 

oWongata 


Fig.  980.— Ventral  or  Cut  Surface  of  the  Cranium  as  Separated  from 
the  Face  A  long  the  Line  A-C  ( Fig.  979) .  If  the  parts  outside  the  lines 
D-F.  and  F-G  are  sawn  off,  the  brain  may  be  exposed  by  removln)? 
with  the  nippers  the  base  and  one  or  both  sides  of  the  cranium. 

B-B  the  postoblongata,  metencephal,  overhung  by  the 
cerebellum;  C-C,  the  epencephal  (cerebellum,  preoblon- 
gata,  and  pons) ;  D-D,  the  mesencephal  (crura  and  quad- 
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rigeininum) ;  E-E,  the  diencephal  (tuber,  medicommis- 
sure,  thalami,  etc.),  overhuug  by  the  cerebrum;  F-F.  the 
prosencephal  (cerebruiu)  just  cephalad  of  the  chiasma 


removal  is  done  leisurely  *  and  with  care  so  as  not  to  dis- 
tort form  or  rupture  membrauous  connectious.  Secondly, 
the  calva  (calvaria  or  skull-cap)  is  divided  sagittally  1  "to 


splenial  assure 

diatela 

habena 

/,  splenium 

supracommissure 


albicans 


Fig.  981.— Mesal  Aspect  of  the  Right 
Half  of   the  Sheep's  Brain :    >;  2. 
(From  "Physiology  Prartlciims.") 
This  figure  is  seiui-scheinatir,  crr- 
tain  details  being  oinittcd  fi.r  the 
sake  of  clearness,  c.f/..  the  divisions 
of  the  cerebellum,  the  vessels,  aucl  the  meninges, 
arachnoid  and    pia.    The  cut  edge  of  the  pia, 
hovFever,  is  represented  by  the  line  between  the 
rostrum  and  the  crista.    The  names  of  the  cavi- 
ties, Diacalt.  etc.,  should  be  spelled  Diacele,  etc.    The  endyma  lining  the  diatela  is  really  continuous  at  each  end  with  that  of  the  adjacent 
parts.    The  lines  A-A  to  O-G  represent  planes  of  instructive  transections.    See  §  58,  J. 


O-G,  the  rhinencephal,  at  the  junction  of  the  olfactory 
bulb  and  tract  (pp.  153,  173,  208,  209)  overhung  by  the 
cerebrum. 

§  60.  RemoHngthe  Adult  Human  Brain* — The  method 
here  recommended  and  described  differs  from  those  some- 
times employed  in  three  respects;  First,  since  the  brain  is 


Fig.  982.— Head-Rest  Pevised  by  Stroud,  in  Use.  <  lYom  his  paper, 
1900,  b.)  A,  Baseboard:  B, uprieht  hoard ;  D,  chin-rest :  E,  lateral 
iron  bar.  For  details  see  Figs.  ii88-'JS9,  and  §§  142-143.  1-1,  Reflec^ 
ed  portions  of  the  scalp. 

not  to  be  sliced  or  cut  into  small  pieces  for  histologic 
examination,  but  preserved  entire  or  in  large  divisions 
for  morphologic  investigation  and  demonstration,  the 

*  See  also  the  articles  Autopsies  and  Brat7i,  Surgeru  of. 


2  cm.  from  the  meson  and  removed  in  two  pieces.  Thirdly, 
the  subject  lies  upon  the  belly  with  the  head  supported 
and  steadied  in  the  "  head-rest "  devised  by  Dr.  Stroud 
(Figs.  982,  988). 

A.  Instruments  and  Materials. — In  the  absence  of  a 
well-equipped  post-mortem  case  (see  the  article  Au- 
topsies) the  following  should  be  provided;  Scalpel,  me- 
dium size;  arthrotome  (Fig.  985)  or  a  similar  stout  knife 
syringotome  (Fig.  98.5);  probe-pointed  bistoury  (§  138) 
coarse  scissors  and  forceps;  fine  scissors  and  forceps 
tracer;  bone-chisel  (§  139);  mallet  or  hammer;  strong 
hook,  for  catching  on  the  divided  margin  of  the  calva 
and  dislodging  it ;  f  saw  (§  140);  drill  or  awl  or  wire 
nail;  wire  and  cutting  pliers  (p.  385);  |  surgeon's  needles 
and  silk;  absorbent  cotton;  common  cotton;  plaster  of 
Paris:  towels  and  Japanese  napkins;  scales;  several  pans 
of  water  and  of  brine,  one  large  enougli  for  medisection 
of  the  cerebrum.  The  beginner  will  do  well  to  have  at 
hand  for  consultation  a  hardened  brain  and  a  preparation 
of  the  dural  folds  (fal.\  and  tentorium)  or  models  or  good 
figures  of  the  same  (Fig.  800). 

B.  Diriding  the  Scalp. — Between  the  roots  of  the  ears 
carry  a  cord  over  the  highest  region  of  the  head.  Wet 
the  hair  along  this  line  over  a  zone  2-3  cm.  wide.§  With 

*  Commonly  an  hour  and  a  half  is  allowed  for  the  operation ;  but  on 
one  occasion,  in  an  emergency,  with  the  aid  of  a  single  assistant.  Dr. 
Stroud  removed  a  brain  and"  made  the  head  presentable  for  waiting 
friends  williin  forty  minutes. 

+  In  the  absence  of  one  made  for  the  purpose  it  may  be  made  from 
stiff  wire ;  some  large  pocket  knives  have  a  hook  of  suitable  size  and 
strength. 

t  The  pliers  used  by  the  linemen  of  the  telegraph  and  telephone 
answer  admirably  for  both  cutting  and  twisting. 

§  Tbis  and  some  other  details  presuppose  that  the  body  may  be 
viewed  by  friends  or  that  there  are  other  rcisons  for  the  minimum  of 
disfigurement.  I'nder  certain  circumstances  they  may  be  disre- 
garded, although  I  think  it  well  to  maintain  an  almost  e'sthetic  and 
artistic  attitude  toward  all  dealings  with  the  human  brain. 
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a  uarrow  scalpel  handle  or  any  convenient  instrument 
part  the  hair  along  the  cord  so  that  none  remains  cross- 
ing the  line  of  incision.  Mark  the  proposed  line  with  a 
soft  pencil  or  a  line  point,  and  remove  the  cord.  Insert 
a  scalpel  point  at  the  top  of  the  head  with  the  edye  mriiy 
from  the  haul  and  cut  toward  either  car  along  thi'  chosen 
line,  avoiding  deflections  and  the  division  of  hairs  Di- 
varicate the  edges  and  repeat  the  incision  if  necessary 
so  as  to  divide  fat  and  connective  tissue  to  the  periosteum, 
or,  at  the  sides,  over  the  ears,  to  the  firm  fascia  covering 
the  thin  ( Icmporalis)  muscle  in  that  region. 

C.  Reflecting  the  Scalp.— Dissect  up  the  scalp  at  either 
side  and  reflect  it  over  the  neck  and  the  face  to  a  level,  if 
possible,  a  trifle  lower  than  the  first  incision  between  the 
roots  of  the  ears.  Before  reflecting  the  frontal  portion 
it  may  be  well  to  cover  tlie  face  with  a  pad  of  cotton  to 
protect  the  features  from  undue  pressure. 

D.  Circular  Di-cision  of  the  Cranium. — Tie  a  cord 
around  the  head  just  dorsad  of  the  cars,  the  frontal  por- 
tion passing  about  15  mm.  from  the  brows;  mark  this 
line  with  a  pen,  or  cut  the  periosteum  to  the  bone.  If 
the  fresh  calva  is  to  be  secured  in  place  after  the  extrac- 
tion of  the  brain,  leave  the  fibrous  cephalic  and  caudal 
margins  of  the  temporal  muscles  for  the  stitches  to  be 
taken  in ;  otherwise  these  muscles  may  be  removed  en- 
tirely. 

In  sawing,*  three  points  are  to  be  observed:  (1)  The 
thicker  frontal  and  occipital  regions  should  betaken  first; 
(3)  at  four  places,  preferably  what  might  be  called  the 
four  corners  of  the  cranium,  the  bone  is  not  to  be  divided 
completely  until  the  calva  has  been  sagittally  divided  (§ 
66):  (3)  if"  the  ectal  features  of  the  brain  are  to  be  pre- 
served intact,  a  sectioned  cranium  should  be  consulted  in 
order  to  estimate  the  thickness  at  variable  points,  and 
frequent  trials  .should  be  made  by  pushing  a  point,  like 
the  probe  end  of  the  tracer,  into  the  kerf  (saw -cut)  at  the 
middle  of  that  part  of  the  convexity ;  when  it  can  be 
pushed  through,  the  sawing  should  proceed  with  care  in 
each  direction. 

E.  Siii/ittal  Division  of  the  Calva. — After  the  circular 
kerf  has  Ijeen  completed,  but  before  the  calva  has  been 
loosened  by  the  chisel. f  carry  a  cord  from  the  brows  to 
the  occiput,  over  the  head,"  at  about  13  mm.  (half  an 
inch)  from  the  meson ;  along  this  line  cut  or  mark  the 
periosteum,  and  saw  completely  through  the  bone. 
Then,  with  taps  of  the  hammer  upon  the  chisel,  sever 
the  remaining  attachments  of  the  smaller  part  of  the 
calva  along  tlie  circular  kerf.  Sometimes  that  piece  will 
come  off  readily;  if  not,  introduce  the  spatula  in  the 
temporal  region,  where  the  bone  is  thin,  keep  its  point 
pressed  against  the  bone  and  so  detach  the  piece ;  in  some 
cases  the  spatula  must  be  introduced  at  other  points, 
always  with  the  minimum  amount  of  pressure  upon  the 
brain. 

The  mesal  adhesions  along  the  sinus  are  now  directly 
accessible,  and  a  sharp  edge  may  be  employed  if  neces- 
sary. The  location  of  any  other  adhesions  may  commonly 
be  inferred  from  what  existed  upon  the  first  piece,  and 
the  removal  of  the  larger  side  of  the  calva  is  completed 
without  difficulty. 

F.  The  Z>f()v/.  I— Unless  it  is  desired  to  retain  the  calval 
dura  entire  the  longitudinal  sinus  should  be  slit  to  let 
out  the  blood.  Commonly,  notwithstanding  all  precau- 
tions, the  saw  has  cut  thedura  at  some  point.  There — 
or  at  any  other  point — commence  with  the  scissors  or 
probe-pointed  bistoury,  and  cut  the  dura  along  a  line 
about  2  cm.  from  the  margin  of  the  cranium  and  turn 

*  Most  of  the  sawin?  should  be  done  by  an  assistant,  that  the  chief 
mav  better  aecomplish  the  later  openuions. 

t  It  the  conditions  are  such  that  the  calva  must  be  kept  entire  there 
seems  to  be  no  other  way  than  to  remove  it  by  pullinL'  upon  either  the 
frontal  or  occipital  edge  with  a  hook  as  is  icimiiicinly  done  at  post- 
mortems; but  this  is  almost  certain  to  tear  tiif  lirain  or  its  telas  or 
plexuses  so  as  to  rciulcr  thmii  unsuited  fur  iiiui-j.tioli.piral  eluridations. 

tSpacewill  not  permit  detailed  dire.ii.ins  for  removing'  the  lirain 
In  the  dura ;  suffli-e  to  say  that  with  lare  and  patience  and  anatomical 
knowledge  it  mav  be  accomplished  so  that  only  a  small  part  of  the 
dura  is  absent  from  the  central  region  of  the  base.  For  the  safe 
bandUng  of  the  brain  and  for  alinjection  purposes  even  the  dorsal 
half  of  the  dura  is  worth  saving.    See  pp.  ITl  and  31:3,  Figs.  730  and  801. 


it  outward  so  as  to  protect  the  delicate  br^in  from  the 
sharp  or  rough  edges  of  the  cranium.*  Lift  the  sides  of 
the  dura  in  turn,  cutting  with  scissors  any  vessels  or 
fibrous  coiuiections  between  the  dura  and  the  cerebrum; 
near  the  meson  there  are  several  veins  entering  the  longi- 
tudinal sinus.  Unless  the  entire  calval  dura  is  to  be 
preserved  the  two  sides  may  now  be  cut  away  along  the 
margins  of  the  sinus. 

G.  The  Fair.— On  Figs.  800,  801,  and  804  (pp.  212, 
213,  215)  note  its  form  and  its  relations  to  the  crista  galli, 
the  tentorium,  and  the  callosum.  In  a  good  light  divari- 
cate the  frontal  lobes  so  as  to  expose  the  narrow  cephalic 
portion  of  the  falx  and  transect  it  with  scissors.  Lift  the 
end  slowly,  dividing  membranous  and  vascular  attach- 
ments as  they  appear;  at  its  wide  occipital  end  there  will 
be  need  of  especial  care  lest  the  traction  dislocate  the  im- 
portant relations  of  parts  about  the  splenium.  The  wide 
end  of  the  falx  may  now  be  divided  along  its  attachment 
to  the  tentorium. 

H.  Freeirifi  the  Ventral  Attachments  of  the  Cerebrum. — 
These  are  (a)  the  entocarotid  arteries  ("  internal  carotids," 
Fig.  803,  p.  214)  and  some  smaller  vessels  and  fibrous 
bands;  (*)  the  optic  nerves  (Fig.  672,  p.  143),  the  hypoph- 
ysis (Fig.  689,  p.  154),  and  the  filamentary  olfactory 
nerves  passing  from  the  ventral  side  of  the  bulb  (Fig. 
672,  p.  143)  through  the  cribriform  plates.  Unless  these 
filaments  are  divided  the  bulbs  or  their  tracts  are  likely 
to  be  torn.  The  head  should  be  tilted  a  little  so  as  to  per- 
mit some  recession  of  the  frontal  lobes.  Raise  these  and 
allow  a  good  light  to  enter  between  them  and  the  cranial 
floor.  AVith  the  syringotome  or  other  small  curved  in- 
strument, divide  or  tear  the  soft  olfactory  nerves  as  they 
enter  the  cribriform  plate  so  as  to  free  the  bulbs ;  some- 
times it  may  be  done  most  easily  with  fine  curved 
scissors. 

The  carotids  are  easily  recognized  at  the  sides  of  the 
chiasma  and  should  be  cut  with  the  scissors. 

The  optic  nerves  are  tough  and  not  apt  to  tear,  but 
the  slender  infundibulum  is  very  easily  broken;  hence, 
before  dividing  the  nerves,  it  is  well  to  cut  the  dura  at 
the  margins  of  the  hypophysial  (pituitary)  fossa  and  so 
dislodge  the  hypophysis  as  comjiletely  as  possible. 
When  this  is  accomplished  divide  the  optic  nerves  close 
to  the  cranium. 

Now  tilt  the  head  first  to  one  side  and  then  to  the  other 
so  as  to  permit  the  division  of  some  veins  connecting  the 
temporal  region  with  the  cranium. 

I.  The  remainder  of  the  operation  will  diflfer  according 
as  the  brain  is  to  be  removed  entire  or  in  two  portions, 
cerebral  and  cerebellar.  For  most  purposes  the  latter  is 
preferable,  and  it  is  so  much  easier  that  the  beginner  is 
advised  to  adopt  it  until  familiarity  with  the  parts  has 
been  gained  by  experience. 

J.  Transect'inn  the  Mesenceplial. — Tilt  the  head  so  that 
the  cerebrum  tends  to  slide  somewhat  cephalad.  Lift  the 
occipital  lobes  and  with  the  scissors  cut  the  vessels  and 
connective  tissue  and  membranes  just  caudad  of  the 
splenium  (Fig.  801)  so  as  to  expose  the  gemina,  the 
dorsal  lobes  of  the  mesencephal  corresponding  to  the 
crura  ventrad  (Figs.  707,  708).  This  is  the  narrow  region 
connecting  the  wider  cerebellar  mass  with  the  still  wider 
cerebral  jiortion,  and  hence  called  sometimes  the  "isth- 
mus." With  the  probe-pointed  bistourj'  or  sharp,  narrow 
scalpel  cut  this  just  caudad  of  the  epiphysis;  the  knife 
should  point  almost  directly  at  the  tip  of  the  nose  if  the 
pons  is  to  be  wholly  avoided.  It  is  sometimes  well  to 
make  two  cuts,  one  from  either  side,  directed  slightly 
cephalad  as  well  as  mesad  so  as  to  avoid  the  curved  mar- 
gin of  the  pons.  The  trochlearis  and  oculomotor  nerves 
will  probably  be  cut  during  the  transection.  If  not,  Ihey 
are  to  be  watched  for  and  divided  during  the  next  step. 

The  cerebrum  may  now  be  lifted  out  with  both  hands 
and  weighed  (^  62)  or  otherwise  dealt  with  as  desired 

(S  61)- 

K.  Tentorium.— T\i\s  is  to  be  cut,  with  the  bluiit- 
pointed  bistoury  or  the  coarse-curved  scissors,  along  its 

*  For  this  valuable  suggestion  I  am  Indebted  to  Dr.  Stroud. 
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attached  periphery  and  removed  entire,  thus  exposing 
the  cephalic  ("upper  ")  aspect  of  the  cerebellum  (Fig.  700, 
p.  159).  If  the  head  is  tilted  a  little  to  one  side  and  the 
other,  the  fingers  may  be  safely  passed  under  the  com- 
paratively firm  pons  so  as  to  lift  the  whole  mass  and 
expose  tile  remaining  cranial  nerves  (Fig.  681,  p.  154). 
When  these  and  the  vertebral  arteries  are  divided  (Fig. 
803.  p.  214)  the  myel  itself  may  be  cut  well  down  in  the 
spinal  canal.  Lastly,  after  replacing  the  parts  and  tilting 
the  head  cephalad,  may  be  divided  the  attachment  of  the 
arachnoid  about  the  foramen  magnum,  and  the  mass  may 
now  be  removed.  It  is  advantageously  kept  entire  till 
hardened,  but  the  cerebium  is  more  easily  dealt  with  and 
commoulj'  more  instructive  if  medisected  at  once. 

§  61.  Medinecting  the  Fresh  Cerebrum. — This  is  to  be 
done  with  a  large  knife,  thin  and  very  sharp.  The  mass 
should  rest  in  a  wide  dish  of  brine  and  be  steadied  but 
not  actually  supported  by  cotton  at  the  sides.  The 
frontal  lobes  are  held  closely  together  by  tlie  arachnoid 
along  a  line  corresponding  with  the  ventral  (concave) 
margin  of  the  falx  (Figs^  800  and  801,  pp.  212,  213). 
This  arachnoid  must  be  torn  or  carefully  divided  so  as  to 
permit  the  slight  divarication  of  the  hemicerebrums  and 
the  exposure  of  themesal  zone  of  thecallosum,  recogniz- 
able from  its  white  color  at  the  bottom  of  the  intercerebral 
fissure. 

If  there  are  special  reasons  for  obtaining  an  accurate 
medisection  of  the  callosum  itself  or  of  tlie  pseudocele 
(Fig.  756,  p.  189)  the  section  maj' begin  with  the  callosum, 
preferably  the  genu  or  cephalic  curvature. 

Commonly,  however,  I  have  found  the  delicate  terma 
and  medicommissure  more  perfectly  preserved  when  the 
cerebrum  rests  upon  its  dorsum  and  the  chiasma  is  divided 
first.  In  either  case  the  knife  should  be  constantly  irri- 
gated. 

§  62.  Weighing  the  Fresh  Braiti. — This  may  be  done 
in  any  of  three  ways. 

A.  With  an  animal  of  moderate  size,  or  a  child,  or  a 
separated  head,  the  weight  of  the  brain  represents  the 
loss  of  weight  of  the  animal,  child,  or  head  after  its  re- 
moval. 

B.  A  vessel  partly  full  of  water,  salt  solution,  or  brine, 
is  balanced  upon  the  scales;*  the  brain  is  lifted  from  the 
liquid  in  which  it  has  been,  in  the  hollowed  hands;  they 
and  the  brain  are  rinsed  with  water,  and  the  brain  is 
transferred  to  the  vessel  on  the  scales.  If  the  dura  re- 
mains the  weighing  cannot  be  accurate,  even  by  deduct- 
ing its  weight  when  removed. 

C.  After  recording  the  weight  required  to  balance  the 
added  brain,  then — having  first  wet  the  hands  with  a 
liquid  identical  in  composition  with  that  in  which  the 
brain  is  immersed — remove  the  brain  and  record  the  loss 
of  weight.  Theoretically  it  should  be  the  same  as  had 
to  be  added  before ;  practicalh'  there  is  usually  some  dif- 
ference, and  the  average  of  the  two  may  be  taken  as 
representing  the  true  weight. 

§  63.  Determining  the  Vnlume  of  a  Brain. — This  is 
done,  as  with  any  other  mass,  in  either  of  two  ways. 

A.  Into  a  vessel  of  accurately  known  capacit)-  pour  a 
given  volume  of  liquid;  dip  the  hands  in  the  same,  and 
transfer  to  it  the  brain;  then  from  a  graduated  vessel 
add  enough  more  of  the  liquid  to  fill  the  first  vessel.  The 
difference  between  the  total  capacity  of  the  vessel  and 
the  sum  of  the  two  volumes  of  liquid  introduced  repre- 
sents the  volume  of  the  brain. 

B.  Set  a  vessel  in  a  deep  pan,  dish,  or  pail.  With  any 
liquid  (salt  solution,  water,  or  alcohol  and  water)  that  is 
lighter  than  the  brain,  fill  the  vessel  just  to  the  brim. 
Let  the  brain  into  it  gradually ;  the  overflow  will  repre- 
sent its  volume. 

Obviously  a  combination  of  the  two  methods  is  most 
satisfactory. 

§  64.  Diriding  Nervei  and  Vessels. — As  a  rule  this 
should  be  done  with  the  scissors,  not  so  much  to  avoid 

*  Some  trouble  will  be  avoided  if,  after  the  pan  of  Uquid  has  been 
counterpoised  upon  the  scales  by  an  approximately  equal  weipht,  say 
500  or  1,000  or  1.500  gm.,  the  exact  balancing  is  accomplished  by 
removing  or  adding  liquid  with  a  syringe. 

376 


blunting  the  scalpels  by  contact  with  bone  as  to  avoid 
the  almost  inevitable  traction  and  breakage  of  delicate  or 
important  attachments. 

§  65.  Ckmng  Divided  Vessels. — This  may  be  desirable 
either  to  prevent  the  disfigurement  of  the  body  or  cloth- 
ing by  blood,  or  to  permit  the  injection  of  the  general 
vascular  system.  In  the  latter  case,  unless  the  divided 
vertebrals  and  carotids  can  be  tied  or  caught  with  serres- 
fines.  the  regions  in  which  thej'  open  may  be  filled  with 
plaster  of  Paris.  In  the  former  case,  plugs  of  absorbent 
cotton  may  be  pushed  into  the  spinal  canal  and  the  vas- 
cular orifices  at  the  base  of  the  skull,  and  the  cranium 
then  filled  firmly  with  the  cotton  so  as  to  be  compressed 
and  crowded  down  by  the  calva. 

§  66.  Reuniting  the  Divided  Oilvn. — If  necessary,  at 
once,  or  at  any  time,  the  two  parts  of  the  calva  may  be 
united  by  wires,  or  even  cords,  passed  through  holes  at 
the  middle  and  at  each  end ;  such  holes  may  be  made 
with  a  drill,  awl,  or  wire  nail. 

§  67.  Reattaching  the  Calva. — Whether  reunited  or  not 
the  two  pieces  of  the  calva  may  be  secured  by  wires 
through  holes  at  each  of  the  four  "corners"  (§60,  D). 
Further  stability  is  gained  by  stitching  the  divided  edges 
of  the  temporal  fascia. 

§  68.  Seiring  up  the  Scalp. — A  knot  should  be  tied  at 
the  end  of  the  silk  and  the  needle  introduced  at  the  root 
of  the  ear,  at  first  ecto-entad  (from  the  surface  inward), 
afterward  ento-ectad  (from  within  outward);  the  stitches 
not  too  long,  and  not  entangling  the  hair.  Even  if  the 
concealment  of  disfigurement  is  not  essential  the  opera- 
tion should  be  neatly  done  unless  there  are  special  reasons 
for  unusual  haste. 

I  69.   Other  Methods  of  Removing  the  Adult  Brain.* 

I  70.  By  Removal  of  the  Oceipital  Region  of  the  Cra- 
nium.— At  the  meeting  of  the  American  Neurological 
Association.  June  22d,  1883,  as  reported  in  its  Transac- 
tions, p.  84.  as  reprinted  from  the  Journal  of  Nervous 
and  Mental  Disease,  July,  1883,  Dr.  Spit zka  described  as 
follows  a  method  which,  he  informs  the  writer,  he  has 
known  to  be  employed  b.v  some  German  anatomists. 
The  writer  has  not  tested  this  method  personally,  but  is 
disposed  to  regard  it  as  better  adapted  to  patiiological 
than  to  anatomical  purposes,  and  as  such  entitled  to  be 
considered  in  connection  with  the  usual  method,  and 
with  that  described  on  pp.  789-791  of  Vol.  V.  of  the  first 
edition  of  the  REFEnEXCE  H-\>>I)book; 

"The  scalp  is  divided  in  the  median  line,  beginning  a 
little  in  front  of  the  coronal  suture,  and  extending  down 
the  neck.  If  it  is  desired  to  remove  the  spinal  cord  the 
incision  is  extended  to  the  lumbo-sacral  region.  Two 
lateral  flajis  are  formed  in  the  head  region,  tlie  soft  parts 
being  peeled  from  the  dorsal  aspect  of  the  cervical  verte- 
bra and  the  posterior  half  of  the  skull.  A  circular  in- 
cision is  made  [with  the  saw]  in  tlie  skull,  behind  the 
ears,  and  completely  encircling  it  down  to  the  foramen 
magnum,  care  being  taken  not  to  injure  the  connection 
between  the  articular  processes  of  the  atlas  and  the  oc- 
cipital condyles ;  the  posterior  half  of  the  skull  is  removed 
exactlv  as  the  calvariuni  ordinarily  is.  by  taps  of  a  chisel; 
sometimes  a  rongeur  forceps  suffices  lo  complete  the 
division  near  the  foramen  magnum.  The  adhesion  about 
the  lateral  [and  longitudinal]  sinus  and  torcular  Hero- 
phili  can  be  readily  overcome  by  a  home-made  apparatus 
like  the  knife  [spatula,  or  round-pointed  knife,  curved 
flatwise]  shown  by  Professor  AYilder.  The  advantages 
of  this  method  are:  1,  The  spinal  cord  and  brain  can  be 
demonstrated  in  eontinuo ;  2,  the  critical  operation  of 
lifting  the  hemispheres  and  gouging  out  or  injuring  the 
cerebellum  in  dividing  the  tentorium  is  obviated;  3,  the 
nerves  and  arachnoidal  laminae  at  the  base  may  be  divided 
without  allowing  the  brain  to  drag  by  its  own  weight. 
These  nerves  are  divided  from  behind  forward.  As  soon 
as  the  chiasm  is  divided,  the  skull  is  inclined  a  little,  and 
the  brain  allowed  to  fall  into  the  hands  of  the  operator 
by  its  own  weight,  it  being  completely  separated,  except 
where  the  olfactory  filaments  pass  through  the  ethmoid; 

♦  See  the  article  Autopsies. 
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but  these  yield  readily,  and  I  have  gotten  tbe  olfactory 
bulb  intact  as  often  by  this  as  the  other  method.  The 
removal  accomplished,  the  occipital  segment  is  riveted 
back,  and  a  stick  of  wood  inserted  in  the  spinal  canal  and 
extending  to  the  cranial  interior  restores  the  strength  to 
the  head" support,  impaired  by  the  breaking  up  of  part 
of  the  vertebral  attachments." 

§  71.  The  method  of  Fere  (as  briefly  described  in  a 
paper  "Procede  de  coupe  du  crane,"  Soc.  Anat.  de  Paris 
Bulhtin,  ii.,  206-307.  March,  1877)  is  by  a  circular  incision 
ver_v  low  down  from  the  eyebrows  ventrad  of  the  auditory 
meatus  to  a  point  between  the  foramen  magnum  and  the 
dorsal  arch  of  the  atlas.  This,  if  successful,  would  un- 
cover the  brain  very  fully  and  permit  its  replacement  in 
the  calva  after  extraction :  but  it  seems  inevitable  that 
the  petrous  bones  should  give  trouble  as  well  as  be  them- 
selves destroyed. 

§  73.  Remmnng  the  Brain  from.  Late  Fetuses,  StiU-Borns, 
or  Touriff  Children. — ^This  is  most  conveniently  done  if 
the  cranium  and  maxillary  region  are  first  cut  away  from 
the  neck  and  mandible  by  cutting  with  coarse-curved 
scissors  from  the  corners  of  the  mouth  to  the  nape  of  the 
neck.  The  mass  thus  obtained  is  compact  and  may  stand 
upright  in  liquid. 

A.  Instruments  and  materials  required.  Coarse  for- 
ceps; coarse-curved  scissors  for  bone:  another  sharp  pair 
for  soft  parts:  tracer  (Fig.  985):  nippers  (Fig.  980): 
large  scalpel:  narrow-bladed  scalpel,  preferably  a  probe- 
pointed  bistoury:  four  vessels,  holding  about  two  litres 
each;  two  of  water;  one  of  preservative;  one  of  saturated 
brine:  if  the  weight  of  the  brain  is  to  be  ascertained  (§ 
63)  the  body  should  be  weighed  before  the  head  is  re- 
moved, and  there  should  be  ].irovided  a  fifth  vessel  of 
normal  salt  solution  (1.5  to  3,000). 

B.  The  scalp  should  be  removed  completely,  together 
with  the  ears,  and  temporal  muscles  as  far  as  the  zygomas. 

C.  Cranium  and  dura.  In  young  subjects  these  ad- 
here closely;  hence,  contrary  to  what  is  recommended 
with  adults,  they  should  be  removed  together  in  jueccs. 
With  the  tracer-point  lift  the  united  pericranium  (ectal 
periosteum)  and  dura  near  the  left  margin  of  the  prefon- 
tancl  (p.  313,  §  388),  and  with  the  scissors  or  scalpel  slit 
the  tough  membrane  .so  as  to  expose  a  little  of  the  brain. 
Grasp  the  cut  edge  with  the  forceps  and  with  the  scissors 
cut  out  a  piece  including  pericranium,  dura,  and  interven- 
ing area  of  parietal  bone.  Continue  in  this  way.  using  the 
nippers  when  necessary,  until  the  entire  left  hemicerebrum 
Is  exposed.  More  and  more  care  will  be  required  to  avoid 
injuring  the  delicate  brain,  either  by  the  instruments  or 
the  cut  edges  of  bone. 

Leaving  the  falx  undisturbed,  expose  the  right  hemi- 
cerebrum in  the  same  way,  but  with  even  more  precau- 
tion and  holding  the  head  so  that  the  left  is  more  or  less 
completely  supported  in  the  brine. 

D.  Proceed  then,  mutatis  mutandis,  as  directed  for 
the  adult  (§  60,  G). 

§  73.  Ec'innriitfj  the  Eemicerebrums  Sejxtrately. — The 
following  mndilication  of  the  method  just  described  has 
some  advantages.  After  the  exposure  of  the  left  hemi- 
cerebrum cut  the  veins  as  before.  Let  the  head  tilt  to 
the  left  so  as  to  expose  the  callosum.  Divide  it,  as 
directed  above,  down  to  the  base  of  the  skidl:  then  the 
left  half  of  the  mesencephal ;  then  the  inf undibulum  and 
optic  nerve ;  and  finally  dislodge  the  olfactorj-  bulb. 

These  last  parts  are  then  to  be  attended  to  first  on  the 
right  side:  the  falx  is  easily  removed,  and  the  hemicere- 
brum comes  out  as  soon  as  the  veins  are  cut.  The  chief 
objection  to  this  method  is  the  danger  of  cutting  the 
mesal  aspect  of  one  of  the  frontal  lobes. 

§  74.  When  there  are  reasons  for  not  mutilating  the 
head,  the  removal  of  a  child's  brain  is  much  less  con- 
venient. The  body  and  legs  should  be  wrapped  up  so  as 
to  be  held  and  turned  easily.  Unless  the  child  can  be 
held  by  an  assistant,  it  will  be  found  convenient  to  let  it 
rest  in  a  sort  of  trough,  like  a  piece  of  large  roof  gutter: 
or  to  roll  it  up  in  a  sheet  of  lead,  which,  upon  pressure, 
will  flatten  so  as  to  maintain  any  desired  position.  The 
tray  or  trough  must  be  supported  at  a  level  with  the  rim 


of  the  vessel  of  brine,  so  that  the  head  may  hang  over 
into  it  when  desired.  Needle  and  thread  must  be  pro- 
vided for  sewing  up  the  scalp. 

I  75.  Ventral  Exposure. — For  some  purposes,  e.g., 
when  the  organ  is  to  be  kept  entire,  or  when  the  nerve- 
roots  are  to  be  retained,  the  young  brain  maj-  advantage- 
ously be  exposed  from  the  ventral  side;  this  aspect 
should  lie  first  studied,  as  shown  in  Figs.  673  and  806; 
then  the  base  of  the  cranium  may  be  nipped  away,  or 
cut  with  the  coarse  scissors;  it  will  be  well  to  expose  one 
side  completely  first,  so  that  any  errors  detected  may  be 
avoided  on  the  other.  With  care  the  hypophysis  (Figs. 
689  and  708)  may  be  retained. 

This  method  is  less  ai^plicable  to  adult  brains,  on  ac- 
count of  the  thickne.ss  of  the  skull;  this,  however,  may 
be  softened  by  nitric  acid  (^  137). 

On  February  1st,  1884,  the  writer  removed  the  cranium 
of  a  small  moakey .{3ftdas,  No.  343)  by  means  of  a  dental 
engine,  working  a  small  saw  and  a  burr.  It  may  be  pre- 
dicted that  in  time  the  work  now  done  laboriously  with 
saw  and  nippers  will  be  accomplished  more  neatly  and 
expeditiously"  by  some  apparatus  like  the  electro-osteo- 
tome  of  the  late  Dr.  M.  J.  Roberts  {Virginia  Medical 
Monthly,  March,  1887). 

§  76.  Braiii.'O'f  themiddle  and  later  gestatire  periods  and 
at  term  are  most  useful  for  the  comprehension  of  the 
early  and  simple  condition  of  the  fissures  and  of  the  order 
of  their  appearance.  The  best  results  are  obtained  by 
their  prompt  removal  as  described  in  §§  73-75,  and  hard- 
ening with  some  zinc-chloride  mixture  (g  89).  The  arte- 
rial injection  of  such  brains  rarely  preserves  them  well, 
and  the  gyres  are  commonly  so  pressed  together  as  to 
interfere  with  both  the  removal  of  the  pia  and  the  recog- 
nition of  their  relations. 

§  77.  Early  Fetal  Brains,  Tiro  to  Four  31oiiths.—VB- 
less  one  has  acquired  considerable  skill  in  manipulating 
such  delicate  objects,  these  should  be  hardened  in  place 
by  one  of  the  following  methods,  or  by  a  combination  of 
them;  a  five-percent,  solution  of  zinc  chloride  in  alcohol 
is  very  effective  with  embryo  brains: 

A.  Injection  of  the  preservative  through  the  umbilical 
vein. 

B.  Immersion;  if  alcohol,  or  the  above  solution,  is 
used  the  specimen  should  be  suspended  in  it. 

C.  Injection  of  the  preservative  with  a  hypodermic 
syringe  both  into  the  body  in  general  and  into  the  cavities 
of  the  brain.*  The  cannula  should  be  pushed  through  the 
scalp  at  the  margin  of  the  prefontanel  (p.  312,  §  388), 
obliquely  latero-ventrad  so  as  to  traverse  the  thin  parietes 
and  enter  the  large  frontal  portion  of  the  paracele  (Figs. 
667,  716,  747).  The  success  of  the  injection  is  shown  by 
the  expansion  of  the  opposite  half  of  the  head  due  to  the 
passage  of  the  liquid  through  the  portas  ("  foramina  of 
Monro  ")  into  the  corresponding  paracele. 

The  exposure  of  such  brains  must  be  done  under  or  over 
alcohol;  the  cranium  and  dura  must  be  divided  together 
at  each  cut  (^  73,  C) .  The  operation  is  tedious,  but  the 
results  are  revelations,  no  matter  how  often  performed; 
no  specimens  are  more  beautiful  or  instructive;  see  Figs. 
667,  746,  748. 

§  78.  Hydrocephalic  brains,  and  those  of  fetuses  be- 
tween the  second  and  seventh  month,  are  alinjected  in 
place  from  the  aorta  or  other  artery,  and  also  have  the 
more  or  less  abundant  neurolymph  replaced  by  strong  al- 
cohol. This  direct,  entocelian  alinjection  is  done  as  soon 
as  possible  after  the  arterial  has  begun :  it  is  most  con- 
veniently accomplished  by  making  a  slit  at  one  margin 
of  the  prefontanel  large  enough  to  permit  the  introduc- 
tion of  a  cannula  and  the  escape  of  liquid  at  its  side.  The 
injection  need  not  be  continuous,  and,  of  course,  should 
not  be  under  pressure,  but  may  be  repeated  at  intervals 
of  an  hour  or  two. 

§  79.  When  a  hydrocephalic  or  fetal  brain  is  wanted 
for  a  special  object  involving  the  integrity  of  the  entire 
cerebrum  or  the  complete  distention  of  the  metepenceph- 

'  So  far  as  tlie  writer  is  aware,  this  was  first  done  by  Professor  S.  H. 
Gage,  May  ITth,  1893,  upon  specimen  2,947. 
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alic  cavities,  then  the  imdesired  region  is  cut  away,  the 
desired  region  left  in  the  cranium,  and  the  alcohol  in- 
jected througli  the  mesocele,  continuousl_y,  in  order  to 
make  up  for  Ihe  non-injection  of  the  arteries. 

t^  80.  Removed  embr3-o  and  liydrocephalous  brains  are 
relieved  from  pressure  during  hardening  by  inflating  the 
cavities:  Fig.  715.  The  buoyancy  of  even  an  adult 
normal  brain  is  sometimes  increased  by  injecting  air  into 
the  arteries  through  a  bulb  syringe. 

§  yi.  Pri'sermtire  Liquids. — Alcohol  is  a  perfect  pre- 
servative, liut  it  bleaches  the  cinerca,  and  in  any  mixture 
with  water  strong  enough  to  be  effective  the  brain  sinks 
and  becomes  distorted.  The  specitic  giavity  of  the  mix- 
ture may  be  increased  by  glycerin,  zinc  chloride,  or  other 
heavy  soluble  salts  (§  83-84).  Sti'ong  alcohol  may  be  in- 
jected into  the  cavities  and  blood-vessels  of  the  brain  (§§ 
91-108). 

t;  82.  Alwhol  and  Glycerin.— One  of  my  most  perfect  and 
instructive  fetal  brains  (1,820;  Fig.  75l".  p.  187)  was  first 
placed  in  equal  jiarts  of  alcohol  and  glycerin;  after  two 
days  half  the  rai.xture  was  replaced  by  alcohol ;  after  two 
days  more  alcohol  alone  was  used,  and  this  was  renewed 
on  the  following.     The  mixture  merits  systematic  trial. 

S  83.  Alcohol  and  Zinc  CJdoride. — A  five-per-cent. 
solution  of  this  salt  in  ordinary  (ninety -five-per-cent.) 
alcohol  is  very  effective  with  embryo  and  fetal  brains, 
whether  by  injection  <ir  immersion. 

s$  84.  Aiiuiioniiim.  Bichromate. — Our  use  of  this  has 
not  been  sufficiently  extensive  for  a  general  statement, 
but,  at  the  suggestion  of  Professor  Gage,  it  was  employed 
in  as.soeiatioD  with  alcohol  very  successfully  in  the  prepa- 
ration of  the  specimen  represented  on  pp.  17(5  and  184 
(Figs.  732  and  744).  In  equal  parts  of  alcohol  and  water 
the  salt  was  dissolved  in  the  portion  of  3.5  gm.  to  the 
litre.  In  addition  to  the  thorough  hardening  of  the  sub- 
stance and  the  unusually  perfect  maintenance  of  the 
membranous  and  plexal  attachments,  the  color  differentia- 
tion was  sufficient,  although  the  subsequent  prolonged 
preservation  in  alcohol  alone  has  nearly  bleached  the 
cinerea.  This  salt  merits  further  trial  in  various  com- 
binations. 

§  85.  Pota.%iiiim  Dichromate. — This  is  the  essential  in- 
gredient of  Milller's  liquid  (g  86).  Dr.  Stroud  has  deter- 
mined that,  at  the  temperature  of  20'  C.  (68"  F.),  a 
saturated  solution  of  potassium  dichromate  contains 
about  ten  per  cent,  of  the  salt;  at  boiling  the  per  cent,  is 
forty-four.  His  method  of  using  it  is  to  effect  the  solu- 
tion rapidly  in  boiling  water;  when  cool,  enough  water 
is  added  to  float  the  l)rain  just  below  the  surface. 

The  specimens  in  this  solution  or  in  Mtiller's  liquid 
should  be  kept  in  the  dark,  i.e.,  in  metal  pans  with  metal 
covers,  or  in  a  dark  room. 

As  soon  as  the  brain  is  firm  to  the  touch  it  may  be 
soaked  for  a  day  in  water  and  then  in  alcohol,  at  first 
about  forty  per  cent.,  then  stronger,  until  the  alcohol 
ceases  to  be  colored,  after  which  it  may  be  kept  in  al- 
cohol of  not  less  than  eighty  per  cent.* 

The  alcohol  that  is  so  colored  may  be  used  for  the  same 
purpose  with  other  brains,  or  for  the  storage  of  specimens 
not  requiring  it  to  be  either  colorless  or  very  strong. 

S  86.  iliilhr's  Liquid. — This  consists  of  two  parts  of 
potassium  dichromate  and  one  part  of  sodium  sulphate 
in  one  hundred  parts  of  water.  Beyond  increasing  the 
buoyancy  of  the  liquid,  the  sodiiun  sulphate  seems  to 
have  no  special  value  for  either  microscopic  or  macro- 
scopic purposes  and  is  often  omitted.  Sufficient  buoy- 
ancy may  be  attained  by  increasing  the  per  cent,  of  the 
essential  ingredient  (t5  85). 

§  87.  The  Ineompatihility  of  Alcohol  irith  Potas-iinm 
Dichromate. — A  chemist  to  whom  the  matter  was  sul)- 
mitted  states  that  when  alcohol  and  potassium  dichromate 
are  mixed  in  any  proportion  the  salt  will  be  at  least 
partially  reduced,  and  there  will  also  be  formed,  from 
the  alcohol,   various  compounds,  as  acetic  acid,  acetic 

*  Tbe  specimens  may  be  more  completely  decolorized  by  absolute 
alcohol  (W.  C.  Krauss),  by  hydroijen  peroxide  (I'nna,  Arch.  fUr 
mikrns.  Anal.,  xxx..  48,  1887),  or  by  a  one-per-cent.  soluUon  of 
chloral  hydrate  ILee,  "  Microtomist's  Vade  Mecum  "). 


aldehyde,  etc.  These  processes  take  place  in  either  the 
light  or  the  dark,  but  more  rapidly  in  the  light. 

g  88.  Zinc-(jlycerin  Mi.rture. — After  careful  considera- 
tion of  prior  suggestions,  and  prolonged  experimentation, 
P,  A.  Fish  published  (1893,  p.  393;  1894.  p.  101)  the 
formula  of  a  liijuid  which,  "  though  not  ideal  in  its  effects, 
seems  to  answer  the  requirements  of  economy,  fixation 
of  the  structural  elements,  differentiation  of  tissue,  a 
minimum  amount  of  distortion,  firmness  of  texture,  and 
rapidity  of  action. 

■'  The  formula  is  as  follows ; 

Water 400  c.c. 

Ninety -five-per-cent.  alcohol 400  c.c. 

Glycerin 250  c.c. 

Zinc  chloride '. 20  gm. 

Sodium  chloride 20  gm. 

"  The  specific  gravitv  of  the  mixture  should  be  about 
1.04,  a  Httle  greater  tlian  that  of  the  brain  itself  (1.0;i8). 
The  slightly  greater  density  of  the  fluid  is  believed  to  be 
more  advantageous  than  otherwise,  since  it  buoys  the 
brain  until  the  tissue  has  begun  to  harden  and  can  par- 
tially support  its  own  weight.  The  pressure  is  nearly 
enough  equal  on  all  sides  to  prevent  any  noticeable 
change  of  form.  It  is  recommended  that  the  cavities  of 
the  brain  be  filled  with  the  mixture  (celinjected)  and  if 
practicable  the  blood-vessels  also  injected.  After  an  im- 
mersion of  about  three  daj-s  the  specimen  should  be 
transfen'ed  to  equal  parts  of  the  foregoing  mixture  and 
seventy-per-c<>nt.  alcohol  for  a  week  or  more,  where  on 
account  of  the  lesser  specific  gravity  it  should  rest  upon 
a  bed  of  absorbent  cotton ;  it  is  finallj'  stored  in  ninety-per- 
cent, alcohol." 

§  89.  Zinc-Formalin  Mixture. — Two  years  later  Fish 
published  (1895,  «,  and  b)  the  results  of  two  experiments 
with  an  agent  then  comparatively  little  known.  Refer- 
ring to  the  zinc-glycerin  liquid  he  says;  "Experiments 
with  formalin  (forty-percent,  formic  aldehyde)  show  that 
practically  as  good  results  may  be  obtained  at  less  cost 
when  the  following  mixture  is  employed; 

Water 2,000  c.c. 

Formalin 50  c.c. 

Zinc  chloride 15  gm. 

Sodium  chloride 100  gm. 

The  brain  is  left  in  the  mixture  for  a  week  or  ten  days 
(a  longer  stay  is  not  detrimental) ;  when  practicable  the 
cavities  and  blood-vessels  are  injected  with  the  same  to 
insure  a  more  uniform  hardening." 

Respecting  the  subsequent  treatment  Dr.  Fish  writes 
me  that  he  recommends  a  course  slightly  different  from 
that  indicated  in  the  papers  qtioted.  For  storage,  a  five- 
per-cent.  solution  of  formalin,  i.e..  50  c.c.  to  1,000  of 
water.*  In  this  it  may  remain  indefinitely  if  properly 
covered.  For  museum  purposes  it  may  be  placed  suc- 
cessively for  a  few  days  each  in  alcohol,  50,  70,  90,  and 
95  per  cent. 

§  90.  Saline,  Alcohol. — Dr.  Stroud,  the  successor  of  Dr. 
Fish,  continued  experiments  with  the  same  important 
end  in  view  and  devised  a  liquid  which  dispenses  with 
the  irritating  zinc  chloride,  combines  the  two  liquid 
preservatives,  alcohol  and  formalin,  and  overcomes  the 
difficulty  due  to  the  slight  solubility  of  the  sodium  chlo- 
ride in  an  alcoholic  mixture  by  employing  a  somewhat 
larger  portion  of  another  salt,  sodium  acetate.  The 
formula  as  published  in  1896  is  as  follows: 

Sodium  acetate 130  gm. 

Sodium  chloride 110  gm. 

Formal      [formalin]     (forty-per-cent. 

formaldehyde) 20  c.c. 

Alcohol  (ninety-five  per  cent.) 460  c.c. 

Water 540  c.c. 

Dissolve  the  sodium  acetate  and  the  sodium  chloride  in 
the  water.     Cool  and  filter,  then  add  the  alcohol.     With 


*  As  the  formalin  does  not  preyent  the  freezing  of  the  water,  cold 
must  be  f^uarded  against. 


il 


378 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES. 


Brain. 
Brain. 


alcohol  free  of  tax  the  cost  is  about  fourteen  cents  per 
litre. 

For  a  human  brain  is  required  about  3  litres,  i.e.,  three 
times  the  above  formula.  For  a  sheep's  brain,  about 
400  c.c,  or  half  the  formula. 

Brains  should  remain  in  brine  to  soak  out  the  blood  for 
a  time  dependent  on  their  size.  They  should  remain  in 
the  saline  alcohol  for  ten  or  fifteen  da.vs.  but  a  longer 
period  is  not  harmful.  Then  they  may  be  transferred  to 
increasinu:  percentages  of  alcohol. 

During  the  last  four  years  there  have  been  prepared 
by  the  saline-alcohol  scores  of  human  brains  and  hun- 
dreds of  brains  of  sheep  and  other  animals,  and  it  has 
proved  wholly  satisfactory  for  macroscopic  purposes. 
whether  for  dissection  or  permanent  preservation.  The 
structural  and  color  distinctions  between  alba  and  cinerea 
are  well  maintained. 

^  91.  E-xperiments  are  making  with  a  saline-alcohol 
in  which  the  components  have  a  simpler  ratio,  and  the 
results  will  be  annt)unced  as  soon  as  practicable. 

§  93.  EntoccUan  Injection. — To  fill  with  a  hardening 
and  preservative  liquid  cavities  surrounded  by  flexible 
walls  would  seem  to  be  a  natural  device  both  for  the 
better  preservation  of  the  mass  and  for  the  maintenance 
of  the  forms  and  relations  of  the  cavities.* 

A  small  glass  syringe  may  be  employed  for  injecting 
preservative  liquids  into  the  brain  cavities,  either  directly 
or  by  attaching  a  rubber  tube  and  cannula, 

§  93.  Seldom,  if  ever,  excepting  perhaps  with  very 
small  or  thin-walled  specimens  (e.g..  the  brain  of  Crypto- 
branehns  shown  on  p.  170,  Fig,  71T)  is  a  single  or  mo- 
mentary introduction  of  the  preservative  sufficient, 

§  94.  OintiinKitis  Injection. — This  involves,  first,  the 
elevation  of  the  reservoir  of  preservative  to  a  height 
(upon  a  shelf  or  at  the  end  of  a  cord)  sufficient  to  in,sure 
steady  and  adequate  pressure;  secondly,  the  avoidance 
of  damage  from  the  clogging  or  twisting  of  tubes  or  the 
overflow  of  the  liquid  tliat  has  escaped  after  traversing 
the  vessels  or  the  cavities.  The  various  i-equirements 
may  be  met  by  simple  arrangement  of  pinchcocks  and 
flexible  wire  supports  of  copper  or  lead. 

§  9.5.  Withcmt  conceding  the  existence  of  other  natural 
orifices  from  the  paraceles  {lateral  ventricles)  (p.  171, 
Fig.  721),  both  human  and  animal  brains  present  outlets 
for  the  escape  of  the  injected  liquid  so  as  to  obviate  the 
danger  of  rupturing  the  thinner  parietes  under  any 
pressure  that  might  be  required  for  filling  the  cavities. 
With  animals  the  myelocele  (central  canal  of  the  spinal 
cord)  is  pervious  through  life.  With  a  cat.  for  example, 
where  4  cm,  of  the  myel  remained  attached  to  the  brain, 
alcohol  injected  into  the  diacele  (third  ventricle)  with  a 
syringe  escaped  from  the  myelocele  in  a  stream  8  to  10 
era,  long,  although  the  orifice  of  exit  was  43  mm,  fi-om 
the  tip  of  the  metaceleand  66  from  the  place  of  injection. 
With  human  brains  (excepting  early  stages  when  the 
myelocele  woidd  probably  be  sufficiently  pervious)  there 
Is  an  ample  outlet  at  the  metapore  (foramen  of  JIagendie), 
(p.  154,  §  78).  The  same  is  the  case  with  apes  and  some 
monkeys.  Hence  the  cannula,  instead  of  fitting  loosely, 
may  be  tied  into  the  infundibulum,  or  made  large  enough 
to  fit  it  closely.  In  the  latter  case  the  cannula  may  need 
a  rubber  collar  to  prevent  its  entrance  so  far  as  to  lacerate 
the  medicommissure  or  parietes.  This  precaution  may 
be  rendered  superfluous  by  using  a  cannula  which  is  bent 
upon  itself  at  a  right  angle,  in  the  form  of  a  capital  letter 
L  turned  one  quarter  way  around,  thus.  i~:  the  shorter 
arm  enters  the  orifice  (for  tying  in  the  infundibulum  a 
shght  enlargement  of  tlie  point  is  desirable);  the  longer 
rests  upon  the  base  of  the  brain  and  has  attached  to  it 

•The  method  was  first  finplovwi  bv  me.  as  assistant  to  the  late 
Prof.  Louis  Agassiz,  at  .\;diaTiI,  M:iss„  in  July.  1867.  for  permanent 
preparations  of  preat  vasrular  sinusi'S  in  rays.  Since  that  time  it  has 
been  apt-Ht'd  in  thp  anatomical  laboratory  of  Cornell  rnivcrsity  to  tlie 
prppaniti<iii  ami  studv  of  hollow  orpans  of  all  kinds,  stoinacli,  ccnun. 
heart,  uterus,  l<iilncv,  and  brain.  In  1880  I  first  learned  that  the  in- 
jection ef  ul.nh"!  into  Ijearts  was  advised  in  18tM  by  H>tH.  and  in  ISTH 
by  Mnisisnvics ;  the  fiiniier  a.scrihps  the  idea  to  William  Hunter,  f  am 
not  aware  that  uijectiou  of  a  preservative  into  the  brain  cavities  was 
practised  or  sutrefested  by  any  one  prior  to  December  14th,  1881,  when 
I  employed  it  upon  a  child's  brain. 


the  tube  connected  with  the  syringe  or  injection  reservoir 
This  tube  should  be  short  and  slender;  in  the  intervals  of 
injecting  it  maj'  be  compi'essed,  or  plugged  with  a  glass 
or  cork. 

^  96.  Entoceliau  injection,  whether  repeated  or  con- 
tinuous, may  be  accomplished  from  any  artificial  orifice. 
The  most  favorable  place  is  themesoeele  (a(|ueduct)  after 
transection  of  the  brain :  the  cannula  may  lie  selected  so 
as  to  fit  it  closely.  With  the  cerebellar  portion  of  the 
brain  the  metapore  would  serve  as  the  outlet;  with  the 
cerebral  it  might  be  necessary  to  tie  the  infundibulum  to 
prevent  too  ready  escape  therefrom ;  with  a  small  stream 
at  a  slight  elevation  above  the  brain  it  is  probable  that 
any  excess  would  be  provided  for  by  oozing  along  the 
rima. 

§  97,  Entocelinn  Alinjectinn.  per  Luram. — Four  points 
are  to  be  kept  in  mind:  (l)The  smallness  of  the  orifice 
(Fig,  673).  w-hich  may  be  enlarged,  if  desired,  with  the 
probe  or  by  clipping  the  infundibulum  shorter;  (2)  the 
general  dorso-caudal  direction  of  the  passage  (Fig,  687) ; 
(3)  the  danger  of  wounding  the  parietes,  and  especially 
the  medicommissure:  the  cannula  should  therefore  be 
short,  the  tube  small  and  flexible,  and  the  cannula 
pushed  through  a  disc  of  ruhlier  so  as  not  to  enter  more 
than  1  cm.  ;  (4)  the  weakness  of  the  encephalic  substance 
after  death ;  hence  no  more  pressure  should  be  exerted 
than  suffices  to  fill  the  cavities  and  cause  a  slight  eleva- 
tion of  the  tips  of  the  temporal  lobes.  The  alin  jection  can 
shoidd  be  just  above  the  level  of  the  brain,  and  the  can- 
nula fit  loosely  in  the  lura  so  that  the  excess  of  alcohol 
may  escape. 

§'  98.  Coniliincrl  Arteriiit  nnd  Entocelinn  Alinjection. — 
This  very  effectual  method  of  preserving  a  brain  I'emoved 
in  the  dura  for  any  macroscopic  purpose  was  emplojed 
with  the  specimens  shown  in  Fig.  730.  A  separate  reser- 
voir must  be  used  for  the  entocelian  alcohol  (§  97),  or  the 
branch  tube  leading  to  the  lura  must  be  small  and  kept 
compressed  so  that — when  the  cavities  are  once  filled — 
the  flow  will  bo  \-ery  slight, 

S  99.  Arterial  Injection  of  the  Preservative. — This  is 
somewhat  fully  described  in  g§  101-108,  and  is  exem- 
plified in  Figs.  670  and  801.  As  compared  with  immer- 
sion it  has  the  great  advantages  of  rapidity  and  thorough- 
ness. Any  jjreservative  may  be  employed,  and  alcohol 
may  he  used  at  full  strength,  A  low  temperature  is 
needless,  and  even  perhaps  undesirable. 

Barring  a  slight  shrinkage,  the  natural  conditions  and 
relations  are  maintained. 

It  must  be  admitted,  however,  that  sometimes  the 
gyres  aie  somewhat  crowded  against  each  other,  so  that 
the  pial  folds  are  less  readily  and  safely  extracted,  and 
the  fissural  relations  less  easily  determined.  This  applies 
]iarticularly  to  infant  brains. 

g  100.  This  is  not  the  occasion  for  a  complete  history 
of' injection  processes  or  for  the  presentation  of  claims 
to  originality.  The  transmission  of  preservative  liquids 
to  the  tissues  by  a  constant  pressure  apparatus  connected 
with  the  vessels  by  which  blood  reached  the  jiarfs  during 
life  is  really  so  simple  as  well  as  efiiectual  that  it  is  hard 
to  account"  for  its  comparatively  infrequent  suggestion 
and  adoption.  Without  previous  acquaintance  with 
what  had  been  done  by  others,*  on  October  7th,  1883,  with 
the  co-operation  of  Prof.  S.  H.  Gage,  I  began  upon  the 
body  of  a  young  chimpanzee  (No,  26.5)  an  alinjection  of 
the  entire  bod}-.  Which  was  prolonged  for  ten  days  and 
w-as  completely  successful.  In  November,  188.'),  a  man- 
atee (No.  844),"  1.50  cm,  long,  was  prepared  in  like  man- 
ner. All  the  cats  used  by  the  general  class  in  physiology 
are  alinjected  and  packed  away  fill  wanted.  Still-born 
children  are  commonlv  so  preserved,  and  I  recommend 
that,  with  alcohol  obtained  free  of  tax,  all  anatomical 
material  in  medical  dissecting  rooms  be  thus  rendered 

*  \rterial  alinjection  of  the  brain  is  named  or  implied  by  Ecker 
("Cerebral  Convolutions."  p.  4.5) :  bv  Mondino  (Trans,  Roy.  Micros. 
Societv,  ixs.-,,  p,  904);  by  Foster  and  Lanprley  fPract.  Physiology."  p. 
31.51 ;  bv  Kev  and  Retzius  ("Studien."  i.,  p.  1(H  I :  and  by  the  editore 
of  the  tenth  edition  of  "  Quain,"  vol,  iii..  Fie-  88.  It  was  done  in  18b3 
for  Marshall  upon  a  Bushman  iPhilos.  Trans..  clfy..p.  501);  the  dates 
of  its  performance  for  Flower  and  Owen  are  mislaid. 
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innocuous,  free  from  unpleasant  odor,  and  fit  for  pro- 
longed and  thorough  examination. 

§  101.  Location  of  the  Arteries. — Nearly  opposite  the 
liyoid  bone,  or  the  cephalic  margin  of  the  larynx,  each 
common  carotid  divides  into  an  ectocarotid  ("  external  ") 
and  an  entocarotid  ("  internal  ").  In  the  adult  they  differ 
little  in  size,  but  may  be  distinguished  in  that  the  ecto- 
carotid branches  at  once  and  lies  farther  ventrad,  -while 
the  entocarotid  continues  uubranched  to  the  cranium  and 
is  accompanied  by  the  vagus  nerve. 

If  the  neck  was  severed  close  to  the  head  the  two 
arteries  may  be  dealt  with  independently.  If  at  the 
level  of  the  chin  (as  in  tlie  head  shown  in  Fig.  670)  the 
common  carotid  may  be  followed  up  between  the  mus- 
cles, using  the  tracer  rather  than  the  scalpel  as  much  as 
possible.  But  if  the  neck  is  entire,  and  especiallj-  if  it  is 
to  be  kept  so,  the  ectocarotid  may  be  exposed  as  for  sur- 
gical ligation  by  an  incision  along  the  ventral  {''  anterior  ") 
margin  of  the  sternomastoid  from  the  lobule  of  the  ear. 
In  any  case  the  ligature  must  be  applied  close  to  the 
bifurcation  of  the  common  carotid  or  the  superior  thyroid 
artery  may  not  be  included.  As  to  the  vertebral  artery, 
unless  there  are  special  reasons  for  not  injuring  the 
vertebrae,  the  transverse  process  ma_y  be  nipped  away  in 
order  to  expose  the  vessel.  The  cannula  is  to  be  inserted 
in  one,  and  the  other  tied  after  the  arteries  have  been 
cleared.  Since  the  two  arteries  unite  to  form  the  basilar 
it  makes  no  difference  which  has  the  cannula,  excepting 
that  there  is  some  convenience  in  placing  it  and  the 
carotid  cannula  on  the  same  side  (Fig.  803). 

§  103.  Securing  thi  Cannulas. — Preferably  one  cannula 
is  to  be  inserted  in  the  carotid,  whichever  is  the  longer, 
and  another  in  the  vertebral  of  the  same  side.  Each  is 
to  be  very  securely  tied ;  if  there  is  no  shoulder  at  the 
cannula  point,  then  tie  also  around  the  rubber  tubing  at 
its  base.  All  the  knots  should  be  the  so-called  "sur- 
geon's," one  end  of  the  thread  being  passed  through 
twice  instead  of  once;  W.  and  G.,  Pig.  41. 

§  103.  Clearing  i?u>  Vessels. — Inject  "  normal  salt  solu- 
tion "  (sodium  chloride,  15  gm. :  water,  2  litres)  into  a 
vertebral  and  entocarotid  artery  (preferably  on  the  same 
side)  until  the  liquid  runs  clear  from  the  other  arteries. 
Place  in  the  alinjection  can  about  5  litres  of  twenty- 
two-per-cent.  alcohol,  strained  through  absorbent  cotton 
or  filter  paper;  raise  the  can  to  about  1  metre.  In 
connecting  the  tubes  let  all  air  bubbles  escape.  Small 
arteries  that  leak  must  be  tied  or  secured  with  serres-fines. 
The  liquid  should  escape  in  six  to  eight  hours  and  be 
quite  bloody.  If  the  last  of  it  is  nearly  free  from  blood, 
the  strong  alcohol  may  be  used;  if  not,  repeat,  using 
half  the  quantity  of  twenty-two-per-cent. 

t;  104.  The  strong  (ninety-five-per-cent.)  alcohol  may 
now  be  used  at  the  same  pressure;  it  will  pass  through 
at  a  rate  varying  from  one-third  to  eight-tenths  of  a  litre 
per  hour,  and  be  reduced  to  seventy -five  or  eighty  per 
cent.  At  the  end  of  the  third  day,  and  perhaps  earlier, 
the  strength  of  the  alcohol  will  be  but  little  reduced;  the 
pressure  may  then  be  lessened  by  lowering  the  can  to 
one-half  the  height.  By  the  sixth  day  the  loss  in  strength 
may  be  no  more  than  three  per  cent. ,  and  the  discolora- 
tion insignificant.  The  alinjection  may  then  be  discon- 
tinued, and  the  head  medisected  (§  109)  or  otherwise  pre- 
pared. If  desired,  a  colored  injection  mass  may  be 
thrown  into  the  arteries  of  either  the  face  (ectocarotids) 
or  the  brain  (entocarotids  and  vertebrals),  or  all. 

§  10.5.  Turning  the  Head. — Tliere  are  reasons  for  be- 
lieving that  the  position  of  a  head  under  injection  should 
be  changed  daily,  in  order  that  no  one  region  of  the  cere- 
bral surface  shall  be  more  than  twenty-four  hours  inclose 
contact  with  the  cranial  wall. 

g  lOG.  Repeated  Alinjection. — It  is  probable  that  the 
injection  of,  say,  1  litre  of  ninety-five-per-cent.  alcohol, 
morning,  noon,  and  night,  for  a  week  would  harden  a 
brain  very  well,  but  accurate  experiments  on  this  point 
have  not  been  made  as  yet  uuder  the  writer's  observation. 
If  it  be  tried  especial  care  should  be  taken  to  exclude  air 
bubbles  (p  107),  to  keep  the  brain  wljolly  submerged  or 
its  base  covered  with  a  layer  of  absorbent  cotton  dipping 


into  the  alcohol.  Such  injections  may  be  made  con- 
venicntl}'  with  an  ordinary  rubber-bulb  syringe.  Re- 
peated injection  will  conduce  to  the  preservation  of  the 
celian  parietes  and  of  the  plexal  attachments,  but  is  less 
effectual  than  continuous  for  maintaining  the  size  and 
form  of  the  cavities. 

§  107.  Exclusion  of  Air  Bubbles  during  Arterial  Injec- 
tion.— This  is  accomplished  by  letting  the  alcohol  run 
until  no  bubbles  appear  either  in  the  cannula  or  in  a 
glass  tube  which  is  introduced  near  the  can.  The  can 
itself  should  always  be  at  a  higher  level  than  the  adjoin- 
ing tube,  especially  when  it  is  lowered  for  the  introduc- 
tion of  fresh  alcohol,  since  bubbles  are  then  most  apt  to 
be  formed;  on  this  account  the  tube  should  be  of  ample 
length. 

§  108.  Filtration. — Whatever  liquid  is  to  be  injected 
into  the  'encephalic  vessels  must  be  carefully  filtered 
through  filtering  paper,  or  through  absorbent  cotton 
crowded  into  the  pipe  of  a  funnel.  This  necessity  ap- 
plies to  unused  alcohol  as  well  as  to  that  which  has  al- 
ready passed  through  tissues. 

§  109.  Medisection  of  the  Head.* — Determine  the  plane 
of  section  by  the  following  mesal  points,  some  of  which, 
of  course,  are  subject  to  variation:  (1)  Interval  between 
the  central  incisors  in  each  jaw;  (3)  dimple  at  tip  of  nose; 
(3)  occipital  protuberance  (inion);  (4)  myel;  (o)  vertebral 
centrum;  (6)  notch  in  cephalic  margin  of  larynx;  (7) 
dimple  of  chin;  (8)  middle  of  top  of  head.  This  last  is 
ascertained  by  carrying  a  piece  of  inelastic  cord  over  the 
top  of  the  head,  securing  each  end  in  an  auditory  meatus 
by  crowding  cotton  in  with  it,  and  then  finding  the 
middle  of  the  cord.  At  each  mesal  point  make  a  short 
but  deep  incision.  Knot  one  end  of  a  cord  long  enough 
to  surround  the  head  and  neck  at  the  meson ;  place  the 
knot  entad  of  the  central  maxillary  ("upper")  incisors, 
and  carry  it  over  the  nose,  head,  neck,  and  chin,  back  to 
the  mandibular  incisors,  between  which  it  may  be  secured 
by  a  wedge  or  otherwise.  With  the  arthrotome  divide 
the  scalp,  etc. ,  along  one  side  of  the  cord.  Remove  the 
cord,  and  at  the  occipital  convexity  (about  at  the  line 
from  7  in  Fig.  670)  bore  a  hole  at  the  meson  deep  enough 
to  permit  a  screw  to  be  firndy  fixed. 

§  110.  AdjuMing  the  Head. — Place  the  head  in  thesaw.- 
box  and  mark  with  a  pencil  the  points  where  the  bottom 
and  one  side  are  in  contact  with  the  occipital  region  and 
the  vertex ;  at  these  points  bore  a  hole  in  the  kerf  large 
enough  to  adnut  one  of  the  screws.  Replace  the  head  in 
as  nearly  as  possible  the  .same  position;  pass  the  spatula 
through  the  kerf  above  the  hole  in  the  side  opposite  the 
vertex,  and  adjust  the  head  .so  that  the  end  of  the  spatula 
is  in  the  cut  in  the  scalp.  While  steadied  in  that  position 
pass  the  gimlet  or  awl  through  the  hole  and  bore  into  the 
skull  for  a  short  distance,  3  to  5  mm.  ;  insert  the  screw 
at  this  point.  Repeat  the  operation  for  the  occipital 
region.  This  screw  should  bring  fhe  head  firmly  against 
the  bottom  of  the  box.  If  it.  is  necessary  or  desirable  to 
remove  the  head  in  order  to  bore  the  holes,  when  the  head 
is  replaced  the  holes  may  be  found  by  means  of  the  probe 
end  of  the  tracer. 

j5  111.  Packing. — Draw  through  the  kerfs  in  the  two 
sides  a  cord  just  large  enough  to  fit  tightly,  and  pull  it 
down  so  that  it  coincides  with  the  cut  in  the  skin  of  the 
face.  Pack  the  cotton  first  in  the  angle  between  the  two 
screws;  then  under  the  neck,  keeping  the  whole  con- 
stantly adjusted  by  means  of  the  thread  and  the  kerf  at 
the  neck  side  of  the  box.  When  firmly  packed,  pour 
over  the  cotton  some  water  until  no  more  is  absorbed. 

§  113.  Sairing. — Remove  the  cord  from  the  kerf ;  insert 
the  saw  so  that  the  handle  is  close  to  the  side  of  the  box, 
and  make  the  first  few  strokes  by  drawing  only — then 

*  The  following  instruments  and  materials  should  be  provided :  Saw 
(§140):  saw-box  (§141);  scalpel,  the  handle  of  which  is  smoothly 
rounded;  small,  narrow-bladed  scalpel,  arthrotome,  and  tracer;  two 
screws.  sUmhIi^i-  rather  than  thick,  and  5-8  mm.  longer  than  the  thick- 
ness uf  tlK'  sidi'  and  bottom  of  the  saw-box ;  gimlet  to  tit  the  screws : 
short,  stout  awl.  medium  size;  spool  of  stout  saddler's  thread  ;  spat- 
ula :  cx)tton,  or  cotton  waste  or  tow  or  hits  of  cotton  cloth,  previously 
soaked  in  water  and  well  squeezed,  enough  to  fill  the  saw-box  quite 
ttrmly  ;  large  agate  pans  or  other  suitable  vessels ;  jars  and  alcohol. 
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saw  in  the  usual  way ;  a  fine  stream  of  alcohol  (any  per 
cent,  above  forty -eight)  should  irrigate  the  blade  during 
the  entire  operation.  The  back  of  the  saw  should  be  re- 
tained as  long  as  possible,  and  screws  not  removed  until 
nearly  reached  by  the  saw.  Let  a  gentle  stream  of  water 
flow  over  the  sawn  surfaces. 

§  113.  Removal  of  Either  Half  of  tlis  Ilardened  Brain* 
— A.  Remove  the  fal.x  aud  falcula  {fair  ctrebeUi).  At 
the  base  divide  the  iufundibulum  close  to  the  tuber,  leav- 
ing the  h3'pophysis  to  be  renwved  separately.  Note  the 
location  of  the  optic  nerve,  and  divide  by  carrying  the 
scalpel  point  latero-cejjhalad  from  the  infundibulum  for 
1  to  2  cm.,  close  to  the  dura,  lest  the  olfactory  crus  be 
injured.  Dislodge  the  olfactory  bulb  with  the  syringo- 
tome,  turn  it  just  over  the  margin  of  the  hemicerebrum, 
and  secure  it  by  a  small  pin  at  either  side. 

B.  Transection  of  the  Hemicerebrum. — Recognize,  if 
possible,  the  dorsal  end  of  the  central  fissure,  nearly 
dorsad  of  the  splenium.  Place  a  strip  of  paper  or  a  cord 
across  the  hemicerebrum  between  points  about  5  mm, 
caudad  of  the  fissure  aud  the  splenium.  The  half-head 
should  be  in' alcohol  or  the  blade  should  be  flooded.  The 
vertex  should  be  toward  the  operator.  Note  on  the 
empty  half-head  the  angle  formed  by  the  tentorium  with 
the  meson,  or  observe  on  the  preparation  in  hand.  Push 
the  scalpel  into  the  brain  close  to  the  tentorium,  and  with 
a  gentle  sawing  movement  carry  its  point  as  far  as  it  will 
go;  continue  the  movements  dorsad,  making  sure  that 
the  broad  edge  of  the  haft  of  the  scalpel  does  not  bruise 
the  brain.  The  completion  of  the  transection  is  an- 
nounced by  the  loosening  of  the  occipital  region.  Prob- 
ably the  greatest  difficulty  will  be  the  division  of  the  ex- 
treme ventral  part.  To  remove  the  occipital  part,  push 
the  probe  end  of  the  tracer  or  a  very  narrow-bladed  scalpel 
into  the  brain  10-13  mm.  caudad  of  the  .section  plane, 
near  the  tentorium  aud  between  two  fissures;  the 
direction  should  be  dorso-laterad  at  an  angle  of  45°, 
thus  nearlj'  perpendicular  to  the  ental  surface  of  the 
cranium  toward  which  it  is  pointing.  Dislodge  the  tip 
of  the  occipital  lobe  by  coaxing  with  the  scalpel  handle; 
lift  the  whole  piece  slightly  with  the  inserted  instrument; 
it  will  come  out  for  a  certain  distance,  and  then  be 
checked  by  veins,  which  may  be  divided  with  scissors. 

C  Mesencephalic  Transection. — Fiom  Figs.  706  and  708 
note  that  (1)  the  crusta  projects  considerably  ventrad  of 
the  mesal  cut  surface  and  (2)  that  the  greatest  width  of 
the  crus  is  not  more  than  15  mm.  Hold  the  scal]iel  with 
the  flat  side  at  an  angle  of  about  thirty  degrees  witli  the 
meson,  let  the  ink  mark  be  at  the  ventral  margin  of  the 
crus,  and  cut  dorsad  with  s;iwing  strokes.  Place  the 
specimen  so  that  the  depths  of  the  incision  are  illumi- 
nated, and  divide  whatever  may  appear;  the  hemicere- 
brum will  float  up,  and  be  readily  removed  if  the  dorsal 
margin  be  first  disengaged  and  the  prominence  of  the 
temporal  lobe  kept  in  mind. 

D.  Eemornl  of  the  Metepencephal. — If  the  tentorium  is 
to  be  retained,  divide  it  by  cutting  laterad  from  a  point 
just  caudad  of  the  angle  between  the  natural,  curved 
margin  and  the  cut,  sti-aight  margin :  it  is  more  conve- 
nient to  remove  it  entireh'.  The  half-head  may  now  be 
placed  upon  a  tray  and  supported,  or  held  by  an  assist- 
ant. Crowd  the  edge  of  the  round  scalpel  handle  be- 
tween the  dura  and  the  my  el  for  2-3  mm.,  beginning  at 
whatever  point  a  slight  interval  already  exists,  and  con- 
tinue the  separation  by  gentle,  yet  firm  pressure;  special 
diiflculties  will  be  encountered  at  and  near  the  occipital 
foramen,  requiring  perhaps  the  scalpel  edge.  Do  the 
same  tor  the  cerebellum  and  pons,  keeping  in  mind  the 

+  The  following:  instruments  and  materials  should  be  provided  :  A 
pan  to  rontain  the  halt-head  (about  U  X  4  in. ),  hall  full  of  alcohol  of 
forty-eight  to  flfty-si.x  per  cent.,  this  strengrth  sufflcine:  to  float  the 
separated  pieces  "so  that  they  may  be  extricated  without  injury  (of 
course,  water  would  do  this,  but  would  rapidly  soften  the  brain);  a 
large  scalpel,  the  blade  at  least  5  em.  long  and  the  haft  l.H  to  2  cm. 
more— a  round-pointed  "shoe  knife"  will  serve;  a  medium-sized 
scalpel,  marked  with  ink  across  the  blade  on  eac.li  side  l.i  mm.  from 
the  tip  ;  syringotome.  Unless  one  is  very  familiar  with  the  top*  iirraphy 
of  the  parts  a  model  or  preparation  of  the  hemiencephal  is  desirable, 
also  a  hemicranium  of  the  same  side — if  possible  two,  one  dry,  the 
other  wet,  with  the  talx,  tentorium,  etc.  (Figs.  670,  800,  801). 


natural  curvatures  of  the  surfaces  and  the  locations  of 
the  larger  nerves,  especially  the  trifacial,  the  auditory 
and  facial.  Specific  (iirections  are  hardly  needed  or  pos- 
sible for  the  rest  of  the  operation. 

§  114.  Arterial  AUnjection  of  a  Brain  in  the  Dura. — If 
the  dura  has  been  retained,  at  three  places  upon  each 
side,  frontal,  temiioral,  and  cerebellar  (or  occipital  if  the 
metepencephal  has  been  removed),  pin  to  the  dura  pieces 
of  broad,  stout  tape  (or  strips  of  cloth  2  to  3  cm.  wide) 
10  to  15  cm.  long.  In  place  of  pins  there  may  be  used 
garment-clasps  with  serrated  edges. 

§  115.  For  temporary  purposes,  e.g.,  examination  of 
the  base,  preparation  for  injection,  and  the  single  injec- 
tion of  a  mass,  etc..  the  brain,  supported  as  directed  in 
^§  18-19,  may  be  steadied  and  raised  or  lowered  as  re- 
quired, within  any  vessel  of  appropriate  size.  If  of  wood, 
the  strips  of  cloth  may  be  secured  by  tacks  (artists' 
"  thumb  tacks  "  are  most  convenient) ;  if  of  glass  or  metal 
tlien  an  elastic  band  {e.;/..  a  rubber  ring  from  a  jar.  or  an 
elastic  tape)  may  be  stretched  about  the  rim  and  the  strips 
passed  under  it.  The  vessels  must  be  washed  out  (§  103), 
and  the  small  arteries  tied  or  secured  with  serres-fines. 

%  116,  Dry  Preparations. — The  methods  of  making 
these  have  been  considered  b_y  Fish,  who  has  also  devised 
improvements.  The  following  abstracts  are  largely  de- 
rived from  his  papers,  1893,  1894,  and  1897. 

§  117.  Fish's  Improred  Castor-oil  Method. — The  value 
of  this  is  attested  by  Figs.  983  and  984,  aud  by  numerous 
excellent  preparations  in  the  museum  of  Cornell  Uni- 
versity, brains,  infant  liml)S,  and  entire  small  animals. 
"  The  essential  factor  is  the  complete  dehydration  of  the 
specimen."  If  originally  hardened  in  any  other  than  an 
alcoholic  mixture  it  is  placed  successively  for  at  least 
one  week  each,  in  fift_y-per-cent.  alcohol,  seventy,  eighty, 
and  uinety-fi\e  ]ier  cent.  If  carried  through  too  hurriedly 
there  will  be  more  shrinkage.  It  is  then  placed  in  oil  of 
turpentine  until  translucent,  the  time  required  var3'ing 
according  to  the  size  of  the  specimen.  The  superfluous 
turpentine  is  then  allowed  to  drain  off  for  a  few  hours 
and  the  specimen  is  placed  in  castor  oil.  Here  it  may 
remain  indefinitely  or  until  all  the  tissues  are  thoroughly 
infiltrated.  Draining  oil  the  superfluous  oil  requires  a 
day  or  two  and  the  specimen  then  receives  a  coat  of  an 


Fig.  983.— Right  Side  of  the  Brain  of  a  Monkey,  Jlocacws  cmo- 
moluiis.  Prepared  by  the  Castor-Oil  Method.     X  1.     (From  Fish,  1893.) 


alcoholic  solution  of  white  shellac  with  a  camel's-hair 
brush.  This  is  repeated  at  short  intervals  until  the  sur- 
face is  firm  and  glossy. 

§  118.  Laskoirsky's  method  is  here  translated  from  the 
abstract  in  the  JVearologisches  CentralMatt,  vi..  341-343; 

A.  Rinse  the  fresh  specimen  in  water  to  remove  blood. 

B.  Place  in  a  mixture  of  water,  100  parts;  alcohol 
(ninety-five-per-cent.),  20  parts:  boi'ic  acid,  5  parts;  let 
it  remain  in  a  cool  place  [for  at  least  three  days;  time  not 
given] . 

C.  Remove  the  pia. 

D.  In  a  saturated  solution  of  zinc  chloride  in  alcohol 
let  the  brain  remain  five  or  six  days;  the  bottom  of  the 
vessel  should  be  covered  with  cotton. 

E.  For  fifteen  to  twenty  days  soak  in  a  mixture  of 
glycerin,  100  parts;  alcohol,  20  parts;  carbohc  acid,  5 
parts ;  boric  acid,  5  parts. 
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F.  Let  it  dry  in  the  air.  protected  from  dust. 

The  specimen  is  claimed  to  retaiu  its  natural  volume, 
distinction  of  color,  and  olasticit\'. 

^  119.  A  teiiiporiiri/  tlry  preparation  for  demonstrative 
purposes  has  been  recommended  bv  Lenhossek  (Anat. 
Anzeiger,  1887,  ii.,  3-17;  also  Amer.  Xat..  xxii.,  858-859). 
A  thoroughly  hardcniMl  alcoholic  specimen,  when  needed 


Fig.  it.'<4.  -Tninsprtioii  cf  thn  Hraiii  of  a  Sheep,  Prepared  by  the 
Cast<ir-OiI  Method,  and  Exliibitinp  the  Differentiation  of  the  Alha  and 
Cinerea.     X  1.     (From  Fish,  1893.) 

for  demonstration,  is  dried  in  soft  linen  [or  absorbent 
cotton],  and  coated  with  a  thin  layer  of  celloidin  with  a 
soft  brush.  The  celloidin  dries  in  a  few  minutes,  form- 
ing a  thin  and  transparent  yet  tough  membrane.  After 
two  hours'  exjjosure  the  brain  will  begin  to  shrink  and 
should  be  returned  to  alcohol. 

^  120.  Slinrli -Inject inn  Mi.rii/re. — Of  the  mixtttre  first 
proposed  by  Paiisch.  the  following  modification  has  been 
devised  by  S.  IL  Gage  and  the  wiiter: 

Dry  starch  powder 100  c.c. 

Chloral  hydrate 10  gm. 

Water 50  c.c. 

Alcohol  (ninety -five  per  cent.) 50  c.c. 

Glycerin 25  c.c. 

Coloiing  matter. 

After  thoroughly  mixing  the  mass  it  should  be  filtered 
through  one  or  two  thicknesses  of  wet  cheese  cloth.  To 
prevent  the  starch  from  settling,  the  cloth  should  be  tilted 
from  side  to  side  or  the  mass  may  be  stirred  dining  the 
filtration.  If  the  mass  is  not  freshly  pi'epared  for  every 
injection,  the  stock  mass  should  be  filtered  occasionally 
to  remove  hair  or  any  other  object  that  might  clog  the 
cannula. 

Among  the  colors  that  are  a\'ailable,  probably  ver- 
milion, red  lead,  ultiamarine,  Berlin  blue,  chrome  orange, 
yellow,  or  green,  is  preferable. 

§  121.  A  Fine,  Gelatin  Injection- Mass. — The  follow- 
ing ingredients  represent  about  2  litres,  enough  for  a 
human  brain;  gelatin  may  be  used  instead  of  the  glue, 
and  no  egg  would  then  be  neederl,  but  it  costs  three  or 
four  times  as  much :  Best  clear  glue,  200  gm.  (about  7 
ounces);  carmine,  20  gm.  (about  0.7  oimce);  glycerin, 
240  c.c.  (about  8  fluidounces);  alcohol,  80  c.c.  (about  3 
fl\iidounces):  strong  ammonia,  30  c.c.  (about  1  fluid- 
ounce);  acetic  acid  (50  per  cent.),  30  c.c.  (about  1  fluid- 
ounce)  ;  one  egg.  Grind  the  carmine  to  a  paste  with  a 
little  water;  mix  the  ammonia  with  250  c.c.  (about  8 
fluidoinices)  of  water,  add  the  carmine  paste,  and  filter 
through  filter  paper.  Place  the  glue  in  a  clean  dish  and 
cover  with  cold  water ;  after  two  or  three  hours  pour  oil 
the  unabsorbed  water,  and  melt  the  softened  glue.  Beat 
the  white  of  an  egg  well  and  mix  it  with  the  glue.  Heat 
tmtil  it  begins  to  bubble,  then  filter  through  fine  flannel. 
Add  the  coloring  liquid  to  the  glue  while  warm.  Neu- 
tralize the  ammonia  by  Stirling  in  the  acid,  a  little  at  a 
time,  until  there  is  no  distinct  odor  of  either  the  acid  or 
the  ammonia.  Fntil  one  has  had  considerable  experience 
it  will  be  neces.sar_y  to  close  the  ammonia  and  acid  vials, 
let  a  current  of  air  sweep  over  the  mixture,  and  then  de- 
termine the  presence  of  the  odor.  Blue  litmus  paper  may 
be  used  tmtil  there  is  no  distinct  coloration  of  the  band 


formed  by  absorption  just  above  the  line  made  by  the 
mass  itself.  Mix  the  alcohol  and  glycerin  and  add  to  the 
mass.  L'nless.  as  with  a  freshlv  killed  animal,  the  injec- 
tion is  made  before  the  body  has  cooled,  the  part  to  be 
injected  must  be  heated,  in  water,  to  40   C.  (about  105   F.). 

§  122.  Alco/wl. — Unless  otherwise  specified,  the  alcohol 
mentioned  in  this  article  is  of  the  usual  strength,  ninety- 
five  per  cent.  The  admixture  of  alcohol  with  water  in 
the  following  proportions  gives  vaiious  jjercentages : 
Alcohol  6.  water  1  =  84  per  cent. ;  5;  1  =  82:  4;  1  =  78; 
3  :1  =  75;  2  ;1  =  67;  1.5  :1  =  63;  1.25  :1  =  60;  1.1  :1 
=  55;  1  :1  =48;  1  : 1.25  =  45;  1  :1.5  =  42:  1  :2  =  85; 
1:3  =  30:  1:4  =  22;  1  :5  =  18. 

§  128.  Oblrdninr/  Almliril  Free  nf  Tax  for  tScientifr.  Pur- 
poses.— Blank  forms  for  this  and  all  the  information  re- 
quired may  be  obtained  from  collectors  or  deputy  col- 
lectors of  United  Slates  Revenue  or  from  manufacturers  of 
alcohol.  See  V.  S.  Revised  Statutes.  Section  3297.  Treas- 
urv  Circulars  of  July  2d,  1886,  and  JMaich  26th,  1889,  and 
New  York  Medical  Journal,  March  30th,  1889. 

§  124.  The  surface  of  a  fresh  brain  is  never  exposed  to 
strong  alcohol  without  a  previous  wetting  with  salt  solu- 
tion or  water. 

§  125.  The  alcohol  in  which  brains  are  stored  is  main- 
tained at  not  less  titan,  eighty-tiro  per  cent,  upon  the  al- 
coometer  scale  of  Tralles  (|  126).  Weaker  alcohol  is 
employed  for  the  immersion  of  fresh  brains,  for  soaking 
out  the  dark  coloring  matter  from  brains  that  have  been 
hardened  in  Muller's  liiiuid,  or  for  the  preservation  of 
other  specimens  requiring  a  less  strength.* 

§  126.  Alcoiimeter  (Alcohohnieter). — This  form  of  hy- 
drometer, for  determining  the  percentage  of  alcohol  in 
a  given  liquid,  should  be  marked  with  Tralles'  scale. 
With  the  .slender  jar  for  containing  the  tested  liquid,  the 
cost  is  about  S2. 50.  but  its  employment  is  to  be  recom- 
mended u]ion  the  ground  of  ultimate  saving  of  alcohol. 

§  127.  Dilute  J^'itric  Acid. — Thisis  useful  for  softening 
the  cranium  of  infants  or  small  animals  .so  as  to  jiermit 
cutting  with  knife  or  scissors.  A  ten-percent,  solution 
is  sufficient.  Ordinary  commercial  acid  is  about  sixty 
per  cent. ;  the  desired  reduction  is  accomplished  by  add- 
ing five  parts  of  water  to  one  of  the  acid  by  weight,  or 
seven  of  water  by  volume.  The  specific  gravity  of  the 
mixture  is  about  1.057.  In  any  mixture  the  per  cent,  of 
acid  may  be  determined  by  the  method  recommended  by 
Fresenius,  second  American  edition,  p.  688. 

§  128.  Storage  of  Ilemicerehrums. — The  human  hemi- 
cerebrum  is  a  somewhat  bulky  mass,  and  mav  occupy 
a  six-by-eight-inch  Whitall  &  Tatum  jar  (Fig-  990). 
Sometimes  both  halves  of  a  cerebrum  maj'  be  accommo- 
dated, although  the  undivided  cerebrum  or  entire  brain 
commonly  requires  a  nine-by-eight-inch  jar. 

The  most  favoralile  method  of  storing  several  hemi- 
cerebrums  is  in  jars  nine  inches  in  diameter  and  of  any 
desired  height.  The  specimens  are  set  in  tiers  of  three, 
their  dorsal  convexities  against  the  sides  of  the  jar.  Suc- 
cessive tiers  are  so  placed  that  a  hemicerebrum  rests  upon 
the  interval  between  two  below.  There  will  be  a  central 
vacancy  which,  if  the  jar  is  to  be  transported,  may  be 
filled  with  absorbent  cotton :  the  alcohol  (ninety-five  per 
cent.)  shotdd  be  introduced  last. 

§  129.  Transportation  of  Fresh  Brains. — Without 
affirming  the  impossibility  of  transporting  a  fresh  brain 
safely  in  a  bed  of  cotton  or  other  soft  material,  I  have 
found  it  much  better  to  employ  a  li(|uidof  approximately 
its  own  specific  gravity,  aliout  1.04.  The  most  easily 
prepared  is  brine,  nearly  saturated.  Nor  is  it  best  to  put 
in  cotton  or  other  matetial.  The  brain  should  just  float, 
without  pressing  upon  the  bottom  of  tlie  pail  or  rising 
above  the  surface.  The  cover  of  the  pail  may  be  secured 
with  strips  of  surgeon's  plaster. 

In  cool  weather  a  journey  of  two  or  three  days  may  be 
safely  accomplished.  In  warm  weather,  if  the  brain  is 
well  cooled  in  advance  and  the  smaller  pail  set  in  a  larger 
and  surrounded  with  rather  large  pieces  of  ice,  a  day's 

*  The  "  economics  of  alcohol "  Is  treated  somewhat  fully  in  W.  &  G.» 
pp.  Ul-130. 
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journey  may  be  accomplished  safely.  Such  open  pack- 
ages should  be  plainly  marked  "Specimens  of  Natural 
ifistorv.     This  side  up  with  care."     (See  also  p.  2U6.) 

i;  180.  Otlier  Lif/iiiih. — It  must  be  remembered  that 
while  brine  supports  tlie  brain  and  thus  averts  mechani- 
cal injury,  and  while  it  retards  decomposition,  it  is  not 
strictly  a"  preservative  of  nervous  tissue.  Hence,  espe- 
cially "if  the  weather  is  warm  or  transportation  is  to  occupy 
more  than  a  few  hours,  it  is  well  to  place  the  brain  at 
once  in  a  liquid  which  will  not  only  suppoit  but  preserve 
it.     Several  such  are  enumerated  in  S^  ^1-9'). 

g  131.  Transportation  of  Ilardiiuif  Bruins. — Already 
hardened  brains  may  be  transported  either  in  a  small  pail 
of  alcohol  with  cotton  as  a  padding;  or  in  a  soldered 
box ;  or  in  a  .jar  (the  rubber  of  which  must  then  be  well 
covered  with  vaseline  to  he  afta-ward  remoced) :  *  or  simpl  v 
■wrapped  in  alcoholic  cotton  covered  with  paper  and  oiled 
silk,  or  rubber  sheeting,  and  packed  in  a  box  with  soft 
material.  Glass  and  metal  packages  are  always  enclosed 
in  wood  \  or  corrugated  pasteboard. 

§  132.  Removal  V  i^"'  ^''"- — The  early  removal  of  the 
pia  I  has  been  already  recommended,  §  40.  I  have  seen 
some  otherwise  valuable  cerebrums  materially  injured  by 
faulty  methods,  and  a  few  suggestions  are  here  offered. 

A.Besrin  with  the  central  fissure,  if  it  can  be  recog- 
nized, and  at  about  the  middle  of  its  length.  Apply  the 
coarse  forceps  so  that  their  approaching  points  move  in 
the  direction  of  the  length  of  the  fissure;  pinch  up  a  fokl 
of  pia ;  with  the  scissors  snip  at  either  side  of  the  fold  .so 
as  to  raise  it  a  little;  then  carry  the  forceps,  held  in  the 
same  way,  more  deeply  into  the  fissure,  not  more  than  1 
cm.  deep,  and  attempt  to  draw  out  the  intrafissural  fold 
of  pia.  If  successful,  continue  to  p\Ul  lengthirise  of  the 
fissure,  cutting  the  pia  at  either  side  wheue\-er  necessary. 

B.  Most  of  the  other  fissures  may  be  dealt  with  in  the 
same  way  ;  but  some,  notably  the  occipital  and  ealcarine, 
are  very"  deep,  and  arteries  traverse  them  which  must 
usually  be  cut  more  than  once. 

C.  The  Sylvian  fissure  is  not  only  deep,  but  spreads 
laterad  over  the  insula,  and  there  are  several  arteries. 
Rather  than  run  the  risk  of  tearing  the  adjoining  gyres  it 
is  better  to  remove  only  so  much  pia  as  easily  separates, 
leaving  the  rest  and  the  arteries  imtil  one  of  the  opercu- 
lums can  be  cut  off  and  afterward  replaced. 

D.  While  removing  the  pia  or  studying  the  lateral 
fissures  of  young  or  fetal  brains,  breaking  is  avoided  and 
divarication  of  the  gyiTS  facilitated  if  the  hemicerebrum 
is  placed  on  its  meson  on  a  piece  of  thick  Manila  paper 
(such  as  is  used  for  the  portfolios),  which  is  sufficiently 
firm  to  support  the  organ  and  yet  yields  so  as  to  permit 
the  exposure  of  the  fissural  depths.  When  the  mesal 
surface  is  studied  the  specimen  should  rest  in  a  thick  bed 
of  cotton. 

§  133.  Prevention  of  Drying. — The  strong  alcohol  in 
which  brains  are  preserved  (eighty  per  cent,  and  upward) 
evaporates  rapidly  while  the  brain  is  exposed,  as  in  ex- 
amination or  dissection.  It  may  be  dipped  in  the  alcohol 
occasionally,  or — which  is  preferable  with  delicate  speci- 
mens— the  alcohol  may  be  allowed  to  drip  gently  upon  it 
from  a  pledget  of  absorbent  cotton.  When  a  specimen 
only  parti}'  submerged  in  alcohol  has  to  be  left  for  a  short 
time,  drying  maybe  prevented  by  covering  it  with  a  thin 
layer  of  cotton,  one  end  of  which  dijis  into  the  liquid. 

"t5  134.  Dissci-tiiin  of  tlie  Brain. — As  commonly  practised 
this  contrasts  strongly  with  the  examination  of  the  rest 
of  the  body.  With  the  latter  dissection  is  universal,  and 
sections  are  seldom  made  or  even  studied  ;§  but  with 
the  former,  sections,  macroscopic  or  microscopic,  are  the 

*  Vaseline  will  prevent  the  Ipakape  of  almtiol  or  other  liquid  :  l)ut, 
like  oils  and  greasi',  it  (lisniii'u'r:itt'>  iuIiIht;  hence  the  rubber  rings 
should  be  thoroughlv  cleaiisni  from  it  afit'f  use. 

+  For  mailing  alcoholic  .sincinii-nscuntainccl  in  vials  of  not  over  four- 
ounce  capacity,  see  ciri-ular  of  the  rienison  Manufacturing  Company, 
New  York  C'itV.  as  to  "  liquiii  luailing  boxes."  See  also  a  paper  by  F. 
T.  Gordon.  Mriliinl  Itrinril.  IvU..  696. 

tit  is  undci-st I  that  this  includes  the  arachnoid,  which  on  most 

parts  of  Ilic  ccrt'liruui  adheres  closely  to  the  pia  ;  Fig.  796. 

§Notwithstaudi[iB  the  example  and  opportunity  offered  by  works 
like  Braune's  "'  Atlas  of  Topographical  Anatomy "  and  Dwight's 
"  Frozen  Sections  of  a  Child  "  and  "  Anatcmy  of  the  Heart." 


rule,  and  dissections,  careful,  prolonged,  and  thorough, 
are  nearly  unknown  in  medical  schools.  Like  the  pre- 
ponderance of  osteology  over  neurology,  the  difference  is 
due  to  the  "  nature  of  things" ;  but  like  many  other  nat- 
ural conditions  it  may  need  modification. 

The  advantages  of  sections  for  surgical,  pathological, 
and  regional  study  are  obvious;  thej'  are  easily  made, 
even  with  the  fresh  adult  human  brain,  especially  by 
means  of  the  tipparatus  devised  by  Professor  Dalton!*  If 
the  human  brain  were  like  that  of  the  frog  or  opossum, 
with  the  several  segments  of  approximately  equal  size, 
and  nearly  upon  the  same  plane,  the  common  method 
would  be  more  appropriate  for  macroscopic  study.  But, 
in  view  of  the  extreme  cranial  fiexure  and  the  overlapping 
of  certain  segments  by  others,  the  objections  to  sections 
are  as  follows : 

1.  They  present  plane  surfaces  which  do  not  naturally 
exist  in  the  brain. 

3.  They  are  almost  invariably  oblique  with  respect  to 
the  axis. 

3.  They  commonly  include  more  than  one  encephalic 
segment,  and  are,  therefore,  so  far  as  the  beginner  is  con- 
cerned, apt  to  be  more  confusing  than  instructive. 

4.  They  present  the  parts  in  contiguity  rather  than 
continuity. f 

The  foregoing  objections  apply  to  all  sections.  A 
macroscopic  section,  especially  of  a  lirain  which  has  had 
the  cavities  alinjected,  presents  the  advantage  of  exhibit- 
ing in  perspective  enough  of  the  natural  contours  of  parts 
to  facilitate  their  recognition  and  comparison. 

Admitting,  then,  that  sections  have  their  uses,  what  is 
urged  is.  not  that  section -making  be  practised  less,  but 
dissection  more. 

g  135.  Preliminary  DisseHion  of  Alcoholic  Brains. — I 
am  yearly  more  convinced  of  its  importance  on  four 
grounds : 

A.  The  brain  is  a  complex  organ  and  at  the  best  per- 
plexing; the  simpler  features  of  form,  location,  and  rela- 
tifin  to  cavities  are  mor])hological,  while  color,  like  his- 
tological composition,  has  a  physiological  significance. 

B^  The  fresh  brain  is  less  easy  to  dissect  neatly,  and 
requires  constant  support  against  its  own  weight,  whereas 
the  alcoholic  may  be  held  in  any  position  and  carved  like 
cheese. 

C.  The  beginner  should  advance  cautiously,  and  there- 
fore slowly,  and  the  medical  student  is  especially  liable 
to  interruption.  The  fresh  brain  remains  fresli  liut  a 
very  short  time,  while  the  alcoholic  is  in  itself  imperish- 
able. Leisure  means  not  only  more  careful  dissection, 
but  also  the  taking  of  notes  and  the  making  of  drawings; 
hence  all  the  arguments  which  I  have  advanced  (W.  and 

G.,  pp.  55,  56)  in  favor  of  preliminary  anatomical  work 
upon  a  small  animal,  which  may  be  kejit  in  alcohol  for 
an  indefinite  time  at  slight  expense,  apply  to  all  alcoholic 
brains  in  general,  and  to  those  of  moderate  size  in  par- 
ticular. 

D.  After  repeated  dissection  of  alcoholic  preparations, 
the  anatomist  is  better  qualified  to  manipulate  the  fresh 
brain  and  to  appreciate  its  beauty.  The  hist  word  is  used 
advisedly,  for,  however  unattractive  may  be  "  subjects  " 
and  pathological  "cases,"  the  most  exacting  artistic  sense 
can  htirdly  fail  of  satisfaction  with  the  soft  white  and 
gray  ;md  pink  of  the  newly  extracted  brain._  Resting 
securely  in  its  calva,  for  him  who  has  been  disciplined  by 
prolonged  experience  with  the  "pickled  "  organ,  there  are 
few  more  attractive,  stimidating,  or  nourishing  articles 
of  intellectual  pabulum  than  a  fresh  brain  "  upon  the  half 
shell." 

§  136.  Dissection.— V\^\KX\\eT  fresh  or  hardened.  I  be- 

*  "  Topographical  Anatomv  of  the  Brain,"  Philadelphia,  ias.5,  yol.  1.. 
pp.  4-10;  abstracts  in  New  York  Med.  Record.  February  1.5th.  1879: 
July  31st,  188(1.  ^     .       ^  ,    ,. 

+  Solly's  vigorous  reprobation  refers  particularly  to  honzontal  shc- 
ing :  "  It  is  unfortunate  indeed  that  candidates  for  the  medical  dip- 
loma are  still  very  generally  required  to  describe  the  appearances 
presented  by  the  brain  dissected,  or  rather  destroyed,  by  the  old 
method  of  slicing— a  method  most  unphilosophical  in  its  conception, 
and  totally  inadequate  to  impart  any  real  information  in  regard  to  the 
structure  of  the  brain." 
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lieve  the  first  step  should  be  to  slice  off  the  dorsal  parts 
of  the  cerebrum  to  near  the  level  of  the  callosuni  and  the 
next  the  exposure  of  the  paraceles  as  described  in  con- 
nection with  Fig,  735. 

The  occipital  lobes  may  then  be  cut  off  opposite  the 
splenium  and  one  or  both  medicornua  followed  to  the  tip 
of  the  temporal  lobe. 

The  next  object  should  be  to  remove  the  overlapping 
parts  of  the  cerebrum  from  the  subjacent  diencephal 
(and  so  much  as  may  remain  of  the  other  segments)  so  as 
to  obtain  a  view  of  tlie  ventral  aspect  of  the  splenium 
and  fornix.  These  may  be  transected  a  little  caudad  of 
the  portas. 


There  will  then  appear  the  velum,  with  the  epiphysis. 
If  the  velum  be  lifted  carefullj-  there  will  be  recognized 
the  attachments  along  the  dorso-mesal  curvature  of  the 
thalami  wliich  are  commonly  ignored  but  insisted  upon 
in  Fig.  733. 

A  transection  through  the  portas  will  give  a  view  of 
their  boundaries,  of  the  cephalic  aspect  of  the  medicom- 
niissure,  and  of  the  caudal  surface  of  the  fornix  and  the 
precommissure ;  most  of  the  other  features  are  more  easily 
examined  upon  the  mesal  aspect  of  the  medisected  brain. 

Somewhat  full  directions  for  dissection  are  given  by 
Edinger.  Complete  directions  are  desirable,  accompanied 
by  figures  indicating  the  appearances  presented  at  each 


Blunt-Pointed  Scalpel. 


Arthrotome. 


Fine  Curved  Forceps. 

Fig.  flS.5.— .'ome  of  the  Instniment.s  I'seful  in  the  Rpniov,il  or  Dissection  of  tho  Brnin.  .\11  of  actual  size.  (From  "  Anatomical  Technology.") 
The  two  tipper  are  eye-knives  :  the  syrinfjotome  is  commonly  called  caiiaU<iitus  knifr  ;  it  is  of  ^eat  use  for  exploring  orifices,  the  porta 
("foramen  of  Mitnro")  and  the  metapore  I  "foramen  of  Magendie  "),  and  for  dealing  with  membranes  and  plexuses  where  a  point  or  a 
prominent  t'i]iri-  nilLMit  dn  injury  ;  it  has  been  my  favorite  instrument  since  18tj6.  The  tracer  may  be  employed  sometimes  in  place  of  the 
more  costly  syrinLn>i<iim-,  but  Its  chief  use  is  in  isolating  nerves  and  ye.ssels  by  tearing  the  connective  tissue.  *  Most  forceps  are  too  stiff  and 
soon  tire  tlto  bamt  or  hiiidt'r  delicacy  of  manipulation  ;  the  coarse  "  (^'oxeter  "  forceps  represented  have  the  blades  excavated  so  as  to  be 
lighter  than  usual.  The  flexible  blowpipe  is  most  readily  made  by  attaching  to  a  piece  of  rubber  tubing,  30  to  40  cm.  long,  the  smaller  halt 
of  the  metal  blowpipe  commonly  sold  with  dissecting  instruments.  The  length  of  the  tube  enables  the  object  inflated  to  be  held  at  a  con- 
venient distance  from  the  eye  :  sinre  inflation  is  temporary  injection,  the  advantages  of  witnessing  the  effects  are  obvious.  A  larger  volume 
of  air  may  be  utilized  by  using  the  lareer  half  of  the  metal  pipe,  and  glass  cannulas  of  any  size  may  be  employed.  The  arthrotoine  has  the 
handle  continuous  with  tlin  blade,  and  one  edge  nf  the  blade  is  rounded,  excepting  near  the  tip:  it  "is  practically  a  cartilage  knife.  The  fine 
curved  fon'eps  represented  have  the  points  simply  serrated  ;  but  for  the  removal  of  the  pia  from  the  brain  sui^aces,  and  especially  from  the 
depths  of  Assures,  a  pair  with  interlocking  teeth,  like  those  of  artery  forceps,  will  be  found  very  useful. 
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Stage,  such  as  I  have  framed  for  the  brains  of  the  cat 
(W.  and  6.)  and  sheep  ("Physiology  Practicums "). 

§   137.    Instru- 

ments. — The  instru- 

/,  \  /ll  I   II  meuts  employed  in 

/i".,'N  1 1      Wk  the  removal  or  dis- 

ML  Ik    Ji  section  of  the  brain 

ir^  ■  liyji  (§§  50,  136)  should, 

as    a    rule,    be   re- 

-1  rl  liiilil  served  for  that  pur- 

11  MIIIIIU  pose.      If    used    in 

W  LX   ,J  ordinary   dissection 

their  points  and 
edges  should  be  at- 
tended to  witliout 
dela_y.  Some  of  the 
less  familiar  instru- 
ments are  shown  in 
Fig.  985. 

§  138.  Probe- 
Pointed  Curbed  Bis- 
toury.— This  is 
practically  a  longer 
and  stronger  syr- 
ingotome  (Fig. 
985),  the  cutting 
edge  being  about  5 
cm.  (3  in.)  long, 
ending  in  a  probe 
point.  The  curve 
is  less  than  that  of 
the  S3'ringotome.  It 
replaces  the  latter 
in  the  dissection  of 
the  entire  luiman 
brain,  and  it  is  par- 
ticularly ap]ilicalile 
to  transecting  the 
brain  through  the 
m  e  s  e  n  c  e  p  li  a  1 ,  to 
tracing  the  medi- 
cornu,  and  to  slit- 
ting the  arachnoid 
in  following  the 
Sylvian  or  other 
deep  fissures. 

§  139.  Besides  the  instruments  shown  in  Figs.  985  to 
587,  the  following,  more  familiar,  are  indispensable: 
Scalpels  of  three  sizes;  large  for  sections;  medium  for 
ordinary  dissection;  small  ("  CharriJre  ")  for  finer  dissec- 
tion. Scissors,  curved  flatwise,  three  sizes.  A  hand 
lens,  tripod  magnilier  or  "  linen  tester. "  A  bone- 
chisel,  or  ordinary  chisel  of  moderate  width,  or  even 
a  screw-driver  sharpened  slightly.  A  syringe, 
metal,  or  rubber  bulb.  Absorbent  cotton ;  if  com- 
mon cotton  is  used  it  must  be  first  thoroughly  wet 
in  alcohol  or  water.  Cannulas,  rubber  tubing,  and 
the  Y-tubes  or  T-tubes  for  branching  of  injection 
tubes  may  be  had  of  dealers.  The  smaller  end  of  a 
straight  "  medicine  dropjier  "  makes  a  fair  cannula. 


Fig.  987.— steel-Handled  Spatula.  >;  n..i.  (From  catalogue 
of  Whltall,  Tatum  &  Co.)  This  (or  a  palette-knife,  or  round- 
ended  slioe-knife,  ground  thin  so  as  to  be  fle.xlble)  is  indis- 
pensable for  detaching  the  dura  when  the  calva  is  to  be 
removed. 

The  methods  of  making  and  securing  cannulas, 
and  of  jnaking  injections,  are  detailed  in  "Ana- 
tomical Techriology,"  pp.  137-148.  Cheap  and 
efficient  pinch-cocks  may  be  had  in  the  form  of 
the  wooden,  spring  clothes  -  pin,  which  may  be 
variously  attached  to  the  wire  cranes  or  used  in- 
dependently upon  the  tubes. 

.     §  140.  Saxes. — There  is  no  special  advantage  of 
the  expensive   surgical   or  anatomical  saw   over 
Vol.  II.— 25 


Fig.  986.— DiaRonal  Side-Cutting  Nippers. 
A  little  less  than  actual  size.  I-Yom 
"  Anatomical  Technologj-."  This  is  the 
smallest  size  of  the  English  make 
(Stubs'),  and  for  most  purposes  sh<'Uld 
have  the  handles  lenu-thene.t  l)y  jtieces 
brazed  on.  The  Gfnnari  and  Swiss  in- 
struments {for  sale  by  large  hardware 
dealers)  are  less  highly  finished  and 
costly,  but  answer  nearly  as  well.  Of 
these,  seven  sizes  iwr  made,  ranging  in 
length  from  lii-aicrii.  H-s  im-iicsi,  and 
in  price  from  iHic  to  ^I.5(i.  surgical 
bone  forceps  and  dental  \vedgi'-cutters 
have  a  spring  between  the  liauilles  and 
are  more  e.xpensive.  The  iii)ipeis  are, 
most  ser\1ceable  for  removing  the  calva' 
of  Infants  and  fetuses  and  of  small 
animals.  In  use  they  must  cut  or 
squarely  break  the  bone;  the  pulling 
and  tearing  to  which  one  naturally  re- 
sorts will  inevitably  tear  the  brain  or 
its  meninges. 


the  ordinary  carpenter's  instrument;  it  should  be  kept 
sharp  and  well-set,  and  used  for  no  other  purpose.  For 
dividing  the  cranium  any  small  saw  will  answer,  but  the 
edge  should  be  rather  Wide  so  as  to  make  a  broad  kerf. 
For  medisection  of  the  head,  however,  the  saw  should  be 
very  large,  fine  toothed,  thin  (i.e.,  make  a  narrow  kerf), 
have  a  removable  back,  and  be  very  sharp  and  free  from 
rust. 

§  141.  Saio-Box. — This  (which  might  be  called  a  macro- 
tome)  is  a  <'Overless  box  made  of  boards  about  2.5  cm.  (1 
in.)  thick,  and  with  the  following  inside  dimensions: 
length,  30  cm.  (12  in.);  height,  at  middle,  35  cm.  (10 
in.)  sloping  to  15  cm.  (6  in.)  at  the  ends;  width,  ac- 
cording to  the  length  of  the  neck  attached  to  the  head, 
25-40  cm.  Ail  the  parts  must  be  accurately  squared 
and  put  together  with  screws.  The  sides  "should  go 
outside  the  bottom  and  ends,  and  the  bottom  have  a 
cleat  at  each  end.  Each  side  is  to  be  divided  squarely 
at  the  middle  of  its  length  by  a  saw  of  the  same  thick- 
ness as  that  with  which  the  fiead  is  to  be  cut;  the  bot- 
tom also  is  to  be  sawn  to  the  depth  of  1-2  mm.  AVhen 
finished  the  box  should  be  thoroughly  oiled,  inside  and 
out,  with  Unseed  or  olive  oil,  to  prevent  warping  when 
it  is  wet. 

§  143.  Head-ReU  for  the  Removal  of  the  Brain. — The 
following  description  and  figures  (988,  989,  and  982)  are 
from  the  paper  of  B.  B.  Stroud  (1900,  b)  who  devoted 
much  time  to  the  device.  The  apparatus  was  shown  at 
the  meeting  of  the  Association  of  American  Anatomists  in 
AVashington,  May  2d,  1900. 

"This  apparatus  was  devised  for  the  purpose  of  hold- 
ing the  head  firmly  with  the  base  of  the  cranium  hori- 
zontal. This  enables  the  base  of  the  skull  to  serve  as  a 
shallow  tray  in  which  the  brain  is  supported  during  its 
removal.  The  subject  lies  upon  the  belly,  being  sup- 
ported by  adjustable  clamps  fitting  into  the  auditory 
meatuses,  and  the  head  naturally  assumes  a  po.sition  in 
which  the  long  axis  of  the  cerebrum  is  nearly  horizontal. 
Repoated  trials  in  the  neurological  laboratory  at  Cornell 
University  this  spring  have  shown  that  with  a  maxi- 
mum of  convenience  to  the  operator  there  is  a  minimum 
of  danger  of  rupturing  the  cranial  nerves  and  certain 
delicate  structures  of  the  braiu  itself,  which  are  fre- 
quently torn  when  the  usual  methods  are  employed. 
Fig.  988  shows  a  general  view  of  the  apparatus.  Fig. 
989  shows  details  of  construction.  In  Fig.  982  it  is  rep- 
resented in  use. 

"The  device  consists  of  a  baseboard  A  to  which  is  at- 
tached at  right  angles  a  second  board  B.  Both  are  of 
seven-eighths-inch  oak.  Professor  Wilder  suggested  that 
the  upright  board  should  be  hinged  to  the  base  for  con- 


FIG.  988. 
Stroud. 
books. 


-Head-Rest  for  the  Removal  of  the  Brain.  Devised  hy  B.  B. 
A,  Baseboard ;  B,  upright  board,  hinged  to  A  and  secured  by 
(From  Stroud's  paper.  191X1,  b  ;  see  Figs.  983  and  989.) 
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venience  in  storage  and  transportation.  This  is  a  very 
valuable  improvement. 

"The  upright  C— Figs.  988  and  989,  A— has  a  middle 
eraarginatiou  and  the  sides  are  cut  at  an  angle  as  shown 
in  Fig.  989,  A.  The  chin-rest  D  is  hollowed  upon  the  top 
to  fit  the  chin.  It  slides  in  a  shallow  groove  0.5  cm.  (^ 
in.)  deep,  cut  in  B,  and  is  adjustable  by  means  of  the 
thumbscrew.  The  two  lateral  bars  E  are  of  iron.  They 
project  3.5  em.  (IJ-  in.)  above  the  board  B,  and  serve  to 
support  the  two  jaws  FunA  O. 

"  The  two  clamps  for  grasping  the  head,  Fig.  982,  shown 
in  detail  in  Fig.  989,  B,  consist  of  the  jaw  F,  the  guides 

AA    ff 


Fig.  989.— Portions  of  the  Heail-ltP.M.  A,  the  upright  board,  with  its 
side  irons,  E.  B.  One  ol  the  two  clamps  for  grasping  the  head. 
C,  improved  form  of  tlie  jaw-piece,  F. 


/,  and  the  screw  J,  which  pierces  F  in  the  form  of  a 
spike  H,  3  cm.  (f  in.)  long,  to  enter  the  auditory  meatus. 
A  flat  liead  /,  Fig.  989,  B,  is  more  convenient  for  turning 
the  screw  than  the  round  milled  head  shown  in  Fig.  988. 
The  jaw  i^ is  bent  flatwise  to  fit  the  curve  of  the  skull 
and  grasp  it  dorsad  of  (posterior  to)  the  mastoid  process. 
The  other  end  is  curved  downward,  to  fit  under  the 
zygoma  and  thus  hold  the  head  more  firmly.  The  guides 
/are  made  from  one  piece  of  steel  bent  in  the  form  of  a 
rectangle  and  made  to  fit  very  closely  to  the  top  of  the 
siile  iron  E.  They  and  the  curved  form  of  F prevent  a 
disagreeable  rocking  motion  of  the  head.  F  is  firmly 
riveted  to  I  by  means  of  fotir  double-headed  rivets. 
The  upright  B  is  held  in  position  by  the  two  hooks  E 
and  L. " * 


*  For  the  convenience  of  those  who  may  desire  to  construct  the  head- 
rest the  detailed  specifications  are  here  reproduced :  A  and  B  are 
made  of  %-\u.  oak.  -4  is3Ux40cm.  (12 .x  IS  in.).  B  is  SOxSii  cm. 
(12  X  10!4  in.).  It  Ls  cut  as  indicated  in  Fig.  989,  A.  The  middle  cut 
is  1.5  X  13  cm.  (6x5  in.).  The  front  side  contains  a  groove  %  in.  deep 
and  3»R  in.  wide  to  receive  the  chin  support  Z).  D  is  of  oak  5x9x17 
cm.  (2  X  3H  X  t)3:t  in. ) .  The  top  is  hollowed  out  to  fit  the  chin  4.5  cm. 
One  and  seven-eiirhths  in.  from  the  top  it  is  cut  down  so  as  to  be  only 
.5  in.  thick.  There  is  a  slot  in  the  middle  to  accommodate  a  set  screw 
for  fastcninL'  it  at  the  ditterent  heights.  E  is  an  iron  bar.  17  x  2  x  1 
cm.  11W4  X  ■■'4  X  3,  in. I,  and  is  bent  at  a  point  3.5  cm  (1!^  in.)  from  the 
top  so  as  to  be  perpendicular  to  the  base  A.  F  is  of  ffe  in.  steel,  9x3 
cm.  (3!4  x  1)4  in.l  and  formed  as  shown  in  Fig.  989.  B  and  C :  1  is  the 
front  end  shaped  so  as  to  fit  under  the  zygoma ;  2  is  the  rear  end  and 
grasps  the  teinporo-occipit;il  hone  ilorsnd  of  the  mastoid  process.  The 
clamps  J  are  made  of  ^^-in.  slcfl  12  x  2.5  cm.  (4-^4  x  1  in.)  and  bent  as 
shown  in  Fig.  989,  B.  The  screw  J  o[ierates  the  jaw  F.  It  is  made  of 
TB-in.  iron  4  in.  long.  It  has  a  shoulder  which  is  received  between 
F  and  I.  The  spike  H  projects  one  inch  beyond  F  to  be  inserted  into 
the  auditory  meatus.  A  flat  head  is  more  convenient  than  the  round 
one  s'hown  in  Fig.  988.  All  sharp  edges  should  be  rounded  and 
smoothed  to  avoid  accidental  injury  to  the  operator's  bands. 


§  143.  Agnte-Ware  Pans. — The  brain  anatomist  will  find 
most  convenient,  and  in  the  end  most  economical,  one  or 
two  "  nests  "  of  iron  pans,  "  enamelled, "  so  as  not  to  rust, 
with  plates  of  the  same  for  covers.  For  the  largest  size 
(11  X  4  in.) covers  of  glass  or  metal  must  be  provided; 
this  size  will  accommo- 
date a  half  head. 

^  144.  Butter  jars,  10 
x'lO  cm.,  or  10  X  20 
cm.,  with  tin  screw-cap, 
parchment  lined,  are 
sold  by  the  Excelsior 
Package  Co..  49  Warren 
StreeL^New  York.  They 
are  very  convenient  for 
temporary  storage  or  for 
transportation. 

§  145.  Labelling  Speci- 
mens.— Much  of  the  real 
value  of  a  specimen  de- 
pends upon  its  identifi- 
cation as  being  a  certain 
part  of  a  certain  brain, 
taken  from  an  individ- 
ual of  a  certain  age,  sex, 
and  nationalitj',  and  pre- 
served in  a  certain  way. 
Even  if  the  possessor 
has  so  few  specimens 
that  he  feels  sure  of  re- 
membering t  he  en  t  ire  his- 
tory of  each,  his  death 
would  abolish  the  source 
of  information.  I  have 
observed  surprising  in- 
stances of  carelessness  in 
this  regard,  even  upon 
the  part  of  some  who 
should  set  an  example 
of  scientific  accuracy. 

Were  the  specimen 
never  to  be  removed 
from  the  jar  in  which  it 
alone  is  kept,  the  object 
could  be  accomplished 
by  inserting  the  label  in 
the  jar  or  attaching  it  thereto;  but  this  is  rarely  an 
adequate  precaution,  neither  is  it  often  possible  to  state 
all  the  desirable  data  upou  a  label 
attached  to  the  specimen  itself. 
The  most  satisfactory  plan  tried  is 
the  a(J/>ption  of  a  serial  number  for 
each  brain. 

g  146.  All  Specimens  are  Num- 
bered.— As  soon  as  received  every 
brain  is  assigned  a  number  which 
permanently  designates  it  and  all 
parts  into  which  it  may  at  any  time 
be  di\ided ;  the  same  number  per- 
tains to  all  notes,  photographs,  and 
be rger-s  Specimen    drawings  of  it. 

rubber  ring  and  a  ^  147.  Soinetimes,  as  with  entire 
glass  top  retained  by  brains  or  half-brains,  it  is  possible 
a  wire.  The  smaller  tg  attach  with  a  cord  a  metal  (sheet 
block  tin.  stamped)  number.  But 
commonly  the  numbers  are  written 
with  India  ink*  upon  bits  of  parch- 
ment and  attached  by  small  (rib- 
bon) pins,  f 

§  148.  For  purposes  of  dissection,  photographing,  or 
drawing  it  may  sometimes  be  necessary  to  remove  the 
label,  but  ordinarily  it  should  be  affixed  to  some  other  re- 
gion, so  that  there  maj'  be  no  possibility  of  misplacement. 

*  Good  pencil  marks  last  a  long  time  in  alcohol,  but  ordinary  black 
ink  is  speedily  washed  out. 

+  In  time  ordinary  pins  corrode  and  may  break  the  brain  substance 
when  withdrawn ;  pins  of  aluminum  or  silver  should  be  available  at 
a  moderate  cost. 


Fir..  9SI0.— Specimen  Jar,  with  Glass 
Top,  Rutilier  Ring,  and  Clamp. 
(Made  by  Whitall. Tatiim &  Co.,  New 
York.)  Fourteen  sizes  are  made, 
ranging  from  three  to  nine  inches  in 
diameter,  and  of  various  lengths. 
The  size  here  shown  is  fi  >:  12,  and 
will  receive  a  half  brain  or  the  two 
halves  of  a  medisecled  cerebrNm ; 
for  undivided  brains  and  for  medi- 
sected  heads  the  size  9  >  8  sullices. 
These  two  sizes  cost,  respectively, 
SIO  and  SI8  a  dozen.  The  prices 
given  in  the  catalogue  are  subject 
to  a  discount  of  llfty  per  cent. 


Fig 


Landen- 


size  is  3  X  3  in.,  capac- 
ity 60Z.  (180  CO:  the 
larger,  3X4  (high), 
capacity  10  oz.  (300 
CO.).  25 N. Thirteenth 
Street,  Philadelphia. 


386 


REFERENCE   HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


Brain. 
Brain. 


§  149.  Distinctite  Labels. — The  ready  recognition  of 
cerebrums  belonging  to  groups  may  be  provided  for  as 
follows: 

A.  The  sexes  are  distinguished  by  using  quadrangular 
labels  for  males  and  circular  ones  for  females. 

B.  Presumed  normal  white  brains  have  white  labels: 
Africans  (of  all  shades),  gra.y ;  murderers  and  other  crim- 
inals, red ;  insane  and  idiots,  blue. 

g  150.  Immediate  Be<:(frds  are  Made. — No  one's  memory 
is  conceded  to  be  infallible.  All  data  concerning  a  brain 
not  obtainable  from  the  specimen  itself  are  recorded 
without  delay  under  the  number 
assigned  to  it;  e.y.,  the  se.x,  age, 
known,  believed  or  estimated,  race, 
known  or  supposed  weight  when 
fresh,  donor,  mode  of  initial  pres- 
ervation, weight  or  bodily  condition 
"f  the  individual,  and  his  character 
or  mental  state. 

§  1.51.  Card  Catalogue. — The  basis 
of  the  records  of  each  brain  is  a  card 
bearing  the  number  of  the  specimen 
at  an  upper  corner.  Upon  the  face 
of  the  card  are  written  the  data  men- 
tioned in  §  150;  also,  or  continued 
upon  the  back,  the  numbers  of  neg- 
atives, and  references  to  pubUshed 
ligures  or  descriptions;  suggestions 
cif  points  to  be  elucidated  are  com- 
monly put  on  paper  slips.* 

§  152.  Drawing  is  in.sisted  upon, f 
These  drawings  should  be,  primarily 
at  least,  in  outline  only ;  shading, 
like  charity,  "covereth  a  multitude 
of  sins. " 

§  153.  In  beginning  the  study  of 
a  difficult  region,  the  student  is"  ad- 
vised to  determine  at  once  some 
prominent  feature  as  a  landmark, 
as  a  "base,"  so  to  speak,  "of  intel- 
lectual supplies,"  from  which  he 
may  explore  in  any  direction,  and 
to  whichhemay  return  when  doubts 
arise. 

§  154.  No  observation  involving 
either     complex     manipulation     or 
novel  results  is  published   until   it  has  been  submitted 
to  at  least  one  other  trained  observer. 

§  155.  It  is  freely  admitted  that  rarely,  if  ever,  is  all 
possible  information  gained  from  a  specimen  at  one  ex- 
amination or  by  a  single  observer;  hence  specimens  are 
preserved.  I 

§  156.  Methods  of  Representing  the  Brain. — The  follow- 
ing considerations  and  suggestions  apply  more  or  less 
directly  to  all  natural  history  illustrations,  but  with 
especial  force  to  the  human  brain,  on  account  of  its  soft- 
ness when  fresh,  the  difflculty  of  preserving  it,  the  great 
size  of  the  entire  organ,  the  minuteness  of  certain  por- 
tions, the  large  number  of  recognizable  parts  within  a 


*  My  own  use  of  slips  of  convenient  size  for  notes  and  drawings  and 
descriptions  tiepan  in  1S6T  while  I  was  assistant  in  comparative  anato- 
my at  thf  i.\tr!iss!z)  Museiiin  of  Comparative  Zo<.)log'y  at  Canihridge, 
Mass.  The  sli|is  were  about  three  by  five  inches.  WhfU  the  first 
United  >fciics  jiustal  card  was  issued  that  size  (I3..5  ■  T.'i  cm..  .^.2.5  X 
3  in.)  was  adnpti'd.  lint  tlin  sulisHqufnt  introduction  of  other  sizes 
ha.s  invalidiitcd  that  siaiid;ird.  and  the  ii.mmoii  and  increasing  em- 
ployment of  tile  ratalniriie  eai'd  of  the  Library  Bureau  *7..5  X  \2.b  cm. 
or  3  X  .5  in. )  may  render  it  desirable  to  adopt  that  size  for  notes  as 
well.  Brief  accounts  of  the  *"  slip  system  of  notes  "  are  given  in 
Science,  January  luth.  1S.S.").  and  in  Wilder  and  Gage. 

+  Every  student  of  any  branch  of  natural  history  should  compel  him- 
self to  learn  to  draw,  however  slight  may  be  his"  inherited  artistic  ca- 
pacity. Not  merely  the  laboratory  students  in  Cornell  University,  but 
the  members  of  the  larire  general  classes  in  physiology  and  zoology 
are  requii'ed  to  make  dniwings  of  entire  animals,' and  of  the  parts  ex- 
posed in  their  dissections. 

*  The  time  has  not  yet  come,  and  indeed  shows  no  signs  of  ap- 
proach, when  I  can  look  at  even  a  famihar  brain  preparation  without 
learning  a  new  fact,  gaining  a  better  insight  into  what  was  already 
known,  or  receiving  an  impulse  toward  some  special  inquiry.  A  good 
e.vample  of  the  desirability  of  preserving  specimens  for  later  scrutiny 
is  furnished  in  my  last  paper,  1900,  a  (see  p.  196). 


Fli  'II'  1  ill  U  und 
bcrcw  tapped  Jar 
With  Nickel  Plated 
Caps,  Cork  -Lined. 
Three  sizes,  viz.:  four 
ounces,  eight  ounces. 
and  sixteen  ounces. 
(Whitall.  Tatum  &  Co., 
New  York.)  Answers 
well  for  dry  or  non- 
volatile contents  or  for 
the  temporary  storage 
of  alcohohc  speci- 
mens. 


small  area,  the  continuity  of  all,  the  contiguity  of  some 
which  are  otherwise  associated  but  remotely,  the  inter- 
mixture of  two  differently  colored  substances,  the  com- 
plicated relations  of  the  meninges  to  each  other,  to  the 
vessels,  and  to  the  cavities,  and  the  preponderance  of 
curved  and  oblique  contours  over  straight  lines  and 
planes. 

t^  157.  Importance  of  Orientation. — With  all  organs, 
but  especially  -with  the  brain,  it  is  essential  that  the  lo- 
cation of  the  region  represented  be  easily  recognized; 
otherwise  details  may  be  unappreciated  or  even  misap- 
prehended. So  far  as  possible,  therefore,  less  familiar 
parts  should  be  accompanied  by  such  as  are  immistak- 
able.  It  might  seem  that  useless  expense  was  incurred 
by  the  publishers  of  Bourgery  and  Jaccib's  magnificent 
plates  in  the  introduction  of  faces  aitistically  drawn 
and  coloied;  but  even  the  expert  neurologist  is  guided 
in  the  comprehension  of  the  relative  posTtion  of  brain 
parts  by  reference  to  the  apparently  superfluous  facial 
outlines. 

§  158.  Enlargement  of  Complex  Regions. — It  often  hap- 
pens that  the  same  section  or  dissection  includes  regions 
that  are  comparatively  simple,  and  others  that  ai'e  very 
complex ;  shown  upon  a  single  scale,  either  the  complex 
parts  are  unintelligible,  or  the  total  is  uiidesii-ably  and 
needlessl_v  large.  Hence,  just  as  the  histologist  aims 
first  to  obtain  a  general  view  of  all  the  parts  in  their  gross 
relations,  and  then  focuses  a  highei-  power  upon  a  selected 
region,  so  the  delineator  of  encephalic  structures  should 
give  first  a  view  of  the  whole,  if  only  an  outline,  and 
then  an  enlargement  of  complex  iiarts  to  any  extent  re- 
quired for  their  complete  elucitlation;  he  "can  hardly 
make  this  enlargement  excessive.  Compare,  e.g. ,  Quain's 
ligures,  258  and  290,  and  Figs,  669,  670,  671,  and  695  in 
this  volume. 

§  159.  Terminal  and  limiting  parts,  membranes,  and 
apparently  atelic  (fuuctionless)  parts  and  conditions 
should  be  distinctly  shown,  or  the  insufflciency  of  their 
representation  admitted.  "  The  little  things  of  the 
brain  "  might  well  form  the  subject  of  an  entire  article. 
From  the  standpoints  of  physiology  and  medical  practice 
such  parts  as  the  terma,  valvula,  crista,  epiphysis,  hy- 
pophysis, and  habena,  and  such  conditions  as  the  reflec- 
tion of  the  endyma  upon  the  plexuses,  and  the  dorsal 
limitation  of  the  porta,  are  of  comparatively  slight  im- 
portance. But  their  morphological  significance  is,  at  least 
in  some  cases,  inversely  to  their  functional  activity,  and 
they  cannot  be  ignored  without  endangering  the  success 
.of  any  attempt  to  understand  or  explain  the  structure  of 
the  brain, 

§  160.  Anatomical  figures  should  be  something  more 
than  piettires  conveying  a  general  and  vague  idea. 
Where  is  there  an  adequate  representation  of  the  relation 
of  the  diatela  to  the  habena,  and  of  the  cephalic  end  of 
the  latter?  From  the  publisheil  figures  could  any  stti- 
dent  be  expected  to  comprehend  the  locations  and  bound- 
aries of  the  "  foramina  of  Monro  "  or  of  "  Magendie  "  ? 
The  tenia  is  easily  enough  shown  as  a  white  band 
throughout  most  of  its  course,  but  where  are  its  extremi- 
ties accurately  delineated?  Any  one  can  see  the  caudate 
prolongation  of  the  striatum,  but  representations  of  its 
termination  at  the  tip  of  the  medicornu  are  as  rare  as  are 
figures  of  the  extremit}^  of  the  filum  terminale.  Even  so 
considerable  a  part  as  the  flocculus  is  seldom  figured  in 
such  a  way  as  to  display  either  its  form  or  its  attach- 
ment. 

§  161.  The  avoidance  of  the  morphological  incongrui- 
ties and  deficiencies  which  are  to  be  detected  in  nearly 
every  portrayal  of  encephalic  anatomy  demands  the  ad- 
mission of  three  propositions,  which  are  mere  truisms  in 
themselves,  but  radical  affirmations  when  contrasted  with 
their  almost  universal  non-recognition  in  anatomical 
works: 

1.  Every  part,  organ,  membrane.*  or  surface  is  either 

*  So  essential  is  the  exemplification  of  celian  circumscription  and 
endvmal  continuity  that  the  endyma  should  be  represented  by  a  dis- 
tinct and  rather  heavy  line,  continuous  excepting  at  the  metapore : 
see  p.  152,  ng.  687. 
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limited  or  continuous  with  some  other  part.  If  limited, 
its  limits  must  be  defined ;  if  not.  its  extension  must  be 
indicated. 

2.  Every  cavity  is  either  open  or  closed.  If  closed, 
the  continuit}- of  its  parietes  must  be  demonstrated;  if 
open,  its  communications  must  be  shown. 

3.  Every  elongated  part  has  a  middle  and  two  extrem- 
ities ;  not  only  the  former,  but  the  latter  must  be  repre- 
sented. 

I  163.  Figures — original  ones  especiallj- — should  be 
multiplied  and  descriptions  reduced.  In  descriptive  an- 
atomy', whether  human  or  comparative,  the  text  should 
be  subordinate  to  the  illustrations.  Some  treatises  (Charles 
Bell,  Meckel,  Milne-Edwards,  etc.)  seem  to  have  been 
prepared  upon  the  idea  that  the  description  is  essential 
and  the  figures  merely  supplementary:  on  the  contrary, 
words  should  be  employed  only  when  pictures  will  not 
suffice — that  is,  for  explanation,  commentary,  generaliza- 
tion, hypothesis,  and  manipulative  directions. 

The  "arguments  for  the  multiplication  of  figures  may 
be  summarized  as  follows: 

1.  A  figure  is  usually  a  guaranty  that  something  like 
the  object  represented  has  been  seen,  at  least  by  the  artist, 
and  that  a  certain  amount  of  time  has  been  devoted  to  its 
contemplation. 

2.  The  information  conveyed  by  a  figure  is  more  real, 
and  likely  to  be  more  lasting,  than  that  which  is  expressed 
in  words.  In  respect  to  reality  and  impressiveness,  the 
sources  of  knowledge  may  be  ranked  as  follows,  in  an 
ascending  scale :  (1)  Description ;  (2)  picture ;  (3)  model : 
(4)  object  seen;  (5)  object  handled;  (6)  object  personally 
prepared.  The  picture  is  thus  intermediate  in  value  be- 
tween the  thing  itself  and  a  description  of  it. 

3.  A  figure,  if  clear  and  properly  placed,  is  more  read- 
ily understood  than  a  description,  and  a  saving  of  time 
is  thus  effected.  It  may  be  easier  for  the  author  to  write 
than  to  draw,  or  even  than  to  supervise  a  drawing,  but 
his  personal  inconvenience  or  loss  of  time  should  not  out- 
weigh the  gain  to  his  readers.  This  applies  particularly 
to  dictionaries,  cyclopedias,  and  journals,  which  are 
commonly  read  or  consulted  in  haste.  Editors  and  pub- 
lishers would  find  eventual  profit  in  offering  to  authors 
the  fullest  encouragement  to  emplo}-  illustrations  so  far 
as  possible  and  curtail  their  descriptions  in  proportion. 
That  it  is  rather  the  exception  than  the  rule  for  such  en- 
couragement to  be  offered  is  probably  due  to  several 
causes:  (a)  Publishing  houses  have  usually  a  stall  of 
printers  who  must  be  employed,  whereas  the  various 
processes  involved  in  the  making  of  pictures  are  com- 
monly done  outside  at  extra  expense ;  (6)  authors  too  often 
content  themselves  with  carelessly  made  copies  of  "  stock 
figures  "  instead  of  insisting  upon  original  representations 
of  objects  prepared  bj-  themselves.  Hence,  on  the  one 
hand,  the  exceptionally  liberal  publisher  is  liable  to  get 
a  poor  return  for  any  allowance  made  for  drawings,  and, 
on  the  other,  the  exceptionally  painstaking  author  is  apt 
to  be  told  that,  at  best,  the  engraving  will  be  done  if  he 
will  furnish  the  drawings :  and,  if  he  cannot  draw  him- 
self, their  cost  is  likely  to  deter  him  from  their  introduc- 
tion. In  short,  all  the  existing  conditions  work  to  the 
disadvantage  of  the  reader,  who  gets  btit  a  "  pennyworth 
of  [pictorial]  bread  to  a  monstrous  deal  of  [verbal]  sack." 

Before  this  state  of  things  can  be  amended  the  authors 
of  books  and  papers  must  see  clearly  the  importance  of  il- 
lustration :  to  paraphrase  an  epigram  as  to  the  making 
of  an  index,  the  drawings  should  be  made  or  personally 
superintended  by  the  author,  even  if  some  one  else  has 
to  write  the  text. 

4.  Figures  usually  occupy  less  space  than  descriptions 
conveying  an  equal  amount  of  information.  This  means 
condensation,  convenience,  and  economy  in  tlie  present, 
and  a  due  consideration  for  our  successors  in  the  not  far 
distant  future.  Exact  data  are  not  accessible,  but  no 
thoughtful  and  public-spirited  person  (unless  he  be  a 
publisher  or  printer)  can  contemplate  without  concern 
the  logical  results  of  the  present  rate  of  book-making 
activity. 

g  163.  Borrowed  figures  should  be  fully  credited,  and 


all  modifications,  whether  of  size  or  features,  explicitly 
stated.  To  copy  is  to  compliment,  but  unacknowledged 
copying  is  theft,  and  unspecified  change  Is  misrepresen- 
tation. 

The  ill  effects  of  omitting  to  state  the  source  of  a  figuie 
are  two;  (1)  The  originator  loses  credit  to  which  he  is 
justly  entitled ;  (2)  the  reader  may  be  seriously  misled  by 
the  apparent  duplication  of  some  really  unique  feature 
or  the  confirmation  of  an  error.  For"  example,  in  the 
representations  of  the  meson  of  the  cat's  brain  by  Leuret 
(Leuret  et  Gratiolet,  PI.  V.,  Fig.  2),  the  pseudocele 
("fifth  ventricle'")  is  made  even  more  extensive  than  in 
man,  reaching  almost  to  the  splenium.  The  figure  is  re- 
produced, without  credit  or  correction,  in  Mivart's  "  The 
Cat"  (Fig.  129).  Whoever  remarks  the  coincidence  in 
respect  to  the  pseudocele,  but  fails  to  note  that  one  figure 
is  simply  a  copy  of  the  other,  may  naturally  infer  that 
the  feature  in  question  is  normal,  or  at  least  not  anomalous. 

On  the  other  hand,  if  informed  that  three  of  Slivart's 
figures  (12.5,  126,  129)  were  copied  from  Leuret,  the  stu- 
dent might  conclude  that  the  representation  of  the  base 
of  the  brain  (Fig.  128)  was  derived  from  the  same  source. 
This  would  be  most  injurious  to  the  reputation  of  Leuret, 
for  the  figure  in  question  displays  several  features  (the 
size  and  direction  of  the  hypophysis,  the  disconnected 
fissure  on  the  temporal  lobe,  the  relations  of  the  pons  to 
the  trifacial  and  abducens  nerves)  which  it  is  safe  to  say 
never  were  observed  in  a  feline  brain. 

Nor  is  it  enough  to  give  the  sources  of  figures  in  a  list, 
or  in  the  preface,  as  in  Huxley's  "  Vertebrated  Animals  " ; 
so  great  is  the  labor  of  preparing  an  original  figure  that 
the  acknowledgment  of  it  should  be  equally  as  explicit 
as  that  of  a  verbal  quotation. 

Finally,  in  the  case  of  modified  figures,  it  needs  but  a 
moment's  reflection  to  see  that  nothing  short  of  an  accu- 
rate statement  of  the  nature  and  extent  of  the  alteration 
can  insure  full  justice  to  the  originator. 

g  164.  Drawings  should  be  made  as  notes.  In  many 
cases  an  outline*  drawing,  even  if  hastily  made,  would 
convey  to  the  maker,  or  any  one  else,  at  a  future  time 
more  prompt  and  complete  information  than  could  be 
embodied  in  writing  covering  the  same  space.  But  the 
general  employment  of  sketches,  in  addition  to  words, 
or  in  place  of  them,  can  hardly  be  looked  for  until  chil- 
dren are  taught  to  draw  the  intelligible  objects  about 
them  before  they  are  drilled  in  the  making  of  the — to 
them — tmmeaning  pot-hooks  of  the  alphabet. 

§  165.  Figures  should  be  more  frequently  employed 
in  preliminary  or  incomplete  publication,  ftobably  one 
of  the  reasons  for  the  comparative  infrequency  of  pictorial 
representations  of  normal,  abnormal,  and  pathological 
structures,  especially  in  journals,  is  the  difficulty,  often 
the  impossibility,  of  preparing  a  detailed  figure  in  time 
for  publication.  But  this  need  not  prevent  the  early  ap- 
pearance of  a  figure,  if  only  in  outline,  illustrating  one 
or  more  points  of  greatest  importance. 

S  166.  Figures  should  be  based  upon  photographs. 
Photography  enables  the  anatomist  to  (a)  record  the  ap- 
pearances of  perishable  specimens,  or  of  such  as  are  in 
course  of  dissection:  (i)  insure  the  proper  perspective; 
(<•)  save  time  and  labor  upon  the  part  of  the  draughtsman, 
and  thus  either  reduce  the  cost  of  the  drawings  or  render 
a  larger  number  attainable. 

It  is  seldom  that  a  single  anatomical  preparation  is  so 
perfect  as  to  display  all  that  is  needed,  and  yet  present 
no  superfluous  parts:  often,  too,  certain  points  are  to  be 
brought  out  with  "  diagrammatic  clearness, "  others  being 
subordinated  or  omitted  altogether.  Hence,  as  a  rule, 
the  photograph  forms  rather  the  basis  for  the  completed 
figure,  and  two  or  more  similar  preparations  may  be  re- 
quired for  the  elucidation  of  all  the  desired  features.! 

♦There  is  a  general  and  almost  unconquerable  predilectioD  for 
shaded  drawings.  However  advantageous  shading  may  be  in  ordinary 
art  as  an  element  of  linished  pictures,  and  when  merel.v  a  general 
effect  is  desired,  in  anatomical  tlgtires  correct  outlines  are  essential, 
and  shading  should  be  deferred  until  the  last. 

t  A  chief  obstacle  to  the  employment  of  photographs  as  a  basis  for 
figures  of  brains  and  embryos  has  been  the  dilHcuIty  of  supporting 
such  delicate  objects  within  range  of  the  camera  in  its  usual  horizon- 
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§  167.  Figures  should  be  placed  so  as  to  be  most 
readi!}'  understood  and  instructively  compared.  In 
comparing  pictures  of  two  or  more  houses,  ships,  or 
stoves,  the  architect,  ship-builder,  or  dealer  places  them 
in  such  positions  with  regard  to  one  another  and  his  own 
eyes  as  may  minimize  the  effort  at  mental  transposition. 
If  asked  the  principle  on  which  he  acts,  he  will  probably 
say  that  no  principle  is  needed,  that  he  simply  follows 
nature,  experience,  and  common  sense. 

With  few  exceptions  it  seems  to  be  reserved  for  those 
•whose  business  is  the  contemplation  of  natural  objects, 
who  are  credited  with  more  than  the  average  degree  of 
intelligence,  and  who  have  at  command  the  recorded  ex- 
perience of  centuries,  to  disregard  a  matter  whose  sim- 
plicity is  equalled  only  by  its  importance.  In  most 
works  there  is  an  utter  absence  of  system.  Seldom,  in- 
deed, are  syumietrical  figures  placed  otherwise  than  with 
the  meson  coinciding  with  that  of  the  observer ;  but  even 
this  would  be  less  likely  to  confuse  than  the  apposition 
of  transections  of  a  subcylindrical  mass  like  the  myel 
with  the  dorsum  above  in  one  case  and  below  in  another.* 

The  prevalent  carelessness  in  this  regard  may  be  as- 
cribed to  three  sources :  ((()  The  still  too  common  idea  that 
Illustrations  are  of  secondary  importance ;  (A)  the  fact  that 
most  figures  have  been  copied  and  thus  placed  without 
regularity,  as  in  the  original ;  (c)  some  time  and  trouble 
are  required  to  reverse  them. 

§  168.  General  Rules  for  the  Placing  of  Figures. — These 
rules  are  based  upon  a  consideration  of  the  whole  subject. 
There  is  probably  no  one  of  them  to  which  exceptions 
may  not  exist ;  but  such  exceptions  should  always  have 
a  well-defined  reason  and  not  occur  through  inadvertence. 

1.  Figures  should  be  coadjusted  so  as  to  facilitate 
comparison  with  one  another  and  with  typical  structures 
in  normal  positions. 

2.  The  dorsal  side  should  be  uppermost. 

3.  Direct  views  are  to  be  preferred  to  oblique  though 
the  latter  are  at  times  indispensable;  e.g..  Figs.  720,  769, 
and  775. 

4.  Symmetrical  figures,  or  parts  thereof,  should  be  so 
placed  that  the  meson  is  vertical,  e.g. ,  Figs.  664,  672,  and 
682. 

5.  When  there  is  no  choice  between  the  right  and  left 
sides,  the  latter  should  be  represented. 

6.  Of  medisected  organs,  unless  there  is  special  reason 
for  choice,  the  mesal  aspect  of  the  right  half  is  to  be 
shown,  f 

§  169.  Designation  of  Parts  vpon  Figures. — The  full 
technical  names  of  parts  should  be  given  if  possible. 
From  the  purely  artistic  point  of  view,  of  course,  any 
extraneous  line  upon  a  picture  is  a  cfisfigurement.  But 
if  it  be  once  admitted  that  the  primary  object  of  an  ana- 
tomical drawing  is  to  convey  accurate  information,  then, 
unless  the  shaded  figure  can  be  duplicated  in  an  outline 
(as  in  Tiedemann,  Vicq  d'Azyr,  and  Dalton),  there  should 
he  no  sacrifice  of  the  essential  to  the  accessory. 

It  may  be  a  question  whether  the  names  should  be 
upon  the  parts  (as  in  Gray),  or  at  the  sides  of  the  figure 
and  connected  with  the  parts  by  lines  (Gegenbaur).  Upon 
the  whole  the  latter  method  seems  preferable,  especially 
if  the  technical  names  are  used. 

§  170.  Abbreviations  should  represent  technical  terms; 
they  should  be  uniform  throughout  the  work,  and  be 
placed  at  the  sides  of  the  figure. 

Four  methods  of  designating  parts  by  abbreviations 


tal,  or  nearly  horizontal,  position.  This  obstacle  Is  wholly  removed 
by  the  photographic  table  devised  by  Professor  Gage  and  used  by  us 
in  Cornell  University  since  1873.  With  this  the  camera  may  be  readily 
adjusted  to  any  an^le.  and  brought  into  a  vertical  position  so  as  to 
cover  an  object  lyinpr  upon  cotton,  or  in  alcohol,  or  even  alive  in  water. 
The  apparatus  is  described  and  figured  in  Science,  April  11th,  1884, 

•  The  common  disregard  of  uniformity  in  this  respect  was  made  the 
subject  of  a  comuumication  by  a  medical  professor  to  the  Association 
of  American  Anatomists  at  its  meeting  in  December,  1892. 

+  If  the  fuller  discussion  of  this  subject  in  the  New  York  Medical 
Journal,  August  3d,  188i,  be  consulted,  the  following  corrections 
should  be  made : 

Explanation  of  Fig.  .57,  last  line,  transpose  aiitimesal  and  symmesal. 
'     Fig.  59,  for  antimesal  read  symmesal. 

Fig.  64.  for  symmesal  read  antimesal. 


have  beeii  employed:  1,  By  numbers  and  non-significant 
and  imuniform  letters,  which  may  or  may  not  be  explained 
in  the  text  (Owen);  2.  by  non-significant  characters, 
uniform  only  in  part,  and  explainecl  at  a  distance  from 
the  figure  (Reichert) ;  3,  by  uniform  and  significant,  but 
partly  vernacular,  abbreviations  (Parker);  4,  by  uniform 
technical  abbreviations  (W.  and  G.). 
_  The  advantages  of  uniformity  in  the  use  of  abbrevia- 
tions are  obvious,  but  it  is  by  no  means  easy  to  avoid  the 
charge  of  ambiguity.  Where  uniformity  is  not  at- 
tempted, care  should"  at  least  be  taken  to  avoid  the  use 
of  the  same  abbreviation  for  the  names  of  parts  which 
are  liable  to  be  taken  for  one  another.  For  example,  in 
Schwalbe's  two  representations  of  the  lateral  aspect  of 
the  crura  and  adjacent  parts  (Figs.  280,  281),  not  only  are 
opposite  sides  shown  for  no  good  reason,  with  some  dif- 
ferences of  detail  which  are  puzzling  rather  than  instruc- 
tive; not  only  is  the  pons  designated  in  one  by  p  and  in 
the  other  liy  po,  and  the  tractus  opticas  by  to  in  one  and 
tr.o  in  the  other;  but  the  letters  ?;:)  stand  ior  the  teenia 
pontis  in  Fig.  280,  and  in  Fig.  281  for  the  tractiis  pedun- 
fidaris  transi-ersiis  [cimbia].  Since  these  parts  are  similar 
in  general  appearance  and  direction,  and  only  one  appears 
in  each  figure,  it  is  doubtful  whether  any  "but  the  most 
expert  anatomist,  thoroughly  familiar  with  this  somewhat 
obscure  region,  could  escape  at  least  a  temporary  misap- 
prehension. 

§  171.  Abbreviations  should  be  explained  in  alphabet- 
ical order.  The  "  practical  "  business  man  would  exclaim, 
"  Of  course,  how  else  should  they  be  ?  "  An  "  unscientific  " 
child  would  adopt  the  alphabetical  order  with  letters  as 
he  would  the  order  of  notation  with  numbers.  But  the 
super-scientific  writer,  especially  if  he  be  a  German, 
scruples  not  to  save  a  few  moments  of  his  own  time  at 
the  expense  of  others,  by  giving  the  verbal  equivalents 
of  ten  (Huxley,  Fig.  19).  fi'fteen  (Balfour,  ii..  Fig.  271), 
twenty  (Quain,  Fig.  263),  twenty-five  (Schwalbi?,  Fig. 
279),  forty  (Meynert  [Strieker],  Fig.  253),  or  even  fifty- 
eight  (Marchand,  Arch.  f.  mik.  Anat.,  xxxvii.,  331,  332) 
abbreviations,  either  in  no  recognizable  order  at  all  or 
as  they  occur  upon  the  figure.*  The  time  wasted  by  each 
consulter  of  the  figure  (not  to  mention  the  effect  of  just 
indignation)  would  nearly  equal  what  it  would  have  cost 
the  author  to  place  the  abbreviations  in  alphabetical  se- 
quence. Burt  G.  Wild.er. 
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BRAIN:  PACCHIONIAN  BODIES.— These  granula- 
tions, once  falsely  called  glands,  were  perhaps  first  men- 
tioned by  Willis  (1676),  then  by  Mery  (1701),  and  almost 
simultaneously  described  by  A.  Pacchioni.  They  start 
as  minute  spheroidal,  partially  vesicular  outgrowths 
(villi  of  Luschka)  from  the  arachnoidal  layer  of  the  pia — 
where  it  bridges  fissures  as  well  as  where  it  rests  on  the 
gyres, — retaining  its  epithelial  covering.     They  must  not 

*  Even  more  objectionable  is  the  omission  of  the  original  pagina- 
tion upon  the  reprints  of  papers.  The  printer  does  not  always  realize 
the  conditions  and  the  author  often  remembers  when  it  is  too  late. 
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be  confounded  with  granulations  of  tlie  choroid  or  epen- 
dynia,  with  vegetations  notably  in  the  cavernous  sinus 
(Hyrtl,  1862),  nor  with  granular  (aciniform)  conditions  of 
the  meninges  seen  in  inflammations.  They  are  often 
clustered,  become  pedimculated,  penetrate  the  opposed 
dura,  and  finall)'  project  into  the  overlving  venous 
channels,  and  even  excavate  (in  part  repel)  the  bone. 
They  are  usually  most  abundant  opposite  the  middle  of 
the  falcial  sinus — more  correctly  opposite  the  largest 
parasinual  spaces — but  may  occur  on  both  sides,  along 
nearly  the  whole  length  of  this  sinus,  beside  the  trans- 
verse and  tentorial  sinuses,  and  even  beneath  the  latter, 
also  in  the  temporal  fossa  opposite  the  trunlis  of  the 
medidural  vessels  and  the  frequently  present  temporal 
sinus.  They  occur  not  rarely  3  cm.,  and  even  farther, 
from  the  long  sinus  along  the  line  of  large  incoming  veins 
after  the  latter  have  left'the  pia,  and  also  farther  out  at 
one  point  near  the  frontal  border  of  the  parietal  bone, 
probably  where  a  medidural  artery  bends  to  connect 
through  the  skull  with  temporal  vessels.  Hence,  in  gen- 
eral, they  occur  opposite  intradural  blood  channels  of 
some  size,  and  especially  those  subject  to  continual  varia; 
tions  in  calibre  (pulsation,  ebb  and  flow).  Their  preva- 
lent growth  toward  and  into  venous  spaces  has  led  to  the 
assumption  that  the  granulations  themselves  were  venous 
structures,  or  opened  into  such  (Key  and  Retzius,  KoU- 
mann,  and  others;  it  is  not  true  that  Trolard  claimed 
this).  Bvit  it  is  now  generally  thought  that  the  in- 
jection of  the  spaces  through  the  granidations  must  have 
ibeen  effected  by  the  rupture  of  granulation  vesicles.* 
From  the  intimate  connection  of  the  older  granulations 
with  the  spaces,  they  become  darker  colored ;  or,  on 
tearing  the  two  structures  apart,  flecked  with  blood. 
But  the  yoimger  free  corpuscles  are  pale,  whitish. 

The  parasinual  spaces  are  said  rather  to  diminish  with 
age,  while  the  granulations  certainly  increase.  Up  to 
the  twentieth  year  they  are  rarely  developed  to  any  ex- 
tent. In  congenital  defect  of  the  heart,  they  appear 
early  and  excessive  (case  of  Lambl,  1860;  one  of  the 
writer).  However,  at  all  ages  coutinuous  or  intermittent 
compression  of  the  brain  space,  of  whatever  origin,  is 
the  most  frequent  cause  of  their  over-development. 
Under  this  head  fall  intracranial  tumors  of  any  kind  or 
seat.  Repeated  congestion,  as  in  chronic  alcoholism,  is 
also  an  accepted  factor,  doubtless  acting  mechanically. 
Various  systemic  troubles,  as  nephritis  and  diabetes, 
favor  the  enlargement  of  these  bodies,  possibly  by  un- 
usual variations  in  the  encranial  pressure. 

In  view  of  all  the  facts — viz.,  that  while  these  cor- 
puscles regularly  occur  opposite  intradural  (extra-arach- 
noidal)  blood  channels  not  necessaril}-  venous,  their 
growth  is  especially  favored  on  the  one  hand  by  venous 
stasis,  on  the  other  by  pressure  from  the  side  of  the 
cranial  space — it  is  evident  that  they  result  from  the  oft- 
repeated  local  oscillation  of  the  arachnoid.  As  the  cere- 
bro-spinal  fluid  is  subarachnoidal,  it,  especially  when 
under  pressure,  forces  that  membrane  at  its  weakest 
points  into  any  depression,  as  that  beside  a  dilated  vessel 
. — the  gi-aiuiliitioiw  always  grow  airay  from  the  cranial 
oirity,  never  toward  it.  When,  then,  the  favoring  condi- 
tion— be  that  even  negative  instead  of  positive — relaxes, 
the  granulations,  to  the  extent  that  they  have  formed, 
press  against  and  penetrate  superimposed  structures, 
the  continuous  alternation  of  the  conditions  as  continu- 
ally favoring  the  process.  This,  as  we  believe,  clear  and 
simple  explanation  suffices  for  all  the  main  features  of 
these  little  growths. 

Pathology,  Clinical  History,  etc. — (a)  Like  the 
wrinkling  of  the  skin,  the  turning  gray  and  falling  out 
of  the  hair,  and  many  other  processes,  the  granulations 
themselves  should  be  considered  pathological  only  when 
they  become  excessive  or  develop  prematurely.  (A) 
Calcification  or  ossification  of  these   bodies  is  not  un- 

•  This  Is  a  matter  of  Interest  in  connection  with  the  theory  of  brain 

pressure  iHirmlrucli).  Ber^aiann  lays  much  stress  on  the  continu- 
ous <or  intermittent)  discharge  of  cerebn>spinal  fluid  through  the 
granulations  intf  the  venous  spaces:  while  Adamkiewicz  ignores  or 
argues  against  the  existence  of  such  discharge. 


usual.  They  may  contain  deposits  of  so-called  brain  sand 
and  even  fat  globules,  (c)  Where  they  penetrate  into 
blood  spaces  and  even  a  sinus,  thev  so  far  interfere  with 
the  return  current,  and  also  favor  thrombosis  (only  one 
case  of  the  latter,  Forster's,  has  lieen  attributed  to  this 
cause),  (d)  Foveaj  glandulares,  sharp  depressions  or  ex- 
cavations in  the  inside  of  the  skull  (preceding  e  and/), 
quite  analogous  to  that  seen  in  aneurism  of  a  dural 
artery,  are  sometimes  found.  From  their  more  or  less 
intimate  relations  with  the  sinus  walls.  Allen  advises 
avoidance  of  the  middle  hue  in  all  operations  upon  the 
skull  cap.  However,  the  diploB  itself  is  never  opened 
by  these  growths  as  a  new  layer  of  bone  alwaj-s  forms 
around  the  fove,T.  (()  Small  flat  elevations  of  the  ex- 
ternal plate  of  the  skull,  opposite  the  fovese,  and  hence 
near  the  superior  median  line,  are  mentioned  by  many. 
(/)  Very  rarely  complete  perforation  of  the  cranium  oc- 
curs. 

1.  Case  of  Weber-Ribes  (1819;  v.  Pozzi);  hole  small, 
and  covered  by  ligamentous  membrane.  2.  Luschka  (p. 
116);  perforation  of  squamous  portion  of  temporal  bone. 
3.  Lecat  (v.  Heincke  in  Pitha-Billroth) ;  pneumatocele 
capitis ;  skull  at  some  points  perforated  by  granulations 
of  the  dura.  4.  Demme  (1862;  v.  Mastin,  "Venous 
Blood  Tumors  of  the  Cranium."  Reprint,  1886).  "On 
the  left  of  the  sagittal  suture  (posteriori}-)  was  a  sharp- 
edged  opening  the  size  of  a  cherry  stone,  through  which 
protruded  a  Pacchionian  granulation."  5.  The  writer's 
observation.  Man  of  forty ;  had  suffered  over  three 
years  from  a  tumor  of  the  brain ;  autopsy,  August,  1887. 
At  the  favorite  sjjot  near  the  frontal  border  of  the  parietal, 
somewhat  removed  from  the  .sagittal  suture,  there  was  a 
clean-cut.  complete  perforation  of  the  skull  by  Pacchion- 
ian granulations.  This  was  circular,  fully  0..5  cm.  across, 
surrounded  even  in  the  diploic  portion  l>y  smooth  con- 
tinuous Vione,  and  covered  by  periosteal  membrane.  At 
the  bordyr  there  was  a  very  trifling  over-projection  of 
the  outer  bone  plate. 

It  is  recognized  that  such  perforations — even  when  in- 
complete— may.  from  local  injury,  lead  to  the  formation 
of  epicranial  Ijlood  cysts,  inasmuch  as  the  causative 
granulations  usually  traverse  some  blood  channel. 

(ff)  In  a  few  cases  growths  of  this  class  have  pressed 
on  passing  nerves,  causing  local  neuralgic  or  paretic 
symptoms.  Though  it  has  been  claimed  that  at  times 
these  growths  induce  headache,  it  is  probable  that  they 
are  then  but  co-effects  of  some  other  cause.  (/;)  In  ani- 
mals generally  these  corpuscles  are  not  present  (brains 
of  sheep,  calf,  rabbit,  dog,  and  eat  examined).  Luschka 
found  them  only  in  the  horse.  William  Bre/wninij. 
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BRAIN:    SIMPLE    MENINGITIS.— (Pachymeningitis, 

-axii;.  thick;  leptomeningitis,  /.e-ruc,  thin;  simple,  as 
distinguished  from  cerebrospinal  and  tuberculous  menin- 
gitis; meningitis  of  the  convexity  as  distinguished  from 
basilar  meningitis.)  ^Meningitis,  in  general,  was  first 
recognized  as  an  affection  separate  from  disease  of  the 
brain  b_v  ilorgagni,  1760.  Epidemic  cerebrospinal 
meningitis  first  attracted  the  attention  of  Vieusseux,  of 
Geneva,  180.5.  and  of  Strong,  North,  Fish,  Hale,  Miner, 
and  TVilliams,  of  our  own  coimtry,  1806-1814,  and  was 
at  that  early  ])eriod  easily  differentiated  from  affec- 
tions limited  to  the  membranes  of  the  brain.  Parent- 
Duchatelet  and  ^Martinet,  1831,  first  distinguished  inflam- 
mation of  the  dura  and  pia  mater,  and  Guerin  and  Guer- 
sant,  1827-1839,  first  distinctly  recognized  and  set  apart 
the  tuberculous,  granular,  or  basilar  form  of  the  disease. 
The  first  clear  descriptions  of  the  exclusively  "  simple  " 
meningitis,  from  a  pathological  standpoint,  are  to  be 
found  in  the  works  of  Cruveilhier,    1830,  and  from  a 
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clinical  standpoint,  in  those  of  Andral,  1834,  and  of 
Billiet  and  Barthez,  1843.  The  recognition  of  the  fact 
that  simple  meningitis  is  always  a  secondary  affection  is 
the  result  of  the  more  accurate  post-mortem  observations 
of  the  last  two  decades,  in  the  light  of  the  recent  in- 
vestigations concerning  infections,  and  the  contributions 
from  rhinology  and  otology. 

That  the  various  forms  of  meningitis  are  caused  by 
specific  micro-organisms  was  pointed  out  by  the  work- 
ers in  bacteriology,  especially  by  Koch,  1882,  who  demon- 
strated the  tubercle  bacillus  in  tuberculous  meningitis; 
by  Leyden,  1883,  who  found  a  diplococcus  in  the  cerebro- 
spinal" tluid  and  the  pia.  which  Fraenkel  and  later  Hauser 
showed  to  l)e  identical  with  the  pneuniococcus;  by 
Weichselbaum,  1887,  who  showed  the  ])resenee  of  the 
diplococcus  intracellularis  meningitidis  in  epidemic  cer- 
ebrospinal meningitis ;  and  by  Foit  and  by  Bordoni-Uffre- 
duzzi,  who  described  a  third  and  a  fourth  variety  of  the 
meningococcus. 

Weichselbaum  in  Germany  and  Adenot  in  France, 
1884,  showed  that  meningitis  occurring  during  or  after 
an  attack  of  pneumonia  depended  as  a  rule  upon  the 
same  micro-organism  that  caused  the  pneumonia.  Later 
observers  have  found  meningitis  frequently  due  to  the 
pneuniococcus  in  the  absence  of  pneumonia.  Thus  the 
pneumococcus  was  found  by  Grasset  in  cases  of  menin- 
gitis occuiTing  with  intlanimator5' rheumatism;  by  Gabbi 
and  Puritz  in  cases  of  meningitis  associated  with  periar- 
thritis and  endocarditis ;  and  by  Ellehorst  in  a  case  of 
meningitis  apparent!}'  due  to  fracture  of  the  base  of  the 
skull. 

The  diplococcus  intracellularis  meningitidis  is  believed 
by  some  observers  to  be  a  variety  of  the  pneumococcus, 
while  others  hold  that  it  is  cjuife  a  different  organism. 
The  latter  view  is  held  by  Jaeger,  who  believes  that 
the  diplococcus  intiacellularis  meningitidis  is  the  cause 
of  epidemic  cases,  while  sporadic  cases  may  be  due  to 
the  pneumococcus.  Jaeger  proposes  the  name  tetracoc- 
cus  intracellularis  for  the  micro-organism  described  by 
■\Veichselbaum  as  the  diplococcus  intracellularis,  since 
this  organism  frequently  appears  in  the  form  of  tetrads. 

In  25  cases  of  suppurative  meningitis  reported  by 
Netter  the  pnevunococcus  was  found  in  18,  the  strepto- 
coccus pyogeucs  in  4,  the  diplococcus  intracellulai'is  in 
2,  and  the  typhoid  bacillus  in  1  case. 

Nest  to  the  tubercle  bacillus,  the  typhoid  bacillus  is 
most  prone  to  cause  purulent  meningitis.  Cases  have 
been  reported  by  Roux,  Adenot,  Kamen,  Honl,  Hiutze, 
Fernet,  Monsi  and  Carbone,  Stiihlen,  Tietine,  and  other 
observers. 

Next  in  the  order  of  frequence,  after  the  typhoid 
baeillu.s,  is  the  bacillus  coli  communis,  which  has  been 
found  by  Howard,  Biggs,  Sestre,  Scherer,  and  others. 

A  role  in  etiology  has  been  ascribed  to  the  bacillus 
pyocyaneus  by  Kossel,  Pesina,  and  Honl. 

Among  the  pleomorphic  bacteria  that  have  been  de- 
scribed in  the  exudates  of  meningitis  are  the  cladothrix 
asteroides  of  Eppinger,  and  the  actinomyces  described 
by  Moosbrugger,  by  Honl,  and  by  Lenzine. 

Pachymeningitis,  inflammation  of  the  dura  mater,  pre- 
sents itself  in  two  forms,  external  and  internal,  purulent 
and  hemorrhagic,  representing  entirely  different  disease 
processes.  Pachymeningitis  externa,  the  hemorrhagic 
form,  is  really  the  result  of  a  degeneration  rather  than 
of  an  inflammation ;  but  in  the  absence  of  definite  knowl- 
edge regarding  the  genesis  of  this  disease,  the  two  forms 
may  be  best  studied  together. 

P.^CHTMENiNGiTis  EXTERNA. — Accideuts  Or  injuries 
which  directly  expose  the  dura,  or  effect  its  separation 
from  the  bones  of  the  skull,  with  consequent  extravasa- 
tion of  blood,  whereby  is  implied,  at  least,  a  "hidden 
crevice  "or  some  communication  of  the  dura  with  the 
air,  lead  at  once  to  inflammation  of  the  outer  lamella 
which  may  extend  so  as  to  involve  all  the  rest  of  the 
membranes  of  the  brain.  Carious  processes  of  the  ear 
constitute  an  even  more  frequent  cause  of  this  condition. 
'  A  mere  microscopic  breach  in  the  thin  wall  of  bone  that 


forms  the  upper  covering  of  the  tympanic  cavity  will 
bring  pus  from  the  tympanum  to  the  dura.  So,  also, 
caries  of  the  ethmoid  "bone  (oziena)  or  other  bones  of  the 
cranium  (syphilis,  carbuncle)  may  excite  this  form  of 
meningitis;  and  even  without  caries,  purulent  inflam- 
mation of  the  mucosa'  in  tlie  ethmoid  and  frontal  sinuses 
may  extend  to  the  dura  through  the  natural  openings  of 
communicating  vessels.  This  complication  has  been 
noticed  more  especially  in  erysipelas  after  "mixed  infec- 
tion," who.se  nature  it  is  to  spread.  As  jiurulent  pachy- 
meningitis rarely  remains  confined  to  the  dura,  but  ex- 
tends, as  a  rule,  to  involve  tlie  pia  mater,  the  symptoms, 
pathology,  and  treatment  of  this  condition  will  "be  further 
discussed  with  leptomeningitis. 

PACHYMEsiNCiiTis  INTERNA  (Consult  Plate  XV.,  Fig. 
1). — The  disease  of  the  dura  which  merits  most  con- 
sideration, from  its  frequency,  limitation,  and  recogniz- 
ability  in  life,  is  that  aifection  of  the  inner  la3'er  which  is 
characterized  by  the  extravasation  of  blood  and  subse- 
quent development  of  an  adventitious  membrane,  com- 
monly known  as  hsematoma  durse  matris,  and  technically 
described  as  pachymeningitis  interna  hemorrhagica. 
AVith  these  characteristics  it  is  plain  that  internal  pachy- 
meningitis does  not  supply  the  requisite  conditions,  nor 
rise  to  the  nosological  dignity  of  an  inflammation  in  the 
modern  sense  of  the  term.  It  develops  oftenest  independ- 
ently of  all  infection,  and  should  properly  be  discussed 
as  a  subvariety  of  cerebral  hemorrhage. 

The  pathology  of  this  affection  remains  as  j-et  obscure. 
The  early  anatomists  and  clinicians  were  fain  content 
with  descriptions  of  the  condition  without  venturing  to 
express  opinions  concerning  the  nature  of  the  disease. 
It  was  commonly  held  and  taught  that  the  disease  con- 
sisted in  the  extravasation  of  blood,  and  the  onlj'  ques- 
tion discussed  regarded  its  situation.  Thus  Abercrombie 
and  Andral,  1807,  maintained  that  the  blood  was  effused 
between  the  dura  and  the  parietal  layer  of  the  arachnoid 
so  called;  while  Houssard,  1817,  located  the  extravasa- 
tion in  what  was  then,  and  for  the  sake  of  convenience 
is  still,  known  as  the  cavity  of  the  arachnoid.  The 
hemorrhagic  nature  of  the  affecti(^n  was  nearly  lost  sight 
of  when  Bayle,  1843,  considered  the  ha-matoma  as  an  in- 
flammator_y  product  of  the  dura,  but  it  was  again  restored 
by  Durand-Fardel,  1854,  who  believed  in  the  develop- 
ment and  organization  of  a  flat  blood  clot.  Heschl,  1855, 
regarded  tlie  membrane  as  a  highly  vascular  connective 
tissue,  a  view  which  Virchow,  1856,  witli  his  predilec- 
tions for  cellular  pathology,  elaborated  into  a  hemor- 
rhagic inflammation  of  the  dura  as  the  first  process,  and 
a  subsequent  infiltration  of  blood  as  the  second.  The 
authority  of  these  pioneeis  carried  their  views  with  al- 
most undisputed  conviction  up  to  our  own  times,  when 
the  studies  concerning  the  nature  and  processes  of  in- 
flammation and  infection  naturally  diverted  attention  to 
the  conilition  of  the  blood  and  "blood-vessels  as  prime 
factors  in  the  production  of  the  disease. 

That  hemorrhagic  pachymeningitis  is  not  the  expres- 
sion of  an  ordinary  inflammation  is  shown  by  the  fact  that 
no  amouut  of  irritation  <if  the  dura  will  produce  it.  In- 
jections of  ordinaiT  irritants  into  and  beneath-  the  mem- 
branes of  the  brain  of  lower  animals  may  be  followed  by 
purulent,  but  never  by  hemorrhagic,  pachymeningitis. 
On  the  other  hand,  the  injection  of  blood  with  all  its 
constituents  sufliced,  in  the  experiments  of  Sperling,  to 
produce  the  typical  signs  and  lesions  of  the  disease.  The 
role  of  the  fibrin  in  these  cases  is  evidenced  by  the  fact 
that  a  membrane  was  not  developed  after  injections  of 
deflbrinated  blood. 

Internal  pachymeningitis  consists,  then,  in  the  extrav- 
asation of  bloocl,  the  formation  of  a  blood  clot  which, 
when  the  effusion  is  not  too  great  or  rapid,  is  flattened 
by  pressure,  to  become  subsequently  organized  into  a 
membrane.  In  the  first  st<age  of  the  disease  process,  the 
thin  layer  of  coagulated  blood  soon  begins  to  show,  in 
the  separation  of  its  fibrin,  a  nieshwork  which  contains 
multitudinous  blood  corpuscles.  At  this  time  there  is 
no  apparent  connection  with  the  dura,  whose  epithelium 
remains  intact.     In  the  consolidation  which  continues, 
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the  clot  assumes  the  appearance  and  density  of  a  mem- 
brane, which  now  in  reality  develops,  from  the  trans- 
formation of  white  blood  corpuscles  into  spindle-shaped 
connective-tissue  cells,  whence  the  synonym,  P.  fibrinosa. 
The  red  corpuscles  now  gradually  lose  their  coloring 
matter,  which  collects  in  spots  on  the  surface,  and  in  the 
texture  of  the  membrane  (P.  pigmentosa)  lose  their 
regular  contours,  and  linally  become  transformed  into 
masses  of  protoplasm.  Young  vessels  now  connect  the 
dura  with  the  membrane,  which  becomes  gradually  more 
dense,  thick,  and  adherent.  In  the  mean  time  new  layers 
of  blood  may  be  effused  into  the  membrane  already  in 
process  of  formation,  which  consists  thus  of  superim- 
posed lamellfE — Virchow  has  seen  as  many  as  twenty, — 
for  a  time  separable  from  one  another.  The  effusion 
takes  place  chiefly  upon  the  convexity  of  the  brain, 
limited,  in  fifty-four  of  sixty-five  cases  collected  by 
Kremiansky,  quite  precisely  to  the  region  covered  by 
the  parietal  bones.  It  is  rather  more  frequently  bilateral 
than  unilateral,  being  confined  to  one  hemisphere  in  but 
fortj'-four  per  cent,  of  cases. 

The  source  of  the  hemorrhage  still  remains  a  matter  of 
dispute  and  doubt.  Kremiansky  thought  it  came  from 
the  middle  meningeal  artery,  an  origin  which  comports 
well  with  the  situation  of  the  clot ;  but  Huguenin  de- 
clares that  he  has  never  seen  this  vessel  affected  in  any 
of  his  observations.  This  author  is  inclined  to  find  the 
lesion  in  the  veins  which  run  from  the  cortex  to  the 
longitudinal  sinus  along  the  falx  cerebri ;  and  Pacchion- 
ian vessels  have  likewise  been  accused,  but  all  alike 
without  as  yet  satisfactory  anatomical  proof. 

The  chief  danger  of  these  effusions  is  pressure  upon 
the  brain,  which  shows  itself  in  proportion  to  the  amount 
of  the  extravasation.  Huguenin  has  seen  a  hemisphere 
flattened  by  a  large  unilateral  haimatoma,  which  may 
be  as  large  as  a  hen's  egg — Eichhorst  mentions  effusions 
of  500  gm. , — and  in  some  cases  a  lateral  ventricle  has  been 
reduced  by  pressure  to  half  its  size.  The  great  evil  of 
pressure  is  obviated  in  many  cases  by  the  latitude  allowed 
by  atrophy  of  the  brain  sutjstance,  a  condition  rather,  as 
a  rule,  coincident  with  hsematoraa  of  the  dura.  In  fact, 
the  greatest  contingent  of  cases  is  found  in  connection 
with  paralytic  dementia,  and  cases  independent  of  some 
degree  of  atrophy  are  comparatively  rare. 

When,  from  any  cause,  a  real  inflammation  is  en- 
grafted upon  this  hemorrhagic  degeneration,  serum  or 
pus  may  be  found  in  connection  with  the  blood  which 
forms  the  hoematoma.  As  curiosities  in  this  direction, 
Virchow  describes  a  hydrocephalus  extemus  pachymen- 
ingiticus,  and  Weber  saw,  in  a  lamellated  hoematoma, 
blood  in  one  cavity  and  yellow-green  pus  in  another. 

Various  changes  in  the'  ekull,  membranes  and  brain 
have  been  observed  in  connection  with  pachymeningitis, 
but  none  so  frequently  as  to  belong  to  it  of  necessity. 
Thus  the  bones  have  been  found  thickened  or  thinned, 
with  an  agglutinated  dura  at  times,  the  pia  anaemic, 
hyperfemic  and  swollen,  or  cloudy  and  opaque,  separable 
from  or  adherent  to  the  dura,  etc.  The  frequency  with 
which  general  atheroma  of  the  cerebral  vessels  is  seen, 
with  thromboses,  softenings,  apoplexies,  scleroses,  etc., 
of  the  brain,  bespeaks  the  intimate  relation  of  these  proc- 
esses to  the  development  of  the  disease,  in  connection 
more  especially  with  general  paralysis,  alcoholism,  insan- 
ity, senile  atrophy,  etc. 

Pachymeningitis  is  a  much  more  frequent  affection 
than  is  commonly  believed.  Savage  records  its  presence 
in  three  per  cent,  of  the  autopsies  made  at  the  asylum  at 
Bethlehem,  and  when  it  is  remembered  that  there  are 
more  cases  of  dementia  and  insanity,  not  to  mention  al- 
coholism, out  of  than  in  asylums,  it  is  seen  tliat  this  per- 
centage is  far  too  low.  It  is  safe  to  say  that  most  of  the 
cases  remain  undiagnosticated  during  life;  and  death, 
when  it  occurs,  though  perhaps  caused  by  thi.s  affection. 
Is  ascribed  to  the  disease  in  the  course  of  which  this  ac- 
cident develops.  All  authors  agree  in  noting  three- 
fourths  of  all  the  cases  in  the  male  sex,  a  proportion 
wliich  corresponds  to  the  relation  of  the  sexes  to  the 
affections  which   produce  the  disease.      For  the  same 


reason  hemorrhagic  pachymeningitis  is  a  disease  of  ad- 
vanced life.  Exceptional  cases  at  early  periods  of  Ufe — 
six  months  to  eight  years — have  been  recorded  by  Weber, 
Moses,  Steffen,  and  others,  mostly  in  connection  with  the 
venous  stases  from  the  strain  of  asthma,  pertussis,  etc., 
or  the  impoverished  nutrition  of  blood-vessels  from 
scurvy,  leuktemia,  and  more  especially  pernicious  anse- 
mia ;  and  cases  have  been  more  abundantly  reported  dur- 
ing adolescence  and  maturity  in  connection  with  tuber- 
culosis, empyema,  valvular  lesions  of  the  heart,  the 
various  forms  of  Bright's  disease,  the  various  infections 
(variola,  scarlatina,  acute  articular  rheumatism,  and 
typhoid  fever),  and  more  especially  local  injuries  of  the 
dura  (seventeen  of  seventy-four  cases  described  by 
Schneider) ;  but  aside  from  these  accidents,  pachymenin- 
gitis remains  a  disease  of  age.  The  largest  number  of 
cases,  twenty-two  per  cent.,  in  the  collection  of  Hugue- 
nin, occurred  between  the  ages  of  seventy  and  eighty. 

Symptomatology. — Internal  pachymeningitis  exists  at 
times  without  a  symptom  to  mark  its  presence.  Moses 
reports  such  a  case  in  a  child,  aged  seven  months,  who 
died  of  catarrhal  pneumonia.  At  the  autopsy  there  was 
found  a  pachj'meningitic  cyst  which  covered  the  ante- 
rior half  of  the  right  hemisphere,  though  no  sign  of  brain 
disease  had  ever  been  manifest  in  life.  Slight  extravasa- 
tions often  show  no  sign  because  of  absence  of  pressure, 
or,  if  slowly  effused,  because  of  tolerance,  which  the 
brain  acquires  often  in  astonishing  degree.  In  other 
cases  the  accident  is  overshadowed  by  symptoms  per- 
taining to  the  original  disease.  These  are,  however,  all 
exceptional  cases.  As  a  rule,  the  disease  may  be  diag- 
nosticated during  life  by  signs  which  are  not  so  valuable 
in  themselves  as  in  their  etiological  relations. 

In  the  majority  of  cases  the  disease  announces  itself 
suddenly  and  violently.  The  patient  is  stricken  with 
apoplexy.  The  hemorrhage  may  be  so  great  as  to  cause 
death  by  compression  of  the  brain  within  forty-eight 
hours.  The  nature  of  the  disease,  or  more  strictly,  the 
localization  of  the  hemorrhage,  is,  as  a  rule,  in  such 
cases  impossible  to  determine.  The  first  attack  is  not, 
however,  usually  fatal.  In  exceptional  cases  the  patient 
may  recover  fully,  but  as  a  rule  a  train  of  symptoms 
ensues  which  more  or  less  distinctly  cliaracterize  tlie  dis- 
ease. These  symptoms  vary  greatly  in  individual  cases, 
vary  according  to  the  locality  and  extent  of  the  effusion, 
as  well  as  according  to  the  nature  of  the  original  disease; 
but  they  do  not  differ  in  essential  characters  from  the 
symptoms  of  meningitis  from  any  cause.  Headache, 
stupor,  which  may  at  any  time  deepen  to  coma,  mono- 
plegias, hemiplegias,  or,  in  the  irritant  stage,  unilateral 
twitcliings  and  convulsions,  limited  at  times  to  one  ex- 
tremity, or  confined  to  the  area  of  distribution  of  the 
facial  nerve ;  aphasia,  when  the  region  of  the  language 
centre  is  compressed — these  symptoms,  together  with 
an  irregular  or  retarded  pulse,  vomiting,  and  more 
especially  contracted  or  dilated  pupils  irresponsive  to 
light,  with  little  or  no  disturbance  of  general  sensation, 
make  up  a  group  which  as  a  rule  distinguishes  the  disease. 

But,  as  already  intimated,  it  is  not  so  much  the  symp- 
tomatology of  the  affection  as  its  etiological  relations 
which  strictly  define  the  disease.  The  general  signs  of 
meningitis  refer  especially  to  hsematoma  only  when  they 
occur  in  the  course  of  general  paralysis,  chronic  psy- 
choses, alcoholism,  chronic  Bright's  disease,  pernicious 
anaemia,  traumata,  the  affections  mentioned  in  the  dis- 
cussion of  the  etiology  of  the  disease. 

Another  distinguishing,  but  by  no  means  so  distinc- 
tive, feature  to  indicate  the  nature  of  the  affection,  is  the 
recurrence  of  the  symptoms.  Total  or  partial  recovery 
from  all  the  general  manifestations  of  meningitis  is  fol- 
lowed in  pachymeningitis,  as  a  rule,  by  repeated  attacks, 
and  though  the  special  symptoms  may  show  great  variety 
in  relapses  or  recurrent  attacks,  the  general  character  of 
the  new  signs  is  definitely  sustained. 

The  Diagnosis  of  pachymeningitis  is  based  upon  these 
two  cardinal  points:  the  existence  of  an  underlying  con- 
dition or  causative  disease,  and  the  more  or  less  rapid 
recurrence  of  the  attacks.     Cases  are  further  character- 
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ized  by  suddenness  of  onset  and  rapidity  of  recovery. 
Dr.  Whittaker  had  at  one  time  under  observation  an  in- 
dividual affected  with  chronic  alcoholism  who  was  sud- 
denly stricken  with  apoplexy  on  the  streets.  The  pa- 
tient was  carried  comatose  to  the  hospital.  The  coma 
subsided  in  the  couise  of  a  few  hours,  to  leave  a  com- 
plete right-sided  hemiplegia,  which  entirely  disappeared 
in  three  days,  leaving  the  individual  in  better  physical 
and  mental  condition  than  for  ten  years.  Slany  of  the 
cases  of  so-called  "  serous  "  apoplexy,  characterized  by 
sudden  onset,  and  more  especially  by  speedy  recovery, 
are  really  cases  of  pachymeningitis. 

The  predominance  of  symptoms  indicating  cortical 
lesion  is  another  feature  of  diagnostic  importance.  Thus 
localized  convulsions  and  contractions,  monoplegias, 
contracted  pupils,  following  an  apoplectic  attack  in  an 
individual  predisposed  to  the  disease  by  the  factors  al- 
ready emphasized,  point  almost  certainly  to  pachymen- 
ingitis. 

Considerable  diagnostic  importance  has  been  attached 
to  rigidity  of  an  extremity,  which  often  develops  as  an 
expression  of  irritation  of  the  motor  centre  of  the  ex- 
tremity, to  become  later  manifest  by  convulsion  or  pa- 
ralysis. 

Collins  considers  it  rather  characteristic  that  the  cranial 
nerves  always  remain  free. 

A  point  of  differentiation  from  other  forms  of  intra- 
cranial hemorrhages  is  that  the  s3'mptoms  come  on  grad- 
ually and  the  stage  of  irritation  is  prolonged. 

The  age  and  sex  of  the  patient  must  not  be  overlooked. 

Basilar  meningitis  is  differentiated  by  the  youth  of  the 
patient,  the  family  history,  the  presence  of  tuberculosis 
elsewhere,  by  its  long  prodromes,  its  insidious  approach, 
its  general  and  sijecial  hyperaesthesia,  opisthotonos,  boat- 
shaped  abdomen,  etc. 

Cerebro-spinal  meningitis  prefers  winter,  soldiers,  and 
children,  occurs  at  times  in  endemic  proportions,  shows 
opisthotonos,  lierjjes,  and  sometimes  petechia;,  extreme 
hypersesthesia,  spinal  lesions,  and  does  not  recur. 

The  Prognosis  is  always  grave.  Recovery  without 
recurrence  is  possible,  but  not  probable.  The  patient 
succumbs,  as  a  rule,  in  a  subsequent  attack,  if  he  does 
not  fall  a  victim  in  the  mean  time  to  the  original  disease. 
The  immediate  prognosis  is  best  established,  as  after  any 
cerebral  hemorrhage,  by  frequent  observations  of  the 
temperature,  whereby  the  degree  of  the  rise  after  the 
initial  depression  incident  to  the  shock  would  receive 
proper  interpretation.  A  sudden  or  gradual  elevation  to 
a  high  grade  (105°  F.)  at  any  time  thereafter,  independent 
of  the  original  disease,  is  a  sign  of  most  ominous  sig- 
nificance. 

Therapy. — The  treatment  of  pachymeningitis  does  not 
differ  materially  from  that  of  any  form  of  meningitis  or 
cerebral  hemorrhage.  The  application  of  an  ice  bag  to 
the  head,  the  local  abstraction  of  blood  by  leeches  or 
cups  behind  the  ears  or  over  the  temples,  "  derivation  " 
by  purgatives  (calomel,  senna,  croton  oil),  constitute  the 
routine  plan,  which  is  sanctioned  more  by  time  and  use 
than  by  benefit  based  upon  demonstrable  proof.  Tran- 
quillity of  surroundings,  with  all  the  measures  which 
make  up  a  more  or  less  perfect  hj-giene,  is  the  most 
effective  agent  in  prophylaxis  in  the  chronic  psychoses; 
while  abstention  from  alcohol  addresses  the  "  causa  indi- 
cationis  "  in  cases  dependent  upon  its  abuse.  Bright's 
disease,  heart  disease,  pernicious  anaemia,  etc.,  in  short, 
the  underlying  condition,  calls  for  appropriate  treatment, 
and  paralyses,  convulsive  manifestations,  persistent  head- 
aches, whatever  .symptoms  may  be  left,  are  to  be  met 
with  symptomatic  treatment. 

PACirYMEXTSGITIS  Cervicalis  Htpektrophica  is  a 
peculiar  subvariety  of  meningitis,  produced  by  great 
thickening  of  the  meninges  in  the  cervical  cord,  and 
marked  by  severe  pains  in  the  back  of  the  neck  and  both 
arms,  with  atrophy  of  the  muscles  of  the  neck  and 
flexors  of  the  hands,  and  final  spastic  paraparesis. 

Leptomeningitis. — It  is  possible,  as  already  stated, 
that  a  real  inflammation  may  limit  itself  to  the  dura 
mater  alone,  but  such  a  distinct  circumscription  is  very 


rare.  Inflammation  of  the  dura  extends,  as  a  rule,  so  as 
to  involve  the  pia  mater.  The  same  qualification  applies 
to  the  pia  mater,  though  a  strict  limitation  to  the  pia 
mater  is  more  frequently  observed.  The  subsequent  re- 
marks apply  more  especially  to  inflammation  of  the  pia 
mater,  with  which  the  dura  is,  or  may  be,  secondarily 
affected  in  greater  or  less  degree.  It  is  taken  for  granted 
that  cerebro-spinal  meningitis  and  tuberculous  menin- 
gitis, diseases  due  to  special  causes,  are  not  included 
under  the  title  leptomeningitis,  which  embraces  all  other 
kinds  of  simple  meningitis  of  known  or  unknown  cause. 

Leptomeningitis  is  always  a  secondary  affection.  The 
cases  considered  idiopathic  become,  under  closer  obser- 
vation, so  much  fewer  every  year  that  it  is  more  safe 
to  appeal  to  unknown  primary  affections  than  to  sub- 
scribe to  the  possibility  of  a  spontaneous  or  idiopathic 
meningitis  of  any  kind.  A  thorough  conviction  in  this 
regard  will  alone  lead  to  the  searching  investigation  nec- 
essary in  many  cases  to  discover  the  original  disease. 

Affections  of  the  nose,  accessory  sinuses,  and  ear  con- 
stitute by  far  the  most  fruitful  causes  of  leptomeningitis. 

Chronic  suppurative  inflammations  of  the  tympanic 
cavity,  which  constitute  over  twenty  per  cent,  of  all  dis- 
eases of  the  ear,  frequently  lead  to  meningitis  through 
caries  of  the  osseous  roof  of  the  tympanum.  The  roof 
of  the  tympanum  is  composed  of  an  excessively  thin 
plate  of  bone,  which  is  indeed  at  times  congenitally  de- 
fective, so  that  the  way  lies  open  to  invasion  of  the 
cranial  contents. 

A  more  or  less  open  avenue  is  also  offered  in  tlie  course 
of,  or  along  the  sheaths  of,  the  facial  and  auditory  nerves, 
and  the  vessels  which  penetrate  the  petrosal  fi.ssure. 
Communication  by  caries  may  be  also  directly  estab- 
lished between  the  cavity  of  the  cranium  and  the  mastoid 
cells;  while  indirect  involvement  of  the  meninges  may 
follow  phlebitis  and  thrombosis  of  the  cavernous,  trans- 
verse, and  superior  petrosal  sinuses,  as  revealed  by  dila- 
tation of  the  veins  and  local  a-dema  in  the  region  of  the 
mastoid  process.  Tuberculosis  plays  a  jHominent  r61e 
as  a  special  cause  in  the  production  of  all  these  processes, 
while  syphilis  furnishes  a  small  contingent  of  cases 
through  caries  of  the  upper  meatus  of  the  nose. 

Every  meningitis  whose  cause  is  not  obvious  should 
excite  suspicion  of  disease  of  the  nose,  accessory  sinuses, 
or  of  the  ear.  So,  also,  diseases  of  the  nose,  especially 
those  involving  the  accessory  sinuses ;  and  every  case  of 
otorrhea,  which  may  sometimes  reveal  itself  to  the  sense 
of  smell  in  an  offensive  odor,  before  or  in  the  absence  of 
visible  discharge,  should  excite  the  fear  of  possible  men- 
ingitis. 

Trauma  or  injury  to  the  cranial  bones  constitutes  a 
not  infrequent  cause  of  simple  meningitis.  When  com- 
pound fracture  has  occurred,  or  direct  penetration  has 
been  effected,  the  sequence  is  sufficiently  simple.  In 
other  cases  the  meninges,  though  not  directly  exposed, 
become  affected  through  phlebitis,  thrombosis,  or  sup- 
purations occurring  in  the  patulous  veins  of  the  diploB, 
whereby  is  implied,  as  previously  intimated,  some  hidden 
crevice  or  pre-existent  communication  with  the  air.  A 
far  more  infrequent  involvement  of  the  meninges  occurs 
at  times  when  an  abscess  in  the  interior  of  the  brain 
reaches  its  periphery,  or  bursts  into  a  lateral  ventricle  to 
come  in  contact  with  inflections  of  the  pia  mater  at  the 
base  of  the  brain.  So-called  brain  "softenings,"  which 
consist  simply  of  brain  and  tissue  debris,  and  simple 
hyperaemias,  the  so-called  "congestions"  of  the  brain, 
including  sunstroke,  could  not,  with  our  present  knowl- 
edge of  the  nature  of  infections,  produce  a  leptomenin- 
gitis. 

Next  in  frequency  to  the  direct  invasion  of  the  me- 
ninges from  disease  of  the  nose,  accessory  sinuses,  and  ear 
are  "the  metastatic  processes  from  distant  depots  of  in- 
fection. Anv  one  of  the  acute  infectious  diseases  may 
be  thus  attended  or  followed  by  meningitis,  which  is 
justly  regarded  as  the  most  serious  complication  which 
can  occur — which,  indeed,  imparts  a  sudden  gravity  t« 
an  otherwise  mild  case  of  disease.  Of  all  the  acute  in- 
fections, pneumonia  is  the  disease  in  which  this  complica- 


393 


Brain, 
Brain. 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


tion  most  frequently  occurs.  The  intimate  relations  of 
tuberculosis  of  the  lung  and  brain  in  the  frequent  se- 
quence of  basilar  meningitis  upon  tuberculosis  pulmo- 
num,  prepare  us  in  a  measure  for  the  frequent  superven- 
tion of  meningitis  in  the  course  of  croupous  pneumonia. 
The  same  connection  or  relation  has  been  ob- 
served also  in  cerebro-spinal  meningitis,  and 
bacteriologists  have  pointed  out  the  striking 
resemblance  of  the  micro-organisms  found  in 
these  two  affections.  Pyttmia  and  septicseniia 
may  be  said  to  vie  with  pneumonia  in  the  pro- 
duction of  metastatic  meningitis,  while  endo- 
carditis, empj'ema,  acute  articular  rheumatism, 
the  exanthematous  diseases — more  especially 
variola  and  scarlet  fever  (aside  from  ear  dis- 
ease), and  very  rarely  typhoid  fever — diseases 
mentioned  in  the 
order  of  fre- 
quency, furnish 
exceptional  cases. 
Hinsdale  reports 
a  fatal  case  of 
purulent  menin- 
gitis in  a  new- 
born child,  due  to 
a  bacillus  belong- 
ing to  the  colon 
group,  which  had 

apparently  gained  entrance  to  the  body  through  the  um- 
bilicus. As  curiosities  equally  illustrative,  however,  of 
the  nature  of  the  process  may  be  mentioned  the  cases 
of  meningitis  which  have  followed  such  trivial  infec- 
tions as  vaccinia  and  mumps. 

In  a  few  reported  cases,  a  paradoxical  pupil  reaction 
has  been  noted,  the  pupils  being  contracted  to  the  size  of 
a  piuhead  in  the  dark,  and  widely  dilated  in  the  light. 
The  condition  is  rare  and  no  satisfactory  explanation  of 
it  has  been  given. 

The  morbid  anatomy  and  symptomatology  of  leptomen- 
ingitis do  not  differ — aside  from  the  fact  that  the  convex- 
ity is  more  often  involved  than  the  base,  when  the  inflam- 
mation is  due  to  metastatic  and  traumatic  causes — from 
the  morbid  anatomy  and  symptomatology  of  cerebro- 
spinal meningitis  (to  be  described  farther  on,  in  this  vol- 
ume). 

The  Dinfjnosis  of  meningitis  in  connection  with  disease 
of  the  nose,  of  the  accessory  sinuses,  or  of  the  ear,  or 
■with  a  trauma  of  the  bones  of  the  cranium.  Is  very  easy, 
as  a  rule,  but  the  diagnosis  of  metastatic  meningitis  is 
oftentimes  exceedingly  difficult.  High  fever  and  blood- 
poisoning  may  be  jiroductive  of  symptoms  which  so 
closely  simulate  the  signs  of  meningitis  as  to  render  an  ab- 
solute diagnosis  impossible,  at  least  for  a  time.  The  per- 
sistence of  these  signs  after  subsidence  of  hyperpyrexia 
sometimes  declares  the  disease.  Tuberculosis,  pya'mia. 
scarlatina,  variola,  erysipelas,  and  typhoid  fever  are  the 
affections  which  oftenest  create  doubts  as  to  the  diag- 
nosis. But  if  close  scrutiny  be  made  of  the  etiological 
factors,  and  close  at- 
tention be  paid  to  the 
course  of  the  disease, 
the  diagnosis,  as  a 
general  rule,  soon  be- 
comes clear.  In  dis- 
tinction from  tuber- 
culosis and  typhoid 
fever,  it  may  be  said 
that  meningitis  develops  quickly,  almost  suddenly, 
with  violent  pain  in  the  head,  active  delirium,  and  often 
with  stiffness  of  the  muscles  of  the  neck,  or  retraction 
of  the  head. 

7'he  Kernig  Sign. — In  meningitis,  according  to  Kernig, 
of  St.  Petersburg,  If  the  hip  be  flexed  so  that  the  thigh 
is  at  a  right  angle  to  the  body,  the  knee  may  not,  with- 
out undue  force,  be  extended  in  some  cases  beyond  90° 
(Fig.  993,  ^4),  never  to  the  point  of  full  extension  (Fig. 
993.  R),  and  not  farther  than  about  13.5°  or  140'  in  any 
case  (Fig.  994,  0).     With  the  hip  extended,  the  knee  may 


be  readily  straightened  (Fig.  994,  B).  Thus,  the  ability 
readily  to  extend  the  knee,  when  the  hip  is  flexed  at  a 
right  angle  (Fig.  993,  B),  would  speak  strongly  against 
the  presence  of  meningitis. 

Netter  believes  that  the  sign  described  by  Kernig  de- 
pends upon  inflammation  of  the  meninges  and  conse- 
quent irritability  of  the  nerves,  which  is  increased  by  the 
stretching  of  the  lumbar  and  sacral  roots  when  the  indi- 
vidual is  in  the  sitting  posture,  so  that  the  attempt  to 
extend  the  knee  is  sufBcieut  to 
provoke  reflex  contracture  of  the 
flexures  of  the  leg.  Such  reflex 
contracture  is  not  produced  by 
extension  of  the  knee  when  the 
thighs  are  extended  upon  the 
pelvis.  The  sign  is  not  pathog- 
nomonic, as  was  at  first  claimed, 
although  it  is  of  great  value  in 
,-i-^         diagnosis.    Netter 
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-^~-  has  observed  It  in 
forty  -  five  out  of 
fift)'  cases  of  men- 
ingitis. Cipollina 
was  unable  to  find 
it  in  some  severe 
cases  of  menin- 
gitis, and  did  find 
It  in  other  affec- 
tions without  the  symptoms  or  lesions  of  meningitis. 
Packard  has  reported  three  cases  of  meningitis  in  in- 
fants, with  the  diagnosis  confirmed  by  autops)-,  in  which 
the  Kernig  sign  had  been  |)ersistently  absent.  The  ab- 
sence of  the  sign  was  ascribed  by  Packard  to  a  diminu- 
tion of  normal  muscidar  hypertonia  in  infants.  In  an- 
other case  the  sign  was  present  but  no  anatomical  cause 
for  death  was  found. 

Lnmhur  Puncture  (Quincke). — Puncture  of  the  ver- 
tebral canal,  which  was  oiiginally  used  as  a  therapeutic 
measure,  has  proven  of  great  value  in  diagnosis.  At 
first  the  method  was  used  in  the  study  of  diseases  of  the 
vertebral  canal;  but  with  the  knowledge  of  the  com- 
munication between  the  subarachnoid  spaces  of  the  brain 
and  those  of  the  spinal  cord,  the  method  has  come  into 
much  more  general  use  in  the  diagnosis  of  diseases  of  the 
interior  of  the  skull. 

Method. — The  trunk  should  be 
well  flexed,  preferably  with  the 
patient  lying  upon  the  right  side 
and  the  legs  drawn  ui>.  or  with 
the  patient  sitting  up  ami  bending 
the  body  well  forward.  The  punc- 
ture is  then  made,  under  aseptic 
precautions,  with  a  clean  needle. 
An  aspirating  needle  with  an  in- 
ternal measurement  of  1  mm. 
should  be  used  in  adults,  in  chil- 
dren, the  ordinary  hypodeiinic 
needle  is  sufficiently  large.  'With 
the  object  of  reach- 
ing the  subarachnoid 
space  at  the  begin- 
ning of  the  Cauda 
equina,  the  needle  Is 
introduced  between 
the  second  and  third 
or  third  and  fourth 
lumbar  vertebne. 
The  puncture  is  made  In  the  median  line  in  children; 
in  adults  it  is  better  to  make  the  puncture  close  to 
the  spinous  process  a  little  to  one  side  of  the  middle 
line,  in  order  to  avoid  the  strong  supraspinous  ligament. 
The  needle  is  introduced  inward  and  slightly  upward, 
to  a  maximum  depth  of  from  2  cm.  for  children  to  6  cm. 
for  adults.  When  the  needle  enters  the  subarachnoid 
space,  a  varying  amount  of  cerebro-spinal  fluid  will  usu- 
ally flow  out,  either  in  drops  or  in  a  stream.  Occasion- 
ally tlie  fluid  will  not  escape  or  the  flow  will  suddenly 
cease,  probabh'  through  the  occlusion  of  the  needle  by  a 
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flake  of  fibrin  or  in  consequence  of  an  obstructing  fila- 
ment of  the  Cauda  equina.  To  avoid  injur}-  to  tlie  spinal 
cord,  it  is  better  to  detach  the  aspirator  from  the  needle, 
and  thus  withdraw  the  lluid  w'ithout  force.  Any  fluid 
that  is  withdrawn  should  be  examined  macroscopically, 
microscopically,  and  bact.eriologically.  Thus  may  be 
determined,  first,  whether  the  fluid  be  clear,  turbid, 
purulent,  or  bloody;  and  second,  the  micro-organisms 
that  ma.y  be  jjresent  either  as  the  primary  cause  of  the 
meningitis  or  as  a  secondary  infection. 

Osier  confirmed  the  diagnosis  in  this  way  in  thirteen 
out  of  seventeen  cases.  (See  also  p.  248  of  the  present 
volume.) 

Tuberculosis  and  typhoid  fever  show  typical  tem- 
perature curves,  with  lung  symptoms  in  tuberculosis, 
and  abdominal  symptoms  in  typhoid  fever.  In  scarla- 
tina, variola,  and  erysi]ielas  it  is  rather  a  question  of 
detecting  a  complication,  as  each  disease  shows  charac- 
teristic eruptions  upon  the  surface.  Here,  too.  the  per- 
sistence of  cerebral  signs  after  subsidence  of  tlie  high 
temperature  is  of  value.  Septic  and  py;cmic  diseases  fol- 
low wounds,  are  attended  with  chills,  and  show  joint  affec- 
tions and  internal  metastases.  Ulcerative  endocarditis, 
a  septic  process,  has  the  same  history.  Uraemia  is  recog- 
nized by  the  dropsy,  the  condition  of  the  tiriue,  and,  so 
far  as  the  nervous  symiJtoms  are  concerned,  by  the  pre- 
dominance of  convidsions. 

Cerebrospinal  meningitis  is  differentiated  by  the  more 
prominent  disturbances  of  -sensation,  bj'  herpes,  and  by 
the  occurrence  of  other  cases.  Basilar  meningitis  occurs 
more  especially  in  children  affected  with  tuberculosis 
elsewhere,  or  who  come  of  tulicrculous  stock.  It  has 
long  prodromes,  and  a  longer  duration.  Its  symptoms 
are  less  acute  and  intense.  It  more  fre(|uently  implicates 
the  membranes  of  tlie  spinal  cord.  Pachymeningitis  is  a 
disease  of  age.  It  occius  in  drunkards,  and  in  cases  of 
dementia  paralytica,  chronic  insanitj',  etc.  It  shows  a 
more  fluctuating  course.  It  must  be  repeated  again  and 
again  that  the  various  forms  of  meningitis  are  to  be  sep- 
arated and  recognized  more  by  the  etiological  relations 
of  the  disease  than  by  any  difference  in  symptomatolog}'. 

The  Progiioms  is  far  more  grave  than  that  of  cerebro- 
spinal, but  not  so  absolutely  fatal  as  that  of  basilar  menin- 
gitis. The  great  majority  of  cases  terminate  fatall}',  in 
coma  or  convulsions,  in  the  course  of  from  two  to  ten 
days. 

The  Treiitment  of  leptomeningitis  does  not  differ  in  any 
way  from  that  of  any  other  form  of  meningitis;  what 
little  may  be  accomplished  for  the  relief  of  symptoms  will 
be  mentioned  under  Verehrn-Spinal  Menitigitis,  Epidemic. 

Tlie  pliysician  who  is  thoroughly  indoctrinated  as  to 
tlie  dangers  of  disease  of  the  nose,  of  the  accessory  sinuses, 
and  of  the  car,  and  who  is  thoroughly  familiar  with  the 
researches  regarding  the  nature  of  infection,  will  jirevent 
many  cases  of  meningitis  by  timely  treatment  of  the  nose 
and  ear,  and  by  maintaining  scrupulous  asepsis  in  the 
management  of  all  wounds  of  the  skull. 

Jame-^  T.  W/iitiakei: 
(Jiorge  E.  Mnhhiry. 

BRAIN,  SOFTENING  OF.— The  brain  is  said  to  be 
softened  when  its  consistency  is  less  than  that  taken  as  a 
normal  standard.  Diminution  of  consistence,  however, 
shows  but  a  part  of  the  morliid  work  of  an  affection  in 
which  this  phenomenon  is  only  a  circumstance  quite  ac- 
cessory to  the  more  important  cerebromalacia,  and  the 
term  in  its  literal  acceptation  could  apply  only  to  a 
diminution  of  the  cohesion  of  the  brain  tissues,  while  their 
other  properties  remained  intact.  Softening,  lieing  a 
symptomatic  word  with  a  pathohjgical  meaning,  like  the 
word  apoplexy,  is  rather  a  survival  of  a  former  belief, 
and  its  use  is  perhaps  for  this  reason  undesirable;  but 
the  name  having  been  retained  amid  the  fluctuations  of 
opinions  of  writers  on  the  subject,  and  in  spite  of  its  in- 
congruity and  the  fact  that  it  is  often  applied  to  cases  in 
which  there  is  really  no  softening,  it  is  now  employed  to 
designate  a  necrobiotic  process  that  occurs  in  the  elements 
of  the  brain  tissues  and  that  is  consequent  upon  nutritive 


changes  ordinarily  attended  by  sensory,  motor,  and  men- 
tal disturbances,  which  may  vary  according  as  the  lesion 
is  circumscribed  or  general  in  character. 

Pathological  Anatomy — Descriptions  of  the  patho- 
logical changes  accompanying  occlusion  of  the  cerebral 
arteries  and  the  so-called  encephalomalacia  are  compai'a- 
tively  new.  Their  discussion  is  limited  to  contemjiorary 
authors,  who  have  definitely  settled  certain  points  in- 
volved in  the  development  of  a  new  subject,  notwith- 
standing diversity  of  opinicu  touching  the  nature  and 
character  of  softening. 

In  determining  the  question  whether  the  diminished 
consistence  or  diftluence  of  cerebral  substance  be  of 
pathological  origin,  two  sources  of  deception  should  be 
guarded  against;  for  this  condition  may  be  the  result 
either  of  cadaveric  decomposition  or  of  accident  haiijien- 
ing  during  tlie  extraction  of  the  brain  from  the  skull. 
The  genuine  morbid  appearances  are  then  to  be  distin- 
guished from  theartefacta  jjroduced  by  the  investigator, 
and  from  the  spontaneous  changes  occurring  after  death. 
Nor  should  tlie  condition  be  confounded  with  diminislied 
density  or  specific  gravity.  Normal  white  matter  gives 
a  specific  gravity  of  1.040.  but  when  softened  it  is  from 
six  to  eight  degrees  of  the  hydrometer  scale  lower  than 
the  normal  condition;  and  the  consistency  of  the  brain  is 
the  same  in  individuals  of  all  ages  excepting  the  new- 
born and  very  joung  children.  Season,  temperature, 
and  the  disease  to  which  the  patient  has  succumbed 
affect  this  consistence.  An  epileptic,  dying  during  a 
paroxj-sm,  in  the  month  of  June,  by  asphyxia  from  the 
penetration  of  food  into  the  respiratory  ways,  has  been 
known  to  present  at  the  necropsy,  twenty-four  hours 
afterward,  a  completely  diffluent  encephalon.  In  a 
second  instance,  fortj-  hours  after  'death,  witli  the  same 
temperature,  and  in  marasmus  and  an  organic  aff'ection 
of  the  liver  without  cerebral  symptoms,  the  brain  was 
found  to  be  in  such  a  softened  state  that  when  it  was 
placed  on  the  hand  the  fingers  penetrated  by  reason  of 
its  weight  alone;  while  that  of  another  cadaver,  ex- 
amined seventy  hours  after  death  and  twenty-four  liours 
after  the  uecropsj",  was  far  from  this  state  of  softening. 

Though  most  frequent  in  old  age.  softening  spares  no 
period  of  life,  its  occurrence  having  been  noted  in  the 
new-born  and  even  in  the  fajtus.  That  form  peculiar  to 
the  senile  condition  appears  to  have  served  as  a  type  in 
all  the  descriptions  given  by  the  best  writers,  who  seem 
to  have  overlooked  the  pathological  conformity  shown 
in  the  faihire  of  the  nutrition  as  the  primary  and  com- 
mon cause  of  cerebral  softening  at  the  two  extremes  of 
life.  In  the  new-born  the  pi'ofound  disturbance  of  nu- 
trition which,  through  the  intermediaiy  of  the  lilood, 
disintegrates  an  organ  whose  softness  has  not  yet  been 
effaced  by  age,  is  essentially  the  same  as  that  wliicli  in 
the  senile  state  prepares  for  arterial  and  cardiac  lesions, 
the  formation  of  embolism  or  thrombosis,  and  the  con- 
sequent incomplete  irrigation  of  the  cerebral  substance 
by  the  blood.  This  starvation  of  the  brain  consequent 
upon  diminished  supply  of  arterial  blood  is  now  spoken 
of  as  necrobiotic  and  non-inflammatory  in  its  nature. 
Such  terms,  however,  as  cerebral  infarction  and  necro- 
liiosis,  though  establishing  facts,  do  not  explain  the 
phenomena  of  cerebral  disintegration. 

Certain  observers  recognize  in  brain  softening  inflam- 
mation of  an  absolute  kind;  some  regard  it  as  a  morbid 
state  analogous  to  senile  gangrene;  others  see  a  vital 
lesion  affecting  the  nutritive  integrity  of  the  brain;  while 
still  others  consider  it  as  a  lesion  of  nutrition  owing  to  local 
ischa'mia,  provoked  by  arrest  or  diminution  of  circula- 
tion either  in  one  of  the  cerebral  arteries  or  in  the  capil- 
laries of  the  brain. 

This  profound  trouble  of  nutrition,  the  essence  of 
which  is  unknown,  may  occur  as  a  primitive  necrobiosis 
of  the  brain  substance,"  or  this  necrobiosis  ma.y  be  pre- 
ceded by  a  vascular  lesion  that  causes  a  want  of  supply 
of  blood  effected  through  embolism,  the  local  formation 
of  a  thrombus,  or  by  comiiression  of  ilie  vessels.  If  a 
cerebral  vessel  be  stopped,  that  part  of  the  brain  supplied 
by  the  vessel  is  suddenly  deprived  of  nourishment,  and 


395 


Brain. 
Brain. 


REFERENCE  HAIOJBOOK  OF  THE  MEDICAL  SCIENCES. 


this  will  be  definitely  the  case  if  the  embolism  remains  in 
place.  When  the  vessel  in  question  is  a  terminal  artery, 
which  does  not  exchange  blood  with  other  arteries,  there 
will  be  immediate  stoppage  of  cerebral  function,  followed 
by  rapid  changes  of  the  brain  elements,  into  fat  and 
eventually  into  the  liquescent  state. 

The  anatomical  characters  and  circumstances  that  pre- 
side at  the  evolution  of  cerebral  softening  have  been  fairly 
made  out.  Observations  in  this  direction  warrant  the 
statement  that  the  arteria  fossw  Sylvii  sitiislra;  is  most 
exposed  to  embolic  occlusion,  which  circumstance  may 
be  explained  anatomical!)'  by  the  difference  in  the  angles 
at  which  the  left  carotid  and  the  innominate  arteries  are 
given  off  by  the  aorta.  For  this  reason  the  left  carotid 
is  liable  to  catch  an  embolus  coming  from  the  heart,  and 
the  left  Sylvian  artery  being  the  terminal  artery  in  ques- 
tion, the  regions  provided  by  this  vessel  are  consequently 
most  in  danger  of  being  affected  by  the  embolic  process. 
These  regions  are  the  nucleus  lenticularis,  the  terminal 
nuclei  in  part,  the  external  capsule,  and  part  of  the  in- 
ternal capsule.  The  terminal  branches  of  this  vessel 
supply  the  second  and  third  frontal  convolutions,  the 
island  of  Reil,  and  proximal  surroundings,  these  being 
the  portions  of  the  brain  most  likely  to  suffer  from  the 
necrobiotic  process.  Further  anatomical  changes  in  the 
cerebral  substance  may  result  from  the  formation  of  an 
autochthonous  coagulation,  in  consequence  of  degenera- 
tion of  the  intracranial  vessels.  Circumstances  favoring 
the  rapid  formation  of  the  thrombus  are  diminished 
motor  force  of  the  heart,  roughening  of  the  inner  walls, 
narrowing  and  loss  of  force  and  elasticity  of  the  vessels. 
Tumors  of  rapid  growth,  and  inflammatory  processes 
and  their  surroundings,  which  compress  the  vessels  to 
such  an  extent  as  to  lead  to  softening,  are  phenomena 
often  observed  in  connection  with  softening.  Occasion- 
ally the  affected  vessel  is  discovered  entirely  empty  at 
the  postmortem  examination,  and  for  this  reason  it  is 
supposed  that  the  occluding  mass  has  been  reabsorbed. 

The  first  fact  of  importance  in  connection  with  the 
pathological  details  of  softening  is  the  infrequency  of 
anatomical  changes  in  the  cerebral  substance  when  the 
seat  of  obstruction  is  on  the  cardiac  side  of  the  circle  of 
Willis,  which  permits  the  prompt  re-establishment  of  the 
circulation  on  account  of  its  free  anastomosis.  If,  how- 
ever, the  embolus  is  lodged  in  one  of  the  terminal  arteries 
of  the  basal  arterial  system,  and  a  large  region  be  thereby 
deprived  of  the  necessary  supply  of  fresh  blood,  there 
will  be  flowing  back  from  the  veins,  and  the  tissues  will 
become  hyperaemic  and  ffidematous,  and  filled  with 
small  extravasations  known  as  hemorrhagic  infarctions. 
In  this  simple  necrobiotic  change,  the  blood  and  coloring 
matter  pass  through  the  ordinary  metamorphosis,  the 
tissue  of  the  brain  swells  and  decays,  leading  to  the  rapid 
development  of  masses  of  granular  cells,  and  finally  to 
fatty  emulsion.  Later,  the  diseased  focus  may  become 
reabsorbed  and  a  cyst  remain  in  the  place  of  the  soften- 
ing, but  this  is  rare;  in  fact,  such  a  result  ma}'  never 
occur  except  in  the  case  of  a  small  focus  of  inflannnatiou. 
The  process  is  more  often  followed  by  red  sanguineous 
infiltration  and  yellow  softening.  The  color,  depending 
merely  upon  the  amount  of  blood  in  the  tissues,  is,  how- 
ever, not  an  essential  point,  nor  is  sanguineous  infiltra- 
tion always  present,  and  yellow  softening  is  sometimes 
observed  without  its  presence. 

Etiology. — Although  the  etiology  of  the  large  group 
of  clinical  symptoms  popularly  known  as  brain  softening 
touches  one  of  the  most  delicate  points  of  medicine,  but 
little  satisfactory  is  to  be  said  regarding  its  remote  causes. 
Among  those  which  predispose  more  or  less  are  old  age 
(from  fifty  to  eightj')  or  agedness,  chronic  alcoholism, 
syphilis,  sexual  excesses  and  fast  life,  Bright's  disease, 
acute  rheumatism,  the  dartrous  diathesis,  chorea,  scarlet 
fever,  insolation,  intense  cold,  intense  and  long-continued 
intellectual  exertion,  severe  and  protracted  emotional  dis- 
turbance, misery,  fright,  overwork  and  responsibility, 
the  abuse  of  opium,  menstrual  troubles,  and.  according 
to  some  authorities,  the  puerperal  state.  The  cachexias 
and  the  inopectic  diathesis  (that  is,  a  tendency  to  embo- 


lism, to  thrombosis,  and  to  coagulation  of  fibrin)  are 
adjuvant  causes,  the  importance  of  which  should  not  be 
overlooked.  Among  negroes,  the  intertropical  races,  and 
the  inferior  races  generally,  softening  and  other  forms  of 
brain  disease  are  infrequent,  but  the  aptitude  for  such 
disease  grows  with  the  degree  of  perfection  of  the  species. 
Women  are  less  subject  than  men,  principally  for  the 
reason  that,  being  women,  they  do  not  undergo  the  strain 
and  exhaustion  of  high  brain  energy  and  severe  muscular 
labor,  and  are  not  so  exposed  as  men  to  the  poison  and 
excitement  of  alcohol,  syphilis,  and  tobacco. 

Brain  softening  is  the  pathological  sequence  of  many 
different  conditions;  but  the  more  important  causes  that 
bring  about  the  results  in  question  may  be  stated  as  fol- 
lows, when  brought  concisely  together;  endocarditis, 
through  the  production  of  movable  products;  myocar- 
ditis, through  the  formation  of  thrombosis  in  the  "heart; 
all  processes  in  the  lungs  leading  to  coagulation  or  to 
the  reception  of  septic  material  into  the  veins  of  the 
lungs;  aneurism  of  the  aortic  arch;  atheroma  of  the  cei'e- 
bral  arteries;  tumors  of  the  brain,  and  even  encephalitic 
foci ;  syphilis  of  the  brain ;  the  accumulation  of  pigment 
and  pigmentous  flakes  in  the  blood,  in  connection  with 
severe  cases  of  malarial  intermittent  fever ;  and  capillary 
occlusion  through  drops  of  fat.  Other  sources  are  in- 
juries and  inflammations  of  the  bone,  the  occlusion 
brought  about  by  pus  cells  or  white  corpuscles,  and  the 
blocking  of  the  vessels  by  lime  metastasis. 

Of  the  phenomena  of  the  occlusion  of  the  intracranial 
vessels  usually  preceding  the  encephalomalacia,  it  is  im- 
possible to  present  a  clinical  picture  in  definite  terms 
without  going  into  the  details  of  embolism,  thrombosis, 
and  hemorrhage,  for  full  particulars  of  which  the  reader 
is  referred  to  their  respective  headings.  Although 
spoken  of  in  the  same  connection,  cerebral  softening  and 
occlusion  of  the  cerebral  vessels  are  not  necessarily  in- 
terdependent, since  softening  does  not  always  follow 
occlusion,  and  for  this  reason  there  is  a  tendency  among 
some  to  consider  softening  as  a  distinct  pathological  con- 
dition. 

Stmptoms. — Softening  of  embolic  origin  always  begins 
by  the  symptoms  peculiar  to  encephalic  effusion  of 
blood,  or  to  those  of  apoplexy,  the  word  being  taken  in 
its  traditional  sense.  In  fact,  the  symptoms  arc  so  similar 
to  each  other  that  their  differentiation  may  be  a  matter 
of  great  difficulty  to  the  most  experienced.  The  symp- 
toms that  characterize  the  early  period  of  Embolism  are 
sudden.  Without  premonition  the  patient  is  seized  with 
a  sudden  dizziness,  or  a  momentary  headache,  and  with 
an  involuntary  cry  falls  consciousless ;  motion  and  sensa- 
tion appear  to  be  extinguished,  and  unilateral  paralysis, 
generally  of  the  right  side,  follows.  The  only  api)arent 
difference  between  the  symptoms  occasioned  hy  em- 
bolisiii  of  a  cerebral  artery  and  those  of  hemorrhage  is 
the  more  transient  state  of  the  unconsciousness.  For 
this  reason  part  of  the  symptoms  are  often  spoken  of  as 
apoplectic.  In  some  cases,  when  the  symptoms  are  less 
distinct,  the  unilateral  paralysis  forms  a  prominent 
feature.  Other  cases  are  ijrominentl}'  marked  by  more 
or  less  dizziness,  by  the  absence  of  coma,  by  convulsions, 
and  by  unilateral  symptoms.  This  seems  chiefly  the 
case  when  embolism  occurs  in  a  circumscribed  smaller 
cortical  region,  or  when  the  embolus  is  reabsorbed  and 
the  circulation  restored.  Vomiting  sometimes  attends 
the  onset  of  the  attack;  at  other  times  delirium  of  a 
transitory  character  occurs;  and  in  many  cases  sudden 
aphasia  results  from  the  antemia  produced  in  the  s]ieech 
centre  b_v  the  embolic  occlusion  of  the  artery  supplying 
that  region.  There  seems  to  be  diversity  of  opinion 
among  observers  regarding  the  state  of  the  pupils  during 
the  onset  of  the  attack ;  it  is  probable,  however,  that  they 
vary  in  different  eases.  At  the  fundus  of  the  eye  there 
may  be  found  papillary  or  retinal  cedema.  It  is  only  in 
chronic  senile  cases  that  papillary  atrophy  occurs. 

Thrombosis  of  the  cerebral  vessels  is  usually  attended 
by  premonitory  symptoms,  as  persistent  headache,  either 
diffused  or  localized,  slight  dizziness,  a  sense  of  general 
confusion,  unilateral  disturbances  of  sensation,  and  even 
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violent  transient  paresis.  Further  development  of  the 
trouble  gives  rise  to  excitement  and  active  delirium, 
causing  the  patient  to  get  out  of  bed  at  uight  and  to 
commmit  other  unreasonable  acts.  Symptoms  of  de- 
pression may  follow  this  period  of  excitement,  the  pa- 
tient becoming  apathetic  and  answering  questions  with 
difficulty.  His  movements  are  slow ;  there  is  tendency 
to  sonuiolency ;  and  a  notable  decrease  occurs  in  the 
psychic  functions,  this  decrease  being  characterized 
mainly  by  failures  of  the  reasoning  process,  and  by  a 
more  or  less  compromised  memory,  both  of  which  are 
shown  in  verbal  amnesia  and  other  dysphasic  affections. 
The  humor  is  changing  and  emotional,  and  later  the 
mental  and  other  symptoms  may  become  those  of  local- 
ized cerebral  disease  generally.  As  the  patient  goes  into 
greater  decline  there  may  be  bed-sores,  and  he  may  die 
from  these;  from  an  intercurrent  malady,  as  a  cardiac, 
renal, or  splenic  complication,  or  a  pulmonary  phlegmasia ; 
or  a  new  attack  or  some  new  lesion  of  the  eucephalon 
may  carry  him  off.  Generally  the  patient  dies  in  a  state 
of  "profound  adynamia.  The  size  and  physiological  im- 
portance of  the  occluded  vessels  detemiine  the  diffei'ence 
in  the  extent  and  duration  of  the  symptoms.  In  fresh  and 
vigorous  subjects  the  occlusion  of  a  small  ves.sel  may  be 
followed  by  recovery,  if  the  collateral  circulation  be  es- 
tablished before  the  stage  of  necrobiosis  begins.  How- 
ever, in  most  cases  of  autochthonous  thrombosis  that 
survive,  the  subsequent  history  is  that  of  chronic  local- 
ized brain  disease,  and  of  the  motor,  sensor}',  and  intel- 
lectual disturbances  that  follow.  The  same  may  be  said 
of  embolic  softening.  Actual  softening  being  fully  estab- 
lished, the  most  prominent  symptoms  are  permanent 
weakness,  often  persistent  hemiplegia  accompanied  by 
athetoid  spasms,  and  progressive  mental  weakness  end- 
ing in  paretic  dementia.  With  the  exception  of  the  dis- 
turbances of  vision,  the  affections  of  the  special  senses 
are  the  same  as  those  that  occur  in  connection  with  cere- 
bral hemorrhage.  The  same  is  true  of  the  sensory, 
trophic,  and  vasomotor  disturbances.  Sudden  amaurosis 
from  occlusion  of  the  arteria  centralis  retinae  has  been 
observed  to  occur  in  some  cases  of  embolism.  AntBmia 
of  the  fundus  has  also  been  found ;  and  certain  observers 
attach  much  diagnostic  importance  to  the  arterial  and 
venous  hyperaniiia  of  the  retinal  vessels  and  to  conges- 
tion of  the  optic  disc. 

The  paralyzed  limbs  are  generally  those  of  the  right 
side,  for  the  simple  reason  that  the  left  Sylvian  artery  is 
oftener  occluded  than  the  right.  Bilateral  paralysis 
may,  however,  follow  bilateral  vascular  occlusion.  Since 
we  are  unable  to  offer  any  satisfactory  explanation  of 
either  the  presence  or  the  absence  of  contractures  of  the 
paralyzed  limbs,  they  can  scarcely  be  regarded  as  of 
pathognomonic  significance.  Motor  restlessness,  though 
characteristic  of  the  worst  cases,  is  greatly  influenced  by 
heredity.  A  patient  of  bad  nervous  antecedents,  with  a 
spot  of  progressive  softening  in  one  of  the  corpora  striata, 
may  become  noisy  and  restless  and  suffer  from  insomnia, 
while  another,  with  no  nervous  heredity  and  under  the 
same  conditions,  is  quiet  and  manageable.  As  enfeeble- 
ment  progresses,  the  motor  symptoms  are  particularly 
noticeable  in  the  paretic  walk  and  aphasic  speech,  the 
latter  resulting  from  a  disturbance  of  the  secondary  co- 
ordination consequent  upon  a  lesion  of  the  basal  motor 
ganglia.     (See  Aphasia.) 

A  brain  affected  by  softening  being  on  the  verge  of 
dissolution,  the  most  prominent  and  troublesome  symp- 
tom is  the  distuibance  of  the  mental  functions.  The 
faculty  most  prone  to  fail  is  memory.  The  vesicular  neu- 
rin  not  being  susceptible  to  the  impression  of  events,  the 
patient  is  unable  to  recall  recent  experiences  and  impres- 
sions with  distinctness.  The  destructive  metamorphosis 
of  the  convolutional  structure  is  further  shown  in  the 
impairment  of  the  reflective  faculty  or  power  of  judg- 
ment ;  and  as  the  cerebromalacia  progresses  the  patient 
may  become  whimsical  and  peevish,  or  his  affective  power 
may  be  deadened,  and  the  intellectual  faculties  may  de- 
•  dine  into  childishness  or  gatism  and  finally  become  ex- 
tinct. 


The  occurrence  of  these  mental  changes  in  cormection 
with  the  situation  of  the  brain  lesion  may  be  further 
studied  under  other  headings  (see  Brai/i  Diseases :  Diag- 
nosis of  Loml  Lesions,  and  Brain:  Functions  of  the 
Cerebral  CorteJ:), 

Diagnosis. — The  diagnosis  of  cerebral  softening  should 
be  based  upon  the  history  of  the  case  and  the  proving  of 
such  fundamental  conditions  as  may  produce  hemorrhage 
and  embolism  or  thrombosis.  Hemorrhage  cannot  be 
distinguished  from  thrombosis  by  any  absolute  means, 
notwithstanding  the  various  diagnostic  signs  that  have 
been  proposed  at  various  times;  but  tlie  condition  of 
softening  may  be  established  with  a  probability  border- 
ing on  certainty  when  the  associated  symptoms  are  taken 
into  account.  When  the  premonitory  sj'mptoms  have 
continued  for  a  long  time,  the  so-called  apoplectic  ac- 
cidents point  to  cerebral  hemorrhage  rather  than  to  em- 
bolism, but  the  symptoms  in  all  probability  may  be 
owing  to  thrombosis.  Gradual  march  of  the  paralysis 
indicates  thrombosis  rather  than  cerebral  hemorrhage. 
The  rapid  appearance  or  disappearance  of  the  attack, 
and  the  situation  of  a  centre  of  softening  in  the  left 
hemisphere,  point  rather  to  embolism  than  to  thi'ombosis. 
It  can  also  be  affirmed  with  almost  entire  certainty  that 
the  encephalic  foyer  is  of  embolic  origin  when  the  pres- 
ence of  the  symptoms  permits  us  to  suspect  the  forma- 
tion of  splenic  or  of  renal  infarction.  Such  symptoms 
would  be  likely  to  occur  after  a  sudden  attack  in  a  young 
subject  with  an  active  bruit  de  souffle  and  enlargement 
of  the  spleen,  pains  in  the  lumbar  region,  and  the  pres- 
ence of  blood  in  the  urine.  Cerebral  softening  may  be 
confounded  with  hemorrhage,  encephalitis,  ba'matoma 
of  the  dura,  and  with  tumors.  In  tumors  the  speech 
and  intellect  are  generally  unaffected,  and  there  is  pain 
with  convulsions,  vomiting,  double  optic  neuritis,  and 
choked  disc ;  in  ha-matoma  the  history  of  the  case  is  the 
main  reliance  in  making  out  a  correct  diagnosis;  while 
in  encephalitis  there  is  a  considerable  rise  in  temperature 
and  the  evidence  of  tissue  action  in  the  respective  region 
of  the  brain,  which  is  notably  absent  in  softening.  The 
lowering  of  temperature,  almost  constant  at  the  outset 
of  cerebral  hemorrhage,  is  absent  in  softening ;  aphasia 
is  more  frequent;  paralysis  of  a  mobile  character  in- 
creases by  abrupt  stages,  and  death  may  occur  during 
the  initial  coma.  The  signs  of  arterial  atheroma  are  of 
no  value. 

Prognosis. — Softening  of  the  brain,  more  or  less  grave 
according  to  the  extent  and  intensity  of  the  functional 
troubles,  is  a  disease  that  ends  in  death  after  a  certain 
time,  varying  from  a  few  days  to  several  months  or 
_vears.  More  die  of  the  acute  than  of  the  chronic  form. 
Some  think  the  malady  curable,  but  it  leaves  ineffaceable 
marks  in  the  most  favorable  eases,  and  the  reported  re- 
coveries are  to  be  looked  upon  with  a  great  deal  of 
doubt.  They  are  said  to  have  occurred  in  young  and 
vigorous  subjects;  and  when  it  is  taken  into  con.sidera- 
tion  that  the  .symptoms  may  have  been  incorrcctlj-  ob- 
served, or  that  they  may  have  been  those  following  vari- 
ous depraved  states  of  the  nervous  system,  the  statement 
becomes  more  problematical.  When  not  carried  off  by 
the  initial  symptoms,  the  patient  is  left  with  an  incurable 
infirmity,  in  one  of  the  most  unfavorable  conditions 
known.  With  the  gradual  enfeeblcment  of  the  intellect 
he  is  constantly  threatened  with  new  symptoms,  and  the 
reproduction  of  the  original  causes  that  produced  the 
centre  of  softening.  In  fact,  these  causes  greatly  influ- 
ence any  forecast  that  it  is  possible  to  make  conceraing 
the  march  and  duration  of  the  malady.  As  a  rule,  it 
may  be  said  that  the  indications  are  the  more  favorable 
in  simple  circumscribed  emliolism.  and  most  unfavorable 
in  cases  of  autochthonous  thrombosis.  The  prognosis  is 
worse  when  there  is  slight  impairment  of  the  intellect, 
sensibility,  and  motility"  taken  together  than  it  is  when 
any  one  of  these  singly  is  profoundly  impaired.  A  case 
may  be  regarded  as  hopeless  as  long  as  the  underlying 
cause  of  the  attack  remains,  and  extreme  gravitj'  is  to 
be  attached  to  such  symptoms  as  rise  of  temperature  and 
bed-sores. 
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Treatment. — The  causes  that  produce  softening  are 
diiticult  to  remove  and  the  therapeutical  treatment  of 
their  elfeets  is  generally  barren  in  results,  notwithstand- 
ing correctness  of  diagnosis  and  the  most  judicious  efforts 
to  meet  sj'mptoms  as  they  occur.  Once  established, 
senile  softening  is  not  amenable  to  treatment.  Preven- 
tive measures  being  out  of  the  question,  except  when 
the  premonitory  sj'miitoms  have  contiuuefl  for  a  long 
time,  a  consideration  of  the  causes  becomes  fundamental 
matter,  and  the  state  of  the  heart  and  its  action  the 
main  question.  A  declivous  position  of  the  head  and 
perfect  rest  in  a  uniform  temperature  are  advisable  dar- 
ing au  acute  attack,  while  the  body  should  be  kept 
warm  by  artificial  heat,  warm  clothing,  and  the  cautious 
administration  of  stimulants.  The  caution  in  regard  to 
stimulation  is  the  more  to  be  observed  if  there  be  the 
least  suspicion  of  hemorrhage.  In  such  a  contingency 
it  is  deemed  wise  to  act  as  if  the  case  were  one  of  cere- 
bral hemorrhage,  since  hemorrhage  is  more  likely  to 
occur  than  occlusion,  and  the  harm  following  stimula- 
tion in  such  a  case  seems  to  justify  the  diagnostic  doubt. 
Syinptoms  pointing  to  a  severe  collateral  hypera-mia 
ma.v  be  treated  with  large  doses  of  the  bromides,  sina- 
pisms, dry-cupping,  and  mild  purgation.  The  actual 
cautery  and  bleeding  are  to  be  avoided;  but  when  there 
is  general  vascular  irritation,  leeches  may  be  applied  to 
the  anus  and  behind  the  ears,  in  connection  with  intestinal 
revulsives  and  cold  applications  to  the  head.  Digitalis, 
or  stroplianthus  witii  glonoin.  and  amyl  nitrite,  arc  in- 
dicated, if  the  arterial  tension  be  weak.  Their  use  is, 
however,  inadvisaljle  in  old  persons.  Recourse  ma\'  be 
had  to  nervine  tonics  and  to  mild  forms  of  slow  deriva- 
tion after  the  attack  lias  passed.  The  diet  should  be 
strictly  regulated,  all  intellectual  effort  shoidd  be  inter- 
dicted, the  integrity  of  the  nutritive  functions  should  be 
maintained  as  much  as  possible,  and  the  methods  of 
treatment  applicable  to  the  chronic  synijitoms  of  circum- 
scribed cei-ebral  disease  should  be  generally  observed. 

Iri-ing  C.  Eosse. 

BRAIN,  SURGERY  OF  THE.— History.— Although  in 

1871  Broca  located  a  cerebral  abscess  in  the  speech  centre, 
and  greatly  relieved  the  patient  by  trephining,  modern 
brain  surgery  begins  properly  with  a  modest  report  of  a 
case  by  Macewen  in  the  Glasgow  Medical  Journal  for  1879, 
xii..  210,  and  a  later  more  elaborate  paper,  bj-  the  same 
author,  in  T/ie  Lancet  for  1881,  ii.,  p.  541.  In  these, 
papers  he  narrates  three  cases,  occurring  in  1876  and  1879. 
in  which  cerebral  disease  was  located  by  focal  symptoms. 
The  first  was  a  case  of  convulsions  of  the  face,  arm,  and 
leg,  in  the  order  named,  following  a  fall  on  the  right 
side  of  the  head.  A  trephine  opening  of  the  dura  evacu- 
ated two  ounces  of  blood,  and  the  boy  recovered  without 
any  febrile  movement. 

In  the  second  case  the  symptoms  pointed  to  a  lesion  of 
the  frontal  lobe,  and,  after  trephining,  a  tumor  of  the 
dura  mater  was  dissected  out.  The  patient  died  eight 
years  subsequentlj'  from  Bright's  disease. 

The  third  was  a  case  of  cerebral  abscess,  existing  not 
at  the  site  of  a  prior  injury  marked  by  a  distinct  cicatrix, 
but  correctly  diagnosticated  in  a  totally  distinct  position, 
that  is,  in  Broca's  convolution,  by  the  focal  symptoms, 
Tlie  parents  declined  an  operation,  and  the  child  died. 
After  death  an  operation  was  done  precisely  as  it  would 
have  been  done  during  life,  and  an  abscess  was  found, 
the  size  of  a  pigeon's  egg,  at  the  spot  indicated  bj'  the 
localizing  symptoms. 

In  spite,  however,  of  this  remarkable  paper,  the  sur- 
gical world  seemed  blind  to  its  oppoitunity.  But  in  TJie 
Lancet  for  December  20,  1884,  Dr.  Hughes  Bennett  and 
!Mr.  Godlee  narrated  a  case  of  subcortical  tumor  of  the 
brain,  diagnosticated  by  the  localizing  symptoms  alone 
and  before  operation.  ATheu  the  dura  was  opened  no 
tumor  was  visible :  but  so  certain  were  they  that  a  tumor 
existed  that  an  incision  was  made  in  the  apparently 
healthy  brain  tissue,  and  a  morbid  growth  the  size  of  "a 
walnut  was  found  one  fourth  of  an  inch  below  the  sur- 
face.    This  case,  though  ultimately  unsuccessful  because 


of  suppurative  menmgitis,  instantly  arrested  the  atten- 
tion of  the  surgical  world  b.y  the  precision  of  the  diag- 
nosis, the  success  of  the  operative  technique,  and  the 
evidence  it  afforded  that  we  could  successfully  cope  with 
heretofore  hopeless  cases.  Its  very  failure,  like  the  fail- 
ure of  the  first  Atlantic  cable,  but  pointed  the  way  to 
success. 

The  first  American  paper  on  cerebral  tumor,  by  Hirsch- 
felder  and  Morse,  of  San  Francisco,  appeared  in  the 
Pacific  Medical  and  Surgical  Journtd  for  Ai)ril,  1880. 
The  case  was  that  of  the  successful  localization,  but  un- 
successful removal,  of  a  brain  tumor.  Two  most  remark- 
able jiapers  on  lirain  surgery,  however,  were  published 
soon  afterward  by  Jlr.  Victor  Horslev,  in  the  British 
Medical  Journal  for  October  9,  1886,  and  April  23,  1887. 
In  these  papers  ten  cases  were  related,  all  of  which  were 
correctly  localized:  only  one  died,  and  the  remainder 
were  eitlier  benefited  or  cured.  These  were  in  part  cases 
of  removal  of  brain  tumor  and  of  portions  of  diseased 
brain  tissue  the  cause  of  epilepsy,  and  in  part  cases  of 
trephining  for  relief  of  intense  headache,  etc. 

In  this  country,  besides  many  excellent  publications 
that  I  have  not  space  or  time  to  enumerate,  the  most 
noteworthy  early  jMipers  ]iublished  have  been  those  by 
John  B.  Roberts,  read  before  the  American  Surgical  As- 
sociation in  188.5;  two  by  R.  W.  Amidon,  in  the  Medical 
yeirs  for  .lanuary  21,  1§84,  and  the  Annali  of  Sun/ery, 
vol.  i.,  188.").  bothof  these  authors  making  strong  pleas  for 
early  and  more  heroic  surgical  interference  in  affections 
of  the  Ijrain;  and  one  bj-  Seguinand  Weir,  in  the  Ameri- 
can Journal  of  the  Medical  Sciences  for  .Tid}'.  August,  and 
September,  1888.  I  have  also  published  several  papers 
to  which  I  may  allude;  the  earliest  two  appeared  in  the 
American  Journal  of  the  Medical  Sciences  for  October  and 


Fig.  995.— Skull  Showing  Points  Named  by  Broca.  N,  Nasion  (junction 
of  the  na.«al  and  frontal  sutures) ;  G.  ophryon  (on  a  level  with  the 
superior  border  of  the  eyebrows,  and  corresponding  nearly  to  the 
glabella,  the  smooth  swclIinL'  between  the  eyebrowsi :  B.  bregma 
(junction  of  the  sairittal  and  cm-onal  sutures  I ;  <ih.  obriion  (the 
sagittal  suture  between  the  parietal  foraminal ;  L,  lambda  (junction 
of  the  sagittal  and  lainbdoidal  sutures) ;  7,  inion  (external  occipital 
protuberance! ;  the  basion  is  the  middle  of  anterior  wall  of  foramen 
magnum :  ^4.s,  asterion  (junction  of  the  occipital,  parietal,  anil  tem- 
poral bones) ,  (/,  gonion  tangle  of  the  lower  jaw) ;  S,  stejihanion  (oi\ 
better,  tile  siiihtj"]-  steplianion,  iiueisection  of  ridge  for  temponU 
fascia  and  coronal  sutuie) ;  .s",  inferini-  steplianion  ( intersection  of 
ridge  for  temiioial  muscle  and  coronal  suture);  P,  pterion  (point 
of  junction  of  great  wing  of  sphenoid  and  the  frontal,  parietal, 
and  squamous  bones).  This  may  be  H-shaped,  or  K-shaped,  or 
"  retourne,^'  in  which  the  frontal  and  temporal  just  touch. 

November.  1888,  and  in  the  Medical  News  for  December 
1,  1888.  In  Germany  perhai)S  the  most  elaborate  and 
important  publication  is  von  Bergmann's  Hirnthirurgie. 
In  addition  to  these,  Mr.  Horsley  published,  in  the 
British  Medical  Journal  for  .lune  16,"  1888,  an  account  of 
the  removal  of  a  tumor  from  the  spinal  cord,  and  Dr. 
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Macewen  (British  Medical  Journal,  August  11,  1888) 
published  six  cases  iu  which  the  posterior  arches  of  the 
vertebra  had  been  removed  for  tumor  and  compression 
of  tlie  cord,  and  for  an  abscess  in  the  posterior  medias- 
tinum, two  of  which  (paraplegia  from  Pott's  disease  and 
fractured  spine)  had  been  published  as  early  as  1886 
(Glasgow  Medical  Journal,  xxv.,  210.)  (See  article 
Spine,  8urgei~y  of  the.)  I  shall  refer  in  the  coui 
of  this  paper  to  a  number  of  other  publications,  bul 
have  thought  it  right  to  sketch  thus  briefly 
the  earli/  historical  development  of  the  sub- 
ject. 

Two  things  have  made  such  brain  surgery 
possible.  First,  the  accurate  localization  of 
the  functions  (especially  the  motor  centres) 
by  Ferrier,  Horsley,  Fritsch,  Hitzig,  and 
others,  by  means  of  which  we  can  with  fair 
accuracy  determine  the  site  of  a  tumor,  ab- 
scess, cyst,  etc.,  by  the  focal  symptoms. 
Secondly,  the  impunity  with  which  we  can 
trephine  and  open  the  dura  mater,  and  inter- 
fere with  the  brain  tissue  itself,  due  almost 
entirely  to  the  introduction  of  antiseptic 
surgery.  To  Horsley  more  than  to  any  one 
else  we  owe  the  formulation  of  rules  for  suc- 
cessful brain  surgery — rules  which  will  be 
given  at  length  hereafter. 

71ie  Danger  nf  Trephining. — For  the  tech- 
nique of  trephining  I  refer  the  reader  to  the 
paper  under  that  head  iu  a  later  volume.  But 
it  is  important  further  to  consider  the  cjues- 
tion  of  the  danger  involved  iu  this  opera- 
tion. In  St.  Bartholomew's  Hospital  Reports 
for  1882,  Dr.  Walsham  puVilished  a  paper  en- 
titled "  Is  Ti'e])l)ining  of  the  Skull  a  Dangerous  Operati 
per  se?  "  In  this  article  he  analyzes  68()  cases,  of  which 
417  survived,  the  mortality,  therefore,  being  39.3  per  ceni 
Dividing  these  large  numbers  into  classes:  first,  those  " 
which  preventive  trephining  was  used  (nearly  all  for  frac 
ture),  there  being  no  cerebral  symptoms,  the  mortality  w, 
21.9  per  cent. ;  second,  trephining  in  which  severe  cerebral 
symptoms  existed,  the  mortality  was48.4  percent. :  third, 
trephining  in  which  moderate  cerebral  symptoms  were 
present,  the  mortality  was  27  per  cent. ;  fourth,  late 
trephining,  mostly  after  inflammation  had  set  in,  the 
mortality  was  o8..'5  per  cent. :  fifth,  secondary  trephin- 
ing showed  a  mortalitj'  of  22  per  cent. 

Walsham  showed  that  in  122  cases  of  late  trephining, 
in  which  there  was  no  condition  endangering  life,  only 
10.6  per  cent.  died.  Amidon,  in  the  paper  referred  to, 
analyzes  100  cases  of  trephining  reported  since  1879,  in 
most  of  which  antiseptics  were  employed.  Of  these  100 
cases  26  died,  but  of  these  23  presented  at  the  time  of 
operation  symptoms  already  endangering  life.  He  there- 
fore concluded  (and  most  later  writers  practically  concur 
in  his  conclusions)  that  the  mortality  of  trephining  per  ae 
is  but  3  per  cent.,  a  conclusion  which  would  seem  to 
be  confirmed  by  Pruni6res  and  Robert  Fletcher,  by  their 
investigations,  which  show  the  frequency  of  recovery  in 
cases  of  prehistoric  trephining.  Seydel  ("Antiseptic 
und  Trepanation  ")  even  estimates  the  mortality  as  only 
1.6  per  cent. 

Not  only  have  antiseptics  thus  diminished  the  danger 
of  simply  opening  the  cranium,  but  the  numerous  cases 
which  have  been  reported  of  opening  the  dura,  even  when 
followed  by  removal  of  tumor  or  of  some  brain  sub- 
stance, clearly  show  that  only  moderate  danger  is  add- 
ed in  any  case  by  such  surgical  procedures.  "  Hereto- 
fore, "  says  Amidon,  "  the  reluctance  of  the  surgeon  to 
open  the  cranium  seems  avidity  as  compared  with  his 
hesitation  in  piercing  the  dura  mater.  Tlie  cerebral  cor- 
tex seems  to  be  a  '  dead  line  '  inside  the  prison  walls  of 
conservative  surgery,  across  which  even  the  most  daring 
are  tempted  or  the  most  unwilling  are  dragged  only  by 
sure  indications  or  desperate  chances." 

The  future  danger  seems  to  be,  however,  that  temerity 
may  take  the  place  of  timidity,  and  that  many  patients 
will  either  die  or  go  about  with  multilated  brains  that 


ought  never  to  have  been  touched.     This  word  of  cau- 
tion, therefore,  at  the  outset  maj-  not  be  out  of  place. 

T0P0GR-\PHT   OF   THE    Br.\I.N'    IN    ItS   Sl'RGIC.\L   RelA 

TICKS. — The  relation  of  the  chief  fissures  and  convolu- 


FiG.  996. — View  of  the  Brain  from  Above.  F,  Frontal  lobe :  P,  parie- 
tal lobe :  O,  occipital  lobe  ;  S,  end  of  the  horizontal  branch  of  the- 
fissure  of  Sylvius:  c,  central  fissure  or  Ilssure  of  Ttolamio  ;  ^,  an- 
terior central  or  aseeu'lini:  frnnlal  comniutiou  :  li.  | in.si.-rior centrat 
or  ascending  parietal  con\<ilution  ;  /■].  ufpei-,  l-\.  middle,  Fg,  lower 
frontal  convolution  :  /i,  superior  fiiint;il  sulcus;'  r^,  iiifcri>)r  frontal 
sulcus:  ^3,  vertical  fissure  (sulcus  pr;cccniralis) ;  /',,  upper  or  pos- 
tenvparietal  lobule:  Pj,  lower  parietal  lohule,  lunsiiiuted  by  Pj, 
supniniar^Mual  gyrus  ;  P^',  angular  t^yius;  ii>,  intraparietal  sulcus; 
c//(,  callos-^-niarglnal  sulcus;  po,  parieto-^K'Cipital  fissure:  (i,  upper 
teuipnr.it  sulcus:  ^>i,  first  occipital  convolution :  o,  transverse  occip- 
ital sulcus.     ( Ecker.3 

tions  of  the  brain  to  the  surface  of  the  skull  is  of  th& 
greatest  possible  importance.  It  is  essential  that  we 
shall  be  able,  from  fixed  landmai'ks  on  the  skull,  to  locate 
the  various  fissures  and  convolutions,  and  by  them  the 
various  cortical  centres.  The  subject  has  been  studied 
by  Reid,  Horsley  and  Hare,  Kronlein  and  others,  each  of 
whose  methods  of  research  has  its  own  merit. 

I  shall  give  a  brief  outline  of  the  four  methods,  and  in 
doing  so  I  must  take  it  for  granted  that  the  reader  is 
fairly  well  acquainted  with  the  chief  outlines  of  the- 
cereiiral  cortex.  In  order,  however,  to  facilitate  the- 
study  of  the  external  topography  of  the  brain,  I  have 
introduced  cuts. 

First:  Fig.  99.5,  from  Broca,  giving  the  points  named 
upon  the  skull. 

Secondly:  Figs.  996-998,  from  Ecker,  giving  filenames 
of  the  principal  sulci  and  convolutions. 

I  have  also  appended  two  figures  fromFerrier's  "Func- 
tions of  the  Brain  "  (Figs.  999  and  1000)  in  order  to  fix  as 
nearly  as  possible  the  relations  of  the  various  centres,  so- 
far  as  known  at  present.  The  figures  in  these  two  cuts 
are  placed  as  follows : 

1,  On  the  postero-parietal  lobule  (precuneus),  the 
centres  for  movements  of  the  opposite  leg  and  foot  in 
locomotion.  2,  3,  4,  At  the  upper  end  of  the  fissure  of 
Rolando,  and  hinder  part  of  the  first  frontal  convolu- 
tion, the  centres  for  various  complex  movements  of  the 
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arms  and  legs,  as  in  climbing,  swimming,  etc.  In  .this 
area  Horsley  states  that  the  arm  and  leg  of  the  same  side 
are  involved  together.     5,  At  the  posterior  part  of  the 
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Fig.  9W.— Outer  Surface  of  the  Left  Hemisphere.  F,  Frontal  lobe ;  P,  parietal  lobe  :  O,  occipital 
lobe ;  r,  temporo-splienoldal  lobe ;  .S,  Assure  of  Sylvius ;  S',  horiEontal,  S',  ascendinK  ramus  of  the 
same :  c,  central  sulcus  or  Assure  of  Rolando  ;  ^4,  anterior  central  or  ascendint?  frontal  convolu- 
tion ;  B,  posterior  central,  or  ascending  parietal  convolution  :  F'.  superior.  F^\  middle,  and  F^, 
inferior  frontal  convolutions  ;  /^  superior,  P^  inferior  frontal  sulcus ;  /^^  pr^central  sulcus  ;  P', 
superior  parietal  or  postero-parietjil  lobule  ;  P^,  P^,  inferior  parietal  lobule,  riz. :  P^,  supraraar- 
ginal  gjTus ;  P^,  an^lar  gyrus ;  ip,  intraparietal  sulcus  :  cm.  tennination  of  the  callosomarginal 
Assure ;  O',  Arst,  0^,  second,  O^,  third  ticcipital  convolutions ;  po.  parieto-occipital  Assure  ;  oi, 
transverse  occipital  sulcus;  o^.  inferior  lon0tudinal  occipital  sulcus ;  T',  Arst,  T^,  second.  T', 
third  temporo-sphenoidal  convolutions ;  (',  Arst,  f,  second  teiupoFO-spbenoidal  sulci.    (Ecker.) 

superior  frontal  convolution — extension  forward  of  the 
arm  and  hand,  as  in  putting  forth  the  hand  to  touch 
something  in  front.  6.  On  the 
ascending  frontal  (prc-RoUmdic) 
convolution,  just  behind  the  up- 
per and  hinder  end  of  the  mid- 
dle frontal  convolution — move- 
ments of  the  hand  and  forearm 
in  which  tlie  biceps  is  particu- 
larly engaged,  viz.,  supination 
of  the  hand  and  flexion  of  the 
forearm.  7  and  8,  Respect- 
ively for  the  elevators  and  de- 
pressors of  tlie  angle  of  the 
mouth.  9  and  10,  As  one, 
mark  the  centre  for  movements 
of  the  lips  and  tongue,  as  in 
speech.  This  especially  occu- 
pies the  posterior  portion  of  the 
inferior  frontal  (generally  known 
as  Broca's)  convolution.  Dis- 
ease of  this  region  on  the  left 
side  produces  aphasia.  11,.  The 
centre  for  the  platysma,  retrac- 
tion of  the  angle  of  the  mouth. 

13,  A  centre  for  the  lateral 
movements  of  the  head  and 
eyes,  with  elevation  of  the  eye- 
lids and  dilatation  of  the  pupils. 
13  and  13',  On  the  suprainar- 
ginal  lobule  and  angular  gyrus, 
including  also  the  occipital  lobe, 
indicate  the   centre    for   vision. 

14.  On  the  superior  temporo- 
sphenoidal  convolution,  indicates 


the  centre  for  hearing.  «,  b.  c,  d.  On  the  ascending 
parietal  (post-Rolandic)  convolution,  indicate  the  cen- 
tres for  movements  of  the  fingers  and  wrist.  The  cen- 
tre for  smell  is  situated  in  the 
hook  of  the  hippocampal  region 
(Fig.  998,  U).  In  close  proxim- 
ity, but  not  exactly  defined  as 
to  limits,  is  the  centre  for  taste. 
The  centre  for  touch  is  situated 
in  the  hippocampal  region  (Fig. 
998,  H)  and  gvrus  fornicatiis 
(G/). 

To  these  I  also  add  Figs.  1001 
to  1009  from  Horsley 's  article 
(Amer.  Jour,  of  the  Med.  Scienem, 
April,  188T)  for  the  same  pur- 
pose. I  also  add  a  figure  from 
Gowers  (Fig.  1010)  to  show  the 
relations  of  the  convolutions  to 
the  skull. 

The  reader  desirous  of  further 
information  will  find  it  briefly 
stated  in  the  American  edition 
of  Gray's  "Anatomy,"  for  1887, 
p.  681,  or  very  fully  in  the  works 
of  the  authors  already  referred 
to,  together  with  Ferrier's 
"Functions  of  the  Bmin."  (See 
also  article  Skxill.  etc. ) 

It  must  be  borne  in  mind  that, 
as  pointed  out  by  Stokes,  the 
relations  between  the  brain  and 
the  skull  varj-  at  difl'ereut  ages, 
a  fact  reinforced  by  Cunning- 
ham's models  of  the  brain  hard- 
ened ill  si'tu,  and  then  exposed 
by  removing  the  bones  of  the 
skull,  leaving  bridges  at  the  .sut- 
ures. Symington  points  out  that 
the  Sylvian  fissure  lies  much 
higher  above  the  squamo-pari- 
etal  suture  in  the  child  than  in 
the  adult,  and  is  from  half  an 
inch  to  even  an  inch  above  it.  He  thinks  that  tliey  at- 
tain the  adult  relations  at  about  the  eighth  or  ninth  j-ear. 
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Fig.  998.— Inner  Surface  of  the  Riffht  Hemisphere.  CC,  Corpus  caUosum,  longitudinally  divided ; 
G/,  gyrus  fomicatus ;  H.  gynis  hippocampi ;  h.  sulcus  hippocampi  or  dentate  Assure :  U,  unci- 
nate gyrus ;  cm,  calloso-mai^nal  sulcus ;  Fl,  median  aspect  of  the  Arst  frontal  convolution ;  c, 
terminal  portion  of  the  central  sulcus,  or  Assiu"e  of  Rolando ;  A^  ascending  frontal,  B.  ascending 
parietal  convolution  :  Pc,  paracentral  lobule  ;  PI',  precuneus  :  Oz.  cuneus  :  pn.  parieto-ixx-ipital 
Assure;  o,  transverse  occipital  sulcus;  oc,  calcarine  Assure;  oc',  superior,  oc',  inJferior  ramus  of 
the  same;  D.  g>Tus  descendens;  r4,  gyrus  occiplto-temporalis  lateralis  (lobulls  fusiformisi ;  15, 
gyrus  occipito-temporalis  medians  (lobulus  lingualis) ;  cf,  collateral  or  occipito-temporal  Assure. 
(Ecker.) 
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The  fissure  of  Rolando  is  also  much  more  oblique  in 
its  direction  (52°.  Ilamy)  in  the  child,  and  lies  farther 
forward  on  account  of  tiie  imperfect  development  of  the 


Fig.  999.— Side  View  of  the  Brain  of  Man.    (Ferrier.) 
see  pp.  399,  4IX)) . 


(For  references 


frontal  lobes.  Graduallj'  as  these  are  developed,  espe- 
cially the  third  frontal  convolution,  the  lower  end  of  the 
fissure  is  pushed  back  and  assumes  its  adult  angle  and 
pcsition. 

First:  LaTidmarks  on   the  Skull.     Most  of  these   are 
readily  determined  by  reference  to  the  foregoing  figures, 


FIG.  1000.- 


-Top  View  of  the  Brain  of  Man.    (Ferrier.)    (For  references 
see  pp.  399,  4(10.) 


but  there  are  some  which  must  be  more  minutely  de- 
scribed. 

The  temporal  ridges  (Fig.  995)  are  two  in  number :  the 
upper  for  the  temporal  fascia,  the  lower  for  the  upper 
border  of  the  temjjoral  muscle.  The  upper  is  the  better 
marked,  and  can  be  easily  followed  b.y  the  fiusrer  from 
the  external  angular  process  backward.  It  marks  the 
sudden  change  in  the  slope  of  the  skull,  from  the  curve 
of  the  up]ier  surface  to  the  more  vertical  direction  of  the 
Vol.  II.— 26 


side.  The  lower  one  is  best  made  out  by  closing  and  re- 
laxing the  jaw,  when  the  upper  edge  of  the  temporal 
muscle  can  be  located  by  the  finger.  Like  the  upper,  it 
begins  at  the  external  angular  process,  but  runs  at  a 
lower  level  than  the  fascial  ridge.  Its  middle  is  about 
two-fifths  of  an  inch  below  it.     The  pomts  where  the 


Fig.  1001.— Representation  of  the  Centre  tor  the  Upper  Face  and  Angle 
of  the  Mouth.    (Horsley.) 

coronal  suture  crosses  these  two  ridges  are  called  re- 
spectively the  upper  and  the  lower  stephanion  (Fia-.  995. 
SandS). 

The  c«roruil  siitiire  starts  at  the  bregma  (Fig.  995,  B). 

Drawing  the  biauricular  line  (Fig.  995),  measurements 
on  185  skulls  have  given  me  as  a  mean  result,  that  in  the 
adult  the  bregma  lies  0.375  of  an  inch  in  front  of  this  line. 


Fig.  1002.— Representation  of  the  Centre  for  the  Vocal  Chords  (Adduc- 
tion).   (Horsley.) 

The  greatest  distance  was  1.2  inch.  In  16  of  these  skulls, 
the  bregma  coincided  with  the  point  where  the  bi-auricu- 
lar  line  crosses  the  sagittal  suture.  In  only  7  did  it  lie 
behind  it,  the  maximum  being  0.9  inch.  Starting  from 
the  bregma,  by  shoving  the  scalp  backward  and  forward, 
the  finger  can  perceive  (but  with  some  difficulty,  espe- 
cially in  the  aged)  the  irregularities  of  the  coronal  suture, 


Fig.  1003.— Representation  of  the  Centre  for  the  Lower  Face  and  Floor 
of  the  Mouth .    (Horsley. ) 

but  toward  th?  stephanion  they  become  more  marked  and 
can  be  pretty  well  appreciated.     The  parieto-sqvamosal 
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suture  lies  beneath  the  temporal  muscle.  The  highest 
poiut  of  its  curved  line  is  at  the  junction  of  tlie  upper 
and  middle  thirds  of  a  vertical  line  drawn  from  the  upper 


Fig.  lOM.- Representation  of  the  Centre  tor  the  Shoulder.  (Horsley.) 


border  of  the  zygoma  to  the  ridge  for  the  temporal 
muscle  in  front  of  the  temporo-ma.xillary  articulation. 

The  point  of  junction  of  the  great  wing  of  the  sphenoid, 
frontal,  jiarietal,  and  sqtiamous  bones  is  called  the  pterion 
(Fig.  99.5),  and  is  about  half-way  between  the  superior 
stephanion  and  the  zygoma.     It  is  usually  Il-shaped. 

The  Belation  of  the  Fissures  and  Conrolutions   to  the 


Fig.  1005.— Representation  of  the  Centre  for  the  Elbow  and  Wrist. 
(Horsley.; 

Landmarks  on  the  Skull. — There  are  five  great  Assures  of 
the  brain  to  be  localized: 

First,  the  great  longitudinal  fissure  separates  the  two 
hemispheres  of  the  cerebrum.  This  does  not  lie  precisely' 
in  the  middle  line,  but  in  consequence  of  the  slightly 
larger  size  of  the  left  hemisphere,  it  lies  about  an  eighth 
of  an  inch  to  the  right  of  the  middle  line. 

Second,  the  great  transverse  fissure,  or  the  fissure  of 


Fig.  1006.— Representation  of  the  Centre  for  the  Thumb.    (Horsley.) 

Bichat,  between  the  cerebrum  and  the  cerebellum.  This 
lies  in  a  line  from  the  external  auditoiy  meatus  to  the 
inion  (or  external  occipital  protuberance).  This  marks 
also  the  position  of  the  tentorium  and  of  the  lateral  sinuses. 
The  other  three  great  fissures  (viz.,  the  fissure  of  Si/lrius, 
the  fissure  of  Rolando,  and  the  parieto-occipital  fissure') 
mav  be  located  by  the  following  rules. 


Horsley's  Method. — The  fissure  of  Rolando,  in  relation 
to  the  motor  region,  is  the  most  important  in  the  whole 
brain.     As  will  be  seen  by  reference  to  Figs.  996  and  997, 


Fig.  1007.- 


-  Representation  of  the  Centre  for  the  Combined  Synchron- 
ous Action  of  Both  Limbs.     (Horsley.) 


almost  all  the  motor  centres  lie  clustered  about  it.  As 
Thane  has  shown,  it  runs  downward  and  forward  from 
a  point  half  an  inch  behind  the  middle  of  the  distance 
from  the  glabella  to  the  inion.  This  point  being  fixed, 
if  a  line  be  drawn  lat^'rally  at  an  angle  of  67°  (as  shown 


Fig.  10(58.— Representation  of  the  Centre  for  the  Lower  Limb.    H,  Fo- 
cus of  representation  of  the  hallux.     (Beevor  and  Horsley.) 

by  Hare)  for  a  distance  of  three  and  three-eighths  inches, 
it  will  indicate  the  fissure  of  Rolando;  the  lower  third  of 
the  fissure,  however,  changes  to  a  somewhat  more  verti- 
cal direction,  thus  forming  a  knee-like  bend.  To  fix  this 
important  fissure,  Horsley  uses  a  strip  of  metal  or  of 
parchment  jiaper,  say  fourteen  inches  long,  with  a  sec- 
ond strip  firmly  fixed  to  it  at  an  angle  of  67°  (Fig.  1011). 


Fig.  1009.— Representation  of  the  Centre  for  the  Head  and  Neck,  to- 
gether with  Conjugate  Deviation  of  the  Eyes.    (Horsley.) 

The  zero  point  of  the  scale  of  the  longer  piece  (as  sug- 
gested by  Dr.  Morris  J.  Lewis,  of  Philadelphia)  is  placed 
half  an  inch  in  front  of  the  angle  formed  by  the  two 
arms.  From  this  zero  point  the  scale  (in  quarter  inches) 
leads  both  forward  and  backward.  The  longer  arm  is 
placed  in  the  middle  line  of  the  shaven  head,  in  such  a 
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position  that  the  reading  of  the  two  scales  at  the  glabella 
and  at  the  inion  shall  Vie  identical.  The  lateral  strip  will 
then  mark  tlie  fissure  of  Rolando  (three  and  three-eighths 
inches);  the  direction  of  the  lower  third  being  slightly 
changed,  as  above  indicated. 

The  fssiire  i/f  Syln'us  commences  at  the  pterion,  the 
anterior  branch  running  upward  and  forward,  continu- 


^■■T|,^.'1■.  Jl..Al..yl 


Fig.  1010.— Dlafrram  of  the  Relations  of  the  ronvniiitions  to  thn  Skull.  F 1, 
2,  and  3.  Upper.  inicMli-.  Hml  |..wit  frontal  ir.nvi.jutlons :  .1  F.  A  P, 
ascendins  frontal  anil  parli-tal  convolutions  ;  .s'  /'.  superior  parietal  lobule; 
^119.  angular  Kvnis:  ( it L.  oicipita!  lohe;  T 1,  2.  'S.  the  temiKiral  convo- 
lutions; /'  II  F.  parii-t<i-i«cipital  Ilssure  ;  F  Sy  and  F  Sy  P,  tlssure  of 
Sylvius  and  its  posterior  liiuli;  F.  li<>,  tlssure  of  liolaudo.     uiowers.) 


ing  the  line  of  tlie  squanio-sphenoidal  suture,  but  one  or 
two  millimetres  in  front  of  it.  The  posterior  branch 
passes  upward  and  backward  litdf  a  millimetre  above  the 
squamo-parietal  suture,  as  far  as  its  highest  point,  and 
from  there  curves  slightly  upward  toward  tlie  centre  of 
the  parietal  eminence,  whicli  it  nearly  reaches.  This 
fissure  limits  the  motor  region  anteriorly  by  its  anterior 
limb,  and  postero-inferiorly  by  its  posterior"limb. 

The  preeentrnl  or  vertical  sulcus  is  of  great  imjiortance 
also,  as  it  divides  two  convolutions  of  very  tlitfereut 
functions,  and  on  each  side  of  it  has  conviilutious  of 
great  motor  importance.  It  runs  parallel  to  and  just 
behind  the  coronal  suture,  and  is  al- 
most vertical  to  a  liorizontal  tangent 
at  the  bregma;  hence  its  .second, 
name.  Its  upper  end  reaches  to  the 
level  of  the  middle  of  the  fissure  of  Rolando.  From  it, 
about  on  a  level  with  the  superior  stephanion,  the  iiife/inr 
frontal  sulcm  runs  forward.  Above  the  origin  of  this 
latter  sulcus,  the  precentral  sulcus  continues' vertically 
half-way  across  tlie  root  of  tlie  middle  frontal  convolii- 
tion.  Its  lower  end  is  separated  from  the  fi.ssure  of  Syl- 
vius by  a  horseshoe-shaped  convolution  of  great  im- 
portance (the  opeiriiltim).  wliieh  is  nearlv  always  one 
centimetre  wide,  and  overlies  the  island  of 'Reil. 

The  siiperuir  frontid  sulcus  aturts  from  the  ascending 
frontal  (pre-Rolandic)  convolution  midway  lietween  the 
fissure  of  Rolando  and  the  line  of  the  pre'ceutral  sulcus. 
Its  posterior  eud,  therefore,  lies  behind  the  precentral 
sulcus.  The  superior  and  inferior  frontal  sulci  run  for- 
ward and  slightly  downward,  practically  parallel  with 
the  great  longitudinal  fissure. 

The  intritparictdl  sulcus  lies  behind  the  fissure  of  Ro- 
lando, and  bounds  the  motor  area  posteriorly.  It  begins 
opposite  the  knee-like  bend  at  the  junction  of  the  middle 
and  lower  thirds  of  the  fissure  of  Rolando.  As  it  goes 
upward  it  lies  about  midway  between  the  line  of  theRo- 
landic  fissure  and  the  parietol  eminence.  It  then  sepa- 
rates farther  from  the  fissure  of  Rolando,  and  so  widens 


the  area  of  the  ascending  parietal  (post-Rolandic)  con- 
volution that  its  upper  end  is  known  as  the  superior 
parietal  lobuk.  In  the  middle  of  its  course  it  runs  about 
parallel  to  the  great  longitudinal  fissure,  and  midway 
between  it  and  the  parietal  eminence.  Farther  on,  it 
passes  by  the  external  end  of  the  parietooccipital  fissiire 
and  goes  downward  and  backward  into  the  occipital  lobe. 
The  parieto-occipital  fissure  on  the  upper  surface 
of  the  cerebrum  is  a  short  fissure  about  an  inch 
long,  at  right  angles  with  the  great  longitiidinal 
fissure,  and  two  or  three  inches'  in  front  of  the 
lairibda  (the  junction  of  the  lambdoidal  and  .sagittal 
sutures)  (Fig.  995.  L).  Tliis  fissure,  on  the  median 
surface  of  the  cerebrum  (Fig.  998,  po),  is  a  long  fis- 
sure running  downward  antl  forward.  It  is  joined 
at  its  middle  by  the  caloirine  fissure  (Fig.  998,  oc). 
Between  these  two  fissures  is  the  cuiieus  (Oz,  Fig. 
998),  in  which  lies  the  cortical  centre  for  sight.  In- 
jury to  the  cuneus.  therefore,  produces  blindness 
in  the  half  of  each  retina  on  the  side  corresponding 
to  the  injur}-  (hemianopsia). 

In  front  of  tlie  parieto-occipital  fissure,  on  the 
middle  surface  of  tlie  lieiiiisphere,  lies  the  precuneus 
or  (piiidrnte  lobule  (Fig.  998,  P,'),  bounded  in  front 
by  the  upiier  end  of  the  calloso-imirginal  fissure  (cm). 
In  front  of  and  behind  the  fissure  "of  Rolando 
(Figs.  997  and  998)  are  two  most  important  convolu- 
tions. The  one  in  front  is  chiefly  known  as  the 
asceudiug  frontal  or  precentral,  or,  as  I  prefer  to 
term  it,  the  pre-Rdinulic  convolution.  The  one  be- 
hind the  fissure  of  Rolando  is  linown  as  the  as- 
cending parietal  or  postcentral,  or,  as  I  prefer  to 
term  it,  tlie  post-Bolaiidic  convolution.  At  their  up- 
per ends  they  fuse  into  the  paracentral  lobule,  and 
at  their  lower  into  the  operculum'.  The  two  frontal 
sulci  divide  the  frontal  lobe  horizonbilly  into  three 
convolutions,  viz.,  the  first,  second,  and  third,  or 
respectively  the  superior,  middle,  and  inferior  frontal 
convolutions.  The  third  or  inferior  convolution  is 
frequentlj'  known  as  Broca's  convolution.  On  the  left 
side  the  centre  for  speech  is  located  (in  left-handed  per- 
stms  this  speech  centre  lies  in  Broca's  convolution  on  the 
right  side).  For  the  location  of  other  centres  in  these 
various  convolutions  the  reader  is  referred  to  Figs.  999- 
1009. 

Below  the  intraparietal  sulcus,  between  its  beginning 
ami  the  posterior  limb  of  the  fissure  of  Sylvius,  lies  the 
suprantarginal  convolution  (Fig.  997,  P-'").  Below  the 
posterior  portion  of  the  intrapariettd,  and  behind  the 
superior  extremity  of  the  horizontal  limb  of  the  Sylvian 
fissure,  lies  the  angular  gyrus  (Fig.  997,  P^). 
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Tlie  ttrnporo-sphenuiddl  lobe 
is  divided  horizontallj',  by  the 
.•superior  and  inferior  temporal 
ulci,  into  three  convolutions, 
first,  second,  and  tliird,  or  su- 
perior, middle,  and  inferior  tem- 
poro  -  sphenoidal  convolution)!. 
On  the  median  aspect  of  the 
hemispheres  tlie  calloso-mar- 
ginal  fissure  (Fig.  997)  has 
above  it  the  marginal  convolu- 
tion ;  below  it,  and  immedi- 
ately above  the  corpus  cal- 
losum,  lies  the  gyrus  fornicatus. 
Eeid's  Method. — Reid's  "base 
line  "  (Fig.  1012)  is  a  line  run- 
ning backward  from  the  infra- 
orliital  ridge  througli  the  mid- 
dle of  the  external  auditory  meatus,  and  prolonged  to 
the  middle  line  of  the  head  posteriorly.  The  fissure  of 
Sylvius  runs  from  a  point  an  inch  and  a  quarter  behind 
the  external  angular  process  of  the  frontal  bone  to  a 
point  three-fourths  of  an  inch  below  the  most   promi- 


FtG.  1011.— Hnrsley's  Instru- 
ment for  Fixing  the  Fis- 
.sure  of  Rolando,  as  Modi- 
fled  by  Dr.  Morris  J. 
Lewis. 
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nent  point,  of  the  purietal  eminence.  Measuring  from 
above  baclvward,  the  lirst  tUree-fourths  of  an  iucli  will 
represent  the  main  fissure;  the  rest  indicates  the  hori- 
zontal linil.i.  Tlie  ascending  limb  starts  at  a  point  three 
fourths  of  an  inch  liaek  of  the  anterior  extremity,  that 
is,  two  iuclies  behind  and  slightly  above  the  external 
angular  process,  and  runs  vertically  upward  and  forward 
about  one-fourth  of  an  inch 

To  find  the  fissure  of  liolanrl'i,  draw  the  base  line  and 
the  lines  for  the  great  longitudinal  Assure  and  the  Assure 
of  Sylvius.  Then  draw  two  lines  perpendicular  to  the 
base  line :  one  from  the  depression  in  front  of  the  external 
meatus  (Fig.  1012,  D  E)  and  the  other  (F  G)  from  the 
posterior  border  of  the  mastoid  process  at  its  root.  "We 
shall  thus  have  on  the  surface  of  the  head  a  four-sided 
figure,  bounded  above  and  below  b\'  the  lines  for  the 
longitudinal  Assure  and  the  horizontal  limb  of  the  fissure 
of  Sj'lvius,  respectively,  and  in  front  and  behind  by  the 
two  perpendicular  lines  .iust  described.  Next  draw  a 
diagonal  line  (F  H)  from  the  posterior  superior  angle  to 
the  anterior  inferior  angle.  This  con-esponds  to  the 
fissure  of  Rolando,  which,  however,  as  a  rule,  does  not 
quite  join  the  fissure  of  Sylvius. 

Cunningham  states,  however,  that  this  (Reid's)  mode 
of  locating  the  fissure  of  Rolando  is  not  reliable,  and  I 
much  prefer  Horsley's,  Kroulein's,  or  Hare's,  both  as 
more  accurate  and  much  more  easily  applied. 

To  find  the.  parieto-occipital  fisnure contmwc  the  line  for 
the  horizontal  limb  of  the  fissure  of  Sylvius  (Fig.  1013, 
Si/.hfi-s.)  to  the  line  of  the  longitudinal  fissure.  The  por- 
tion of  this  line,  about  an  inch  long,  next  to  the  longi- 
tudinal fissure,  will  iisually  approximately  correspond  to 
it.  The  [losition  of  the  various  convolutions  can  now 
be  readily  indicated  Ijy  reference  to  Fig.  1010. 

Hare's  Metlwd. — ~Slx.  A.  AV.  Hare  has  pointed  out  that 
neither  the  cranial  sutures  nor  the  prominences  of  the 


Fig.  1013.~A,  Glabella;  B,  external  urcipital  prnuiherance ;  e.a.p., 
e.xternal  aiiLailar  pr<>oes.<  of  frniital  u^nv:  B  c.  transvt*rse  fissure: 
A  B. loiiLntiitiinal  fissure:  .s''/./(.s.. sylvian  llssure  :  .S)/.?)._^.s..  horizon- 
tal limb  of  llssiiri-  nf  SyUius:'  Sif.i'.fis.,  asr.'niiiliir  ifinbrif  fissure  of 
Sylvius  :  1).  E,  iirrijeiniirular  liu.-  from  (li-i'"'ssi.tu  in  front  of  e.xtor- 
nal  auilUory  nioatus  In  miiMlr  line  of  tnp  of  hoail ;  F.  (i.  peritendio- 
ular  line  frtun  posteiior  end  of  liase  of  mastoid  pi'ocess  to  middle 
line  of  top  of  head  ;  F,  H.  fissui-e  of  Rolando  :  p.o.lxs.,  parieto-occipi- 
tal  fissure;  +,  most  prominent  part  of  parietal  eminence.    (Reid.) 

face  are  available  for  mapping  out  the  brain:  the  former, 
because  they  are  too  indistinct  or  obliterated,  the  latter, 
because  the_v  have  no  direct  relation  to  the  eianium  as  a 
whole  on  account  of  the  unequal  development.  The 
same  observation,  he  points  out,  is  true  of  the  bony  land- 


marks on  the  lower  portion  of  the  skull.  If  the  external 
auditory  meatus  or  the  mastoid  process  has  lines  drawn 
from  it  over  the  convexity  of  the  skull,  they  will  give 
inconstant  results  according  as  the  anterior  or  posterior 
portions  of  the  head  are  more  or  less  developed.     Four 


Fig.  1013. ^,  Most  prominent  part  of  parietal  entinence;  a,  convex 

lineboundinL'parioial  lobe  below:  f>, convex  line  bounding  temporo- 
sphenoidal  lolii'  behind;  l.fr.c,  first  frontjil  convolution;  \.jr.f., 
first  frontal  sulcus;  /.R,  fissure  of  Rolando;  Sy.f.,  Sylvian  fissure; 
Sy.h.f.,  horizontal  limb  of  Sylvian  fissure;  Sy.a.f.,  ascending  limb 
of  Sylvian  fissure;  /^.o.f.,  pariet<;i-occipital  fissure:  i.par./.,  intra- 
parietal  sulcus;  (»/(!/.(/.,  antrular  gyrus;  s.  hi  . c. ,  supramarginal  con- 
volutinii:  l.(.,s.c.,  first  temporo-sphenoidal  convolution :  l.f.s./.,  first 
tempi  'P  '-splicm  adal  sulcus ;  l.o.c,  first  occipital  convolution ;  p.p.l„ 
piistero-pailetal  lobule.    (Reid.) 

points,  however,  are  of  value,  viz.,  (1)  the  glabella,  which 
corresponds  to  the  base  of  the  anterior  lobe  of  the  brain; 
(2)  the  inion,  which  corresponds  to  the  base  of  the  pos- 
terior lobe  of  the  brain,  and  also  to  the  junction  of  the  falx 
with  tlie  tentorium ;  (3)  the  third  constant  landmark  is  the 
external  angular  process  of  the  frontal  bone  which  limits 
the  cerebrum  laterally  and  has  also  a  uniform  relation  to 
the  fissure  of  Sylvius;  (4)  finally,  the  parietal  eminence  is 
valuable,  since  it  marks  the  greatest  lateral  expansion  of 
the  lirain  and  bears  a  special  relation  to  the  supramarginal 
convolution.  While  its  cranitil  relations  vary  consider- 
ably, its  cerebral  relations  are  much  more  constant.  The 
distance  from  the  glabella  to  the  upper  end  of  the  fissure 
of  Sola/tdo  will  be  55.7  per  cent,  of  the  total  distance 
from  the  glabella  to  the  inion.     For  instance : 


If  the  distance  from  the  glabella 
to  the  inion  is— 

11    inches. 
lU      ■' 
12"      " 
13+      " 
13"       " 


The  distance  from  the  glabella  to 
the  upper  end  of  the  Rolandlc 
fissiuH?  will  be— 

6.1  inches. 
6.4    " 
6.6    " 

7.0    " 


In  other  words,  however  the  proportions  of  a  head  may 
differ,  the  jjre-Rolandic  and  post-Rolandic  regions  of  the 
brain  are  uniformly  proportionate  to  each  other,  the 
pre-Rolaudic  being  55.7  per  cent,  and  the  post-Rolandic 
44.3.  Jloreover.  the  Assure  of  Rolando  runs  downward 
and  forward  at  an  angle  of  67°,  and  its  average  length  is 
3f  inches. 

Dr.  Claude  Wilson,  of  Tunbridge  Wells,  has  con- 
structed a  cyrtometer  (Fig.  1014)  consisting  of  two  "strips 
of  fiexible  metal  forming  a  letter  T,  with  a  tape  to  secure 
the  short  horizontal  limb  in  place;  the  mode  of  using 
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■n'hich  is  shown  in  Fig.  1015.  On  the  antero-posterior  arm 
it  will  be  noticed  that  there  are  two  scales.  The  posterior 
scale  is  lettered  in  rn/Jitah  from  A  to  Q.  The  anterior 
scale  is  lettered  in  sinull  h  iters  from  a  to  q,  and  they  are 
so  placed  that  when  in  position  the  distance  from  the 
glabella  to  small  a.  b,  c.  etc.,  is  55.7  per  cent,  of  the  dis- 
tance from  the  glabella  to  capital  A,  B,  C,  etc.  The 
horizontiil  limb  being  placed  on  the  forehead,  so  that  its 
inferior  border  corresponds  to  the  glabella,  if  the  capital 
letter  A  falls  over  the  inion,  then  the  small  a  will  corre- 
spond to  the  beginning  of  the  fissure  of  Rolando,  and  so 
on  for  the  other  letters.  The  small  strip  for  marking 
the  fissure  of  Rolando  is  movable  on  the  antero-posterior 
limb,  and  is  also  reversible  to  suit  both  sides.  This  is 
now  slid  along  until  it  corresponds  for  instance  to  the 
small  a,  when  its  anterior  border  marks  the  line  of  the 
fissure  of  Rolando.  Similarly,  if  the  inion  corresponds 
to  B  or  C,  the  Rolandic  strip  is  slid  to  b  or  c,  etc. 

T/ie  Fissure  of  ,'<t/lrius. — To  locate  this  fissure  a  line 
is  drawn  from  the  external  angular  process  backward  to 
the  occipital  protuberance  (Fig.  1018,  EAP  to  OPr)  by 
the  slurrtcst  route  between  these 
points.  This  line  droops  a 
little  toward  the  external  au- 
ditory meatus  in  avoiding  the 
great  convexity  of  the  skull, 
which  convexitj-  lies  in  the 
course  of  the  direet  horizontal 
line  between  these  two  bony 
prominences.  It  usually  passes 
about  half  an  inch  above  the 
meatus,  and  thus  closely  cor- 
responds to  the  floor  of  the 
middle  fossa  at  this  point.  In 
front  of  the  me- 
atus it  lies  above 
the  level  of  the 
floor  of  the  mid- 
dle fossa;  behind 
it,  it  runs  parallel 
to,  and  nearly  co- 
incident with,  the  attachment  of  the  tentorium  and  the 
posterior  half  of  the  lateral  sinus.  A  point  one  inch 
and  a  half  posterior  to  the  external  angular  process  on 
this  line  marks  the  commencement  of  the  fissure  of  Syl- 


FIG:  1014.— Wilson's  Cyrtometer. 


Fig.  1015.— Wilson's  Cyrtometer  in  situ.    G,  Glabella ;  EAP,  external 
'  angular  process:  R,  fissure  of  Rolando,  its  position  and  direction 
marked  by  the  lateral  strip  of  metal. 


vius.     Even  in  heads  of  the  most  varied  shapes  and 
sizes  this  measurement  remains  constant.      From 
this  point  a  straight  line  to  the  centre  of  the  parietal 
eminence  marks  accurately  the  course  of  the  pos- 
terior limb  of  the  fissure  and  nearly  corresponds  in 
part  with  the  squamo-parietal  fissure  (Fig.  1018,  SF). 
The  ascending  limb  of  the  fissure  corresponds  closely 
with    the   squamo-sphenoidal   suture  in   its   entire 
length,  and  is  continued  upward  in  the  same  line  for 
half  an  inch  (A).     The  middle  meningeal  artery  is 
also  shown  in  Fig.  1018  in  its  relation  fo  the  Sylvian 
and   Rolandic  fissures.     To  expose   the  tip  "of  the 
temporo-sphenoidal  lobe,  trephine  behind  the  upper 
extremity  of  the  great  wing  of  the  sphenoid  (TS). 
To   expose   Broca's  convolution,  trephine  immedi- 
ateh'  in  front  of  the  great  wing  of  the  sphenoid  (B). 
Kroe  nlein's  Met/ind. — K.  has  recently  proposed  this 
simple  and  accurate  method  of  locating  the  fissures 
(Fig.  1016):      (1)  The  base 
line,  ZM,  runs  horizontally 
at  the  lower  border  of  the 
,  o    ^^^^^^  orbit  and  the  upper  border 

"7        ^*"^!i-)^  "^    ''^6    auditory   meatus.* 

(3)  Parallel  with  this,  on  a 
level  with  the  supraorbital 
ridge,    another     horizontal 
line  (KK')  is  drawn.    (3)  An 
anterior  vertical  line  (ZK)  is  drawn  from  the  middle 
of  the  zygoma  to  the  supra-orbital  line.    (4)  A  mid- 
dle vertical  line  is  drawn  from  the  articulation  on 
the  lower  jaw  A.  and  prolonged  to  R.     (5)  A  pos- 
terior vertical  line  is  drawn  from  the  posterior  Ijor- 
der  of  the  base  of  the  mastoid  (MK)  and  prolonged 
to  P,  the  middle  line  of  the  skull.     (6)  Draw  a  line 

from  K  to  P.  Be- 
tween the  points 
R  and  P'  it  cor- 
responds to  the  fis- 
sure of  Rolando. 
(7)  Bisect  the 
angle  PKK'  by 
the  line  KS.  This  line  coiTesponds  to  the  fissure  of  Syl- 
vius from  its  bifurcation  to  its  posterior  end.  The  point 
K  is  over  the  bifurcation  of  the  fissure  of  Sylvius.  K 
and  K'  are  the  points  for  trephining  to  reach  the  anterior 
and  posterior  branches  of  the  middle  meningeal  artery. 
The  method  applies  equally  to  all  varieties  in  the  shape 
of  the  head,  both  brachi-  and  dolicho-cephalic. 

Chiene's  Method, — Mr.  John  C'hiene,  of  Edinburgh,  has 
proposed  a  method  of  fixing  the  position  and  length  of 
the  Rolandic  fissure  which  is  at  once  simple,  ingenious, 


D 


FIG.  1016. 

and  always  available.  He  folds  a  square  piece  of  paper 
once  (Fig.  1017.  A,  B,  C.  D),  on  the  diagonal  line  A,  C. 
The  angle  B  A  C  is  then  evidently  45°.  The  angle  D  A  C 
(45°)  is'then  halved  ('23. 5=)  hx  foldmg  the  paper  again  on 
the  line  A  E.     The  sum  of  the  angles  B  A  C  and  C  A  E 


*  I  perhaps  ought  to  state  here  that  in  different  parts  of  this  article 
I  have  utilized  to  a  small  extent  portions  of  the  text  contributed  to 
other  publications. 
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Fig.  1017.— €hlene's  Method  of  Locating 
the  Fissure  ol  Rolando. 


is  evidently  67..5°,  which  is  near  enough  for  all  practical 
purposes  to  the  angle  of  the  fissure  of  Rolando.  The  side 
A  B  is  then  applied  to  the  middle  line  of  the  liead,  the 
point  A  being  placed  half  an  inch  behind  the  midpoint 

between  the  glabella 
B  and  the  inion,  when 
the  line  A  E  will  cor- 
respond to  the  fissure 
of  Rolando. 

But  it  must  be  re- 
membered that  how- 
ever exact  our  cerebral 
localization  may  be, 
there  are  exceptional 
cases  that  set  at  naught 
all  our  present  knowl- 
edge on  this  subject. 
Thus  Cunningham  re- 
ports a  case  of  subar- 
achnoid cyst  extend- 
ing from  the  fissure  of 
Rolando  to  the  occip- 
ital lobe  with  neither 
motor  nor  sensory  dis- 
turbance, and  Bramwell  reports  a  case  of  sarcoma  of  the 
dura  destroying  the  greater  part  of  the  motor  centre  with- 
out any  paralysis.  These  and  a  number  of  other  such 
cases  should  make  us  careful  not  to  be  too  dogmatic 
until  we  learn  much  more. 

Percmsioii  of  the  Skull. — Here,  perhaps,  as  well  as  else- 
where, may  be  noted  a  point  to  which  Macewen  has 
called  attention,  viz.,  that  percussion  of  the  skull  may 
afford  valuable  evidence  not  onlj'  of  the  condition  of  its 
contents,  and,  as  I  have  pointed  out,  of  that  of  the  skull 
itself,  but  also,  as  I  have  observed  in  one  case,  of  the 
condition  of  the  overlying  tissues. 

Macewen  does  not  state  the  character  of  the  percussion 
note,  but  presumably  it  is  that,  when  an  abscess  or  tumor 
exists,  there  will  be  a  local,  increased  dulness  on  per- 
cussion, with  a  lower  tone.  He  states  that  it  has  been 
verified  post  mortem,  and  that  it  will  probably  be  of 
especial  value  in  early  life  in  the  diagnosis  of  tumors 
of  the  cerebellum.  In  a  case  of  hydrocephalus  I  have 
observed  a  markedly  increased  dulness  of  one  side  on  per- 
cussion, and  the  autopsj'  showed  that  the  ventricular 
distention  was  far  more  marked  on  this  side. 

In  simple  fracture  of  the  skull,  hydrcieephalus.  and 
large  tumors,  the  "  cracked-pot  "  sound  described  on  page 
431  of  this  paper  may  be  of  service,  and  I  would  urge 
that  it  be  tested  and  reported  on  in  future  cases. 

In  a  case  of  syphilitic  necrosis  of  the  skull  above  the 
left  ear,  with  a  Jacksonian  epilepsy  in  the  left  arm  and 
leg,  and  therefore  a  presumable  lesion  (gumma?)  on 
the  right  side  of  the  brain,  I  have  tested  the  percus- 
sion note.  Over  the  necrosed  bone  the  tissues  were 
somewhat  thickened,  but  not  to  any  excessive  degree. 
The  percussion  note  was  so  much  duller  on  the  left  side, 
half-way  between  the  sagittal  suture  and  the  ear,  that 
two  of  my  assistants  with  their  backs  turned  to  the  pa- 
tient correctly  stated  which  side  was  percussed,  and  the 
same  difference  was  noted  as  between  the  same  site  and 
the  forehead  well  above  the  frontal  sinus.  In  a  paper 
published  in  1884,  I  have  pointed  out  the  similar  value 
of  percussion  in  the  so-called  abscess  in  the  frontal  sinus 
and  the  antrum. 

Gekeral  Technique  of  Operations  on  the  Brain. 
— This  has  been  carefully  formulated  by  Horslej'.  In 
a  few  minor  points  I  have  added  to  it  from  mj'  own 
personal  experience,  as  well  as  from  that  of  others. 

I.  Shdting  the  Head. — This  is  not  only  important  for 
the  operation,  but  should  always  precede  a  definite  diag- 
nosis, and,  in  fact,  be  one  of  the  means  of  making  it. 
So  important  do  I  regard  this  that  I  should  consider  no 
diagnosis  as  assured,  and  no  operation  warranted,  that 
had  not  been  preceded  by  shaving.  The  unexpected  and 
the  unknown  scars  found  have  surprised  me  in  several 
cases.  Besides  this,  no  reliable  mapping  on  the  head  of 
the  fissures  and  convolutions  can  otherwise  be  made. 


These  should  always  be  marked  on  the  skull  by  an  ani- 
line pencil. 

II.  Antiseptic  Preparation  of  the  Patient. — The  day  be- 
fore the  operation  the  jiatient's  head  should  again  be 
shaved,  scrubbed  by  a  nail-brush  with  soap  and  water, 
next  with  ether,  and  then  be  covered  with  a  wet  subli- 
mate dressing  (1:2,000),  retained  in  place  by  a  bandage 
till  the  time  of  operation.  Formerly  I  used,  as  Horsley 
advises,  a  solution  of  1  to  1,000,  but  I  have  found  that  the 
recently  shaved  scalp  is  so  tender  that  pustulation  was 
often  caused  by  it.  This  scrubbing  must  be  gentle,  but 
thorough.  The  operation  room  shoidd  be  uncarpeted 
and  should  contain  only  necessary  furniture,  the  walls 
and  ceiling  should  be  carefully  wiped  the  day  before, 
and  all  the  woodwork  and  furniture  scrubbed  with  car- 
Ijolic  solution.  Aseptic  gauze  sponges  should  be  used. 
The  instruments  may  be  disinfected  either  by  boiling  for 
fifteen  minutes,  or  by  lying  for  an  equal  length  of  time  in 
a  carbolic  solution  (1  to  20),  and  then  transferred  to  boiled 
water  sulficieutly  cooled  to  permit  of  their  being  handled. 
The  head  should  be  washed  with  soap  and  water,  ether, 
and  sublimate  solution,  a  second  time  just  before  the 
operation.  The  hands,  and  especially  the  finger  nails,  of 
the  operator  and  of  every  one  of  the  assistants  should  be 
most  carefully  cleaned  and  then  disinfected. 

III.  Anmsthftic. — Horslej'  specially  advises  the  use  of 
chloroform,  but  I  have  often  used  ether  and  found  no 
reason  to  regret  it.  Horsley  cautions  us  that  when  the 
dura  is  opened  there  is  a  special  sensitiveness  to  the  action 
of  an  ana;sthetic  (chloroform  only?),  and  that  special  care 
should  therefore  be  used  not  to  give  too  much. 

As  a  preliminary  Horsley  advises  that  a  quarter  of  a 
grain  of  morphine  be  injected  under  the  skin  from  a  half- 
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Fig.  1018.— Head,  Skull,  and  Cerebral  Fis- 
sures (adapted  from  Marshall,  hy  Hare). 
OPr,  (x;elpital  prtjtulterance :  E.AP.  ex- 
ternal angular  process :  SF,  Sylvian  As- 
sure ;  A,  its  ascending  limb ;  FR,  fissure 
of  Rnland'i:  PE,  parietal  eminence; 
MMA.iniddlf  meningeal  artery;  TS,  lip 
of  ttMii]n>r')-spheiM>iiI:il  Inlte  :  B.  Broca^s 
coDVulutiou:  IF.  infi'rior  frontal  sulcus: 
POF.  parieto-ociiiiital  llssure:  IPF,  intraparletal  sulcus.  The  pte- 
rion  is  the  region  whiMf  ihree  sutures  meet ;  those  bounding  the 
great  wing  of  the  spheuoid  where  it  joins  the  frontal,  parietal,  and 
temporal  bones. 

hour  to  an  hour  before  the  operation,  both  because  a 
smaller  quantity  of  anaesthetic  will  be  required,  and  also 
because  it  proiluces  contraction  of  the  arterioles,  and 
consequently  diminishes  hemorrhage.  As  Nancrede  has 
pointed  out,  however,  the  use  of  opium,  at  least  in  cases 
in  which  a  small  definite  cortical  centre  is  to  be  removed 
and  but  little  hemorrhage  is  anticipated,  is  not  advisable. 
Horsley  states  that  it  is  dangerous  to  operate  upon  pa- 
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tients  under  the  influence  of  drugs,  and  especially  the 
bromide  of  potassium ;  wh}-,  I  do  not  know ;  but  I  should 
be  inclined  to  follow  so  high  an  aiitliority. 

IV.  Morking  the  Bone. — This  can  be  done  in  two  ways: 
1.  The  site  of  the  scar  or  other  lesion  is  easily  marked  by 
making  a  small  incision  down  to  the  bone  and  then  mark- 
ing; it  l3y  an  aniline  pencil  as  done  by  "Weir ;  or,  better,  I 
think,  as  I  have  proposed,  by  nicking  the  bone  by  a 
gouge.  To  mark  the  Rolandic  and  other  tissures  of  the 
hrain,  the  same  method  may  be  employed  by  means  of 


Fig.  1019. — Hopkins'  Rongeur  Forceps,  as  MudiUed  by  Weir. 


two  or  more  small  nicks.  These  nicks  may  also  be  use- 
ful in  other  ways.  In  my  first  case  (tumor),  as  I  was  not 
able  to  replace  "the  button  of  bone,  I  iitilized  the  nick  to 
fix  accurately  the  location  of  the  tumor.  There  was  a 
scar,  the  situation  of  which  was  exactly  determined  by 
measurements.  A  nick  on  the  button  of  bone  was  made 
at  the  site  of  the  scar.  After  the  operation  the  button  of 
bone  was  fitted  to  the  tumor,  and  the  dimensions  of  the 
tumor  measured  from  the  nick.  Tliese  measurements 
were  afterward  transferred  to  another  skull,  upon  which 
the  site  of  the  scar  was  accurately  fixed,  and  upon  which, 
also,  the  fissures  of  the  brain  had  been  marked.  I  was 
thus  able  to  locate,  with  great  accuracy,  the  position  of 
tlie  tumor.  2.  Another  method  of  marking  the  fissures 
(especially  tlie  Rolandic)  is  by  drawing  them  on  the  scalp 
with  an  aniline  pencil,  and  prolonging  the  lines  above 
and  below  tlie  limits  of  the  intended  flap.  When  the 
flap  is  raised  all  the  other  external  landmarks  are  prac- 
tically lost:  but  a  nick  in  tlie  bone,  or  an  imaginary  line 
adjoining  the  aniline  lines  of  the  Rolandic  fissure  beyond 
the  limits  of  the  flap,  will  give  us  this  important  land- 
mark. 

V.  Access  to  the  Brain. — Instead  of  the  old  crucial  in- 
cision Horsley  has  recommended  a  large  horseshoe- 
shaped  flap,  w-hich  will  usually  be  about  tbree  inches  or 
more  in  diameter.  This  incision  must  be  carried  verti- 
cally down  to  the  skull,  and  must  be  so  made,  first,  as 
to  favor  drainage  in  the  supine  position:  secondly,  its 
base  should  be  so  placed  as  to  retain  the  most  favorable 
blood  supply  to  the  flap.  Horsley  has  recommended 
that  the  periosteum  be  not  raised  with  the  flap,  but  re- 
flected by  a  later  crucial  incision.  I  have,  however,  al- 
.  ways  reflected  the  periosteum  with  the  flap,  and  have 
found  no  ill  results.  It  is  a  cardinal  principle  in  the  new 
cerebral  surgery  that  both  the  flap  in  the  scalp  and  the 
opening  in  the  iione  shall  be  ample.  The  mode  of  deal- 
ing with  the  bone  will  be  mentioned  later:  but  let  it  once 
for  all  be  stated  that  a  large  opening  in  the  bone  has  been 


Fig.  1020.— Pyle's  Chisel,  as  Modified  by  Keen. 

amply  proved  to  be  no  more  dangerous  than  a  small  one, 
and  an  immense  advantage  can  be  gained  in  locating  the 
fissures  and  the  convolutions  (and  therefore  the  lesions), 
and,  so  to  speak,  in  the  amount  of  "  elbow-room "  for 
operative  procedure.  This  is  of  the  greatest  possible 
service.  Jonnesco  and  Doyen  have  gone  so  far  as  to  re- 
.  fleet  nearly  the  whole  side  of  the  skull  (hemicraniotomy). 
As  a  rule  this  is  a  needlessly  large  opening  and  certainly 
"increases  the  danger. 


Different  methods  may  be  adopted  for  making  the 
opening  in  the  bone.  A  large  trephine,  one  and  one- 
half,  two,  or  even  two  and  one-half  inches  in  diameter, 
may  be  used.  If  the  smallest  of  these  sizes  be  used,  it 
may  necessitate  the  removal  of  two  adjacent  buttons, 
and  even  then  the  opening  may  have  to  be  enlarged  in 
any  given  direction  for  access  to  the  lesion.  This  is  best 
done  by  the  ordinary  rongeur  forceps,  or  by  Hopkins' 
modification  of  tlieiii.  These  forceps  have  been  furtlier 
modified  (and  I  think  with  advantage)  by  Weir,  by  mak- 
ing the  bend  at  right  angles"  to  tlie 
handles  of  the  forceps  instead  of  in 
their  plane  (Fig.  1019). 

Another  method  is  one  that  Mr. 
Horsley  has  used,  and  which  has  the 
advantage  of  abridging  the  time  re- 
quired for  tlie  operation.  He  makes 
a  one-inch  opening  with  a  trephine, 
and  by  this  determines  the  tliickness 
of  the  skull.  He  then  outlines  the 
piece  of  bone  to  be  removed,  b}-  Bon- 
will's  surgical  engine,  cutting  almost 
throiigli  the  bone.  Complete  division 
of  the  bone  is  then  effected  by  stout  bone  forceps. 
Devilbiss'  forceps  are  also  very  useful. 

The  German  surgeons  frequently  use  the  chisel  and 
hammer.  In  most  of  my  recent  operations  I  have  used 
this  method  and  have  found  no  evil  consequences  from 
their  use.  Pyle  chisels,  as  modified  by  myself,  I  have 
found  the  most  useful  (Fig.  lOiJO).  The  thick  handles 
add  greatly  to  the  convenience  of  their  use. 

OteopliLiiic  Resection. — In  1889  Wagner,  following  an 
earlier  suggestion  of  Wolff,  proposed  to  make  a  tempo- 
rary osteoplastic  resection  by 
chiselling  loose  the  piece  of 
bone  to  be  removed,  except 
at  one  portion  where  it  was 
fractured  and  turned  back 
using  the  .scalp  as  a  hinge. 
The  scalp  is  incised  down  to 
the  bone,  the  flap  not  being 
loosened  from  the  bone.  By 
mallet  and  chisel  tlie  bone  is 
then  nearly  cut  through  at 
every  point,  the  separation 
being  completed  by  an  osteo- 
tome, excepting  at  its  base. 
It  is  then  lifted  by  means  of 
elevators,  the  base  being  frac- 
tured, a  wiiulow.  so  to  speak, 
being  opened  b}'  turning  back 
the  flap  (Fig.  l(t'21).  By  this 
means  access  can  be  had  to  a 
very  large  area  of  the  brain 
cortex ;  one  of  even  three, 
four,  or  five  inclies  has  been 
thus  exposed.  Wlien  the  operation  is  terminated  the 
opening  is  closed  by  replacing  the  flap,  which  is  sutured  in 
place  as  usual.  In  chiselling  such  a  piece  loose,  it  is  best 
to  chisel  it  obliquely,  so  that  the  opening  in  the  inner  table 
will  be  a  little  smaller  than  that  in  the  outer,  the  inner 
table  thus  forming  a  shelf  on  which  the  flap  rests.  The 
base  of  the  flap  which  serves  as  a  hinge  should  always 
be  in  that  part  of  the  flap  having  the  largest  blood  supply. 
The  surgical  engine  with  a  special  drill,  an  electrical 
motor  with  a  saw,  and  the  Gigli  wire  sa'w  have  been  also 
used  in  place  of  the  chisel. 

"Trephining,"  in  the  remainder  of  this  paper,  will  be 
used  in  the  sense  of  opening  the  skull  to  obtain  access  to 
its  interior,  irrespective  of  ""whether  the  opening  is  made 
by  the  trephine,  the  chisel,  or  any  other  means. 

"  Of  course,  in  trephining  for  abscess  only  a  three-fourth- 
inch  trephine  would  be  necessary,  and  the  opening  can 
be  enlarged,  if  necessary,  by  the  rongeur  forceps.  For 
tapping  the  ventricles  a  half -inch  opening  is  ample._  Von 
Bergmann  has  declared  himself  opposed  to  operative  in- 
terference with  a  cerebral  tumor  which  would  require  a 
large  opening  in  the  bone,  on  account  of  the  probable 
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consequent  oedema.  The  best  answer  to  this  is  that  suc- 
cess has  practically  followed  operations  in  which  large 
openings  have  been  made  and  no  oedema  has  followed. 
Horsle}'  has  thus  successfully  removed  a  tumor  of  four 
and  a  half  ounces,  and  I  have  done  the  same  in  a  case  of 
a  tumor  weighing  over  three.  Braniann  has  successfully 
removed  a  tumor  weighing  nine  ounces,  the  largest  on 
record  (Ccntmlbl.f.  (Jhii\,  1892,  Beilage,  p.  66).  Indeed, 
in  some  cases  pre-e.xisting  oedema  has  been  relieved. 

It  is  quite  surprising  how  far  beyond  the  limit  of  the 
opening  in  the  bone  and  dura  we  can  feel  and  see.  The 
brain  allows  gentle  pressure  very  readily.  A  finger  can 
be  inserted  for  nearly  an  inch  all 
round  the  opening,  and  the  eye 
can  reach  as  far  if  the  brain  be 
gently  depressed  by  any  flat  in- 
strument. 

Before  enlarging  the  opening 
the  dura  mater  must  be  sepa- 
rated from  the  bone.  This  can 
be  done  with  a  bent  probe,  but 
the  best  instrument  is  one  de- 
vised by  Horsley  (Fig.  1003).  By 
it  also  the  under  surface  of  the 
suiToimding  bone  can  be  exam- 
ined for  any  inequalities,  etc. 

The  dura,  as  a  rule,  should  be 
opened.     Unless  this  is  done  im- 
portant information  maybe  lost, 
and  the  case  be  improperly  treat- 
ed.    Occasionally  it  may  be  al- 
lowed  to  remain   intact,  when, 
for  instance,  a  sufficient  lesion 
has  been  discovered.     But  it  is 
a  rule,  with  rare  exceptions,  that,  if  we  tre 
phine  at  all,  the  hmin  itself  should  be  ex- 
amined.     The  opening  in  the  dura  should 
not  be  by  a  crucial  incision  (except  in  case 
of  a  small  opening  for  abscess  of  the  brain 
or  draining  the  ventricles),  but  by  a  horse- 
shoe-shaped incision  at  about  a  quarter  of 
an  inch  awaj'  from  the  margin  of  the  bony 
opening.    The  dura  should  first  be  lifted  by 
a  tenaculum  and  slightly  opened  bj'  a  seal- 
pel,  and  the  incision  then  be  completed  bj'  a 
pair  of  blunt-pointed  curved  scissors.     The 
dura  should  be  carefull}'  lifted  by  forceps 
BO  as  not  to  wound  the  veins  beneath,  and 
the   same   caution  applies   to  the  scissors. 
Should   it  be   necessary  to  cut  across  the 
trunk  or  any  branches  of  the  meningeal  ar- 
teries, they  should  be  secured  by  ligatures 
passed  through  the  dura  mater  by  a  small 
curved  Hagedorn   needle,  and   tied   before 
the  vessel  is  cut  across,  the  dura  being  well 
lifted  meantime,  lest  the  needle  wound  the 
large  veins  in  the  brain.     "WTjen  the  opera- 
tion is  terminated,  if  the  dura  has  not  been 
removed,  it  should  be  replaced  and  secured 
b_y  catgut. 

VI.  Hi'innrrhage. — Hemorrhage  from  the 
scalp  will  be  very  free.  To  a  large  extent 
it  can  be  prevented  in  many  cases  by  the  use 
of  the  narrow  baud  furnished  with  Es- 
march's  bandage,  as  has  been  suggested  by  Dr.  M.  Allen 
Starr.  Ha?mostatic  forceps,  however,  can  with  safety 
grasp  the  entire  thickness  of  the  scalp  and  quickly  con- 
trol any  large  vessels.  Such  as  need  it,  of  course,  should 
be  ligated  at  the  end  of  the  operation.  The  control  of  hem- 
orrhage from  the  vessels  of  the  brain  itself,  is  one  of  the 
most  difficult  of  all  the  operative  questions.  I  have  already 
alluded  to  the  use  of  morphine.  I  have  also  used  a  solu- 
tion of  cocaine  applied  directly  to  the  brain.  I  have  also 
suggested  the  use  of  antipyrin,  which  has  been  employed 
by  Park  with  advantage.  Such  solutions,  together  with 
the  corks  and  the  bottles,  should  be  sterilized.  These 
applications  have  certainly  proved  advantageous  in 
checking  hemorrhage  from  the  smaller  vessels,  nor  could 
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I  see  any  harm  resulting  from  them  when  1  have  used 
them.  The  cocaine  should  be  a  ten-percent,  solution. 
Another  means  is  boiling  water  cooled  to  11.5°  or  120°  F. 
This  I  have  used  very  liberally  and  have  found  no  dis- 
advantage from  the  comparatively  high  temperature. 
Pressure  is  another  means  which  can  be  constantly  and 
successfully  applied  by  sponges,  or  by  iodoform  or  other 
gauze. 

But,  after  all,  the  chief  reliance  is  to  be  placed  on  liga- 
tures of  catgut.  They  should  not  be  chromicized,  but  are 
best  prepared  after  the  Jefferson  method  *  by  bichloride  of 
palladium.  The  method  of  applying  them  is  very  im- 
portant. While  the  larger  arteries  in  the  brain  can  be 
ligated  in  the  usual  way,  the  veins,  which  are  very  large, 
very  full,  and  very  fragile,  are  a  much  more  troublesome 
source  of  hemorrhage,  and  require  much  more  delicate 
manipulation.  The  greatest  gentleness  must  be  used 
during  traction;  and  in  tying,  the  traction  on  the  two 
ends  of  the  ligature  must  be  exactly  even  or  the  vessel 
will  l)e  torn.  In  addition,  the  knot  must  be  drawn  only 
tightly  enough  to  stop  the  hemorrhage,  for  if  drawn  too 
tightly  it  will  easily  cut  through  the  fragile  vessel.  Weir 
has  suggested  in  some  cases  the  application  of  clamps  to 
the  vessels  for  twenty-four  hours ;  very  exceptionally  they 
may  be  used,  especially  to  the  dura.  Of  course  they  must 
be  included  in  the  dressing. 

It  is  occasionally  necessary  to  trephine  very  near,  or 
even  over,  one  of  the  great  sinuses  of  the  brain,  and  in 
doing  so  it  might  easily  be  wounded.  The  sinus,  how- 
ever, may  be  avoided  if  due  care  be  used.  The  trephine 
should  be  applied  far  enough  from  the  sinus  to  be  in  a 
region  of  absolute  safety.  The  opening  can  be  enlarged 
later  toward,  or  even  over,  the  sinus  with  safety.  In  a 
recent  case  I  recognized  when  I  was  near  the  lateral  sinus 
by  feeling  the  bony  groove  in  which  it  is  lodged  by  my 
finger  introduced  through  the  trephine  opening.  I  could 
then  separate  the  dura  and  sinus  from  the  bone  and  could 
have  trephined  safely  over  the  sinus,  had  it  been  neces- 
sary. In  addition  to  this  we  may  have  to  deal  with  a 
primary  wound  of  a  sinus  itself.  If  the  opening  in  the 
sinus  is  small,  lateral  suture  of  the  sinus  may  be  practised. 
If  large  and  it  cannot  be  closed  by  sutures,  clamps  may 
be  used  with  advantage. 

Pressure  by  a  tampon  of  iodoform  or  other  gauze  has 
controlled  it  in  a  number  of  instances.  In  some  cases  the 
sinus  has  been  tied  by  two  ligatures,  one  in  front  and 
one  behind,  thus  cutting  off  all  possible  hemorrhage,  and 
the  sinus  excised  as  by  von  Bergmann  and  Kilster.  Barr 
has  even  suggested  that  in  cases  of  thrombosis  of  the 
lateral  sinus  we  may  purposely  open  it  after  ligation, 
clean  out  the  clot  and  remove  this  portion  of  the  sinus. 
Care  should  be  taken  that  no  air  enters  the  sinus  lest 
sudden  death  .should  follow,  as  in  Volkmann's  case.  In 
the  same  volume  a  series  of  nine  experiments  are  reported 
on  dogs  by  Genzmer,  in  which  there  was  aspiration  of 
air  in  six.     (See  also  Senn's  experiments.) 

VII.  Treatment  of  the  Brain. — The  first  practical  point 
to  notice,  after  the  dura  is  opened  and  hemorrhage  con- 
trolled, is  whether  the  brain  bvlges  into  the  trephine 
opening.  If  it  does  so,  it  Indicates  a  pathological  in- 
crease of  the  intracranial  pressure,  a  fact  of  the  highest 
importance,  since  it  will  indicate  either  a  tumor,  abscess, 
blood  clot,  or  dropsy  of  the  ventricles.  Bulging  of  the 
dura  before  opening  it  is,  of  course,  equally  significant. 

Next,  the  colar  of  the  brain  should  be  observed.  A 
yellow  tinge  or  lividity  will  jjrobably  indicate  a  tumor 
beneath  the  cortex.  If  the  brain  tissue  be  the  seat  of  an 
old  laceration  its  color  will  be  altered,  usually  to  a  dirty 
yellowish  brown.  Next,  the  condition  of  the  vessels  and 
of  the  perivascular  lymphatics  must  be  observed,  and  par- 
ticular notice  should  be  taken  whether  there  are  yellow- 
white  patches  on  them  that  may  indicate  any  old  mis- 
chief. Sometimes  the  membranes  and  convolutions  will 
be  densely  matted  into  a  yellowish  cicatrix.  In  a  num 
ber  of  cases  I  have  seen  (edema  of  tlie  memiranes  sometimes 

*  Annals  of  Surgery,  January,  1898;  Journal  of  Nervous  and  Men- 
tal Disease,  1894,  xxi.,  p.  ■1S6. 
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SO  great  as  to  obscure  the  sulci  and  convolutions  to  a 
marked  extent.  Precisely  what  is  its  significance,  how 
far  it  is  normal  and  how'  far  pathological.  I  do  not  yet 
know.  Nickkig  or  snipping  the  membrane  allows  the 
serum  to  escape,  and  the  sulci  and  convolutions  to  be 
recognized. 

Ne.xt,  the  dermty  of  the  brain  must  be  appreciated  by 
the  touch.  If  there  be  an  abscess  or  dropsy  of  the  ven- 
tricles the  elastic  tension  will  be  increased,  but,  at  least 
In  dropsy,  it  will  be  very  soft.  If  there  be  a  large  tumor 
the  braiii  substance  will  be  more  resistant  and  dense 
than  normal  exceiJt  in  the  case  of  soft  sarcomata,  etc. 
But  it  must  be  remcmliered  that  a  small  cerebral  tumor 
at  any  distance  beneath  the  cortex  can  scarcely  be 
detected  by  this  means.  Should  any  hardness  be  de- 
tected, the  brain  substance  must  be  incised  and  careful 
search  instituted  by  the  finger  for  the  tumor  or  other 
pathological  condition.  If  the  finger  be  used  it  should 
be  the  little  finger  by  preference,  and  great  gentleness 
should  be  employed,  "or  serious  laceration  of  the  brain 
substance  will  be  produced.  If  abscess  or  dropsy  be 
suspected  the  brain  may  be  explored  by  a  needle,  knife, 
or  grooved  director.  (Fur  their  comparative  value,  see 
page  414.)  AVright,  after  trephining  over  the  occipital 
lobe,  even  thrust  a  trocar  through  the  tentorium  down 
into  the  cerebellum  and  evacuated  an  abscess — a  procedure 
I  sliould  not  employ ;  trephining  over  the  cerebellum  itself 
would  have  been  safer  and  better. 

Next,  the  presence  or  absence  of  pvhation  in  the  brain 
is  to  be  noted.  If  a  large  tumor,  abscess,  or  cyst  exist  it 
will  be  absent,  but  if  a  small  tumor,  cyst,  or  abscess  be 
sepiir-ated  from  the  surface  by  any  considerable  layer  of 
normal  brain  tissue,  pulsation  may  be  present.  Altered 
brain  tissue  from  old  lacerations,  etc.,  will  generally 
pulsate. 

In  incising  the  brain,  the  knife  should  be  carried  down 
vertically  into  the  corona  radiala  in  such  a  manner  as  to 
avoid  datnage  to  the  fibres  coming  from  adjacent  portions 
of  the  cortex,  and  the  incision  should  run  as  nearly  as 
possible  parallel  with  the  cerebral  vessels  which  are  "  ter- 
minal." 

Should  the  brain  tissue  be  abnormal,  the  whole  ab- 
normal portion  must  be  removed.  It  is  important  in 
doing  this  to  remember  that,  while  we  should  guard 
against  producing  any  needless  paralysis  by  removing 
healthy  brain  tissue,  yet  it  is  of  prime  importance  that 
all  of  the  diseased  portion  should  be  removed.  If  there 
be  a  cortical  tumor  (unless  it  is  encapsulated  or  otherwise 
definitely  limited),  the  necessity  of  removing  a  portion 
of  adjacent  and  apparently  healthy  brain  tissue,  so  as  to 
get  beyond  the  limits  of  'infiltration,  is  of  the  greatest 
importance.  If  the  tumor  be  subcortical,  it  can  be 
sought  for  by  the  finger  with  great  gentleness,  and  be 
removed  either  by  a  sharp  spoon  or  other  similar  means, 
together  with  a  sintable  adjacent  zone  of  healthy  brain 
tissue.  In  all  this  removal  of  tissue  adjacent  to  the 
tumor  we  can  cut  much  more  freely  antero-posteriorly 
than  vertically  upward  or  downward.  In  the  vertical 
direction  we  encroach  far  more  quickly  upon  adjacent 
additional  centres  than  we  do  in  the  antero-posterior 
direction. 

VIII.  Recognition  of  the  Brain  Centre  Sought  for. — In 
certain  cases  of  Jacksonian  epilepsy  the  object  sought 
for  is  the  removal  of  the  centre  whence  the  discharging 
lesion  starts.  In  this  case  it  will  be  necessary  to  recog- 
nize such  centres  by  definite  methods.  In  some  cases  the 
membranes  and  the  convolutions  are  so  matted  together, 
and  the  brain  substance  so  altered,  that  it  will  be  im- 
possible to  recognize  the  sulci  and  the  convolutions. 
But  in  these  cases  it  is  scarcely  necessary  to  do  so,  inas- 
much as  all  the  damaged  tissue  should  be  removed,  and, 
as  before  stated,  we  must  even  encroach  to  some  degree 
upon  apparently  healthy  brain  tissue.  In  other  cases, 
however,  it  is  important  and  also  possible  to  recognize 
the  individual  sulci  and  the  convolutions,  and  to  deter- 
mine the  precise  part  of  the  brain  that  is  the  seat  of  the 
discharging  lesion,  and  therefore  to  be  removed.  The 
prolonged  aniline  lines  on  the  undisturbed  portion  of  the 


scalp,  indicating  the  position  of  the  fissure  of  Rolando, 
or  the  reapplication  of  the  cyrtometer  will  here  assist  us 
very  materially. 

The  determination  of  the  brain  centre  by  electricit}'  has 
now  been  done  in  mau\'  cases  most  satisfactorily  and  with- 
out damage  to  the  brain.  The  earliest  four  cases  were 
those  of  Horsley,  Keen,  Deaver  and  Lloyd,  and  Nancrede. 
This  is  best  accomplished  by  means  of  an  ordinary  faradic 


Fio.  1033.— The  Author's  Cerebral  Electrode. 


battery.  In  order  more  handily  to  use  this  means  of 
diagnosis,  I  have  bad  made  a  little  rubber  handle  with 
two  insulated  points,  the  stems  of  which,  being  flexible, 
can  be  bent  toward  each  other  or  separated  as  far  as  de- 
sired (Fig.  1023). 

A  very  important  point  in  this  relation  is  stated  by 
Horsley  as  the  result  of  his  experiments  on  animals.  The 
cortex  of  the  l)rainsoon  loses  its  excitability  for  electrical 
stimuli  when  bathed  with  antiseptic  solutions.  In  any 
such  case,  therefore,  it  is  desirable  that  the  search  for 
such  cortical  centres,  by  means  of  electrical  stimuli, 
should  be  done  irnmech'ati'li/  after  the  opening  of  the  dura, 
and  iMfare  any  antiseptics  have  been  applied.  Usually 
none  are  now  used.  When  once  recognized,  I  have  sug- 
gested, in  order  to  prevent  the  need  for  repeated  and 
possibly  injurious  applications  of  electricity,  that  the  de- 
sired centre  be  marked  by  an  aniline  pencil  or  a  nick.  If 
the  centre  is  to  be  removed  the  latter  would  do  no  barm. 

IX.  Drainage. — Drainage  of  the  brain  should  lie  con- 
d\icted  on  precisely  the  same  principle  as  drainage  for 
other  parts  of  the  body.  Usually  it  may  be  entirely  dis- 
pensed with.  If  it  is  used,  however,  it  must  be  dispensed 
with  as  soon  as  possible.  Generallj'  I  employ  a  gauze 
wick  and  remove  it  at  the  end  of  twenty-four  hours.  If 
not  employed  there  is  usually  a  considerable  bulging  of 
the  flap  during  the  first  few  days  after  the  operation. 
This  bulging,  if  it  does  not  become  too  great,  is  not  to 
be  interfered  with.  If,  however,  it  is  more  than  a  moder- 
ate bulging  showing  a  considerable  collection  of  w(nmd 
fluids,  a  stitch  may  iSe  cut  and  the  flap  gently  and  slightly 
opened.  This  will  give  egress  to  the  retained  fluids  and 
the  opening  may  be  kept  patent  for  twenty-four  hours 
bv  a  very  small" bit  of  gauze  inserted  for  about  half  an 
inch.  Primary  union  will  follow  the  removal  of  this 
gauze. 

In  cases  of  abscess,  gunshot  wounds,  hemorrhage,  etc., 
or  in  cases  in  which  tliereis  danger  of  infection,  the  drain- 
age nuist  be  more  prolonged,  and  is  best  accomplished 
by  rubber  tubing.  For  the  method  of  drainage  in  these 
conditions  the  reader  is  referred  to  other  portions  of  this 
paper  under  the  headings  mentioned. 

X.  Riphifeiiient  of  the  Bone.  — Mr.  Macewen  first  showed 
the  possibility  of  replacing  the  bone  by  mincing  it  up 
into  small  pieces  and  spreading  it  over  tlie  surface  of  the 
reunited. dura.  Clark,  of  Glasgow,  was  the  first,  I  be- 
lieve, to  replace  the  entire  trephine  button  with  success. 
In  the  case  of  replacement'  the  utmost  care,  however, 
must  be  given  to  the  button  from  the  moment  it  is  re- 
moved to  the  time  of  its  replacement.  The  instant  that  it 
is  removed  it  should  be  placed  in  a  cup  containing  a  warm 
solution  of  bichloride  (1  to  2,000),  or  warm  salt  solution. 
0.7  per  cent.  This  cup  should  be  placed  in  a  large  basin 
in  which  lies  a  thermometer,  and  hot  water  should  be 
poured  into  the  outer  basin  from  time  to  time  to  keep  the 
temperature  always  between  105=  and  100°  F.  It  should 
be  the  duty  of  one  assistant  to  attenfl  to  nothing  else  but 
to  the  water  in  this  basin.  All  small  fragments  are  also 
placed  in  this  cup.  and  when  the  dura  has  been  sutured 
the  large  discs  of  bone  mav  be  replaced,  together  with  a 
suitabfe  number  of  the  sm'all  fragments  bitten  away  by 
the  rongeur  forceps.  If  there  be  more  than  one  large 
button,  the  triangular  spur  or  spurs  between  the  trephine 
holes  should  not  be  removed  unless  it  is  absolutely  neces- 
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sary  in  order  to  get  more  room,  as  they  assist  materially 
in  keeping  the  buttons  in  their  proper  places.  Should  the 
membrane  be  removed,  the  bone  cannot  be  thus  replaced. 
In  one  case  I  successfully  adopted  the  following  expedi- 
ent; I  bored  the  centre-pin  liole  eorapleteU- through  the 
bone,  and  at  tlie  margin  of  tlie  disc  made  another  hole, 
also  by  the  centre  pin  of  tlie  trepliine.     The  two  ends  of 


Fig.  10'-4.— Replaced  Butt.in  of  Bone.     Inner  surface. 

a  chromic  catgut  ligature  were  passed  through  these 
openings,  and  by  needles  these  two  ends  were  passed 
through  the  scalp  and  tied  on  the  outside.  The  miion  to 
the  scalp  was  complete,  and  the  aperture  in  the  skull 
was  almost  entirely  closed  by  the  callus.  If  the  opening, 
after  removing  the  disc  of  bone,  has  been  enlarged  by 
the  rongeur  forceps,  the  small  fragments  may  be  scat- 
tered closely  uigether  over  the  dura. 

XI.  KiibKtitii/e  1oi-  tlie  Dura. — In  three  cases  in  which 
the  dura  was  n -cessarily  removed.  I  have  made  an  effi- 
cient new  dura  by  strijiping  off  a  large  piece  of  the  peri- 
cranium, trinuning  it  to  fit  the  opening  and  then  fixing 
it  in  place  (witli  tlie  osteogcnetic  surface  outward)  by  a 
few  sutures.  Bone  chips  may  then  be  sprinkled  over  the 
surface  freely.  Tliese  have  united  and  formed  a  firm 
skull.  Figs."  1024  and  10'2.),  in  the  so  far  unique  case  of 
Burrell,  sliow  how  complete  the  union  may  be  after  re- 
placement of  a  trephine  button.  In  case  the  bone-  is  not 
replaced  it  will  be  well  for  the  patient  to  wear  a  skull  cap 
into  wliich  is  sewed  a  metal  plate  somewhat  larger  tlian 
the  opening,  as  a  protection  against  blows  and  falls.  If 
a  drain  tube  has  to  be  placed  under  the  bone,  a  piece 
should  be  bitten  out  of  its  edge  by  the  rongeur  forceps  to 
allow  for  the  passage  of  the  tube. 

XII.  Closure  and  Later  Treattiient  nf  the  Wound. — 
Hemorrhage  having  been  checked,  tlie  dura  sutured  as  de- 
scribed on  page  408,  and  the  bone  replaced  with  provision 
for  drainage  if  deemed  useful,  the  scalp  should  now  be 
replaced  and  secured  with  sutures.  An  abundant  dress- 
ing is  to  be  applied  and  retained  in  place  by  suitsible 
bandages.  The  dressing  will  most  probably  be  saturated 
with  blood  and  serum  at  the  end  of  a  few  hours.  If  so, 
the  wound  should  be  redressed.  At  the  end  of  twenty- 
four  hours  the  wound  should  always  be  redressed,  when, 
as  already  directed,  the  drainage  is  to  be  removed,  or 
slight  drainage  provided  by  a  bit  of  gauze  if  the  w(™nd 
fluids  necessitate  the  slight  opening  of  the  scalp  wound. 
The  next  dressing  should  not  be  done  until  the  wound 
fluids  have  saturated  tlie  dressing  to  its  margin.  By  the 
fifth  day,  it  is  my  rule  then  to  redress  the  wound  for  the 
purpose  of  removing  any  stitches  that  may  be  no  longer 
needed.  In  operations  on  the  brain  in  wliicli  the  bulg- 
ing above  referred  to  has  produced  some  tension  on  the 
stilches,  it  is  best  not  to  remove  them  too  earh- ;  but  usu- 
ally all  of  them  may  be  taken  out  by  the  seventh  or 
eighth  day,  and  some  of  them  by  the  fifth.  If  by  the 
fifth  day  primary  union  has  been  secured,  a  mere  protec- 
tive dressing  may  be  applied.  In  a  few  days  this  may 
be  dispensed  with,  but  the  patient,  on  account  of  his 
shaven  head,  should  wear  a  skull  cap,  or  some  other 
means  of  protection  against  taking  cold. 

XIII.  After- Treatinent. — If  the'case  be  not  one  with 
active  inflammation,  and  if  union  by  first  intention  has 
been  secured,  the  patient  should  be  well  within  a  week 


or  ten  days,  without  an  elevation  of  temperature  much 
above  100'  F.,  and  possibly  not  even  up  to  that  point. 
The  bowels  and  the  diet  should  receive  the  ordinary  care. 
One  thing  is  of  the  greatest  moment  after  such  opera- 
tions; no  excitement,  study,  business,  household  cares, 
or  mental  worry  should  be  permitted  for  several  weeks, 
or,  better,  for  several  months,  after  tlie  operation. 

XIV.  Secondtiry  Operations. — A  number  of  these  have 
been  done.  Mr.  Horsley  has  referred  to  some  in  his 
paper.  Nancrede  has  reported  one,  and  Stokes  another 
by  Franks,  and  I  have  done  several.  The  membranes 
will  commonly  be  found  to  be  quite  adherent  to  each 
other  and  to  the  brain  tissue,  and  if  it  be  necessary  to 
dissect  tliem  off  the  latter,  it  is  almost  inevitable  that 
some  portion  of  the  outer  layer  of  the  cortex  will  be  re- 
moved along  with  them,  producing  jiaresis  in  the  centres 
thus  encroached  upon;  hence  it  should  be  done  with  the 
greatest  gentleness  and  care.  After  removal  of  a  motor 
centre  there  is,  of  course,  entire  paralysis  of  the  part  sup- 
plied by  this  centre;  and  the  pressure  caused  by  the 
blood  clot  whicli  accumulates  and  the  later  cell  prolifera- 
tion is  apt  to  cause  widespread  paralysis,  amounting  even 
to  a  hemiplegia.  After  some  weeks  this  invariably  dis- 
appears to  a  greater  or  lesser  extent,  leaving,  however, 
the  affected  muscles,  it  may  be,  somewhat  paretic.  The 
cicatricial  tissue  between  the  brain  and  the  bone  very 
likely  will  be  quite  vascular,  and.  possibly,  traversed  by 
large  veins.  Should  the  dura  not  liave  been  opened  at 
the  first  operation,  it  will  still  be  adherent  to  the  brain 
itself,  and  probably  covered  by  a  layer  of  granulation  and 
cicatricial  tissue,  wliich  must  be  dealt  with  according  to 
the  needs  of  each  case. 

XV.  T!it  Limits  of  Operative  Interference  with  fht 
Brain. — Over  twenty  years  ago  I  perforated  the  squa- 
mous bone  and  passed  a  probe  between  the  dura  and  along 
the  petrous  bone  to  a  depth  of  two  inches,  in  a  .search 
for  an  abscess.  I  found  no  pus,  but  the  search  did 
neither  good  nor  harm.  Weir  has  proposed,  in  a  case  of 
aural  disease  with  subsequent  cerebral  mischief,  in  a 
similar  manner  to  lift  the  dura  to  a  point  corresponding 
to  the  roof  of  the  tympanum:  and  if  need  be,  in  sup- 
purative meningitis  of  the  middle  fossii,  to  open  the  dura 
and  drain  the  fossa.  He  has  well  likened  the  petrous 
bone  to  the  appendix  vermiformis,  as  a  focus  of  inflam- 
mation followed  by  suppurative  processes  in  the  dura  or 
arachnoid,  either  local  or  general.  It  is  followed,  there- 
fore, by  external  pachymeningitisandextra-duralabscess, 
internal  suppurative  meningitis,  or  cerebral  or  cerebellar 


FIG.  1025.— Outer  Surface  of  the  Same  Button. 

abscess,  all  of  which  he  suggests  may  be  similarly  re- 
lieved by  operation.  The  same  excellent  surgeon  has 
shown  (and  I  have  verified  the  procedures  partly  on  the 
living  subject  and  partly  on  the  cadaver)  that  tlie  cerebel- 
lum can  be  lifted  sufficiently  to  obtain  a  view  as  far  as  to 
the  foramen  magnum ;  the  same  foramen  can  be  reached 
by  the  finger  on  the  inside,  and  from  the  outside  by  both 
tlie  eye  and  the  finger ;  the  longitudinal  and  lateral  sinuses 


410 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Bralu. 
Bralu. 


can  be  safely  uncovered  and  separated  from  the  skull; 
and  the  frontal  lobe  can  be  lifted  far  enough  to  expose 
the  anterior  cliuoid  processes. 

Hoisley  has  reached  an  exostosis  of  the  orbit  almost 
at  the  optic  foramen,  and  has  stated  that  the  tumor  of 
the  auditory  nerve,  reported  to  the  Neurological  Societj- 
of  Loudt)n  by  Dr.  Sharke.y,  could  have  been  removed  by 
incision  of  the  tentorium  and  ligature  of  the  lateral  sinus. 

Other  cases,  referred  to  in  this  paper  and  elsewhere, 
show  that  the  sinuses  may  be  tied  and  exsected;  a  very 
large  part  of  the  .surface  of  the  skull,  up  to  even  the 
size  of  the  palm,  or  even  more,  may  be  taken  out;  large 
tumors,  up  to  over  nine  ounces,  ma.y  be  successfully  re- 
moved, and  considerable  areas  of  brain  tissue  may  be  cut 
away  with  safety  and  advantage. 

A  large  portion  of  the  base  of  the  brain  can  be  ex- 
plored by  the  finger,  the  eye,  and  the  probe  or  director, 
and  the  substance  of  the  brain  can  be  punctured  almost 
with  impunity,  repeatedly  and  to  a  depth  of  two  inches 
and  more,  without  leaving  any  injurious  trace  behind. 

I  have  shown  also  that  the  lateral  ventricles  can  be 
safel}'  reached.  In  many  cases,  especially  since  my  pa- 
per was  published,  the  ventricles  have  been  tapped  with 
success.  Even  a  wound  involving  them  is  not  neces- 
sarily fatal. 

MeNIXGOCEI.E,    EnCEPH.\LOCELE,  AKD  HYDRENCEPir.\- 

LOCELE. — For  the  more  detailed  account  of  .sj-mptoms 
and  physical  signs  of  these  diseases,  see  the  article  enti- 
tled Bniiii  :  Cephaloeelc  in  the  present  volume.  In  this 
article  I  shall  consider  them  only  briefly  and  from  the 
surgical  point  of  view. 

Meningocele,  encephalocele,  and  hydrencephalocele  are 
allied  malformations  of  the  brain  which  are  fortunately 
not  ciimmon. 

1.  Meningocele  consists  in  the  protrusion  of  the 
membranes  of  the  brain  through  an  aperture  in  the 
hones  of  the  skull,  the  sac  formed  by  the  membranes 
being  distended  to  a  greater  or  lesser  extent  by  fluid 
which  is  extra-cerebral. 

2.  Enceph.\locele  consists  in  the  protrusion  of  a 
portion  of  the  brain  itself,  as  well  as  of  the  membranes, 
usually  with  a  smaller  amount  of  fluid  within  them,  the 
fluid  again  being  external  to  the  brain  substance. 

3.  Hydkenceph.vlocele  consists  in  the  protrusion  of 
the  brain  substance  itself  as  well  as  of  the  membranes, 
but  in  this  case  the  interior  of  the  mass  couuuunicates 
directly  with  the  ventricles,  and  is  often  tilled  with  a 
large  amount  of  the  ventricvilar  fluid,  so  large  in  some 
cases  that  the  lajer  of  brain  substance  enclosing  the 
fluid  is  reduced  to  a  very  thin  film. 

All  three  forms  of  the  disease  arise  in  intrauterine 
life,  and  are  therefore  congenital.  The  most  frequent  is 
imfortunately  the  gravest  form — viz.,  hydrencephalocele 
— and  the  least  freciuent  is  meningocele.  As  a  rule, 
they  are  apt  to  be  fatal  early  in  life.  Their  commonest 
situation  is,  first,  in  the  median  line,  especially  in  the 
occipital  region;  next,  in  the  fronto-nasal  region,  and 
lastly,  at  the  sides  of  the  skvill  or  about  the  base.  Of  93 
cases  collected  by  Houel,  68  were  occipital,  16  fronto- 
nasal, and  9  at  the  sides  and  base. 

DiagiMsis. — They  have  been  mistaken  for  abscesses, 
n*vi,  sebaceous  cysts,  etc.  The  following  points  of 
diagnosis  will  generally  enable  the  surgeon  to  reach  a 
proper  conclusion : 

All  of  them  are  congenital,  commonly  median,  and 
especially  occipital  in  position.  Meningocele  is  usually 
cystic  in  its  feel,  is  translucent,  fluctuates,  rarely  pul- 
sates, is  more  or  less  pedunculated,  generally  becomes 
tense  in  forced  expiration  and  is  easily  reducible.  En- 
cephalocele is  usually  .small,  is  opaque,  does  not  fluctu- 
ate, pulsates  distinctly,  has  a  wide  base,  becomes  more 
tense  in  forced  expiration,  and  symptoms  of  pressure 
are  produced  on  attempting  to  reduce  it.  Hydrenceph- 
alocele is  generally  large,  is  lobulated,  is  partially  trans- 
lucent, fluctuates  distinctly,  pulsates  but  rarely,  is  usu- 
ally pedunculated,  is  made  only  slightly  more  tense  in 
forced  expiration,  and  is  not  reducible. 

All  three  forms  are  apt  to  be  combined  with  other  de- 


formities, and  paralysis  often  accompanies  hydrenceph- 
alocele. 

Treatment. — As  a  rule,  hydrencephalocele  is  not  amen- 
able to  treatment.  The  child  fortunately  dies  early. 
The  other  two  forms  hold  out  more  hope,  especially  "if 
they  are  small.  Sometimes  an  encephalocele  by  retro- 
grade development  may  be  changed  into  a  meningocele, 
and  occasionally  by  gradual  concentric  ossification,  re- 
sembling that  of  the  fontancUes,  the  bony  aperture  is 
lessened  and  may  even  close.  The  intracranial  com- 
munication with  the  interior  of  the  sac  may  be  narrowed 
and  finally  obliterated,  thus  partially  or  completely 
elTecting  a  spontaneous  cure.  Until  the  late  improve- 
ments in  cerebral  surgery,  nothing  was  usually  recom- 
mended in  the  way  of'  treatment,  certainly  not  unless 
there  was  danger  of  rupture.  A  number  of  successful 
cases  of  excision,  however,  have  been  recently  reported, 
and,  unless  the  size  of  the  tumor  or  the  condition  of  the 
patient  forbid,  this  should  be  attcnqited,  of  course  with 
all  the  antiseptic  care  bestowed  on  other  brain  operations. 
Enough  scalp  should  be  preserved  to  make  sufficient 
flaps  to  close  the  opening.  If  operation  be  felt  inadvis- 
able, electrolysis  may  lie  used  as  a  substitute.  Pressure 
and  the  in.iectiou  of  Morton's  fluid  (iodine,  gr.  x.;  potas- 
sium iodide,  gr.  xxx. ;  glycerin,  §i.)  may  be  tried,  but 
with  little  prospect  of  benefit. 

Intr.\crani.\l  Abscess. — Cmises. — Nearly  one-half  of 
the  cases  of  abscess  of  the  brain  arise  from  a  supjiurative 
process  in  the  ear.  Occasionally  they  ari.se  from  an  acute 
inflammation  of  the  ear;  but  much  more  frequently  they 
are  a  sequel  of  chronic  ear  disease.  Occasionally  they  will 
follow  even  a  few  weeks  after  suppuration,  but  they 
are  far  more  commonly  a  sequel  years  after  scarlet  fever, 
or  some  other  exanthem,  has  set  up  a  discharge  from  the 
ear.  The  situation  of  such  abscesses  is  most  frequently 
in  the  temporo-sphenoidal  lobe. 

Barr,  in  76  cases  of  cerebral  abscess  following  disease 
of  the  ear,  found  5.5  in  the  temporo-sphenoidariobe,  13 
in  the  cerebellum.  4  in  both  the  cerebrum  and  cerebellum, 
3  in  the  pons,  and  1  in  the  peduncle.  When  situated  in 
the  temporo-sphenoidal  lobe  they  are  not  neces.sarily 
directl}'  in  contact  with  the  petrous  bone,  but  may  be 
separated  from  it  by  even  an  inch  of  ajipai-ently  healthy 
brain  tissue.  They  reach  the  cerebellum  usually  by  the 
track  of  the  lateral  sinus,  in  which  very  often  thrombosis 
occurs.  The  mastoid  cells  are  very  frequently,  but  not 
always,  involved.     The  discharge  is  almost  always  fetid. 

The  next  most  frequent  cause  is  injury.  Frequently 
this  injury  has  not  been  very  severe,  but  even  a  small 
scalp  wound,  if  it  becomes  septic,  may  involve  the  bone, 
the  veins,  or  the  lymphatics,  and  then  the  encephalon. 
Moreover,  if  recovery  apparently  takes  place,  the  patient 
is  by  no  means  safe,  as  a  number  of  instances  aie  on 
record  in  which  several  weeks  or  month.s,  and  in  some  in- 
stances even  a  number  of  years,  have  elapsed  between 
the  infliction  of  the  injury  and  the  development  of  the 
abscess.  A  most  remarkable  case  of  late  development 
of  abscess,  and  of  its  correct  localization,  is  given  by  Mr. 
Damer  Harrisson  in  the  British  Medical  Jour/ial,  April  21, 
1888.  A  boy,  aged  fifteen,  had  received  a  severe  blow 
on  the  left  side  of  the  head  Vihvn  four  or  five  years  of  age. 
No  severe  symptoms  followed  the  wound,  but  nine  or 
ten  years  later,  for  about  a  year  before  his  admission, 
twitching  and  flexion  of  the  wrist,  biceps,  and  deltoid 
had  been  observed.  Eight  days  before  his  admission  he 
had  received  a  blow  on  the  right  side  of  the  head  from 
a  pair  of  tongs.  Three  days  after  this  accident  a  con- 
vulsion on  the  right  side  of  the  body  suddenly  set  in. 
beginning  in  the  arm,  then  spreading  to  the  face  and  leg, 
and  followed  by  paralysis  of  the  right  side  of  the  body. 
Repeated  convulsions  ifoUowed  his  admission.  Mr.  Har- 
risson trephined  the  boy,  not  at  the  site  of  the  last,  but 
at  the  cicatrix  of  t^ie  first,  injury,  and  eventually  evacu- 
ated four  drachms  of  fetid  pus,  and  the  boy  made  an 
uninterrupted  recovery.  Macewen  (loc.  cit.)  reports  a 
remarkable  case  in  which  an  acute  abscess  developed  later 
in  the  periphery  of  an  old  encysted  abscess.  After 
evacuating  several  ormces  of  pus,  the  old  abscess  ap- 
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peared  "like  a  tennis-ljall  floating  in  a  sea  of  pus." 
Wagner  {loc.  cit.)  gives  two  cases  of  abscess,  arising 
seven  and  nine  years  respective!)'  after  falls,  "without 
any  external  wound ;  and  Souques  reports  one  of  abscess 
arising  eleven  years  after  a  fracture  of  the  skull. 

If  the  injury  is  followed  by  meningitis,  this  will  usu- 
ally develop  within  three  or  four  days:  but  should  it  re- 
sult in  abscess  ratlier  than  in  meningitis,  it  will  not  usu- 
ally form  earlier  than  at  the  end  of  the  first  week.  The 
situation  of  an  abscess  after  a  blow  or  fall  is  almost 
invariably  under  the  site  of  the  injury,  but,  as  is  shown 
by  Macewen's  earliest  case,  Harrisson's,  and  others,  the 
location  of  the  abscess  nuist  be  fixed  by  considering  not 
only  the  site  of  the  injury,  but  the  focal  symptoms  as 
shown  by  cerebral  localization — e.;/..  in  Macewen's  case 
the  abscess  was  in  Broca's  lobe,  but  the  cicatrix  was  on 
the  forehead. 

Still  another  occasional  cause  is  localized  meningitis. 
Of  this,  perhaps  the  most  instructive  case  yet  recorded 
is  that  found  in  the  very  able  paper  of  Mr.  A.  E.  Barker, 
in  which  the  pus,  accumulating  undoubtedly  between 
the  island  of  Reil  and  the  operculum,  produced  upward 
pressure  on  the  motor  centres  for  the  face  and  arm. 
Complete  recovery  followed  the  operation. 

Metastatic  abscess  occurs  not  infrequently  in  the  brain 
as  a  result  of  various  conditions,  even  in  distant  organs, 
such  as  gangrene  of  the  lung,  fetid  bronchitis,  and  bron- 
chiectasis. Tuberculous  abscesses  also  are  sometimes 
seen,  but  in  both  these  cases  the  abscesses  are  usually 
multiple,  and  hold  out  but  little  hope  for  any  successful 
surgical  treatment.  Wernicke  and  Hahn  and  Friinkel 
have  reported  two  cases  of  tuberculous  abscess  which 
were  single. 

Symphims. — The  sj-mptoras  of  cerebral  abscess  may  be 
arranged  in  three  categories:  1,  those  due  to  the  sup- 
purative process  itself:  2,  symptoms  arising  from  gen- 
eral pressure;  3,  focal  symptoms. 

1.  Among  the  symptoms  arising  from  the  suppurative 
process  itself,  usually  the  most  important  is  fever,  and 
it  is  especially  noteworth}-  that  in  intracranial  abscess 
the  temperature  is  either  normal  or  siibnnnnal  most  of 
the  time,  even  when  the  gravest  general  symptoms  exist. 
The  temperature,  however,  does  sometimes  rise,  espe- 
cially toward  the  end,  and  is  often  attended  by  delirium, 
but  will  generally  subside  quickly,  only  to  rise  again  af- 
ter an  interval  if  the  patient  survive  long  enough.  Von 
Bergmann  and  others  state,  however,  that  the  local  cra- 
nial temperature  in  abscess  will  rise.  If,  therefore,  symp- 
toms of  serious  intracranial  pressure  exist,  if  tlie  general 
temperature  is  normal  or  subnormal,  while  the  local  tem- 
perature shows  a  rise  and  the  pulse  is  slow,  the  first 
thought  of  the  surgeon  should  be  to  seek  for  evidence  of 
abscess  of  the  brain.  A  chill  not  imeommonly  occurs, 
but  may  be  absent.  Of  course  there  will  be  loss  of  appe- 
tite, vomiting,  general  malaise,  etc.  Somerville  has  stated 
that  when  pus  is  present  in  the  brain,  the  chlorides  in  the 
urine  will  be  below  the  norm  and  the  jihosphates  above: 
but  I  know  of  no  confirmatory  examinations  of  this  im- 
portant assertion. 

2.  Among  the  pressure  symptoms,  headache  holds  an 
important  place.  It  is  almost  invariably  present,  and 
not  imeommonly  of  an  extreme  and  severe  type,  so  that 
the  patient  will  constantly  moan:  and  if  he  be  suffi- 
ciently intelligent,  this  will  be  the  one  thing  of  which 
he  will  complain.  It  is  apt  to  become  worse,  and  when 
the  temperature  occasionally  rises  it  is  often  located 
distinctly  at  the  focus  of  the  lesion,  but  sometimes  is 
general.  It  does  not,  therefore,  always  serve  as  a  guide 
to  the  situation  of  the  abscess.  The  pulse  is  almost  al- 
ways slow,  and  mav  even  fall  to  thirty  or  forty  in  the 
minute  Respiration  is  often  of  the  Cheyne-Stokes  type. 
The  mental  condition  is  very  soon  impaired,  and  gradu- 
ally, as  the  pressure  increases,  becomes  worse  and  worse 
until  the  patient  may  become  comatose.  Not  seldom  the 
bowels  and  bladder  will  be  evacuated  involuntarily. 
Convulsions  of  an  epileptic  tj'pe  often  occur,  but  not 
usually  when  the  abscess  is  situated  in  the  temporo- 
sphenoidal   lobe.     Sometimes  convulsions  will   be   the 


very  first  acute  symptom.  Muscular  twitchings  may 
occur,  and  if  so.  their  occurrence  will  often  jjoint  to  the 
cortical  centre  involved.  Sensation  is  not  usually  much 
impaired. 

The  presence  or  absence  of  choked  disc  does  not  seem 
to  be  pathognomonic,  as  it  is  sometimes  present  and 
sometimes  absent.  When  present,  even  if  bilateral,  it  is 
almost  always  more  marked  on  the  side  of  the  lesion, 
though  this  is  sometimes  reversed.  Not  uncommonly 
there  will  be  ptosis,  and  .sometimes  paralysis  of  the  entire 
third  nerve,  while  the  sixth  may  escape;  though  some- 
times the  reverse  is  the  case.  The  pujnl  of  the  same 
side  is  generally  dilated,  and  more  or  less  immobile. 
Almost  all  the  symptoms  of  pressure  vary  from  time  to 
time,  and  the  patient's  general  condition  fluctuates  in  a 
remarkable  degree,  sometimes  simulating  recovery,  soon 
to  relapse  again  into  a  worse  state  than  before.  Theo- 
retically, there  should  probably  be  deafness  of  the  op- 
posite ear  if  the  first  or  second  temporal  convolution  is 
involved :  but  this  symptom  is  very  uncertain. 

When  the  abscess  is  .situated  in  the  cerebellum,  the 
diagnosis  is  apt  to  be  very  obscure.  Occipital  headache 
and  rigidity  of  the  neck  muscles  often  exist.  Inco-ordi- 
nation  of  movement,  and  especially  an  unsteady,  drunken 
gait,  indicates  pressure  upon  the  middle  lobe.  Vomit- 
ing and  vertigo  are  frequent  and  persistent.  If  these 
symptoms  exist  with  tenderness  on  pressiire  and  pain  on 
percussion  over  the  cerebellum,  they  may  point  definitely 
to  the  cerebellum.  Optic  neuritis  is  not  frequent  in 
cerebellar  abscess.  But  here,  above  all  other  localities, 
the  remark  of  von  Bergmann  eminently  applies:  "The 
technique  of  the  evacuation  of  brain  ab.scess  no  longer 
deters  us  from  operating.  All  progress  in  treatment 
must  depend  chiefly  upon  diagnosis."  It  is,  therefore, 
especially  important  that  all  cases  of  brain  abscess  should 
be  observed  and  reported  with  the  minutest  and  most 
exact  detail,  especially  if  there  is  any  suspicion  of  the 
cerebellum  being  involved,  in  order  that  we  may  learn, 
how  to  make  a  more  exact  diagnosis. 

At  present  the  condition  of  the  reflexes  is  not  known 
with  sufficient  accuracy  to  be  of  much  value  in  diagnosis, 
though  they  are  probably  increased  on  the  side  of  the 
lesion.  Their  study  is  therefore  all  the  more  important,- 
not  only  in  abscess,  but  in  all  other  cranial  lesions. 

3.  Tlie  symptoms  by  whicli  the  locality  of  an  ab- 
scess may  be  inferred  are  chiefly  those  which  are  so 
admirably  described  in  general  by  Dr.  51.  Allen  Starr,  in 
his  article  on  Brain  Diseases :  Diaffnnsis  nf  Loeal  Lesions, 
in  the  present  volume.  I  need,  therefore,  only  briefly 
recall  a  few  leading  facts.  The  left  temporo-s])henoidal 
lobe  being  adjacent  to  Broca's  convolution,  a  very 
common  residt  of  abscess  in  this  lobe  would  be  motor 
aphasia.  If  the  abscess  is  of  such  size  as  to  press  upon 
the  inferior  centres  of  the  motor  region,  paralysis  or 
paresis  of  the  opposite  side  of  the  face  would  probably 
he  first  induced,  followed  by  paralysis  of  the  arm,  and 
occasionally  even  by  complete  hemiplegia  of  the  opposite 
side.  If  the  ear  disease  has  implicated  the  seventh  nerve 
in  its  passage  from  the  petrous  bone,  there  will  he,  of 
course,  palsy  of  the  same  side  of  the  face.  Sometimes 
there  will  be  a  distinct  squint  from  paralysis  of  the  sixth 
nerve.  Especially  are  all  localizing  symptoms  valuable 
in  those  cases,  wliich  are  not  altogether  rare,  in  which 
there  is  a  suppurative  discharge  from  both  ears. 

Mr.  Barker  has  suggested  that  at  the  operation  the 
mastoid  foramen,  through  which  passes  a  small  vein  to 
tlie  lateral  sinus,  should  be  laid  bare  and  an  examination 
for  pus  be  made.  Should  pus  be  found  exuding  from  this 
foramen,  it  would  certainly  be  a  most  valuable  sign; 
but  thus  far  I  do  not  know  tkat  its  examination  has 
proved  to  be  of  positive  value.  The  foramen  (Figs.  1026 
and  1027,  i)  lies  one  and  one-fourth  inches  behind,  and 
about  one-fourth  inch  below,  the  external  meatus,  at  the 
base  of  the  mastoid  process. 

Should  the  abscess  exist  in  the  frontal  lobe,  as  is  some- 
times the  case  from  nasal  disease,  but  little  information 
can  be  derived  from  localizing  symptoms,  this  lobe  be- 
ing a  "  latent "  region.     In  the  occipital  lobe  the  same  is 


412 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


Brain. 
Brain. 


tnie,  unless  the  cuneus  is  involved,  when  hemianopsia 
on  the  same  side  of  each  retina  would  certainly  follow. 
Should  the  angular  or  supramarginal  gyrus  be  involved 
in  the  lesion,  the  state  of  the  pupil  may  possibly  give 
valuable  information.  In  the  American  Joiinuil  of  the 
Medical  Scteiicts  for  October,  1888,  pp.  349  and  3.5.5,  Di-. 
Oliver  has  described  a  species  of  monocular  Argyll- 
Robertson  pupil,  which  seems  to  promise  to  be  of  value 
in  lesions  of  this  region. 

The  temperature  of  the  two  sides  of  the  head  should 
always  be  carefully  taken,  and  in  doing  so  it  should  be 
remembered  that  the  left  side  is  normally  hotter  than  the 
right  (Gray  and  Seguin,  Arch,  of  Med.,  December,  1879). 
Should  abnormal  variation  of  the  local  temperature  be 
observed,  it  would  be  a  valuable  indication,  but  one  that 
as  yet  is  not  sufficient  to  localize  an  abscess  with  absolute 
certainty. 

Percussion  and  pressure  on  the  head  are  also  valuable, 
but  alone  are  not  to  be  relied  on  absolutely.  Takeu  with 
other  symptoms,  they  may  assist  materially  in  the  local- 
ization of  au  abscess.  Hulke  records  an  instance  of  a 
tender  spot  above  the  ear  in  a  case  of  abscess  in  the  cere- 
bellum; and  another  of  a  tender  spot  over  the  occiput 
with  an  abscess  in  the  temporo-sphcnoidal  lobe.  Pain 
on  percusxioii.  but  not  spontaiuoudy  complained  of,  in  the 
opinion  of  Ferricr,  is  of  greater  value  than  mere  tender- 
ness on  pressure.  Pressure  and  jiercussion  are  of  value, 
in  many  cases,  in  diagnosticating  cerebellar  abscess  from 
cerebral.  Sliould  the  abscess,  as  occasionally  happens, 
be  extra-dural,  its  locality  would  almost  certainly  be  in- 
dicated by  O'dema  of  the  overlying  scalp.  This,  there- 
fore, should  always  be  looked  for. 

Biffet-entiiil  Diagrutsis. — First,  meningitis  :  This  is  often 
a  very  difflcult  differential  diagnosis.  In  meningitis  there 
will  usually  be  delirium,  delusions,  photophobia,  con- 
traction of  the  pupils,  convulsive  facial  twitchings,  high 
general  temperature,  and  marked  rigidity  of  the  neck 
muscles,  all  developing  rapidly  after  an  injury  or  from 
disease  of  the  ear,  or  in  a  strumous  patient. 

Secondl_v,  mastoid  diseane,  following  purulent  otitis 
media,  sometimes  gives  rise  to  serious  cerebral  disturb- 
ance. Trephining  the  mastoid — which  in  nearly  all  cases 
of  cerebral  absce.ss.  at  least  from  ear  disease,  will  pre- 
cede the  opening  of  the  skull — will,  in  general,  quicklj' 
differentiate  this  from  intracranial  abscess.  As  a  rule, 
the  mastoid  region  will  be  swollen,  oedematous,  and 
painful ;  in  otlier  words,  will  present  the  usual  evidences 
of  mastoid  disease.  For  the  diagnosis  from  extra-dural 
abscess  arising  from  mastoid  disease,  see  page  41.5. 

Thirdly,  thrombosis  of  the  lateral  sinuses  and  pycemia 
would  most  likely  involve  the  internal  jugular  vein,  into 
which,  most  probably,  the  thrombus  would  extend.  It 
would  be  hard,  cord  like,  and  painful,  and  the  veins  of 
the  face  would  almost  certainly  be  tiu'gid  and  swollen. 
Besides  this,  very  probably,  there  would  be  general 
symptoms  of  pya?mia,  such  as  involvement  of  the  joints, 
lungs,  liver,  etc.  The  temperature  also  would  never,  as 
in  abscess,  be  near  or  below  the  normal,  but  of  the  pyremic 
or  "  pump-handle  "  type.  There  would  almost  certainly 
be  rigors,  profuse  sweating,  and  great  general  prostra- 
tion, without  such  marked  dulling  of  the  intellect  as  exists 
in  abscess. 

Fourthly,  tumor.  While  in  most  cases  the  diagnosis 
between  abscess  and  tumor  can  be  pretty  clearly  made, 
yet,  in  not  a  few  cases,  the  diagnosis  is  difficult  and 
sometimes  impossible.  Usually  the  development  of  a 
tumor  is  very  slow,  and  is  attended  with  distinct  focal 
symptoms  from  the  time  when  its  existence  is  tirst  mani- 
fested. Wliile  the  development  of  abscess  may  be  de- 
ferred in  its  outbreak,  yet  once  started,  it  usually  runs 
a  much  more  ra]iid  course  tlian  a  tumor.  Moreover, 
abscess  has  usually  some  evident  cause,  as  either  injury, 
aural  or  nasal  disease,  etc.  Tumor  sometimes  develops 
as  a  result  of  injury,  but  more  commonly  without.  In 
tumor  the  optic  neuritis  is  almost  always  double,  and 
usually  more  intense  than  in  the  case  of  abscess.  In 
abscess,  also,  choked  disc  is  much  rarer,  and  if  present, 
it  is  not  rarely  unilateral  instead  of  bilateral,  and  may 


be  on  the  side  opposite  to  the  abscess  rather  than  on  the 
same  side  (Ferrier  and  Horsley's,  Barker  and  Gowers' 
cases). 

While  tumor  sometimes  exists  in  the  temporo-sphe- 
noidal  lobe  or  in  the  cerebellum,  yet  abscess  is  far  more 
common  in  these  situations.  In  other  parts  of  the  brain 
tumor  is  far  more  common  than  abscess.  If  syphilis  exist 
as  a  cause,  it  is  far  more  likely  to  give  rise  to  tumor  than 
to  abscess.  The  temperature  is  not  apt  to  rise  in  either 
case.  Rapid  and  sharp  fluctuations  in  the  general  con- 
dition of  the  patient  would  be  more  suggestive  of  abscess 
than  of  tumor;  slow  fluctuations  are  more  common  in 
tumor.  Emaciation  without  sufficient  cause  sometimes 
attends  abscess. 

Surgical  Treatment. — The  almost  uniform  mortality 
that  attends  abscess  of  the  brain,  if  not  relieved,  renders 
any  means  that  holds  out  a  reasonable  prospect  of  relief 
a  necessity.  Very  many  such  cases  of  abscess  have  been 
operated  upon  successfully  by  trephining,  even  so  long 
ago  as  when  Dupuytren  and  others  boldly  punctured 
the  brain.  So  early  as  August,  1849,  Detmold  even 
punctured  the  ventricle  itself  and  evacuated  an  abscess, 
and  Dr.  George  R.  Morehouse,  of  Philadelphia,  informs 
me  that  he  did  the  same  duiing  the  Civil  War.  All  this 
was  done  with  boldness,  it  is  true,  but  we  must  also  add 
that  in  the  majority  of  cases  it  was  rather  the  result  of 
happy  chance  than  of  scientific  precision. 

The  operation  has  entered  upon  an  entirely  new  career 
since  the  establishment  of  the  doctrines  of  cerebral  local- 
ization. Abscesses  in  the  brain,  in  the  last  few  years, 
have  been  frequently  and  accurately  localized,  and  suc- 
cessfully operated  upon,  by  a  large  number  of  surgeons. 

When  abscess  from  ear  disease  is  .suspected,  the  mas- 
toid should  in  most  cases  first  be  trephined  and  care- 
fully washed  out.  Should  this  operation  not  give  relief, 
then  we  must  proceed  further  and  trephine  the  skull. 
But  before  this  is  done,  the  ear  and  the  mastoid  should 
be  most  carefully  cleansed  with  a  borated  soliition  and 
filled  with  powdered  boric  acid,  in  order  to  prevent  any 
possible  infection  of  the  brain.  The  head  should  be 
shaved,  certainly  over  a  large  area,  or  better,  entirely, 
and  the  scalp  cleaned  and  disinfected  in  accordance  with 
the  method  already  described. 

The  question  as  to  where  the  trephining  shall  be  done 
is  an  important  point.  As  already  related,  even  in  case 
of  abscesses  aiising  from  injury,  the  scar  is  not  always 
over  the  point  at  which  the  abscess  exists.  It  must  be 
located  by  cerebral  localization  quite  as  much  as  by  the 
site  of  the  external  lesions.  Moreover,  tenderness  on 
pressure  is  not  always  a  reliable  indication  of  the  site  at 
which  the  trephining  should  be  done,  though  tenderness 
on  percussion  is  a  more  reliable  sign. 

In  oriler  to  attack  an  abscess  in  the  temporo-sphenoidal 
lobe  two  points  are  advocated.  Mr.  Caird,  who  oper- 
ated on  Greenfield's  case,  applied  the  centre  pin  of  tlie 
trephine  one  inch  and  a  quarter  behind  tlie  external 
angular  process,  and  nearly  one  inch  above  the  zygoma. 
This  seems  to  me  a  very  undesirable  point,  because  it 
would  generally  strike  the  middle  meningeal  artery  at, 
or  just  below,  the  antero-inferior  angle  of  the  parietal 
bone,  where  the  artery  not  infrequently  passes  through 
a  bony  canal,  and  might  give  rise  to  hemorrhage  which 
at  least  would  be  troublesome. 

A'point  three-fourths  of  an  inch  in  front  of  the  meatus 
and  au  inch  and  a  half  above  Reid's  "base  line"  was 
the  spot  I  selected  in  a  case  of  trephining  for  su]iposed 
cerebral  abscess,  for  reasons  there  given.  It  is  better 
than  Mr.  Caird's.  I  think,  as  it  avoids  the  artery  and 
even  its  posterior  branch,  and  gives  access  to  tlie  tem- 
poro-sphenoidal lobe  at  about  it.s'middle ;  but  the  danger 
of  wounding  the  middle  cereliral  artery,  if  the  brain  is 
incised  or  punctured,  is  ]iossibly  even  a  more  serious 
objection.  In  certain  other  cases  in  which  the  symptoms 
seem  clearly  to  point  to  sucli  a  location,  this  point  might, 
however,  be  selected  with  advantage. 

In  the  majority  of  cases,  however,  I  should  agree  with 
Mr.  Barker  that  the  best  place  for  trephining  is  one 
inch  and  a  quarter  behind  the  external  auditory  meatus, 
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and  the  same  distance  above  Reid's  "base  line"  (Figs. 
1026,  c,  and  1037).  This  is  just  above  and  behind  the 
junction  of  the  petrous  witli  the  remaining  portions  of 
the  temporal  bone.  Even  in  children  the  distance  above 
Reid's  "base  line"  .should  be  the  .same,  I  lind,  for  at  a 
lovrer  point  the  upper  border  of  the  petrous  bone  would 


Fig.  1026.— From  a  Photograph  of  a  Dissection  of  the  Skull  Before  Ex- 
posing the  Brain,  a,  o,  Reid's  "base  line,"  running  from  the  lower 
border  of  the  orbit  through  the  cpntn^  of  the  auditory  meatus  :  r,  the 
exact  point  at  which  tli'-  pin  of  itic  trephine  was  applied  to  open  the 
cerebral  abscess,  just  heiinid  the  stjnaiuosal  sutui-e:  .r.  the  point  at 
which  the  mastoid  antiuni  was  opened  :  i.  the  foramen  for  the  mas- 
toid vein :  o,  on  the  point  below  the  inferior  curved  line  at  which 
the  cerebellum  should  be  explored  if  abscess  arises  in  it.    (Barker.) 

greatly  and  suddenly  thicken  the  inferior  edge  of  tlie 
button  of  bone  and  might  give  some  trouble  in  its  re- 
moval. A  director  thrust  downward,  forward,  and  in- 
ward in  the  direction  of  the  opposite  ala  of  the  nose 
would  pass  through  the  axis  of  the  temporosphenoidal 
lobe,  and  be  almost  certain  to  strike  an  abscess  of  any 
size.  Should  it  fail  to  do  so,  punctures  may  be  made  in 
various  other  allied  directions,  in  order  to  reach  possible 
small  abscesses.  As  pointed  out  later,  this  same  trephine 
opening  can  also  be  utilized  for  tapping  the  lateral  ven- 
tricles, if  necessary. 

In  the  report  of  the  operation  above  alluded  to,  I  have 
shown  that  repeated  jumctures  may  be  made  with  a 
grooved  director  or  hyijodermic  needle  without  any  seri- 
ous damage  to  the  brain  substance.  I  have  there  stated 
at  some  length  my  reasons  for  preferring  tlie  grooved 
director  to  either  the  knife  or  needle  for  exploration 
alone.  A  needle  sucks  up  healthy  brain  tissue,  even 
when  the  suction  power  does  not  exceed  seven  to  ten 
minims,  and  the  danger  of  wounding  the  vessel  is  not 
an  imaginarj'  one.  Willi  the  director  we  feel  much  more 
safe,  and  will,  therefore,  be  proportionall.v  bolder  and 
more  thorough  in  our  explorations.  Such  boldness  and 
thorouglmess,  combined  with  safety,  will  often  result  in 
success,  when  timidity  from  possible  danger  would  re- 
sult in  failure.  In  a  recent  case  I  ]iunctured  the  frontal 
lobe  four  times  with  a  director,  and  to  the  depth  of  two 
and  one-half  inches,  without  any  evil  symptoms  as  a 
result.  Rivingtou,  in  1881,  was,  I  believe,  the  first  to 
use  the  director  boldly  in  this  manner.  He  thrust  it  two 
inches  into  the  brain.  The  remarkable  paper  of  Spitzka 
shows  how  freely  we  may  puncture  the  brain  witliotit 
evil  result.  In  many  cases  no  trace  of  the  puncture 
could  be  fotmd,  and  where  it  existed  there  was  only  usu- 
ally a  trace  of  blood.  Even  the  lilthiest  mud  was  in- 
jected into  animals'  brains,  with  but  little  damage  as  a 
rule. 

For  incision,  however,  as  distinguished  from  explora- 
tion, the  knife  is  certainly  to  be  preferred.  As  .soon, 
thereff)re,  as  the  abscess  cavity  is  reached  the  knife 
should  be  used,  and  then  a  pair  of  htemostatic  forceps 
be  introduced,  closed,  and  drawn  out  expanded  to  a 
reasonable  degree,  in  order  to  aiford  free  vent  for  the 
pus.  Should  the  wall  of  the  abscess  cavity  be  lined  with 
granulation  tissue,  it  should  be  removed  by  the  sharp 


spoon  or  otherwise,  just  as  in  case  of  an  abscess  in  other 
parts  of  the  bod.y,  care  being  taken  not  to  encroach  on 
any  important  neighboring  centre  or  vessel.  The  abscess 
cavity  may  now  be  very  gently  washed  out  with  normal 
salt  solution,  and  a  rubber  drainage  tube  then  be  in- 
serted. This  should  be  passed  through  a  good-sized 
buttonhole  opening  in  the  flap,  and  secured  to  the  scalp 
by  a  long  silk  thread  tied  in  a  bow  knot.  The  bone 
should  not  be  replaced.  If  the  first  trephine  opening 
does  not  afford  go<id  drainage  a  second  should  always 
be  made  in  the  proper  place.  An  ample  dressing  should 
then  be  applied.  The  drainage  tube  should  be  kept  in 
I^lace,  but  gi'adually  shortened  tmtil  the  discharge  has 
diminished  to  such  an  extent  that  it  is  safe  to  remove  it. 
The  silk  thread  may  be  untied,  secured  to  the  tube,  and 
retied  at  will.  Even  with  the  greatest  care  it  will  happen 
every  now  and  then  that  the  wound,  after  apparent  heal- 
ing, will  have  to  be  reopened  to  give  vent  to  a  reac- 
cumulation  of  pus,  as  in  a  number  of  cases  already  re- 
ported. Thus  McCutchenn  trephined  his  patient  five 
times  for  as  many  different  objects :  (1)  after  the  accident ; 
(2)  for  compression:  (3)  for  epilepsy:  (4)  for  atrocious 
headaches :  (5)  for  necrosed  bone :  each  ojieration  being 
followed  b}'  benefit,  and  the  final  one  liy  recovery. 
Feugerand  Lee  operated  three  times,  Rivingtou  operated 
four  times,  and  Schede  operated  five  times.  All  of  these 
cases  recovered.  In  Westmoreland's  case  the  blow  was 
received  in  1879,  and  repeated  attacks  of  suppuration 
occurred  in  1881.  1883,  and  1886.  In  each  case  reopen- 
ing the  wound  and  redraining  resulted  in  recovery. 

Of  course,  if  a  fistula  be  discovered,  even  a  small  one, 
as  in  the  case  reported  by  Truckenbrodt,  and  operated 
on  by  Schede,  the  tre]ihine  opening  would  be  made  at  the 
site  of  the  fistula  rather  than  at  any  of  the  points  above 
described,  and  would  lead  to  the  abscess.  Weir  has  sug- 
gested the  injection  of  an  aniline  solution  to  discover 
the  route  and  extent  of  the  sinus. 

If  the  abscess  is  in  the  cerebellum  the  proper  place  to 
trephine  is  well  below  the  superior  curved  line,  so  as  to 
avoid  the  lateral  sinus,  the  centre  pin  being  placed  mid- 
way between  the  tip  of  the  mastoid  process  and  the  inion. 
A  three-quarter-inch  trephine  or  the  chi.sel  or  a  gouge 
should  be  used.  It  must  be  remembered  that  the  skull 
is  quite  thin  and  easily  penetrated  at  this  point.  The 
opening  can  be  enlarged  later  if  necessary. 

The  flap  in  the  dura  should  have  its  base  upward.  Of 
course,  the  occipital  artery  will  have  to  be  ligated.     As 


Fig.  1027.— Photographed  from  the  Same  Skull,  with  the  Brain  Exposed 
i'j!  si(i(.  The  lettering  is  the  same  as  in  Fig.  lOai.  The  point  at 
which  the  opening  was  made  in  the  central  cortex  (c)  is  observed 
to  lie  on  the  posterior  part  of  the  second  temporo-sphenoidal  convo- 
lution.   (Barker.) 

pointed  out  by  Weir,  "  with  the  use  of  a  spatula  to  lift 
it  up  slightly,  the  cerebellum  can,  if  necessary,  be  viewed 
with  an  electric  light  nearly  to  the  foramen  magnum." 
With  a  grooved  director  or  other  appropriate  means,  the 
cerebellum  can  now  be  punctured  and  the  abscess  evac- 
uated in  a  favorable  position  for  drainage.  Even  should 
the  abscess  be  upon  the  opposite  side  of  the  cerebellum. 
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it  would  be  easy,  as  I  have  shown,  to  reach  it  obliquely 
through  such  an  opening.  In  making  any  puncture, 
however,  care  should  be  taken  not  to  injure  the  superior 
vermiform  process.  A  drainage  tube  should  be  used 
and  the  abscess  treated  as  before  described. 

If  an  abscess  exists  in  any  other  place  than  in  the  tem- 
poro-sphenoidal  lobe  or  in  the  cerebellum,  the  trephining 
should  be  done  immediately  o\'er  the  site,  as  determined 
by  cerebral  localization,  and  the  cavity  treated  as  above 
described. 

Should  no  abscess  be  found  at  the  first  trephine  open- 
ins:,  and  there  be  a  possibility  of  its  existence  at  another 
point,  there  is  no  objection  to  a  second  trephine  opening, 
and  even  a  third,  should  the  neces.sity  arise.  The  danger 
from  an  additional  treiihining  is  so  slight,  and  the  dan- 
ger from  abscess,  if  it  exist,  so  great,  that  we  should 
seek  for  it  at  a  second  or  even  a  third  point,  if  not  found 
at  the  first.  It  is,  however,  scarcely  necessary  to  add 
that  this  additional  trephining  should  not  be  done  with- 
out good  and  sufficient  reasons.  In  such  cases,  when 
the  aTjscess  is  found  to  be  encysted  and  encapsulated  by 
a  thick  membrane,  the  membrane  should,  of  course,  be 
removed,  as  was  done  by  Bergmann, 

ExTRA-DiTRAL  ABSCESSES. — Besides  the  abscesses  in 
the  substance  of  the  brain,  another  variety  exists  that  it 
is  very  important  to  recognize;  that  is.  an  abscess  be- 
tween the  dura  and  the  bones  of  the  skull.  These  almost 
always  arise  from  ear  disease  by  involvement  of  the  bone 
and  subsequent  pachymeningitis  externa  followed  by 
suppuration.  The  jius  may  accumulate  in  an  abscess,  or 
may  be  diffused  between  the  dura  and  the  skull. 

Symptonw  and  DinfpuKis. — The.y  cannot  be  distin- 
guished from  cerebral  iibscesses  proper,  or  from  lepto- 
meningitis or  thrombosis  of  the  lateral  sinus,  by  the  eye 
symptoms  or  headache,  but  other  means  may  enable  us 
to  do  so.  The  temperature,  in  marked  contrast  to  cere- 
bral abscess,  will  rise  to  102°-104°  F.  The  pain  in  extra- 
dm-al  abscess  is  usually  fixed  either  above  or  behind  the 
ear,  and  is  increased  by  percussion  or  by  pressure.  The 
mastoid,  of  course,  will  be  involved,  but  the  tenderness 
on  pressure  or  percussion  will  extc^nd  both  farther  back 
and  higher  up  than  the  mastoid.  Usually  there  will  be 
a'dema  of  the  overlying  scalp.  If  the  mastoid  has  al- 
ready been  opened  and  no  imi^rovement  has  followed, 
and  no  marked  .symptoms  of  tlie  other  cerebral  diseases 
mentioned  above  be  present — such  as  the  pronounced 
cerebral  irritative  lesions  of  leptomeningitis,  the  localiz- 
ing or  focal  symptoms  and  low  temiierature  of  cerebral 
abWss,  or  those  of  thrombosis  of  the  internal  jugidar. 
and  other  signs  of  pywmia  in  plugging  of  the  lateral  sinus 
— we  should  suspect  extradural  al)scess.  Pressure  symp- 
toms are  rarely  seen  in  extra-dural  abscess,  esjiecialh'  if 
it  arise  from  aural  trouble.  If  evidence  exist  of  caries  of 
the  bone,  extra-dural  abscess  slundd  be  suspected,  and 
especially  if  the  pus  well  up  through  such  a  sinus  and 
show  any  pulsation  commtmicalcd  from  the  brain.  Not 
seldom  a  sequestrum  or  carious  bone  will  be  found. 

Treatment. — The  ordinary  operation  for  trephining 
the  mastoid  will  usually  have  been  done  for  the  earlier 
symptoms.  If  not.  it  should  lie  done  at  once,  and  further 
operative  interference  be  carried  out.  if  so  indicated.  If 
the  operation  be  limited  to  opening  of  the  mastoid,  and 
this  does  not  speedily  bring  relief,  the  skull  itself  should 
be  opened  either  by  the  trephine  or  by  the  rongeur  for- 
ceps. The  probe  or  escaping  ]ius  will  indicate  to  us  any 
fistula,  and  this  must  be  follciwcd  up  till  the  carious  or 
necrosed  bone  is  discovered  and  the  dura  laid  bare.  This 
last  can  usually  easily  be  recognized  by  its  texture,  its  re- 
lation to  the  bone,  aiid  its  pulsation.  "Should  the  lateral 
sinus  be  exposed,  care  must  be  taken  not  to  wound 
it.  Should  a  thrombus  exist,  it  must  be  treated  as  in- 
dicated under  that  heading  later.  That  recovery  may 
take  place  after  thrombosis  of  the  sinus  and  without  in- 
terfering with  it.  is  shown  b}'  a  case  of  Hoffmann.  The 
abscess  cavity  having  been  reached,  it  should  be  cleaned 
out,  the  granulations  from  its  walls  removed,  and  free 
drainage  provided,  all  carious  or  necrosed  bone  having, 
of  course,  been  first  removed.      Unless  such  efficient 


operative  measures  be  taken,  the  case  is  almost  sure  to 
prove  fatal.  Hoffmann,  whose  paper  (loc.  cit.)  is  the 
best  study  of  the  subject  I  have  found,  gives  a  ghastly 
table  of  102  fatal  cases  in  which  the  diagno.sis  was  estab- 
lished by  a  post-mortem  examination,  and  its  impressive 
lesson  is  but  reinforced  by  the  10  additional  cases  diag- 
nosticated during  life.  Four  of  these  were  observed  by 
others,  of  which  3  recovered  after  operation ;  6  are  re- 
ported by  himself,  of  which  h  recovered  after  operation, 
one  dying  six  weeks  later  from  bronchitis.  No  other 
commentary  as  to  the  absolute  necessity  for  an  operation 
can  be  needed.  The  causes  of  death  were  mostly  menin- 
gitis, cerebral  abscess,  and  pyaemia,  with,  and  probably 
from,  thrombosis  of  the  lateral  sinus. 

Py.E5ii.\  .4XD  Thrombosis  of  the  Cerebral  Sinuses. 
— Under  the  title  Eur:  Iiitrncrainnl  Complied tions,  etc., 
in  Volume  III.  of  the  present  work.  Dr.  Orne  Green  con- 
siders this  matter  very  much  more  fully,  esiiecially  from 
the  point  of  view  of  the  otologist.  A  few  words,  how- 
ever, ought  to  be  said  about  it  from  the  view  of  the  gen- 
eral surgeon.  This  is  all  the  more  true,  because  nearly 
all  the  cases  until  within  the  last  few  years  have  passed 
tinrecognized  and  uuoperated  on,  while  the  results  of 
o]ieration  have  been  extraordinarily  good. 

In  a  table  which  I  published  in  Ashhurst's  "Interna- 
tional Encyclopedia  of  Surgery."  (supplementary  vol- 
ume). I  collected  84  cases,  of  which  5()  recovered — 66.7 
per  cent.  Since  that  time  a  large  number  of  cases  have 
been  reported,  but  no  later  complete  tabulation  to  my 
knowledge  has  been  made.  I  have  no  doubt  that  a  con- 
siderably larger  percentage  of  recoveries  would  be  shown 
in  the  later  cases. 

The  cause  of  the  thrombus  may  be  infected  fractures, 
erysipelas,  decayed  teeth,  etc.,  but  by  far  the  larger 
jiroportion  of  the  cases  arise  from  chronic  otitis  media. 
The  thrombus,  being  an  infected  one,  gives  rise  to  a 
pya'inia  with  all  of  its  ordinary  symptoms.  The  in- 
fected clot  softens  and  suppurates.  Very  frequently  it 
extends  into  the  jugular  vein,  whence  fragments  of  it 
will  eventually  reach  the  lungs  unless  the  progress  of 
the  disease  is  stayed.  While  the  thrombus  takes  place 
in  the  vast  majority  of  cases  in  the  sigmoid  portion  of 
the  lateral  sinus  (the  curved  portion  of  the  sinus  oc- 
cupying the  groove  in  the  mastoid  iiortion  of  the  tem- 
poral bone),  yet  there  are  a  fair  nmnber  of  instances  re- 
ported in  which  the  superior  longitudinal  sinus,  the 
cavernous  and  other  cerebral  sinuses  have  been  involved. 
The  symptoms  will  be  detailed  full}'  in  Dr.  Green's  arti- 
cle. 

The  only  treatment  to  be  considered  for  a  moment  is 
the  surgical,  and  this  must  be  ]U'ompt  and  thorough  in 
order  to  be  effective.  The  mastoid  operation,  if  not  al- 
ready done,  should  immediately  be  carried  out.  If  the 
internal  jugular  is  involved,  this  should  be  exposed  in 
the  neck  and  tied  below  the  thromlnis,  in  oi'der  to  pre- 
vent infection  of  the  lungs.  Ordinarily  this  thrombus 
can  be  readily  recognized  by  toilch.  luit  sometimes,  as 
in  one  of  my  own  cases,  the  vein  is  so  completely  de- 
stroyed by  suppuration  that  it  is  ditficult  to  recognize  it. 
Next,  the"  sigmoid  .sinus  should  be  exposed  and  deliber- 
ately opened.  It  should  be  cleaned  as  far  as  the  clot 
extends:  if  need  be.  even  to  the  torcular  Herophili.  If 
serious  hemorrhage  occurs,  it  can  readily  be  controlled 
by  phigging  with  strips  of  iodoform  gauze.  The  vein 
and  the  sinus  should  be  washed  out  both  from  above  and 
from  below.  The  petrosal  and  the  cavernous  sinuses 
cannot  be  reached  by  surgical  operation. 

Up  to  the  present"  time,  the  symptoms  of  thrombosis 
of  the  superior  longitudinal  sinus  have  not  been  suffi- 
ciently clear  to  enable  the  surgeon  to  make  a  positive 
diagn"osis  of  the  location  of  the  disease.  Whenever  we 
can-do  this,  a  similar  operation  to  that  on  the  sigmoid 
sinus  should  be  done. 

Intracranial  Titmors. — The  eaiities  of  intracranial 
growths  are  various,  but  in  the  majority  of  cases  the 
cause  can  scarce! v  be  ascertained.  Injury  occasionally 
plays  an  importaiit  role,  but  much  more  frequently  they 
aris'e  without  anv  apparent  local  cause.     The  statistics 
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of  Hale  White,  and  Bernhart,  quoted  by  Seguin  and 
Weir,  give  a  sufficient  number  of  cases  from  which  to 
draw  a  reasonably  correct  conclusion.  They  number 
580,  and  are  as  follows : 

Number.  Per  cent. 

Nature  of  tumor  not  stated 133  22.9 

Tuberculous  tumors 137  23.0 

Gliomata 76  13.0 

Sarcomata  (including  cysto-sarcoma ) 75  13.0 

Hydatids,  cvsticerci,  and  echinococcl 30  5.0 

Cysts 27  4.6 

Carcinoinata 24  4.0 

Gummata 21  3.6 

Glio-sarcomata 14  2.2 

Myxomata  (including  myxo-sarcomata) 12  2.0 

OsteomaU 6  1.0+ 

Neuromata 4  —1.0 

Psammomata 4  —1.0 

Papillomata 4  —1.0 

Fibromata 3 

Cholesteatomata 2 

Lipomata 3 

Erectile  or  vascular  tumors 2 

Dermoid  cysts 2 

Encbondromata 1 

Lyiuphomata 1 

Cases 580 

This  show^s  that  tuberculosis  is  nearly  twice  as  common 
as  any  other  one  known  cause.  Tuberculous  tumors  are 
most  frequent  in  early  life,  three-fourths  of  them  occur- 
ring before  twenty,  and  one-half  before  ten,  years  of 
age  (Gowers).  The  various  forms  of  malignant  tumors 
exceed  in  number  even  those  whicli  are  of  a  tuberculous 
nature.  They  are  most  common  fi'om  twenty  to  fort}'. 
Other  varieties,  excepting  hydatids  and  cysts,  furnish 
each  but  a  small  number.  The  small  percentage  of  syph- 
ilitic gummata  is  rather  surpi'ising.  Dr.  Gowers  states 
that  of  637  intracranial  tiniiors  the  di.stribution  was  as 
follows:  Cerebral  hemispheres  (excluding  the  central 
ganglia),  297;  cerebellum,  179;  pons,  59;  central  ganglia, 
48;  medulla,  31;  corpora  quadrigemina,  13;  crura  cere- 
bri, 10.  Starr,  in  a  valuable  paper  on  300  cases  of  intra- 
cranial tumors  in  children,  found  96  in  the  cerebellum. 

The  Symptoms  have  been  so  carefully  studied  and  so 
fully  treated  by  Dr.  Mary  Putnam  Jacobi.  in  the  present 
volume  of  this  IIanobook  (article  on  Brain.  Tnmon  of). 
and  by  Dr.  >I.  Allen  Starr,  in  his  article  on  Brain  :  Diag- 
nosis of  Local  Lesions  (see  p.  382),  that  it  would  be  but  a 
repetition  here  for  me  to  consider  them.  Three  points, 
however,  ought  to  be  more  fully  noticed,  viz,,  disturb- 
ance of  language,  eye  sjmptonis,  and  local  tempera- 
tures. 

A  most  important  paper  in  connection  with  disturb- 
ance of  language  is  that  hy  Dr.  M.  Allen  Starr.  Words 
in  ordinary  use  have  a  complex  mental  substratum, 
made  up  of  a  number  of  mental  pictures.  These  are, 
first,  memory  of  the  sound  of  a  word  as  spoken ;  if  this 
be  lost  we  have  "word  deafness."  Second,  memory  of 
the  appearance  of  a  word  as  printed  or  written ,  if  this 
be  lost  we  have  "word  blindness."  Third,  memory  of 
the  muscular  movements  made  in  writing  a  word;  if 
this  be  lost  the  result  is  "agraphia,"  or  inability  to  write. 
Fourth,  memory  of  the  muscular  movements  made  in 
pronouncing  a  word;  if  this  be  lost,  although  the  vocal 
apparatus  is  perfect,  it  is  known  as  "motor  aphasia." 
Fifth,  the  word-hearing  and  word-uttering  processes 
may  be  perfect,  and  the  patient  can  understand  what 
is  said  to  him,  and  can  pronounce  words  well,  but  the 
connecti(m  between  the  word-hearing  and  tlie  word- 
uttering  processes  is  broken,  and  the  patient  misplaces 
words  or  uses  one  word  for  another — for  instance,  call- 
ing the  "four  of  spades"  the  "five  of  telephone."  This 
is  known  as  "paraphasia,"  or  the  aphasia  of  conduction 
of  Wernicke.  The  lesion  in  these  cases  usuall_v  involves 
the  island  of  Reil,  and  severs  the  fibres  beneath  it,  the 
great  association  tract  joining  the  temporal  and  frontal 
lobes  with  one  another.  Sixth,  the  mind  may  not 
recognize  the  use,  odor,  color,  taste,  etc.,  of  an_y  object 
presented  to  it.  This  general  symptom  is  termed 
"apraxia."  It  has,  of  necessity,  as  many  varieties  as 
there  are  avenues  by  which  the  mind  may  be  reached ; 


for  instance,  by  sight,  smell,  taste,  hearing  (not  only 
hearing  for  language,  but  also  for  music),  either  of  which 
may  be  lost  separatel)',  thus  producing  "mind  blindness," 
"mind  deafness,"  etc.  The  patient,  however,  though 
unable  to  recognize  an}'  object  when  seen,  may  be  able 
to  do  so  \\'\ifa  felt.  These  symptoms  (according  to  Starr) 
are  found  only  when  the  lesion  is  in  the  left  hemisphere 
in  a  right-handed  person,  and  in  the  right  hemisphere  in 
a  left-handed  person.  Hence,  in  examining  an  aphasic 
thoroughly,  Starr  states  that  it  is  necessary  to  test,  first, 
the  power  to  recall  the  spoken  or  written  name  of  an 
object,  seen,  heard,  handled,  tasted,  or  smelled.  Second, 
the  power  to  understand  speech,  and  also  music.  Third, 
the  power  to  understand  printed  or  written  words. 
Fourth,  the  power  to  speak  voluntarily.  Does  he  talk 
clearl}'?  Does  he  mispronounce  words  or  talk  jargon? 
Fifth,  the  power  to  repeat  words  when  dictated.  Sixth, 
the  power  to  read  aloud.  Does  he  understand  what  he 
reads?  Seventh,  the  power  to  write  voluntarily.  Can 
he  read  what  he  has  written?  Eighth,  the  power  to 
write  at  dictation.  Ninth,  the  power  to  copy.  Tenth, 
the  power  to  recognize  the  use  of  objects  seen,  felt, 
heard,  tasted,  or  smelled.  One  illustration,  and  only 
one,  so  far  as  I  know,  exists  of  the  diagnosis  of  a  lesion 
by  the  existence  of  "mind  lilindness,"  and  this  was  fol- 
lowed by  a  Ijrilliant  and  successful  treatment.  This  is 
recorded  by  Macewen,  and  is  briefly  quoted  on  page  425 
of  this  article. 

Wlien  it  is  remembered  that  the  second,  the  third,  the 
fourth,  and  the  .sixth  nerves,  in  their  entirety,  are  solely 
intended  for  innervation  and  specializing  function  of  the 
organ  of  vision,  it  will  lie  readily  understood  how  im- 
portant this  apparatus  becomes  as  an  index  of  intra- 
cranial disturbance. 

Tlie  methods  may  be  briefly  given  in  a  series  of  short 
captions,  as  follows: 

1.  Always,  if  possible,  get  central  vision  in  each  eye 
separately,  not  only  for  form  but  for  color,  as  this  prac- 
tically gives  the  physiological  power  of  the  most  highly 
evolutionized  fibres  of  each  retina.  To  do  this,  cards  of 
known  sizes  of  types  or  symbols,  and  graded  areas  of 
definite  color.s,  such  as  green,  red,  rose,  blue,  and  yellow, 
should  be  jilaced  at  certain  distances  in  good  light,  and 
the  results  compared  with  the  normal  standards  for  such 
distances.  Should  the  patient  be  unable  to  designate 
types,  symbols,  or  colors,  then  keys,  coins,  etc.,  of  the 
same  size  as  certain  test  letters  can  be  held  at  the  related 
distances,  or  less  if  necessary,  and  attempts  made  for 
siitiilar  selection  among  duplicates  held  in  the  lap. 

2.  Poirer  and  ranr/e  of  acromnwdation  should  be  tried 
separately  and  combinedly  for  the  smallest  tvpe  visible, 
with  or  without  helping  lenses,  at  the  nearest,  furthest, 
and  best  points  possible.  Retinoscopy  may  be  useful 
in  quite  a  number  of  cases.  Tonic  and  clonic  spasm 
must  be  sought  for. 

3.  Visual  fields  must  be  most  carefully  studied  in  ref- 
erence to  comparative  sizes  and  areas  for  white,  yellow, 
blue,  red.  and  green ;  blind  spots  and  jioints  of  feeble  color 
saturation  must  also  be  diligenth'  sought  for  and  noted. 

4.  More  complete  study  of  central  cohn-  perception 
should  now  be  made  with  graded  intensities  of  Holm- 
gren's wools,  and  the  results  should  be  recorded  upon 
suitable  blanks. 

5.  The  pupils  should  be  examined  and  re-examined 
separately  and  in  associated  action,  until  definite  an- 
swers can  be  given  as  to  their  comparative  sizes  and 
shapes. 

6.  Careful  attention  must  be  paid  to  monocular  and 
Ijinocular  action  of  the  iridfs  to  light  stimulus  thrown 
from  all  jiarts  of  the  visual  field;  to  associated  action 
with  the  ciliary  muscles,  as  in  accommodative  efl'orts; 
and  to  the  combined  and  associated  action  with  the  ciliary 
muscles  and  interna!  recti  muscles,  as  in  convergence, 
and  these  tests  must  be  repeated  over  and  over  until  un- 
equivocal results  are  obtained.  Spasmodic  action  of  the 
irides  must  be  carefully  looked  for. 

7.  E.rtra-ochlar  muscle  balance,  when  the  organs  are  in 
a  state  of  rest,  should  be  obtained  as  correctly  as  possible. 
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8.  Combined  and  disassociated  action  of  the  attaehed 
extra-ocular  muscles  in  convergence,  conjugate  deviation, 
extreme  separate  and  combined  excursions  in  all  direc- 
tions, must  be  gone  over  witli  special  study  of  the  vary- 
ing degrees  of  change  from  the  slightest  loss  of  innerva- 
tion up  to  total  paralysis.  Search  for  clonic  and  tonic 
spasms  should  also  be  carefully  made. 

9.  Combined  and  SLSSociaXeA  action  of  the  muscular  ap- 
paratus  of  the  ocular  appendages  should  now  follow,  in 
reference  both  to  paretic  and  to  spasmodic  changes. 

10.  Sennhility  of  the  entire  ocular  superficies,  both  to 
touch  and  pain,  should  be  studied. 

11.  In  cases  in  which  a  difference  of  temperatures  is 
suspected,  comparative  surface  thermom-etry  should  be 
made,  although  it  is  really  best  not  to  omit  it  in  any  in- 
stance. 

13.  Accurate  ophthalmoscopic  study  of  the  media  and 
the  fundus  of  each  e_ye  should  be  repeatedly  made,  until 
adequate  data  as  to  the  comparative  condition  of  the  two 
organs  are  correctly  obtained. 

Having  thus  obtained  this  grouping  of  ocular  condi- 
tions in  association  with  the  history  and  concomitant 
symptoms,  determinations  can  often  be  made  of  sufficient 
accuracy  to  point  out  at  least  not  only  the  ])robable 
character  of  the  lesion,  but  even  its  po.ssible  situation. 
Negative  signs  may  oftentimes  prove  themselves  of  great 
value  in  the  diagnosis  of  the  position  of  the  supposed 
growth;  and  no  case  can  be  said  to  be  complete  and 
ready  for  surgical  procedvu'e  until  all  the  ocular  changes 
have  been  properly  and  carefully  studied. 

For  the  purposes  of  help  in  differential  diagnosis  the 
few  following  general  observations  may  be  of  use : 

Optic  neuritis  is  very  usual  in  some  .stage  of  intra- 
cranial tumor,  and  indicates  more  rapid  progress  of  the 
growth.  It  is  of  no  definite  value  in  the  diagnosis  of 
the  position,  the  character,  and  the  size  of  the  mass. 

If  the  so-called  monocular  type  be  met  with  in  such 
cases,  the  neoplasm  is  most  probably  situated  in  the  op- 
posite hemisphere:  and  should  the  neuritis  be  double 
(irhich  is  must  pnihabl;/  alirnys  the  case),  it  is  almost  cer- 
tain that  tlie  side  of  the  lesser  optic  nerve  swelling  is  the 
one  in  which  to  look  for  the  growth.  The  occurrence  of 
this  symptom  is  less  frequent  in  abscess,  and  may  be 
more  ordinarily  found  upon  the  same  side  as  that  of  the 
lesion  than  in  tumor.  It  seldom  occurs,  if  at  all,  in  cor- 
tical lesions  with  irritative  symptoms. 

Primarj-  optic-nerve  atrophy  with  or  without  retinal 
change,  as  shown  by  the  ophthalmoscope,  is  generally 
found  in  connection  with  basilar  disease  or  trunkal  in- 
flammation, from  trauma,  new  growths,  general  d\s- 
crasia.  and  the  introduction  of  toxic  agents  into  the  sys- 
tem. In  epilei)S}'  it  is  seldom  decidedly  marked,  being 
usually  found  in  its  incii)ient  form,  and  seemingly  de- 
pendent upon  the  nmuber  and  severity  of  the  seizures. 
It  is  not  apt  to  occur  in  abscess,  except  in  those  rare 
cases  of  the  encysted  and  slowly  growing  varieties. 

Weakening  of  any  single  muscle  or  any  group  of 
muscles  generally  indicates  either  pressure  from  a  coarse 
lesion,  external  "to  any  portion  of  the  related  outgoing 
fibres,  or  true  infiltration  of  pathogenic  material  into 
the  neural  meshes  themselves.  Unassociated  with  other 
symptoms  it  is  of  little  value  in  questions  of  the  position 
of  the  lesion,  and  must  be  u.sed  in  conjunction  with 
other  data  to  be  of  any  determining  use.  Being,  how- 
ever, more  of  a  fixed  quantity  than  muscle  irritation,  it 
is  of  greater  importance  in  such  instances  than  the  latter. 
as  it  better  shows  the  probable  position  of  the  lesion. 
Localized  spasm  in  itself  is  probably  more  apt  to  be 
caused  by  lesions  in  the  motor  zones  and  in  the  centres 
devoted  to  the  action  of  the  involved  group  or  groups 
of  muscles.  It  thus  often  offers  itself  of  special  diag- 
nostic value  in  the  localization  of  the  initial  point  of  the 
•epileptic  spasm. 

In  acute  and  subacute  meningitis,  irritative  symptoms 
•of  both  motor  and  sensory  varieties  appear,  whereas  in 
the  chronic  form  degenerative  changes  are  more  prone 
to  occur. 

Hemianopsia  is  of  paramount  importance,  more  so 
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than  aphasia  and  agraphia.  Each  variety,  carefully 
considered  in  conjunction  with  ophthalmoscopic  study, 
experiments  with  pupillary  responses,  and  other  motor 
and  sensory  disturbances,  can  hardly  fail  to  serve  as 
most  important  data  for  indicating  the  probable  situa- 
tion of  the  lesion. 

It  must  be  remembered,  however,  that  each  ocular 
symptom  in  itself  is  not  etiologically  self-answerable. 
Careful  study  must  be  made  oj  all  the  conditions,  so 
that,  by  the  process  of  exclusion,  adequate  data  can  be 
obtained  upon  which  to  base  answers  as  to  the  character, 
the  type,  and  the  situation  of  the  supposed  intracranial 
lesion. 

Surface  TemperaivreoftheHead. — Mills  and  Lloyd,  in 
Pepper's  "  System  of  Medicine,"  vol.  v.,  p.  1036,  have 
given  the  record  of  four  cases  of  tumor  of  the  cerebrum 
and  one  of  the  cerebellum.  Seguin  and  Weir  (loc.  cit.) 
have  recorded  the  temperatures  in  their  case,  and  I  have 
done  the  same  in  the  case  of  tumor  in  my  first  pajier  al- 
ready referred  to.  The  general  conclusion  seems  to  be 
that  the  average  temperature  of  the  whole  head  is  ele- 
vated somewhat  above  the  normal,  and  that  the  elevation 
of  temperature  is  usually  greatest  at  the  station  nearest 
to  the  site  of  the  growth.  But  a  much  larger  number  of 
observations  must  be  made  in  order  to  reach  a  definite 
conclusion  as  to  this  s.ymptom ;  therefore,  every  case  of 
supposed  tumor,  and,  in  fact,  every  other  lesion  in  the 
skull,  should  have  the  surface  temperatures  carefully 
noted  both  before  and  after  the  operation,  if  any  be  done. 
In  the  .second  case  in  my  paper  the  temperature  certainly 
seemed  to  be  elevated  by  the  irritation  of  the  lesion  pres- 
ent. The  elevation  immediately  disappeared  after  the 
operation,  coincidently  with  the  cessation  of  the  epileptic 
attacks.  In  the  third  case  in  which  the  fits  were  relieved, 
but  not  cured,  the  temperature  did  not  fall.  Our  sur- 
face thermometers  also  are  as  yet  much  lacking  in  ac- 
curacy, as  they  are  used  in  practice. 

Diarpwsis. — While  in  many  cases  the  diagnosis  is  suf- 
ficiently clear,  in  others  we  are,  of  necessity,  in  the 
greatest  doubt,  until  the  operation,  it  may  be,  reveals 
the  correctness  or  the  incorrectness  of  our  conclusions. 
Hence,  as  already  quoted  with  approval  from  von  Bcrg- 
mann,  the  great  necessity  of  a  correct  diagnosis  on  the 
part  of  the  neurologist,  so  that  the  surgeon  may  be  sure 
that  his  attempt  to  remove  a  supposed  tumor  will  not 
cause  chagrin  to  both  Ijy  finding  none.  This  has  oc- 
curred in  numerous  instances. 

In  the  careful  and  elaborate  paper  of  Seguin  and  Weir, 
already  referred  to.  it  is  pointed  out  that  the  diagnosis 
before  operation  must  be  worked  out  in  five  lines  of  in- 
quiry. (1)  The  existence  of  tumor;  (2)  its  exact  loca- 
tion; (Z)  whether  it  is  cortical  or  subcortical;  (4) 
whether  solitary  or  multiple;  (,5)  its  nature;  to  which 
I  would  add  (6)  if  possible,  its  size. 

1.  Diagnosis  of  the  Existence  «/  a,  Tumor. — When  the 
symptoms  referred  to  by  Dr.  Jacobi,  in  her  article,  are 
present — such,  eji,,  as  headache,  cerebral  vomiting,  grad- 
ually developing  stupor,  convulsions  either  general  or  lo- 
calized, paralysis  in  varying  degrees,  choked  disc,  some- 
times hemianopsia,  slow  pulse,  probable  localized  rise  of 
temperature  with  aphasia  and  apraxia,  and  in  some 
cases  with  but  little  anaesthesia — it  is  almost  certain  that 
we  have  a  tmnor  to  deal  with.  The  most  difficult  diag- 
nosis is  often  between  tumor  and  abscess,  and  for  their 
differential  diagnosis  I  must  refer  the  reader  to  the  article 
on  Brain:  Ahsctss  of,  on  p.  218. 

2.  DiagTwsisof  the  Location  of  the  Tumor. — This  must 
be  done  chiefly  by  the  localizing  symptoms.  In  certain 
parts  of  the  braiii  a  tumor  may  exist  and  give  rise  to  no 
localizing  symptoms,  but  only  to  general  headache, 
choked  disc,"  convulsions,  etc.  This  is  more  particularly 
in  the  anterior  portion  of  the  frontal  lobes,  in  the  tem- 
poro-sphenoidal  lobes,  especially  on  the  right  side,  and 
in  parts  of  the  parietal  and  occipital  lobes.  But  gradu- 
ally these  "latent  zones"  are  being  narrowed  progres- 
sively to  smaller  and  smaller  portions  of  the  cerebrum. 
It  is  "not  too  much  to  hope  that  eventually  there  may  be 
no  "  latent  zones. "    The  reader  must  refer  to  that  portion 
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of  this  article  which  treats  of  Topography  of  the  Brain, 
and  to  Dr.  Jacobi's  and  Dr.  Starr's  papers  in  the  pres- 
ent volume,  for  the  details  of  the  methods  of  localization, 
whether  in  the  motor  or  iu  the  sensory  zones.  One  point 
must  be  regarded  in  following  the  history  of  a  case.  If 
a  tumor  increase  iu  size,  centres  adjnceitt  to  the  first  one 
intoli'ed  will  also  be  affected;  hence  a  succession  of  addi- 
tional spasms  and  of  pareses  will  develop  in  different 
parts  of  the  body,  and  they  are  very  important  to  study. 
The  first  limited  spasm  or  paresis  Seguin  has  proposed 
to  call  the  "signal  s.ymptom  " — a  liapjiy  name  for  an  im- 
portant symptom  in  diagnosis.  Rapidly  produced  blind- 
ness, as  pointed  out  by  Zenner  and  others,  is  usuall,y  due 
to  tumors  (especially  iu  the  cerebellum)  which  obstruct 
the  veins  of  Galen  or  the  straight  sinus,  and  so  produce 
internal  (ventricular)  liydroceplialus  and  pressure  on  the 
optic  tracts,  followed  by  choked  disc  and  liemorrhages. 

3.  The  Diiignmis  of  the  Depth  at  whir.h  n  Tumor  Lies, 
i.e. ,  whether  Cortical  or  Sjibwrtical. — Seguin,  in  the  article 
already  quoted,  concludes  that  a  tiunor  of  the  corte.Y 
cannot  be  distinguished  from  a  subcortical  tumor  by  the 
character  of  the  convulsions,  or  by  the  presence  or  ab- 
sence of  localized  headache,  or  by  the  cranial  tempera- 
ture. But  tenderness  on  perciLssion  rather  than  on  press- 
ure may  very  possibly  be  of  some  service.  In  this  as  in 
the  question  of  local  temperatures,  it  must  be  urged  that 
more  exact  and  detailed  clinical  histories  may  liereafter 
give  us  the  means  of  making  such  a  diagnosis.  How 
near  one  ma.v  come  to  removing  a  tumor  and  yet  miss  it. 
is  well  shown  in  a  case  of  Sands,  in  which  he  recognized 
unusual  resistance  iu  two  punctiu'cs  by  the  needle,  yet 
did  not  remove  the  growth,  which  was  found  at  tlie 
auto])sy  just  below  the  surface.  Surgerj-  had  not  then 
reached  its  present  boldness  and  success. 

4.  Is  the  Tumor  Solitary  or  Multiple? — If  solitary  it 
may  be  successfully  attacked  by  operation,  but  if  multi- 
ple such  an  attempt  woukl  be  clearly  inadvisable  in  most 
cases,  unless  the  multiple  tumors  are  grouped  within  a 
limited  area.  If  the  tumor  is  single,  the  localizing  symp- 
toms will  probably  point  to  one  area  alone,  if  the  tmnor 
be  small ;  or  if  large,  several  areas  may  be  involved,  but 
these  areas  will  be  adjacent  to  the  primary  one.  If,  how- 
ever, localizing  symptoms  give  two  or  more  centres,  far 
apart,  without  any  intervening  centres  being  involved, 
then  the  multiplicity  of  the  growth  is  probable. 

5.  The  Diagnosis  of  the  Nature  of  the  Tumor. — In  some 
cases  this  may  be  made  with  fair  approach  to  accuracy. 
For  example,  if  the  patient  has  cancer,  tuberculosis,  or 
syphilis  in  other  organs,  and  shows  characteristic  symp- 
toms of  intracranial  tuiuor,  it  will  most  likely  l)e  of  the 
same  type  as  tlie  disease  in  the  other  part  of  the  bod}-. 
Beyond  these  three  classes  of  tumor  I  do  not  think  it 
possible  to  make  other  than  a  guess  at  its  nature. 

Hale  AVhite  and  von  Bergmann  are  both  opposed  to 
operation  in  case  the  nature  of  the  tumor  is  probably 
syphilitic.  I  qtiite  agree  with  Seguin.  however,  that, 
provided  thorough  antisyphilitic  treatment  has  been  in- 
effectual, including  the  Americau  luethod  of  the  admin- 
istration of  large  and  increasing  doses  of  iodides,  if  pos- 
sible up  to  half  an  ounce  a  day,  the  probable  gummatous 
character  of  the  tumor  or  a  syphilitic  disease  of  the 
bones  or  membranes  is  not  a  bar  to  operation.  Once  a 
gumma  has  become  organized  and  permanently  devel- 
oped, and  has  resisted  vigorous  specific  treatment  for  six 
weeks,  it  should  be  attacked  precisely  as  any  other  tumor 
would  be  dealt  with,  surgically,  unless  contraindicated 
by  special  sym))toms,  such  as  multiplicity,  etc. 

6.  The  Size  of  the  Tumor. — This  in  a  few  cases  can  be 
probably  diagnosticated.  The  diagnosis  of  a  small  tumor 
will  be  based  upon  its  involving  a  restricted  area  of  rep- 
resentation in  the  brain,  as  shown  by  the  limited  por- 
tion of  the  body  involved:  by  the  non-progressive  in- 
volvement of  neighboring  centres ;  and  by  the  absence 
of  marked  pressure  symptoius.  A  large  tumor  will  in- 
volve a  large  number  of  neightioring  centres  and  would 
show  marked  pressure  symptoms.  Until  the  parts  are 
exposed  by  operation,  however,  it  is  impossible  to  make 
any  accurate  diagnosis  of  the  size  of  a  timior.    It  is  prob- 


able, however,  that  a  few  of  them  will  be  so  large  as  to 
prohibit  surgical  interference,  before  the  general  s.ymp- 
toms  will  be  so  grave  as  to  make  such  interference  "quite 
inadvisable. 

Surgical  Treatment  of  Intracranial  Tumors. — I  have 
already  referred  to  the  historical  case  of  Bennett  and 
Godlee,  which  was  the  first  really  to  arouse  the  attention 
of  the  surgical  world  to  the  possible  diagnostication  and 
removal  of  a  brain  tumor,  of  which  there  were  no  ex- 
ternal local  symptoms.  I  have  also  referred  to  some 
later  cases  which  have  been  operated  upon.  The  num- 
ber of  intracranial  tumors  operated  upon  has  now  reached 
such  proportions  ()vV7<'  infra)  that  we  can  assume  it  as 
conceded  that  in  all  suitable  cases  operation  should  be 
at  least  attempted. 

As  to  operative  technique  I  have  alread}-  considered 
the  various  steps  under  that  head.  The  only  point  neces- 
sary to  be  insisted  upon  here  is,  that  in  cases  of  tumor 
which  are  not  encapsulated,  it  is  important  that  not  only 
the  entire  tumor  shall  be  removed,  but  also  the  zone  of 
apparently  healthy  but  probably  infiltrated  brain  tissue 
in  its  immediate  vicinity,  so  that  we  may  be  sure,  so  far 
as  it  is  possible,  that  we  have  removed  the  entire  neo- 
plasm. In  doing  so  the  surgeon  must  remember  that  he 
can  excise  with  greater  impunity  a  larger  area  in  the 
antero-posterior  direction  than  in  the  vertical,  for  reasons 
already  given. 

Prognosis. — If  the  tumor  is  malignant,  its  return  is  only 
a  question  of  time  in  the  majority  of  cases.  In  tubercu- 
lous and  syphilitic  tumors  the  prognosis  is,  of  course,  a 
a  much  more  favorable  one :  while  in  cases  of  benign 
growths,  such  as  fibroma,  recurrence  is  not  to  be  e"\- 
pected. 

The  prognosis  as  to  death  or  recovery  from  such  opera- 
tion cannot  be  made  in  any  individual  case,  for  up  to 
the  time  of  the  operation  we  cannot  be  certain  of  the 
size  and  the  relations  of  such  tumor,  nor  of  the  surgical 
complications  that  may  arise  during  its  removal. 

Tlie  percentage  of  recoreries  in  cases  of  operation  on  in- 
tracranial tuiuors  has  been,  for  a  new  ojieration,  unex- 
pectedly large.  Of  course,  in  any  individual  case,  it  will 
depend  largely  on  the  size,  position,  complications,  etc. 

When  the  first  edition  of  the  Reference  H.\ndbpok 
was  published.  I  could  gather  only  17  cases  of  tumor 
which  had  been  operated  on.  of  which  3  were  in  the  cere- 
bellum and  all  3  died. 

In  1898  von  Bergmann  published  the  most  recent  sta- 
tistics, which  cover  278  operations  for  intracranial  tumors, 
of  all  kinds,  of  which  169  (61.9  per  cent.)  recovered  and 
104(38.1  per  cent.)  died.  One  hundred  and  fifty  seven 
were  exploratory  or  palliative  operations,  of  which  82 
(53.5  per  cent.)  recovered  and  75(46.5  per  cent.)  died. 
The  chief  I'eason  for  the  fatality  in  exploratory  or  pallia- 
tive operations  has  beeu  either  too  extensive  exploration 
in  search  of  the  tumor  or  for  its  removal,  or  that  many  of 
the  cases  were  inoperable  from  the  .size  or  location  of  the 
growth  and  only  relief  from  intracranial  pressure  was. 
sought.  If  no  tumor  is  found  after  cautious  search  by 
the  knife,  grooved  director,  and  the  gentlest  use  of  the  lii- 
tle  finger,  or  if,  being  found,  it  is  not  removable,  the  op- 
eration should  be  terminated  at  once,  especially  if  there  is 
much  bulging,  indicating  a  large  tumor.  In  fact,  in 
cases  of  great  increase  in  the  intracranial  pressure,  until  I 
have  determined  the  fact  that  the  tumor  can  be  removed, 
I  am  very  cautious  about  making  a  large  opening  in  the 
dura,  since  the  pressure  will  force  out  a  large  amount  of 
brain  suljstance  which  cannot  possibly  be  replaced  with- 
out extensive  laceration,  which  invites  fungus  cerebri. 
Of  fourteen  cases  in  which  trephining  was  done  for  the- 
relief  of  increased  intracranial  pressure,  all  recovered. 

Another  important  cause  for  the  high  mortality  of  the- 
whole  series  has  been  the  delay  iu  operating.  Physicians, 
who  almost  always  see  these  cases  first,  postpone  con- 
sulting the  surgeon  for  an  unrea.sonably  long  time  in  the- 
vain  hope  of  improvement.  It  cannot  be  too  strongly 
insisted  upon  that  tumors  of  the  brain  should  be  treated 
precisely  like  tumors  in  other  parts  of  the  body,  by  re- 
moval at  the  earliest  practicable  moment,     hi  fact,  in. 


418 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Bralu. 
Brain. 


the  brain  the  reasons  for  early  operation  are  even  more 
cogent  than  elsewhere;  its  soft  tissues  are  more  easily 
injured;  it  cannot  escape  from  pressure  as  do  the  soft 
parts,  since  the  bony  case  in  which  it  lies  prevents  this; 
and  the  growth  of  the  tumor  within  the  skull  is  insidi- 
ous and  not  easily  perceived,  as  it  is  when  accessible  to 
touch  and  sight.  Progressive  growth  can  be  inferred 
only  from  progressive  symptoms.  As  soon,  therefore, 
as  drugs  have  had  a  fair  trial  au  operation  should  imme- 
diately be  done,  if  the  tumor  can  be  located  with  reason- 
able certainty  and  if  there  is  a  fair  prospect  of  success  by 
operation.  The  limit  of  the  "fair  trial"  Horsley  places, 
and  I  think  rightly,  at  six  weeks.  After  that,  time  is 
wasted  and  life  imperilled  by  longer  waiting,  since  time 
only  allows  of  increase  in  tlie  size  of  the  tvunor  with 
wider  infiltration  of  l)rain  tissue  and  the  wider  destruc- 
tion by  pressure,  and  the  operative  difficulties  and  dangers 
rapidly  increase  with  each  week  or  month  of  delaj'. 

In  the  case  of  irremovable  tumors,  the  opening  in  the 
skull  should  not  be  closed  by  replacing  the  bone.  This 
partial  operation  will  often  be  an  immense  comfort,  and 
I  have  had  the  same  experience  that  Horsley  has  had 
— namely,  that  the  patient  found  so  much  relief  from  one 
operation  that  he  requested  a  second. 

Operations  upon  cerebellar  tumors — by  reason  of  their 
proximity  to  the  fourth  ventricle,  the  tubercula  quadri- 
gemina,  and  the  pons  with  their  important  and  vital  cen- 
tres— are  more  hazardous  tlian  those  performed  in  any 
other  less  vital  regions  of  the  brain.  Out  of  23  eases. 
15  died. 

Epilepsy. — From  a  surgical  point  of  view  cases  of 
epilepsy  may  he  sharply  divided  into  the  traumatic  and 
the  non-traumatic  varieties.  The  cases  arising  from 
traumatism  can  again  be  subdivided  into  (1)  those  in 
which  the  scar,  old  depression,  etc.,  arising  from  injury, 
lies  over  well -recognized  centres,  motor  or  otherwise, 
and  (2)  those  in  which  the  evidences  of  injury  lie  over  the 
so-called  "latent  zones  "  in  the  brain. 

In  those  cases  in  which  the  lesion  lies  over  well-known 
centres,  and  the  epileptic  fits  affect  only  the  muscles 
corresponding  to  the  motor  centres  (monospasm  or  hemi- 
spasm), there  can  be  no  question  at  present  as  to  the  pro- 
priety of  surgical  interference,  and  the  excision  of  the 
epileptogenous  centre  so  involved.  In  cases  in  which 
the  injury  lies  over  a  portion  of  the  "latent  zones."  I 
believe  that  here  also  it  is  often  proper  to  operate. 

It  is  true,  time  has  cooled  our  earliest  enthusiasm,  but 
epilepsy  is  such  a  terrible  disease  that  I  find  most  parents 
are  of  my  own  opinion,  viz.,  that  no  risk,  even  of  death, 
still  less  of  the  probability  of  failure,  is  to  be  weighed 
against  the  possibility  of  benefit  or  cure.  The  danger  of 
death  is  not  very  great,  the  number  of  failures  is  large, 
the  number  of  cases  benefited  is  considerable,  the  num- 
ber of  cures  is  limited  but  encouraging.  If  we  could 
operate  early,  before  the  "  epileptic  habit "  is  formed, 
the  number  of  cures  would  be  much  greater. 

In  these  traumatic  cases  it  is  always  possible  that  the 
scalp  may  lie  th(.'  site  of  irritation,  and  should  there  at 
least  be  no  evidence  of  depression  of  the  skull,  it  would 
always  be  wise,  therefore,  to  emse  the  scar  first  of  all, 
especiall.y  if  it  be  tender,  or  if  pressure  upon  it  produces 
pain  or  an  epileptic  fit,  or  if  the  epileptic  aura  starts 
from  the  scar.  Even  should  none  of  these  symptoms  be 
present,  and  if  the  bone  be  not  fractured,  I  should  deem 
it  right  first  to  excise  the  scar  and  then  to  wait  in  order 
to  see  whether  this  would  cut  short  the  epileptic  seizures. 
Thus  Briggs  rejiorts  five  such  cases  and  Mears  one  in 
which  such  a  happy  result  followed  mere  excision  of  the 
scars.  I  also  have  had  two  cases  in  which  the  attacks 
have  not  returned  for  several  years  after  merely  ex- 
cising the  scar.  In  one  case  the  immunity  has  reached 
nine  years.  Any  other  source  of  peripheral  irritation 
must  also  be  eliminated,  as  has  long  since  been  ob- 
served. Briggs  relates  a  case  in  point  in  the  same  paper, 
in  which  a  girl  had  both  a  depressed  cranial  fracture  and 
necrosis  of  the  tibia.  He  wisely  operated  on  the  tibia 
first  to  eliminate  this  as  a  source  of  irritation,  and  the 
fits  had  not  recurred  when  the  case  was  reported  five 


years  later,  thus  disproving  their  origin  from  the  fracture 
of  the  skull,  which  was  prima  facie  the  most  probable 
cause.  It  must  be  remembered  also  that  any  operation 
is  apt  to  cause  a  cessation  of  the  fits  for  some  time ; 
hence,  before  deciding  that  the  epilepsy  has  been  cured 
by  removal  of  the  scar  or  other  source  of  irritation,  at 
least  two  or  three  years  of  imiuunity  should  elapse. 
Should  excision  of  the  scar  not  cure  the  patient,  or 
should  there  be  a  depression  of  the  skull,  with  fits  cor- 
responding in  their  distribution  to  the  motor  centre  or 
centres  over  which  the  scar  lies,  the  patient  should  be 
trephined.  The  operator  may  find  a  splintering  of  the 
inner  table.  Sometimes  a  cyst  will  have  been  developed 
under  the  .site  of  the  injury.  Sometimes,  as  a  result  of 
laceration  of  the  brain  tissue  at  the  time  of  the  injury,  a 
brain  scar  will  be  found.  The  dura  also  wili  have  been 
ruptured  in  some  cases,  and  a  scar  will  lie  found  in  it:  or 
mere  eburnation  of  the  bones,  as  a  result  of  osteitis  from 
the  traumatism,  may  be  the  only  lesion.  The  skull  hav- 
ing been  trephined  and  the  dura  opened,  the  damaged 
brain  tissue  should  be  removed ;  and  if  there  be  a  scar  or 
thickening  of  the  dura,  the  dura  itself  should  be  removed. 
In  removing  the  damage<l  brain  tissue,  care  must  be 
taken  to  see  that  it  is  all  removed,  even  to  the  extent  of 
trenching  upon  apparently  healthy  brain  tissue,  and  the 
directions  heretofore  given  that  freer  excision  may  be 
made  in  the  antero-posterior  direction  than  in  the  vertical 
(for  reasons  already  mentioned)  must  be  remembered. 
The  bone  should  not  be  replaced  in  a  large  piece,  if  by 
its  shajie.  or  for  any  other  reason,  it  would  cause  press- 
ure on  the  brain.  It  may  sometimes  be  replaced  to  ad- 
vantage after  dividing  it  into  small  pieces  by  the  chisel 
or  rongeur  forceps. 

In  those  ca.ses  in  which  the  lesion  lies  over  the  "latent 
zones,"  the  same  rule  as  that  given  above  would  apply  to 
the  excision  of  the  cutaneous  scar.  Should  this  not  eifect 
a  cure,  then  it  would  be  proper  to  operate.  What  .should 
be  done  would  dejiend  ui)on  what  was  found  to  exist  in 
the  brain,  and  any  tlamaged  brain  tissue  or  cyst  should  be 
excised  as  already  advised.  Occasionally,  after  accidents, 
primary  trephining  will  have  been  done,  yet  epilepsy  will 
develop  at  a  longer  or  shorter  time  after  healing.  In 
such  cases,  no  matter  where  the  scar  is  situated,  it  is  some- 
times wise  to  raise  the  flap  over  the  site  of  the  primary 
trephining  and  round  off  the  edges  of  the  bone,  and  to  ex- 
cise any  scar  in  the  dura  or  in  the  brain  which  may  have 
resulted  from  the  primary  traumatism,  or  from  any 
o|ieration  done  at  that  time.  Occasionally  some  benefit 
will  follow,  but  generally  the  result  will  only  be  a  tem- 
porary cessation  of  the  attacks. 

yoH-Tratimatic  Ejnlepsy. — First,  of  the  Jacksonian 
type.  So  far  as  our  limited  experience  goes,  it  seems 
probable  that  in  cases  of  distinct  Jacksonian  epilepsy  it 
is  proper  to  operate,  and  to  excise  the  centre  correspond- 
ing to  that  portion  of  the  body  which  is  involved.  The 
experience  of  Horsley  and  Macewen,  as  well  as  quite  a 
number  of  other  operators,  at  present  would  seem  to 
show  that  such  operations  at  least  do  no  harm,  and  in 
not  a  few  cases  they  have  resulted  in  apparent  recovery 
both  from  the  epilepsy  and  from  the  operation.  It  is  a 
matter  of  some  importance  also  that  if  we  operate  at  all, 
it  shall  be  as  early  as  possible,  before  the  "epileptic 
habit  "  has  been  established.  But  both  in  this  and  in  the 
non-Jacksonian  type,  it  is  of  the  vtmnst  importance  that 
the  fits  shall  hare  been  always  observed  by  a  competent,  and, 
if  possible,  a  trained  obserrer.  I  have  had  brought  to  me 
for  operation  a  large  number  of  cases  of  alleged  Jack- 
sonian epilepsy,  and  others  of  ordinary  epileptic  type,  in 
which  the  fits  were  said  to  be  limited  and  uniform  in  the 
point  of  beginning.  These  statements  have  been  in 
some  cases  the  result  of  the  patient's  knowledge,  but 
more  commonly  of  that  of  members  of  the  family  only. 
It  is  very  evident  that  persons  not  trained  to  exact  ob- 
servation, and  especially  those  persons  whose  affections 
are  involved,  and  whose  first  motive  would  be  to  aid  the 
patient  rather  than  to  observe  the  fit,  are,  as  a  rule,  in- 
competent observers.  Frequently,  after  placing  such 
persons  under  observation  in  hospital,  I  have  found  that 
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the  fits  had  not  been  at  all  correctly  described.  There- 
fore it  cannot  be  too  strongly  insisted  upon  that  accurate 
observations  shall  be  made  the  foundation  of  knowledge 
before  we  proceed  to  excise  any  brain  centre.  In  mak- 
ing these  observations,  not  only  should  the  observer  note 
all  the  phenomena  in  detail,  and  especially  the  muscles  in- 
volved— particularly  the  muscle  or  muscles  frst  involved 
(Seguin's  "signal  symptom") — and  the  "march"  of  the 
fit  (that  is,  the  progressive  involvement  of  one  muscle  or 
set  of  mtiscles  after  another),  but  the  dj'namometer 
should  be  used  as  soon  as  possible  after  the  fit  to  deter- 
mine whether  the  muscles  involved  in  the  fit  be  paretic. 

Such  operations  have  been  seriously  objected  to  on  the 
ground  of  subsequent  paralysis.  This  seems  to  me  not 
to  be  a  valid  objection.  To  exchange  epilepsy  for 
paralysis  would,  I  think,  be  a  choice  at  which  few  pa- 
tients would  hesitate.  It  must  also  be  remembered  that 
the  excision  of  a  centre  for  an  ordinary  group  of  mus- 
cles, though  it  be  followed  by  paralysis  which  may  even 
be  complete,  has  resulted  eventually  in  so  great  a  restora- 
tion of  power  as  to  convert  the  paralysis  into  only  moder- 
ate paresis,  probabl.v  through  the  compensative  action  of 
the  centre  on  the  opposite  side.  Thus,  in  the  third  case 
related  in  my  first  paper  already  referred  to,  in  which 
excision  of  the  wrist  centre  was  done,  the  patient  was 
entirely  paralj'zed  from  j\Iay  30,  1888,  till  early  in  July. 
Motion  began  to  return  at  this  time,  and  when  I  last  saw 
him,  in  the  middle  of  September,  1888.  he  had  so  far  re- 
gained control  of  his  hand  as  to  be  able  to  play  baseball. 
The  fits,  however,  had  persisted,  though  changed  in 
tj'pe,  there  being  now  but  few  severe  convulsions,  and 
only  a  moderate  number  of  attacks  of  petit  mal.  In  an- 
other case  in  which  I  excised  the  thumb  centre  the  hand 
and  arm  became  paralyzed  to  the  elbow.  This  rapidly 
disappeared,  and  in  a  few  weeks  the  patient  could  again 
sew  perfectly  well  and  the  dynamometer  showed  no  dif- 
ference in  the  muscular  power  of  the  two  thumbs. 

As  to  operative  procedure  in  these  cases,  it  is  impor- 
tant, first  of  all,  to  obtain  a  view  of  the  brain  sufliciently 
large  for  the  operator  to  be  able  to  recognize  the  con- 
volutions. Once  the  convolutions  are  exposed,  no  anti- 
septic solution  should  be  allowed  to  touch  them  until  the 
centre  sought  for  shall  have  been  well  defined  by  the 
battery.  Hot  water,  however,  may  be  used  to  check  the 
lili'cding.  As  soon  as  the  brain  is  uncovered  the  faradic 
current  should  be  emploved  by  means  of  my  double 
electrode  (Fig.  1033,  page"409). 

The  remainder  of  the  operative  procedure  is  as  de- 
scribed in  the  section  on  the  technique. 

Secondly,  in  cases  of  general  or  "  essential "  epilepsy 
experience  has  shown  that  it  is  better  to  refrain  from 
operation  as  a  rule. 

IN.IURIES  OF  THE  He.U). — Contusion. — In  any  case  of 
serious  contusion,  the  patient  should  at  once  be  put  to 
bed  on  light  diet,  and  the  bowels  and  general  hjgiene 
carefully  looked  to.  The  patient  should  then  be  closely 
watched,  and,  if  any  serious  symptoms  arise  indicating 
intracranial  mischief,  a  semicircular  flap  of  the  scalp 
should  be  raised  and  the  bone  inspected.  If  a  fracture 
of  the  bone  be  discovered  and  the  symptoms  are  at  all 
serious,  showing  that  inflammation  of  the  meninges  or 
of  the  brain  substance  has  set  in,  or  is  impending,  ex- 
ploratory trephining  must  be  done  at  once,  and  the^dura 
be  opened.  Even  if  no  fracture  exists,  if  the  symptoms 
are  those  of  encephalitis,  trephining  should  be  done.  It 
is  possible,  in  such  a  case,  either  that  a  piece  of  the  inner 
table  has  been  separated,  with  or  without  external  frac- 
ture, or  that  the  dura  has  been  ruptured  or  the  brain 
lacerated,  and  that  inflammation  with  exudation  has  be- 
gim.  Once  inflammation  with  its  attending  proliferation 
has  set  in,  it  is  essential  that  a  means  of  escape  for  the 
exudate  be  provided  for.  or  for  the  escape  of  pus  if  the 
inflammation  shall  have  proceeded  so  far.  In  other 
words,  we  should  treat  contusions  followed  by  serious 
symptoms  of  mischief  in  precisely  the  same  manner  that 
we  would  treat  them  in  any  other  part  of  the  body,  al- 
ways remembering  that  in  the  brain  it  is  impossible  for 
any  exudate  or  hemorrhage  to  find  its  way  to  the  sur- 


face without  surgical  assistance,  by  reason  of  the  bony 
case  in  which  it  is  retained.  Trephining  of  the  skull, 
therefore,  is  equivalent  only  to  incision  through  the  soft 
parts  down  to  the  seat  of  injury  in  any  other  part  of  the 
body.  In  many  cases  of  very  severe  contusion,  it  would 
be  iiroper  immediately  to  make  a  horsehoe  flap  in  order 
to  determine  the  question  of  fracture.  The  swelling  of 
the  scalp  is  often  so  thick  and  so  dense  that  in  some 
cases  it  is  extremely  difficult  to  ascertain  whether  a  fi-ac- 
ture  exists  or  not  without  such  an  incision.  It  is  all-im- 
portant to  know  this  fact,  and  especially  if  there  be  de- 
pression or  not,  so  that  the  proper  treatment  shall  be 
adopted.  Preventive  trephining,  in  many  of  these  cases, 
is  not  only  justifiable  but  demanded.  A  simple  incisioa 
through  the  scalp  is  of  itself  unattended  with  danger  in 
these  days  of  antiseptic  surgery.  It  may  be  objected 
that  if  a  simple  fracture  exists,  by  such  an  incision  we 
convert  it  into  a  compoimd  one;  but  the  position  taken 
bj'  Roberts  in  1885  is  certainly  the  correct  one,  that  such 
an  incision,  with  modern  surgical  methods,  adds  nothing 
to  the  danger,  and  is  the  only  method  by  which  we  can 
make  an  absolutely  certain  diagnosis  in  any  serious  case, 
and  so  enable  us  to  pursue  a  course  of  treatment  which 
will  diminish  or  avoid  the  danger. 

Should  there  be  motor  paralysis  without  any  decided 
loss  of  sensation,  there  is  almost  certainly  a  lesion  of  the 
cortex ;  but.  as  Ferrier  has  pointed  out,  if  sensation  is 
impaired  to  any  extent,  there  is  probably  a  lesion  of  the 
sensory  tracts  of  the  internal  capsule,  or  of  the  centres  to 
which  they  are  distributed. 

Even  after  recovery  from  a  severe  contusion  of  the 
head,  the  patient  should  be  carefully  watched  for  some 
months,  as  in  not  a  few  instances  abscesses,  cysts,  or 
epilepsy  has  developed  after  a  long  time.  One  case  in 
which  I  trephined,  a  month  after  an  exploratory  inci.sion 
of  the  scalp  alone  had  been  made,  was  most  instructive 
as  to  the  intracranial  effects  of  a  very  slight  extracranial 
traumatism.  In  enlarging  the  trephine  opening,  I  found 
that  the  dura  suddenly  became  remarkabl}'  adherent  to 
the  bone.  Inspection  showed  me  that  the  area  of  ad- 
hesion was  precisely  under  the  flap  of  the  first  operation. 
This  had  been  simply  the  raising  of  a  flap  of  scalp,  liad 
been  conducted  with  the  utmost  antiseptic  care,  and  had 
healed  without  incident  in  a  few  days;  yet  the  simple 
lifting  of  this  flap  had  been  felt  instantly  within  the 
cranium,  and  exhibited  itself  by  the  strong  adhesion  be- 
tween the  dura  and  the  bone.  A  severe  contusion, 
therefore,  it  can  easily  be  understood,  even  without 
fracture  of  the  bone,  might  set  up  such  inflammation  as 
would  ultimately  lead  to  suppuration,  to  the  formation 
of  a  cyst  or  a  tumor,  or  to  such  organic  changes  as  would 
be  followed  by  epileps)'.  Williams  has  reported  an  un- 
usual case  in  which  a  blow  on  the  forehead  produced  an 
abscess  which  discharged  through  the  nose. 

Compression  of  the  Brain. — In  1885,  in  a  paper  read 
before  the  American  Surgical  Association,  Roberts  in- 
sisted that  the  complexus  of  symptoms  passing  under 
the  title  of  "'  compression  of  the  brain  "  was  due  not  so 
much  to  compression  as  to  brain  laceration  and  inflam- 
mation. In  cases  of  encephalic  hemorrhage,  we  cer- 
tainly have  an  example  of  compression.  Apart  from 
this  catise,  and  probably  from  tumor  and  from  effusion, 
in  both  of  which,  however,  inflammation  has  a  large 
share,  I  certainly  would  agree  with  the  position  taken 
by  him.  A  blow  which  is  followed  by  symptoms  of 
compression,  when  it  is  sufficiently  serious  to  produce 
violence  to  the  membranes,  or  laceration  of  the  brain 
tissues,  is,  as  a  rule,  one  which  has  been  followed  by  in- 
flammation :  and  it  is  this  inflammation  with  its  exudate 
and  swelling  that  causes  the  mischief.  We  are  apt  to 
think  of  increased  intracranial  pressure  as  a  result  to  be 
looked  for  only  from  tumor,  abscess,  or  effusion  into  the 
ventricles.  But  it  is  certainly  reasonable  to  believe  that 
mere  inflammation  of  the  cranial  contents  will  be  at- 
tended by  swelling  as  in  other  tissues,  and  that  thereby 
the  intracranial  pressure  will  be  increased. 

An  experiment  by  Felizet  is  full  of  instruction.  He 
filled  a  skull  with  melted  paraftin,  and  after  this  had 
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cooled,  lie  let  the  skull  tall  from  a  moderate  height  to  the 
floor.  The  calvarium  was  then  removed.  No  fracture 
existed,  but  the  surface  of  the  paraffin  was  flattened  at 
the  point  corresponding  to  the  blow.  The  skull  had 
been  momentarily  depressed,  and  had  returned  again  to 
its  former  shajie  by  its  elastic  resiliency.  Undoubtedly 
the  same  occurs  in  the  l.irain,  and  no  such  momentary 
changes  of  form  from  violence,  even  though  followed  by 
a  restoration  of  the  organ  to  its  original  place,  can  have 
been  produced  without  more  or  less  laceration  of  the  brain 
tissue.  What  is  to  be  feared  is  that  inflammation  will 
take  place,  and  that  the  products  of  inflammation  will 
produce  symptoms  of  pressure.  Hence,  in  such  cases, 
I  would  trephine  for  the  same  reasons  as  are  given  under 
the  last  heatling,  if  similar  symptoms  arise. 

Scalp  Wounds  and  Ini'ii-us  of  the  Head. — In  every  case 
of  scalp  wound,  the  head  should  be  shaved  over  a  large 
area,  and  scrubbed  with  a  nail  brush  and  soap  and  water, 
followed  by  an  application  of  ether,  and  then  of  a  sub- 
limate solution.  The  scalp  should,  of  course,  by  this 
process  be  thoroughly  cleansed  from  all  dirt  and  foreign 
substances,  and  if  need  be  the  edges  of  the  wound  should 
be  trimmed  in  order  entirely  to  get  rid  of  the  dust  and 
dirt.  The  wound  may  now,  and  not  luitil  now.  be  ex- 
amined hy  a  probe  and  the  flnger.  both  of  which  must  be 
entirely  aseptic.  Should  the  injury  be  limited  to  the 
scalp  and  the  periosteum,  after  providing  for  drainage, 
the  wound  should  be  closed  and  dressed  antiseptically. 
But  should  the  skull  be  fractured,  it  should  be  treated  as 
described  below.  In  wounds  which  produce  a  crushing 
or  sloughing  of  the  scalp,  the  late  Dr.  William  Hunt  called 
my  attention  to  the  fact  that  the  depressed  scar  result- 
ing from  loss  of  scalp  tissue  only,  not  seldom  may  be  mis- 
taken for  an  old  depressed  fracture  of  the  skull — an  error 
he  had  known  to  be  made  by  more  than  one  good  surgeon. 
Simple  Fracture  »f  the  Sit/ll  wit/wut  Depression. — This 
is  often  exceedingly  difficult  to  diagnosticate.  One  of 
my  patients,  a  bright,  intelligent  fellow,  experimented 
on  his  own  head  tlii'  morning  after  a  fall  of  nine  feet,  by 
tapping  on  his  head  on  the  injured  side.  He  elicited  a 
"cracked-pot"  sound  which  did  not  exist  on  the  unin- 
jured side.  It  is  ]iossible  that  this  may  be  sometimes  of 
great  value  in  diagnosticating  simple  fracture  without 
depression.  If  the  fracture  be  simple  and  without  de- 
pression, and  without  cerebral  symptoms,  it  should  be 
treated  expectantly,  but  the  moment  that  there  are  any 
symptoms  of  encephalitis  the  trephine  should  be  used 
for  the  reasons  jireviously  stated.  Two  most  instructive 
cases  of  such  trejihining  are  reported  by  Heusner. 

Simple-  Fracture  irith  Depression. — In  simple  fracture 
with  depression  I  should  certainly  advise  immediate 
preventive  trephining,  even  if  there  be  no  sign  of  en- 

'  cephalic  mischief  present,  although  I  am  quite  aware 
that  many  conservative  surgeons  are  opposed  to  such 
radical  treatment.  As  already  stated,  the  conversion  of 
a  simjile  fracture  into  a  compound  one  is  at  present  at- 
tended with  no  seiious  risk.  It  must  be  remembered 
that  any  violence  sufficient  to  break  a  bone  and  to  de- 
press it  will  unquestionably  have  produced  some  lacera- 
tion of  the  brain  substance,  and  possibly  of  the  dura. 
In  addition  to  this,  as  the  inner  table  is  so  much  more 
easily  fractured  than  tltp  outer,  occasionally  a  fragment 
may  have  been  detached  and  driven  into  the  brain.  The 
immediate  dangers  arising  from  such  a  fragment  of  bone 
and  laceration  of  the  cerebral  tissues  and  membranes  are 
those  of  serious  inflammation,  and  if  the  products  of  in- 
flammation are  confined  within  the  skull,  without  possi- 
bility of  escape  by  drainage,  the  danger  is  a  serious  one. 
Even  should  the  patient  recover,  as  is  undoubtedly  often 

!  the  case,  the  numerous  instances  of  epilepsy  arising  from 
irritation  of  a  scar,  from  a  cyst,  or  from  secondary  de- 
generation are  so  great,  and  the  danger  of  trephining  so 
small,  that  but  little  choice  would  seem  to  exi.st. 

Compound  Fractures  of  the  Skull. — The  rule  in  such 
cases  should  be  always  to  explore  by  a  large  incision 

'    in   the    scalp.      Should    there    be    no    depression,    no 

'  strong  probability  of  separation  of  the  inner  table,  or  of 
serious  laceration  of  the  brain,  or  of  hemorrhage,  the 


wound  should  be  most  scrupulously  disinfected,  and, 
after  careful  antiseptic  dressing,  the  expectant  plan 
should  be  pursued.  Should  the  fracture  be  a  mere  linear 
fissure,  after  careful  disinfection,  if  the  fissure  be  at  all 
impregnated  with  hair,  dirt,  etc.,  the  soiled  edges  should 
be  carefully  chiselled  away  so  as  to  make  sure  that  we 
have  cleaned  them  of  all  infective  material;  for  it  is  in 
the  probable  infection  more  than  in  the  mere  fissured 
fracture  (apart  from  the  violence  of  the  accident)  that 
the  danger  of  encephalic  mischief  lies.  In  doing  this 
only  the  outer  table  need  be  cut  away.  An  antiseptic 
dressing  should  then  be  applied. 

But  if  depression  exists,  and  there  are  symptoms  which 
lead  us  to  believe  that  serious  injury  to  the  brain,  or 
fracture  of  the  inner  table,  or  hemorrhage  is  jjresent, 
preventive  trephining  should  be  done  at  once.  It  goes 
without  saying  that  a  large  area  of  the  scalp  should  be 
shaved  and  most  rigidly  disinfected  in  all  these  cases. 

Mr.  Mayo  Robson  has  reported  an  excellent  illustra- 
tion of  the  value  of  comparatively  early  trephining  in 
such  cases.  A  man  received  a  blow  on  the  left  side  of 
the  head  directly  over  the  arm  centre,  the  scalp  showing 
a  small  lacerated  wound.  The  right  arm  was  jiaralyzed, 
this  condition  being  attributed  by  the  surgeon  who"  first 
saw  him  onlv  to  bruising.  Later  rhythmic  epileptiform 
spasms  began  in  this  hand,  followed  by  facial  paresis, 
redema  of  the  left  optic  disc,  and  exaggerated  reflexes 
on  the  right  side.  Exploration  showed  a  de])ressed  frac- 
ture, and  trephining  saved  his  life.  The  twitchings  dis- 
appeared in  six  da.ys  after  the  operation.  Even  had  he 
recovered  without  operation  he  would  probably  have 
suffered  from  a  Jacksonian  e])ilc]isy. 

In  a  case  of  extensive  comjiound  fracture  of  the  oc- 
ciput, so  early  as  1810,  Hutchison  boldly  anticipated 
modern  surgery  with  the  happiest  results.  The  patient 
had  fallen  thirty  feet  and  fractured  the  occiput,  the  frac- 
ture extending  into  the  foramen  magnum,  as  ]U'oved  at 
the  operation.  He  was  trephined  at  once,  and,  to  the 
embarrassment  of  the  surgeon,  the  dura  bulged  beyond 
the  outer  surface  of  the  bone,  and  l)y  its  elasticity  showed 
that  there  was  an  extravasation  of  blood  beneath  it.  The 
next  day  this  was  incised,  the  blood  evacuated,  and,  after 
a  tedious  illness  from  a  supjjuration  that  would  now  hap- 
pily be  conspicuous  by  its  absence,  the  patient  recovered. 

In  Punctured  Wounds  of  the  Brain,  which  are  of  course 
always  compound  fractures  of  the  most  dangerous  char- 
acter, the  rule  should  be  absolute  to  trephine  at  once, 
whether  there  be  brain  symptoms  or  not.  The  almost 
certain  danger  of  septic  inflammation,  and  the  need  both 
for  immediate  provision  for  drainage  and  for  antiseptic 
cleansing  of  the  wound,  render  immediate  trephining 
imperative,  just  as  incision,  cleansing,  and  drainage  of 
a  similar  wound  in  the  soft  tissues  is  the  rule.  No  better 
illustration  could  be  given  than  that  of  a  case  reported 
by  Ball  in  which  a  man  was  struck  on  the  left  temple 
with  a  pen-knife.  The  wound  was  not  considered  serious 
enough  to  warrant  his  admission  to  the  hospital  where 
he  first  applied.  Ten  days  later  aphasia,  word  blindness, 
and  word  deafness  set  in,  without  paralysis.  Five  days 
later  he  was  trephined.  The  knife  blade  had  penetrated 
the  dura  and  wounded  the  brain.  A  clot  was  removed 
and  drainage  provided  for.  The  next  day  his  aphasia 
recurred,  but  disappeared  after  the  blocked  drainage 
tube  was  made  pervious  and  further  clots  removed.  An 
excellent  recovery  followed. 

Wagner  states  that  in  81  cases  of  complicated  various 
fractures  of  the  skull /resAZy  treated  as  above  advocated, 
the  death  rate  was  only  1.23  per  cent. ;  whereas  in  13 
such,  tresiteA  secondarily .  the  mortality  was  33.5  per  cent. 
No  better  commentary  could  be  made. 

Gunshot  Wounds. — The  experience  of  the  last  fifteen 
years  in  cerebral  surgery  has  revolutionized  the  treat- 
ment of  gunshot  wounds  of  the  brain.  The  application 
of  antiseptic  methods  to  the  treatment  of  brain  injuries, 
the  consequent  boldness  with  which  we  operate  on  the 
brain  and  its  membranes,  the  introduction  of  the  gravity 
probe  and  the  making  of  counter  openings  by  the  tre- 
phine, both  to  search  for  the  bullet  and  for  drainage, 
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are  the  chief  points  in  which  recent  practice 
differs  from  the  old. 

The  cardinal  principles  to  be  applied  to  gun- 
shot wounds  may  be  stated  as  follows:  First, 
the  scalp  should  be  shaved  over  a  large  area 
aroimd  the  wound  or  wounds,  or,  better  still. 
over  the  whole  head. 

Secondly,  the  entire  wound  should  be  disin- 
fected, from  the  wound  of  entrance  all  the  way 
to  the  wound  of  exit,  or  to  the  site  of  the  ball, 
if  the  missile  has  not  escaped. 

Thirdly,  if  hemorrhage  has  taken  place, 
either  the  wound  of  entrance  or  the  wound  of 
exit,  or  both,  sliould  be  freely  enlarged  by  the 
bone  forceps  or  by  the  trephine,  and  the  ves- 
sels secured  by  catgut  ligatures,  or,  in  rare 
cases,  be  controlled  by  pressure  or  by  haemo- 
static forceps. 

Fourthly,  the  bullet  or  other  missile  should, 
if  possible,  be  removed,  if  need  be,  by  a  sec- 
ond trephine  opening. 

Fifthly,  absolute  free  drainage  should  be 
secured,  again,  if  need  be,  by  a  counter  tre- 
phine opening,  even  if  the  drainage  tube 
should  have  to  traverse  the  entire  brain. 

Sixthly,  antiseptic  or  aseptic  dressings  should 
be  ai^plied.  and  the  subsequent  treatment  of  the 
case  be  conducted  on  general  principles. 

The  admirable  cases  of  Fenger  and  Lee, 
Pluhrer,  Nancrede,  Bryant,  and  many  others 
since  have  proved  conclusively  the  truth  of 
the  above  maxims,  and  future  wars  will  tell  as 
different  a  story  in  cases  of  penetrating  wounds 
of  the  head  as  they  will  in  penetrating  wounds 
of  the  abdomen. 

Of  the  above  points  several  have  already 
been  considered.  The  removal  of  the  hall  has 
alwaj'S  been  one  of  the  chief  difficulties  in  cases 
of  gun.shot  wounds.  Fluhrer,  in  tlie  brilliant 
article  alluded  to,  however,  showed  a  new 
method,  which  is  of  great  importance.  The 
wound  having  been  suitably  di,sinfected,  to 
gether  witli.  of  course,  the  hands  of  tlie  opera- 
tor and  the  instruments,  etc..  the  head  of  tlic 
patient  is  so  placed  that  the  probable  direction 
of  the  ball  will  be  vertical.  Tlie  gravity  probe 
of  Fluhrer,  made  of  aluminum,  with  large  con- 


ical ends,  is  now  introduced  by  its  larger  end.  This 
probe  is  so  light  that  it  will  not  force  its  large  end  into 
the  brain  substance,  and  so  produce  a  false  passage,  but 
by  its  own  weight  will  follow  the  track  of  the  ball,  if 
this  be  made  vertical.  If  the  ball  be  within  easy  reach 
it  may  be  extracted  by  the  ordinary  methods;  if,  how- 
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,  Lines  converging  on  the  opposite  side  of  the  head ; 
d,  point  at  which  to  trephine. 


Fig.  1029.— n,  The  extra-cerebral  portion  of  the  prohe ;  6,  the  line  taken 
by  the  probe  through  the  brain ;  c,  c,  c,  c,  lines  placed  in  the  direc- 
tion of  the  probe  with  the  aid  of  a  string. 


ever,  as  shown  by  the  probe,  it  has  penetrated  so  far  as 
to  be  more  accessible  from  the  opposite  side  of  the  skull, 
unless  important  centres  lie  in  the  way  a  cotmter  open- 
ing should  be  made  on  the  opposite  side  of  the  skull  at 
the  point  at  which  the  probe  would  emerge  if  pushed 
through.  The  proper  point  for  the  counter  opening  can 
be  best  located  by  the  point  of  intersection  of  the  lines 
determined  in  various  planes  by  the  method  described  by 
Bryant.  Figs.  1(129  and  1030  show  the  method  plainly. 
Before  the  probe  has  been  introduced  in  the  search  for 
the  ball  its  length  should  be  measured.  If,  then,  it  im- 
pinges against  the  ball,  by  measuiing  the  protruding 
part  of  the  probe  the  difference  in  the  two  measurements 
will  give  the  depth  at  which  the  ball  lies.  Pushing  the 
probe  through  to  the  counter  opening,  and  again  meas- 
uiing the  part  protruding  from  the  original  opening, 
we  ascertain  the  depth  at  which  the  ball  lies  from  the 
counter  opening.  The  probe  is  now  to  be  carried  en- 
tirely tlirougli  the  counter  opening  and  two  strands  of 
antiseptic  silk  are  attached  to  its  extremitv.  and  on  with- 
drawal of  the  probe  tlie  strands  of  silk  will  lie  in  tlie 
track  of  tlie  wound.  To  one  of  these  is  now  attached  a 
No.  9  (French)  gum  catheter,  which  should  be  new  and 
carefully  disinfected,  especially  in  its  interior, 
and  within  it  should  be  a  disinfected  straight 
stylet  in  order  to  give  it  rigidity.  The  stylet 
being  eushcathed  by  the  catheter  will  not  mis- 
lead by  its  metallic  sound  or  feci  in  the  search 
for  the  nic'tal  ball.  A  pair  of  forceps  is  now 
tethered  to  the  catheter  by  a  loop  of  silk  round  one  of 
its  arms,  and  the  ball  is  searched  for  at  its  known  depth, 
above,  then  below,  then  to  the  right,  and  lastly,  to  the 
left  of  the  catheter  guide.  Between  searching  in  any 
one  direction  and  the  following  one  the  forceps  should 
be  entirely  withdrawn  and  reintroduced  so  as  not  to 
swing  around  the  catheter  and  thereby,  perhaps,  injure 
tlie  brain  sulistance  unnecessarily.  In  case  the  ball  has 
struck  tiic  opposite  side  of  the  cranium,  as  in  Fluhrer's 
case,  it  will  have  rebounded  in  the  direction  determined 
by  two  influences:  first,  the  natural  angle  of  reflection, 
which  will  probably  be  about  equal  to  the  angle  of  in- 
cidence ;  and  secondly,  the  influence  exerted  by  gravity. 
A  counter  opening  having  been  made,  the  wound  in  the 
meninges  made  by  the  ball  in  impinging  on  the  opposite 
wall  of  the  skull  should  be  sought  for,  and  from  this,  as 
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a  new  point  of  departure,  a  new  search  maj-  be  made  in 
the  same  manner  as  above  with  the  gravity  probe.  An- 
other instnunent  may  be  used,  also,  in  determining  the 
site  of  the  ball.  It  is  the  very  ingenious  invention  of 
Dr.  Girdner.  The  "telephonic  probe,"  if  it  touch  the 
ball,  will  indicate  it  by  a  grating  sound,  a  soiuid  which 
is  not  produced  if  it  touch  any  other  than  a  metallic 
substance. 

By  the  second  strand  of  silk  a  drainage  tube  may  now 
be  drawn  entirely  through  the  wound. 

Until  recently  missiles  that  lodged  in  the  brain  were 
allowed  to  remain  there  unless  easily  accessible,  under 
the  impression  that  meddling  with  the  brain  with  a  view 
of  removing  anything  that  may  have  lodged  was  entirely 
nnwairanlable.  This,  we  now  know,  is  an  error.  The 
missile  sjicmld  in  all  eases  be  removed  if  accessible.  Dr. 
Wharton  has  presented  the  analyses  of  316  cases  in  which 
foreign  bodies  were  lodged  in  the  brain.  As  a  result  of 
this  investigation,  in  106  cases  in  which  removal  was 
effected,  34  (32  per  cent.)  died.  Of  the  much  larger 
number,  210.  in  which  the  missile  was  not  removed,  122 
(.i8. 1  per  cent.)  died,  and  of  those  who  lived  10  died  from 
the  ultimate  effects  of  the  ball,  and  many  of  the  others 
suffered  from  epilepsy  and  physical  and  mental  deteri- 
oration. 

Arnold,  at  the  request  of  Bryant  (loc.  cit.).  investigated 
very  carefully  140  cases,  and  found  that  of  the  8o  cases 
in  which  the  missiles  escaped  primarily,  or  were  re- 
moved, 38  (44.7  per  cent.)  died.  Of  the  55  in  which  the 
missile  was  not  reivioved,  32  (58.2  per  cent.)  died,  giving 
nearly  the  same  result  as  Wharton's  tables. 

If  the  bullet  has  not  escaped,  and  cannot  be  found  or 
removed  din-ctly,  or  by  a  counter  oi>ening,  tlie  wound 
should  be  carefully  disinfected  and  thorough  drainage 
should  be  seciuvd  by  a  rubber  tube  carried  to  the  entire 
depth  of  the  wound.  If,  however,  a  .second  oiiening 
has  been  made,  tlie  drainage  tube  shoidd  be  carried  en- 
tirely through  the  track  of  the  wound. 

Drainage  should  be  ke]it  free  and  thorough,  and  anti- 
sep.sis  secured  by  gentle  syringing  with  sterile  salt 
solution,  but  it  should  be  done  with  great  gentleness. 

Fi!.\C"niUi:  of  the  B.\se  of  the  Skvm.. — Besides  the 
ordinary  dangers  from  fracture  of  the  vault  of  the  skull, 
we  have  at  the  base  another  danger  of  great  impoitance, 
that  does  not  at  tirst  glance  seem  to  be  present,  viz., 
probalile  and  insidious  communication  with  the  external 
air,  and,  as  a  result  of  it,  .septic  infection  that  is  apt  to 
be  overlooked.  This  communication  with  the  outer  air 
may  take  jilace  through  the  ear,  the  nose,  the  mouth,  or 
the  roof  of  the  orbit. 

Fracture  of  the  occipital  bone,  involving  the  base  of 
the  skull,  should  be  dealt  with,  of  course,  as  in  the  case 
of  fracture  of  the  vault. 

Heretofore  fracture  of  the  base  has  been  excessively 
fatal,  and  it  is  a  remarkable  fact  in  cerebral  surgery  tliat 
Wagner,  in  the  lecture  already  referred  to  (page  421), 
states  that  in  twenty-three  cases  of  fracture  of  the  base 
that  survived  the  first  fortv-eight  hours  (that  is  to  saj", 
those  which  did  not  die  from  the  severe  primary  vio- 
lence), every  erne  of  them  recovered.* 

If  the  communication  with  the  air  be  througli  the  ear, 
as  shown  by  escape  of  the  cerebro-spinal  fluid,  the  tirst 
thing  to  do  is  most  carefully  to  disinfect  the  ear,  after 
having  removed  all  of  the  wax,  dirt,  etc.,  within  it. 
This  disinfection  .should  extend  to  all  the  hollows  in  the 
external  ear  and  the  surrounding  scalp,  which  last  should 
be  shaved.  The -ear  should  next  be  well  washed  out 
with  boric  acid  solution,  and  the  ear  and  scalp  should 
then  be  covered  with  sublimate  gauze. 

Should  the  fracture  of  the  base  involve  the  roof  of  the 
orbit  and  not  conuuunicate  with  the  external  air,  of 
course  it  sliould  be  treated  as  a  simple  fracture  without 
operative  measures,  unless  the  subsequent  history  should 
demand  it.  But  should  such  a  fracture  be  caused  by  an 
umbrella  rib,  a  splinter  of  wood,  a  pair  of  scissors,  or 

*  It  is  impossible,  however,  on  the  mere  ipse  dtrit  of  Waener,  to 
.  accept  the  diatrnosis  of  all  tliese  cases  as  undoubted  fractures  of  the 
base,  without  detailed  histories. 


other  such  vulnerating  body,  then  the  whole  region 
about  the  orbit  should  be  carefully  disinfected.  After 
disinfection  by  bichloride  solution  (1  to  1,000)  the  normal 
salt  solution  should  be  used.  An  incision  should  then 
be  made  in  the  line  of  the  eyebrow,  in  order  to  hide  the 
subsequent  scar,  the  lid  drawn  down,  the  track  of  the 
wotmd  carefully  disinfected,  and  a  considei'able  opening 
made  in  the  roof  of  the  orbit  by  a  .gouge  or  chisel,  ratlier 
than  by  a  ti'ephine.  If  the  bi'ain  itself  has  been  injured, 
the  dui'a  should  lie  opened,  and  the  track  of  the  wound 
again  di.sinfected.  Thoiough  free  drainage  should  be 
provided  for,  and  the  wound  treated  as  usual. 

Should  the  fracture  involve  the  nose,  the  .same  prin- 
ciple would  apply,  viz.,  thorough  disinfection  and  free 
di'ainage.  Ti'ephining  hei'e  should  be  thiough  the  track 
of  the  pxteiior  wound,  if  it  involve  the  base  of  the  nose 
or  lower  forehead.  If  the  vulnerating  body  has  passed 
through  one  nostril,  of  course  the  nostril  should  be  tirst 
washed  clean  and  then  disinfected  with  boiic  acid  and 
salt  solution,  and,  after  trephining,  the  .same  acid  sliould 
be  thoroughly  insutflated  into  the  nostril,  both  fi'om  be- 
low and  by  wav  of  the  trephine  opening.  The  trephin- 
ing would  jirobably  be  done  best  just  above  the  i-oot  of 
the  nos<'.  and  would,  rmfoitunately.  involve  the  frontal 
sinus,  which  should  always  be  avoided  if  possible.  But 
the  great  danger  from  want  of  drainage  must  overcome 
every  objection  of  a  minor  character.  The  frontal  sinus, 
as  well  as  the  wound,  should  be  disinfected,  tlierefore, 
with  great  care,  and  tlie  same  drainage  and  dressing  be 
applied  as  heretofore  recommeiiiled.  In  order  to  |ue vent 
the  passage  of  infective  air  through  the  nose,  both  from 
without  and  from  the  lung.s,  it  would  he  well  to  plug 
up  both  anterior  uares  with  a  moderate  tampon  of  steril- 
ized cotton  for  the  first  three  days  at  least,  A  tampon 
in  the  anterior  nares  would  nearly  jireveut  any  current 
of  air  through  the  nose,  even  from  behind.  In  children 
it  is  to  be  remembered  that  the  frontal  sinus  is  very 
small  and  ill  developed. 

InTI!ACR.\NI.\I.   IlEMORIiH.XGE,    ESPEC'I.\I,I-Y   FROM   THE 

^Middle  Me.ninge.\l  Auterv. — Three  papers  published 
some  years  ago  practically  settled  the  tiuestion  of  the 
treatment  of  hemorrhage  from  the  middle  meningeal  ar- 
tery (Wiesmanu,  Deutsche  Zeitschr.  f.  Gfiir.,  Bd.  xxi.  and 
xxii.,  1885;  .Tacobson,  "Guy's  Hospital  Reports,"  1886, 
vol.  xliii. ;  and  Kronlein  in  the  tirst  journal,  Bd.  xxiii., 
Heft  3  and  4,  1886). 

The  violence  that  may  rupture  the  middle  meningeal 
is  but  slight  in  some  cases :  so  slight,  indeed,  as  even  to 
leave  no  mark.  A  fracture  may  exist,  but  it  may  be  so 
small  as  not  to  be  recognizable  b}'  the  touch,  and  barely 
by  sight.  In  a  number  of  cases  there  will  be  no  frac- 
ture whatever.  Stokes  reports  a  case  which  is  a  model 
of  diagnosis  and  treatment,  in  which,  after  only  a  bruise, 
trephining  evacuated  a  clot  an  inch  and  a  half  thick, 
followed  by  immediate  relief  to  the  ])aralysis,  and  speedy 
recovery.  Jaeobsou  {loe.  cit. )  reports  four  cases  out  of 
seventy,  of  such  hemorrhage,  in  which  no  fracture  ex- 
isted. A  number  of  other  cases  have  since  been  re])orted. 
In  some,  of  course,  the  fracture  will  be  both  visible  and 
palpable,  not  only  over  the  vault  but  also  at  the  base  of 
the  skull.  Either  the  trunk  or  the  branches  may  be 
ruptured.  Of  the  seventy  cases  tabulated  by  .Tacobson, 
in  two  certainly,  and  in  four  others  probably,  the  trunk 
was  injured;  but  the  divisions  beyond  the  trunk  are  the 
site  of  the  lesion  more  commonly  than  is  the  main  trunk 
itself. 

The  adhesions  of  the  dura  to  the  skull,  it  should  be 
remembered,  while  in  general  very  strong,  are  very 
slight  in  the  area  of  the  middle  meningeal,  as  pointed 
out  by  Tillaux,  and  so  favor  hemorrhage. 

The  symptoms  of  the  greatest  value  are;  First,  an 
interval  "of  consciousness  between  the  accident  and  the 
appearance  of  serious  symptoms.  This  interval  of  con- 
sciousness is  of  the  greatest  importance,  and  probably  is 
worth  all  of  the  other  symptoms  put  together.  It  is  due 
to  the  fact  that  it  takes  a  certain  amount  of  time  for 
sufficient  blood  to  escape  to  produce  unconsciousness 
from  pressure.     It  was  present  in  two-thirds  of  Jacob- 
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son's  cases.  If  the  main  trunk  be  injured,  or  one  of  its 
larger  branches,  and  the  blood  poured  out  rapidlj-,  this 
interval  will  be  very  brief,  and  coma  and  death  will 
quickly  supervene.  It  may  even  be  absent,  the  second- 
ary coina  setting  in  before  the  primary  unconsciousness 
has  disappeared.     But  not  uncommonly  it  will  last  for 


Fig.  1031.— Clot  In  Hemorrhage  from  the  Middle  Meningeal  Artery. 
(Jacobsou.i 

some  hours,  or  occasionally  even  for  days.  But  even  if 
brief,  its  possible  existence  should  always  be  inquired 
into,  and  if  present  the  other  signs  of  intracranial  hemor- 
rhage should  be  looked-for  with  care.  Secondly,  there 
is  hemiplegia  on  the  side  opposite  to  the  hemorrhage. 
This  may  be  progressive,  the  hemiplegia  extending  from 
one  portion  of  the  body  to  another,  as  the  extending  clot 
presses  upon  one  cortical  centre  after  another;  as,  for 
example,  if  the  clot  be  effused  over  the  face  centre,  the 
face  muscles  will  be  paral3'zed  first,  and  as  the  blood 
clot  extends  upward  over  the  arm  centre,  paralysis  of 
the  arm  will  follow.  vSuch  extension  is  extremely  sig- 
nificant. The  paralysis,  however,  may  exist  on  the 
samf,  side  as  the  injury,  if  the  artery  has  been  ruptured 
on  the  side  opposite  to  the  injury,  as  has  not  infrequently 
happened.  Clark,  in  just  such  a  case,  trephined  on  the 
same  side  as  the  injury  and  the  paralysis,  and  lost  his 
patient,  who  had  a  clot  in  the  side  opposite  to  that  of 
the  injury.  Sometimes,  though  rarely,  both  arteries 
may  be  ruptured,  as  in  the  remarkable  cases  of  Hill 
(Cases  18  and  19,  Jacobson's  paper).  If  there  be  no 
paralysis,  the  dilated  and  immobile  pupil  on  the  side  of 
the  clot  may  assist  the  diagnosis.  This  was  the  only 
diagnostic  sign  in  one  of  my  cases.  Thirdly,  the  pulse 
becomes  frequent.  Fourthly,  the  respiration  becomes 
slow  and  stertorous.  Fifthly,  if  the  clot  extends  toward 
the  base,  the  pupil  on  the  side  of  the  clot  will  be  dilated 
and  immobile,  and  if  the  clot  be  on  the  left  side,  aphasia 
also  will  take  place.  Sixthly,  the  temperature  will 
probably  rise,  it  may  be  quite  rapidly,  and  up  to  101°- 
103°,  or  even  104°  F.,  especially  on  the  side  opposite  to 
that  of  the  clot,  according  to  Horsley. 

The  importance  of  operative  treatment  Is  best  shown 
by  Wiesmann.  Of  147  cases  treated  expectantly,  131 
died  (89.1  per  cent.);  of  110  cases  treated  actively,  only 
36  died  (33.7  per  cent.) !  Besides  this,  in  the  majority  of 
these  cases  ending  fatally  after  operation,  the  u-tmai- 
sation  was  not  reached,  and  the  clot  therefore  teas  not  re- 
moved. When,  therefore,  any  of  the  above  symptoms 
are  present  in  a  case  showing  a  reasonable  ground  for 
believing  that  the  middle  meningeal  or  its  branches 
have  been  ruptured,  even  though  some  dotibt  exist,  the 
skull  sh(.)uUl  be  treiihined. 

As  to  which  side  of  the  skull  should  be  operated  upon, 
we  should  be  guided  b_v  the  localizing  symptoms  rather 
than  by  the  site  of  the  injury.  Kronreiii  (Fig.  1032)  tre- 
phined four  cases  of  rupture  of  the  middle  meningeal, 
and  in  two  of  them  removed  the  clot,  and  the  patients 
recovered.  In  the  other  two  he  failed  to  find  it,  and 
both  patients  died.  He  states  that  in  by  far  the  greatest 
number  of  cases  the  clot  will  be  best  reached  by  trephin- 


ing at  a  point  one  inch  behind  the  external  angular  proc- 
ess of  the  frontal  bone,  at  the  level  of  the  upper  border 
of  the  orbit.  Should  this  not  reach  the  clot,  he  strongly 
urges  that  another  tiephine  opening  be  made  just  below 
the  parietal  boss  on  the  same  level  as  the  former.  By 
not  making  this  last  opening  he  lost  the  two  patients 
alluded  to.  By  the  anterior  opening  access  is  had  to  the 
main  tiunkand  the  anterior  branch  of  the  middle  menin- 
geal, and  by  the  posterior  to  its  posterior  branch.  As 
in  not  a  few  cases  there  will  be  doubt  as  to  whether 
the  rupture  is  in  the  anterior  branch  or  titrnk,  or,  on  the 
other  hand,  in  the  posterior  branch,  the  need  for 
the  second  opening,  in  case  the  first  does  not  disclose 
the  clot,  is  apparent.  Having  made  one  or  both  of  these 
openings,  the  clot  should  be  removed,  and  either  open- 
ing, if  necessary,  enlarged  by  the  rongeur  forceps  in 
order  to  obtain  access  to  it.  If  the  pupil  be  widely 
dilated,  showing  that  the  clot  has  extended  downward 
toward  the  base,  the  trephine  should  be  applied  about 
half  an  inch  below  the  level  of  the  upper  border  of  the 
orbit,  rather  than  at  its  level. 

Should  the  middle  cerebral  artery  be  wounded,  it  must 
be  secured  by  ligature.  The  diiferential  diagnosis  can- 
not be  made  at  present  between  hemorrhage  from  the 
middle  meningeal  and  that  from  the  middle  cerebral; 
hence  the  discovery  that  the  middle  cerebral  is  wounded 
would  follow  a  trephining  at  the  point  already  indicated 
for  the  meningeal — viz.,  an  inch  behind  the  external  an- 
gular process.  If  the  bleeding  point  on  the  middle  cere- 
bral be  not  accessible  here,  as  the  artery  lies  in  the  fis- 
sure of  Sylvius,  the  trephine  opening  should  be  enlarged 
by  the  rongeur  forceps,  upward  and  backward,  in  the 
line  of  the  fissure,  i.e.,  in  the  direction  of  the  parietal 
eminence. 

The  clot  cavity  should  be  washed  out,  after  the  hemor- 
rhage has  been  controlled,  by  normal  Siilt  solution. 
Drainage  should  be  carefully  provided  for,  and  the 
wound  dressed  in  the  usual  way.  Weir,  in  Jlay,  1885, 
was  the  first,  I  believe,  to  propose  that  in  case  the  first 
trephine  opening  would  not  answer  well  for  drainage, 


Fig.  1032.— Site  of  Trephine  Opening  to  Reach  Clot  in  Hemorrhage 
from  Middle  Meningeal  Artery.  (After  KrOnlein.)  a,  h.  Horizontal 
line  through  the  audit*)ry  meatus ;  c,  d,  line  passing  thn  "ueh  the 
eyebrows :  c ,  /,  vertieal  line  3  or  4  cm.  behind  the  external  angu- 
lar prcv-pss ;  g.  h,  line  pa.«sing  through  the  pi:>sterior  border  of  the 
mastoid  imxvss :  A.  the  point  where  tlie  anterior  branch  of  the  mid- 
dle incoiiiLn-u!  artery  can  be  reached ;  and  B,  the  point  where  the 
p«isteri(>r  branch  of  the  same  artery  can  be  reached.  (Esmarch  and 
Kowalzig.) 

a  second  one  should  immediately  be  made.  In  doing  so, 
not  only  must  the  position  of  the  clot  be  remembered, 
but  the  second  trephine  opening  should  be  made  also  in 
such  a  position  as  to  favor  drainage  in  the  recumbent 
posture.  As  a  secondary  measure,  it  was  done  by  Noyes 
as  early  as  1882,  and  later  by  many  others. 

Under  the  head  of  hemorrhage  should  be  mentioned, 
also,  a  remarkable  and  instructive  case,  reported  by  Dr. 
T.  Grainger  Stewart  and  Mr.  Annandale,  of  traumatic 
pachymeningitis  interna,  accompanied  by  hemorrhage. 
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In  consequence  of  a  fall  on  the  occiput,  without  visible 
lesion  of  the  skull  or  scalp,  in  two  months  there  were 
gradually  developing  vertigo  and  frontal  pain,  increas- 
ing optic  neuritis,  graduafly  developing  stupor,  right 
hemiplegia  and  aphasia,  with  subsequent  normal  tem- 
perature^ Aunandale  trephined  over  Broca's  convolu- 
tion, and  found  under  the  dura  a  space  extending  three 
inches  behind  and  two  inches  in  front  of  the  trephine 
opening,  which  was  filled  with  brownish-red  tluid. 
Temporary  im]3rnvcment  occurred,  but  the  patient  died 
five  days  later.  The  autopsy  showed  intlanmiatiou  of 
the  cerebellum,  difl'used  lepto-  and  pachymeningitis, 
with  hemorrhage  of  the  cerebrum  on  both  sides  and  red 
softening  on  the  left  side.  This  was  evidently  of  inflam- 
matory origin,  and  it  is  not  improbable  that  in  sucli  a 
case  as  this,  and  in  those  of  serous  apoplexy,  very  early 
trephining  might  result  far  differently. 

Ceci  (quoted  by  von  Bergmann.  loc.  cit. ,  p.  112)  also  has 
reported  a  case  of  chronic  hemorrhagic  pachymeningitis, 
the  result  of  a  blow,  in  which  palsy,  incontinence,  and 
coma  were  present.  He  trephined  over  two  months  after 
the  accident,  evacuated  the  blood,  and  his  patient  re- 
covered and  regained  all  the  motor  functions  except 
those  of  the  left  hand  (slight  paresis)._ 

In  tlie  Bn'tish  Midiniljounuil.  March  2d,  1889,  Spencer 
and  Horsley  reiiort  some  remarkable  experiments  on  the 
possibility  "of  controlling  hemorrhage  from  the  middle 
cerebral  artery  and  its  branches  by  pressure  on  the  caro- 
tid. The  ingravescent  form  of  apoplexy  from  such  a 
rupture,  impending  apoplexy  from  intense  cerebral  con- 
gestion, and  some  of  the  severer  congestive  headaches 
may  possibly  prove  capable  of  relief  by  this  means.  The 
reader  must  consult  the  original  paper  for  the  grotmds 
upon  which  their  conclusions  are  based.  I  have  operated 
on  two  such  cases  and  saved  one. 

Invetehate  HE.vD.\cnE. — Horsley  (Case  7  of  his  table) 
and  von  Bergmann  (loc.  cit.,  p.  113)  have  published  two 
cases  of  relief  of  fixed  and  excessively  severe  localized 
headache  by  operative  interference.  In  Horsley 's  case 
he  trephined  at  the  seat  of  pain  and  removed  a  piece  of 
the  parietal  bone,  the  inner  table  of  which  had  been  jier- 
forated  and  was  being  eroded  by  a  Pacchionian  liody. 
Relief  from  pain  had  continued  for  five  months  after  the 
operation. 

In  von  Bergmann's  case,  after  all  ordinary  means  had 
been  exhaust'ed,  the  bone  was  exposed.  Its  color  was 
dark  and  purplish,  as  if  extravasated  blood  were  seen 
through  it.  It  was  greatly  thinned,  so  that  he  was  able 
to  cut  it  with  his  scalpel.  A  quantity  of  tea-like  dark 
blood  escaped,  and  the  pulsating  dura  was  seen  beneath. 
Six  months  before  the  operation  a  stone  had  struck  the 
patient  on  the  head,  without,  however,  wounding  the 
skin.  This  had  been  followed  b_v  considerable  localized 
swelling,  and  the  headaches  began  some  weeks  after  the 
injury.  As  soon  as  lie  recovered  from  the  effects  of  the 
ansesthetic  his  headache  was  gone,  and  the  relief  had 
continued  for  certainly  three  years.  I  have  operated  on 
four  such  cases  with  resulting  cure  in  three. 

Such  operations  seem,  therefore,  to  be  entirely  justifi- 
able in  view  of  the  very  small  risk  to  life  from  trephin- 
ing ;  provided,  of  course,  that  the  headache  be  really  so 
constant  and  severe  as  to  justify  a  reasonable  risk,  and 
that  all  suitable  medical  means  have  been  faithfully  and 
ineffectually  tried.  Very  probably  simple  trephining 
without  opening  the  dura  may  be  all  that  is  necessary 
to  effect  the  cure.  In  cases  of  suspected  syphilis,  the 
iodides  should  be  pushed  on  the  American  plan,  if 
necessary,  up  to  half  an  ounce  a  day,  before  a  decision 
in  favor  of  operation  can  properly  be  made.  Just  such 
a  persistent,  severe  headache  (of  syphilitic  origin)  has 
recentlj'  been  under  my  care,  and  has  in  this  way  been 
cured,  and  an  operation  avoided ;  less  than  three  drachms 
a  day,  it  was  found,  did  absolutel.y  no  good. 

Mental  Disturbances. — Macewen  has  reported  a  re- 
markable case  of  this  kind.  The  man  had  received  an 
injury  a  year  previously,  and  was  suffering  from  melan- 
cholia, with  homicidal  tendencies.  These  were  attended 
by  paro.xysms   of  pain,  which  were  not  well   located. 


There  were  no  motor  phenomena,  but  it  was  discovered 
that  immediately  after  the  accident,  for  two  weeks,  he 
had  suffered  from  psychical  blindness.  He  could  see, 
but  what  he  saw  conveyed  no  impression  to  him.  He 
recognized  his  New  Testament  by  touching  its  smooth 
leather  cover  with  tlie  deep  indented  letters  on  the  back, 
but  on  opening  it  the  printed  words  were  unknown 
symbols  to  him.  At  the  operation  the  angular  gyrus 
was  exposed,  and  it  was  found  that  a  portion  of  the  inner 
table  had  been  detached  and  had  pr(nluced  pressure  on 
the  posterior  portion  of  the  supramarginal  convolution, 
while  a  corner  of  it  lay  embedded  in  the  anterior  portion 
of  the  angular  gyrus.  The  bone  was  removed  from  the 
brain  and  replaced  in  its  proper  position.  He  was 
greatly  relieved  from  his  mental  state,  though  still  ex- 
citalile.  He  was  at  work  when  the  case  was  reported, 
and  had  made  no  further  allu.sion  to  his  homicidal  ten- 
dencies. This  localization  of  a  single  mental  process  is 
of  great  importance.  The  fact  that  ]\[acewen  was  able, 
bv  a  careful  and  shrewd  examination,  to  elicit  so  impor- 
tant a  localizing  symptom  from  a  case  which  was  obscure 
both  in  its  history  and  in  its  visible  lesions,  is  a  source 
of  great  encouragement. 

Besides  the  ca.se  just  alluded  to,  in  which  psychical 
symptoms  led  to  the  localization  of  the  lesion,  there  are 
a  niimber  of  cases  on  record  in  which  insanity  has  fol- 
lowed injury  and  has  been  cured  by  operation  involving 
the  brain.  One  is  reported  by  Hoffman:  A  man,  tifty 
years  of  age,  was  made  unconscious  by  a  blow  on  the 
iiead,  which,  however,  produced  neither  fracture,  con- 
vulsion, nor  paralysis,  but  was  followed  by  pain  in  the 
head  and  aphasia,  and  a  tender  s]iot  above  and  in  front 
of  the  right  ear.  In.sanity  developed  after  healing.  The 
cranium  was  opened  by  a  chisel  over  the  tender  spot. 
The  dura  bulged  but  did  not  pulsate.  An  incision 
evacuated  a  half-ounce  of  cerebro-spinal  fluid.  The 
brain  tissue  had  been  lacerated  by  the  blow.  The  pa- 
tient recovered  both  from  the  operation  and  from  his 
mental  alienation. 

McDonald  reports  a  case  of  insanity  following  a  pistol 
wound.  The  wotmd  was  three-eighths  of  an  inch  to  the 
right  of  the  middle  line,  and  at  the  junction  of  the  an- 
terior and  middle  thirds  of  the  fii'st  frontal  convolution. 
The  skull  was  opened  eighteen  months  after  the  injury. 
There  was  no  bone,  but  only  fibrous  tissue,  at  the  point 
of  injury.  At  the  fourth  puncture  by  a  hypodermatic 
needle,  two  drachms  of  serum  were  removed.  On  re- 
covery from  the  anfesthetic  the  patient  had  regained  his 
sanity. 

Bennett  and  Gould  report  the  case  of  a  man  who  re- 
ceived a  severe  blow  two  and  three  fourths  inches  be- 
hind the  meatus,  and  three  and  one-hiilf  inches  to  the 
right  of  the  middle  line.  Six  weeks  afterward  epilepsy 
developed,  followed  by  mania,  so  that  he  was  placed  in 
an  asylinn.  Trephining  was  done  and  the  brain  explored, 
in  three  or  four  different  directions,  to  the  depth  of  one 
inch,  but  nothing  was  found.  The  patient  recovered 
both  from  his  epilepsy  and  from  his  insanity. 

Riinnie  reports  the  case  of  a  woman  who  had  tertiary 
syiihilis.  For  eighteen  months  she  had  sulTered  with 
frontal  and  parietal  pain  on  the  right  side,  with  tender- 
ness of  the  .scalp  and  discharge  from  the  right  ear,  all  of 
an  intermittent  character.  There  was  no  evidence  of  dis- 
ease of  the  middle  car.  She  also  suffered  from  visual 
hallucinations  and  melancholia.  Her  disease  finally  ctd- 
minated  in  epilepsy  affecting  chiefly  the  left  side,  includ- 
ing the  face.  Tlie  attacks  were  "followed  by  marked 
paresis  on  the  left  side.  She  was  trephined  over  the 
right  pre-Rolandic  convolution.  The  .skull  and  the  dura 
were  thickened.  On  opening  the  dura  a  small  quantity 
of  purulent  fluid  ran  out  which  was  found  to  come  from 
a  small  degenerating  gumma  in  the  dura.  Very  slight 
opacity  of  "the  membranes  existed.  Three  weeks  later 
she  was  walking  without  any  droop,  and  the  motor 
power  of  the  left  arm  was  .s'teadily  imjiroving.  The 
headache  and  tenderness  of  the  scalp  had  clisappeared, 
and  her  mental  condition  was  very  much  improved. 
A  large  number  of  similar  Instances  have  been  since 
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reported.  While  there  have  been  many  failures,  the  suc- 
cesses have  been  considerable,  quite  enough  to  warrant 
surgical  interference  in  suitable  cases. 

Trephinikg  for  Arrested  Dev'elopment. — As  a 
rule  it  is  better  to  leave  these  cases  alone.  Extravagant 
claims  and  promises  have  been  made  by  some  surgeons, 
but  they  have  not  been  realized  in  practice. 

Tapping  of  the  L-\ter.\l  Ventricles  as  a  Definite 
Surgical  Pkocedure.^ — In  November,  1888-89,  I  first 


Pig.  1033.— (Drawn  hv  Dr.  .Tohn  M.  Tavlor.)  Antero-Posterlor  Section 
of  the  Heart  cine-Hiilf  Im-h  from  the  Middle  Line.  R.  Fissure  of 
Rolando;  I,  inion ;  A  anil  B  (solid),  the  lines  of  puncture,  the 
dotted  Unes  showing  their  imagmary  continuation  to  the  opposite 
fixed  points. 

proposed  the  tapping  of  the  lateral  ventricles  as  a  definite 
surgical  procedtire.  Since  then  it  has  been  done  scores 
of  times  and  as  a  rule  with  benefit.  I  had  hoped  that  it 
would  serve  the  same  ]iurpose  as  co'liotomy  for  tuliercu- 
lous  peritonitis.  The  few  cases  in  which  tliis  fatal  disease 
has  been  thus  treated  have  proved  that  it  is  of  little  use. 
But  it  has  been  of  great  use  as  a  palliative  measure  for  the 
relief  of  the  intense  headache  accompanying  especially 
tiunors  pressing  on  the  veins  of  Galen  and  the  straight 
sinus.  Moreover,  the  operation  has  dispelled  the  idea 
that  opening  the  lateral  ventricles  is  necessarily  fatal. 
In  a  ]iaper  read  at  the  International  Medical  Congress  in 
Berlin  in  18!)0  (Lancet.  September  13th,  1890,  New  York 
Medical  Record,  September  20th,  1890).  but  unfortunately 
published  only  in  abstract,  as  the  original  was  lost  by  the 
secretary,  I  quoted  many  cases  of  such  a  lesion  followed 
by  recoveiy. 

Operntite  TecJimqiu. — In  doing  the  operation  it  is  clear 
that  we  must  avoid  the  motor  zone,  Broca's  centre  for 
speech,  and  any  other  well-defined  centres  for  the  special 
senses,  and  also  the  regions  of  the  large  blood-vessels  of 
the  brain,  the  middle  meningeal,  and  the  middle  cerebral 
arteries.  A  number  of  experiments  on  the  cadaver  led 
me  to  point  out  three  practicable  routes  for  the  ptu'- 
pose.  They  are  all.  of  course,  only  provisional,  until 
experience  shall  show  us  a  better  one. 

First,  from  a  point  from  one-half  to  three-fourths  of 
an  inch  on  either  side  of  the  median  line,  and  one-third 
of  the  distance  from  the  glabella  to  the  upper  end  of  the 
Rolandic  ti.ssure.  This  is  high  enough  to  avoid  the 
frontal  sinuses,  and  is  in  advance  of  the  motor  area.  A 
three-quarter-inch  trephine  opening  having  been  made 
and  the  dura  having  been  incised  crucially,  a  grooved 
director  should  be  thrust  slowly  into  the  brain  tissue  in 
the  direction  of  the  inion.  The  director  will  traverse 
the  first  frontal  convolution.  At  a  depth  of  two  to  two 
and  one-fourth  inches  the  normal  ventricle  will  be 
reached.  Should  it  be  distended,  it  would  be  reached  at 
a  less  depth. 

Secondly,  trephine,  etc.,  as  before,  midway  between 
the  inion  and  the  upper  end  of  the  Rolandic  fissure,  one- 


half  or  three-fourths  of  an  Inch  from  the  median  line. 
This  is  high  enough  to  avoid  the  cuneus,  the  wounding 
of  which"  would  produce  hemianopsia.  The  director 
should  now  be  slowly  thrust  into  the  brain  toward  the 
inner  end  of  the  supraorliital  ridge  on  the  same  side. 
The  director  will  traverse  the  precuneus,  and  the  normal 
lateral  ventricle  will  be  reached  at  a  depth  of  two  and 
one-fourth  to  two  and  three-fourths  inches  from  the 
scalp.  A  distended  ventricle  will,  of  course,  be  reached 
at  a  shorter  distance. 

Thirdly,  trephine,  etc.,  as  before,  at  a  point  an  inch  and 
a  quarter  behind  the  external  anditory  meatus,  and  one 
inch  and  a  quarter  above  Reid's  "base  line."  This  will 
expose  the  second  temporal  convolution.  It  is  possible 
that  this  may  be  the  site  for  hearing  of  the  o])posite  ear, 
but  it  has  been  punctured  in  a  number  of  cases  of  abscess 
in  the  temporo-sphenoidal  lobe  without  apparent  injury 
to  hearing.  The  director  should  be  carefully  thrust  into 
the  brain  in  the  direction  of  a  point  verticall}-  over  the 
opposite  meatus,  and  two  and  one-half  or  three  inches 
above  it;  when  at  a  depth  of  two  or  two  and  one-fourth 
inches  the  normal  lateral  ventiicle  would  be  reached, 
either  at  the  beginning  or  in  the  course  of  the  descending 
c.rnti.  I  have  advised  the  use  of  the  director  rather 
than  the  hypodenuatic  needle,  for  the  reasons  already 
stated  in  the  section  on  abscess  of  the  brain.  The  fluid 
having  been  found,  a  bundle  of  horse  hairs  or  a  drain- 
age tube  should  be  inserted  for  a  suitable  length  of  time. 
In  order  to  prevent  possible  loss  of  the  drainage  tube  in 
the  cranial  cavity,  it  may  be  passed  through  a  button- 
hole opening  in  the  flap,  and.  if  necessary,  be  secured  to 
the  flap  by  a  stitch.  To  regulate  the  amount  of  drain- 
age through  the  tulie  it  may  be  closed  by  a  disinfected 
wooden  plug.  In  this  a  V-shaped  slot  may  be  cut.  and 
the  size  of  the  slot  will  regulate  the  rapidity  of  the  drain- 
age. "Whether  the  drainage  shall  be  continued  for  more 
than  twenty-four  hotu's,  a  longer  experience  must  decide. 

Of  the  tiiree  pro]iosed  routes  my  preference  is  for  the 
lateral  opening.  This  route  has  a  great  advantage  in 
that  by  it  we  can  explore  for  abscess  of  the  temporo- 
sphenoidal  lobe,  and  also  for  effusion  into  the  ventricles, 
by  the  same  trephine  opening.     The  drainage  could  be 


Fig.  1034.— (Drawn  by  Dr.  John  M.  Taylor.*  Transverse  Section  ot 
the  Head  ( me  Inch  and  a  Quarter  IJeliind  the  Meatus.  The  contin- 
uous line  shows  the  line  of  puncture,  the  dotted  line  Its  imaginary 
continuation  to  the  opposite  side  of  the  skull. 

either  favored  or  hindered  by  the  patient  lying  with  the 
operated  side  down  or  up.  Should  prolonged  drainage 
prove  to  be  wisest,  the  posterior  route  might  be  the 
best  one.  The  anterior  route  would  hinder  drainage, 
and  as  an  additional  disadvantage  there  would  be  a 
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visible  scar.  As  to  a  choice  of  which  side  it  is  best  to 
<iperate  on,  we  sliould  select  the  side  of  the  diseased  ear. 
if  there  be  such  disease,  or  if  not,  then  that  .side  which 
is  tender  to  either  pressure  or  percussion,  or  both. 

After  the  above  was  written  my  attention  was  called 
to  the  fact  that  Wernicke,  so  long  ago  as  1881,  proposed 
to  tap  the  ventricles,  and  that  Zenner  renewed  the  pro- 
posal. At  the  time  of  writing  my  paper  I  was  wholly 
unaware  of  their  propositions,  and  in  referring  to  them 
I  find  that,  while  I  must  disclaim  priority  for  the  sug- 
gestion. I  may  claim  that  I  have  established  exact  rules 
for  the  (iperaiion  and  described  its  precise  technique. 

.Tanviary  1  Itli.  1889,  in  m_v  clinic  at  the  Woman's  Hospi- 
tal, I  first  iHrfomied  the  operation.  I  found  it  easy,  and 
the  r\iles  I  hiid  down  proved  to  be  correct.  The  patient 
was  a  fat  and  hearty  boy,  of  four,  suffering,  it  was 
thought  proliable,  cither  from  tumor  or  chronic  menin- 
giti.s  with  effusion,  most  likely  a  tumor  of  the  cerebellum 
pressing  on  the  straight  sinus  or  the  veins  of  Galen. 
There  were  no  symi^toms  by  which  it  could  be  more  ac- 
curately located.  His  head  had  begun  to  enlarge  about 
the  early  part  of  December,  1888,  and  measured  twentj'- 
one  and  three-eighths  inches  in  circumference  (exactly 
the  measurement  of  my  own  liead),  with  a  biparietal  di- 
ameter of  six  and  one-fourth  inches.  At  Christmas  he 
became  blind.  For  this  he  was  brought  to  Prof.  George 
Strawliridge.  to  whose  courtesy  I  owe  the  case.  There 
was  great  choking  of  both  discs  and  threatened  blind- 
ness. The  general  health  was  good,  and  the  tenijiera- 
ture  was  normal.  As  the  approaching  blindness  fi-om 
the  increased  intracranial  jiressure  was  the  immediate 
danger,  I  decided,  with  Dr.  Strawbridge's  assent,  to  tap 
the  ventricles,  and  selected  the  lateral  route.  I  removed 
a  one-half  inch  button  of  bone,  one  inch  and  a  quarter 
behind  the  left  meatus  and  one  inch  and  a  quarter  above 
Reid's  liase  line.  The  dura  pulsated  and  bulged.  In 
tlie  dura  as  in  the  skin,  I  made  a  small  crucial  incision. 
I  then  slowly  introduced  a  hollow  needle  (of  the  size  of 
No.  5  of  the  French  catheter  .scale),  into  which  I  had  al- 
ready pushed  tlirec  douliled  horse  hairs  nearly  1o  the 
end.  I  introihiced  it  toward  a  point  two  and  one-half 
inches  above  the  right  meatus.  At  a  depth  of  an  inch 
and  three  quarters  from  the  dura  I  suddenly  felt  a  marked 
diminution  of  the  pressure,  and  said  to  the  cla.ss  tliat  I  be- 
lieved I  had  entered  the  ventricle,  and  in  a  moment  the 
fluid  liegan  to  escape.  This  fluid  was  found  to  contain 
sugar  anil  albumin,  Itvwas  slightly  turbid,  with  small 
flakes  in  it. 

The  horse  hairs  were  now  pushed  in  as  the  tube  was 
pulled  out.  About  three  otmces  of  fluid  escaped  during 
tlie  o]u'ration.  An  ample  sublimate  dressing  was  applied. 
During  the  flrst  week  from  two  to  four  ounces  escaped 
daily,  and  the  choking  of  the  discs  ditiiinished  from  2.30 
to  1,(19  nun.  in  each  eye,  the  decrease  being  7)!f(rs;/raW(! 
from  ihiji  ill  (hi I/.  At  the  end  of  the  flrst  week  I  exiiloi'cd 
for  a  ]»issible  tmnor  by  thrusting  a  probe  in  two  direc- 
tions into  the  left  occipital  lobe  to  the  depth  of  three  and 
a  half  inches.  Finding  no  tumor  I  made  a  small  opening, 
by  a  simple  gouge,  in  the  occipital  bone,  below  and  to 
the  left  of  the  inion.  Through  this  I  probed  the  left 
lobe  of  the  cerebellimi  to  a  depth  of  two  inches,  and 
tlien  obliciuely  across  into  the  right  lobe  two  and  a  half 
inches,  bin  foiuid  no  tumor.  There  was  no  reaction  from 
these  procedures,  and  tlie  wound  healed  promptly.  At 
the  end  of  the  second  week  the  choking  was  reduced  to 
0.9G  mm.  As  in  spite  of  the  drainage  the  swelling  was 
subsiding  very  slowl)-,  and  Dr.  Amy  S.  Barton,  wlio 
kindly  examined  the  eyes  for  me,  reported  that  there 
was  beginning  atrophy  of  the  nerves,  I  removed  the 
horse  hairs  and  introduced  a  small  rubber  tube  into  the 
ventricles.  For  a  week  this  gave  vent  to  from  four  to 
eight  ounces  of  fluid  daily.  Except  a  temporary  rise  of 
temperature,  no  reaction  followed.  At  the  end  of  four 
weeks,  as  the  boy's  general  condition  had  deteriorated, 
especially  when  from  choking  of  the  tube  the  drainage 
was  poor,  I  removed  another  similar  half-inch  button 
at  a  corresponding  point  above  and  behind  the  right  ear. 
I  then  explored  the  right  occipital  lobe  as  far  as  to  the 


tentorium  and  falx,  but  found  no  tiimor.  I  therefore 
tapped  the  ventricles  from  the  right  side  by  a  drainage 
tube.  Following  this,  there  was  a  brief  but  sharp  ri^e 
of  temperatm-e  to  104°  F.,  which,  however,  quickly 
sulisideil.  Four  days  later  I  washed  out  the  ventricles 
from  side  to  side  by  eight  ounces  of  a  warm  boric  acid  so- 
lution (gr.  iv.  to  I  i.),  evidently  to  the  boy's  comfort,  and 
with  no  results  of  a  deleterious  character.  The  boy  died 
flfly-two  days  after  the  flrst  operation.  The  aiitopsy 
showed  that  at  the  site  of  the  drainage  tubes,  even  after 
so  long  a  time,  there  was  not  the  slightest  trace  of  in- 
flammation either  on  the  cortex  or  in  the  ventricular 
cavities,  and  the  cerebro-s])inal  fluid  evacuated  at  the 
autopsy  was  less  turbid  than  that  evacuated  at  the 
operation.  There  was  not  any  perceptible  trace  of  the 
vaiious  punctures.  The  cause  of  death  was  a  tumor  of 
the  cerebellum.  The  probe  had  ]ieuetrated  it,  but  as  its 
density  was  about  the  same  as  that  of  the  brain,  its  pres- 
ence could  not  be  appreciated. 

The  case  showed  clearly  that  the  rules  which  I  formu- 
lated for  the  operation  are  exact  •,  that  the  procedure  is 
easy  and  safe;  and  that  the  ventricles  may  not  only  be 
drained,  but  even  irrigated,  without  causing  any  deleteri- 
ous results.  (For  bibliography  see  Note  at  end  of 
volume.)  W.  W.  Keen. 

BRAIN:  SYPHILIS.— Syiihilis  of  the  brain  may  de- 
velop as  the  result  of  inherited  syphilis,  or  during  the 
secondary  or  tertiary  stage  of  the  acqinred  disease. 

In  hereditary  syphilis  the  evidences  of  an  aft'ection  of 
the  brain  are  manifested,  as  a  rule,  during  childhood. 
According  to  Fournier  the  disease  begins  generally  be- 
tween the  ages  of  three  and  eighteen  years.  In  rare  cases, 
however,  it  is  observed  in  earl)'  childhood.  For  example, 
marked  arterial  changes  were  presented  by  a  girl  of  fif- 
teen months  suffering  from  hereditary  syphilis.  In  this 
case  the  dura  mater  was  smooth  and  pale,  the  pia  mater 
presented  numerous  circumscribed  patches  of  thickening 
over  the  cerebral  lobes.  There  was  slight  thickening 
around  the  large  arteries  at  tlie  liase  of  the  brain,  and 
most  of  these  vessels  were  thickened  and  hard.  The  bas- 
ilar artery  was  completely  plugged,  and  the  upper  part 
of  the  vertebral  arteries  contjiined  tolerably  .soft  thrombi. 

On  the  other  hand  Ljunggren  reports  a  ease,  beginning 
at  the  age  of  thirty-three  j'cars,  which  he  attriliuted  to 
hereditary  syphilis. 

In  any  event,  however,  hereditary  syphilis  is  a  com- 
]iaratively  rare  source  of  cerebral  disease.  It  was  for- 
merly held  that,  in  acquired  syphilis,  nervous  mani- 
festations were  observed  almost  exclusively  among  the 
very  late  symptoms.  Many  neurologists  now  hold 
the  very  opposite  opinion,  and  this  view  is  also  gain- 
ing ground  among  syphilidologists.  So  far  as  our 
knowledge  goes,  the  earliest  development  of  cerebral 
symptoms  was  observed  by  Brasch,  who  reported  the 
following  case:  The  patient,  aged  forty -three  years,  was 
infected  with  syphilis  in  the  early  part  of  August,  1893. 
In  the  middle  of  September,  1893,  he  had  an  attack  of 
right  facial  paralysis  and  headache.  In  the  beginning  of 
November,  1893,  he  suffered  from  dizziness  and  headache 
and  the  paralysis  was  unchanged.  In  the  beginning  of 
December  there  was  difticulty  of  hearing  on  both  sides, 
and  examination  showed  that  this  was  probably  due  to 
labyrinthine  disease.  On  February  19tli.  1894,  he  was 
dischai'ged,  free  from  symptoms.  In  March,  1894,  there 
was  a  return  of  the  headache,  vertigo,  and  ditficulty  of 
hearing.  May  30th,  left  liemi]3legia  developed,  but  im- 
proved under" antisypliilitic  treatment.  Then  the  condi- 
tion grew  worse,  bulbar  symptoms  set  in  and  the  patient 
died  on  October  30th,  1894. 

The  autopsy  showed  purely  vascular  disease  most 
marked  at  the  base,  but  also  jircsent  in  other  vessels. 
The  hemiplegia  was  due  to  softening  in  the  anterior  part 
of  the  right  half  of  the  pons.  The  microscope  ,showed 
advanced  endarteritis  syphilitica:  secondary  degeneration 
of  the  right  pyramid  from  the  pons  lesion  down  to  the 
cord:  degeneration  of  both  acoustic  nerves  in  their  extra- 
cerebral course,  and  disease  of  both  ventral  nuclei ;  both 
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facial  nuclei  and  roots  were  intact,  but  tbe  right  root  ex- 
liibited,  a  short  distance  before  its  exit  from  the  brain, 
an  abundant  development  of  spindle  cells,  -niiilc  the  per- 
ipheral nerve  showed  parenchymatous  and  interstitial 
changes. 

While  this  case  and  other  similar  but  less  striking 
ones  prove  conclusively  that  cerebral  lesions  may  de- 
velop among  the  very  earliest  manifestations  of  the  con- 
stitutional disease,  we  still  adhere  to  the  older  view  that 
in  the  majority  of  cases  syphilis  of  the  brain  is  a  late 
manifestation.  Indeed,  the  symptoms  of  secondary 
syphilis  very  often  are  entirely  or  almost  entirely  absent, 
so  that  we  may  be  compelled  to  rel_y  upon  the  grouping 
of  the  cerebral  symptoms  iu  arriving  at  a  diagnosis  of 
the  previous  infection.  Numerous  cases  have  been  re- 
ported in  whicli  twenty,  thirty  years  or  more  have 
elapsed  between  the  initial  lesion  and  the  outbreak  of  the 
cerebral  symptoms. 

Iu  addition  to  the  direct  etiological  significance  of 
syphilis  in  the  production  of  brain  disease,  it  also  seems 
to  exert  a  malign  influence  after  the  constitutional  dis- 
ease has  run  its  cour.se  (parasyphilitic  affections  of  Four- 
nier).  This  is  seen  particidarly  iu  dementia  paralytica 
and  locomotor  ataxia.  In  the  large  majority  of  such 
cases  a  previous  history  of  syphilis  can  be  elicited,  but 
the  diseases  are  distinguished  from  syphilitic  affections 
proper  both  by  the  character  of  the  anatomical  lesions 
(purely  degenerative)  and  by  the  utter  uselessness  of 
antisyphilitic  treatment.  In  these  diseases  we  assume 
the  existence  of  a  primary  degenerative  process,  resulting 
from  a  chemical  poison  which  has  been  produced  liy  the 
sj'philitic  germs  (metasyphilis  or  jiarasyphilis).  It  is  not 
true,  however,  that  dementia  paralytica  is  always  the 
result  of  constitutional  S3'philis. 

Among  the  exciting  causes  which  may  lead  to  localiza- 
tion of  the  syphilitic  virus  in  the  brain  maybe  mentioned 
mental  overwork  and  prolonged  worry,  injury  to  the 
head,  and  alcoholism. 

P.\Tii0LOGiCAL  An.\tomy. — Syphilis  may  attack  the 
bones  of  the  skull  and  all  of  the  structures  within  the 
cranial  cavity,  the  vessels,  meninges,  or  brain  tissue, 
either  singly  or  in  combination.  The  lesions  are  usually 
multiple  in  character. 

One  of  the  most  frequent  forms  of  cerebral  syphilis  is 
a  lesion  of  the  vessels,  which  attacks  usuallj'  the  vessels 
at  the  base  of  the  brain  or  their  large  branches.  The 
disease  may  begin  independently  in  these  vessels  or  it 
ma5'  spread  from  adjacent  foci  of  disease  in  the  meninges. 

Heubner.  who  was  the  first  to  call  attention  to  specific 
lesions  of  the  cerebral  vessels,  describes  them  in  the  fol- 
lowing words:  The  vessel  becomes  less  transparent  and 
somewliat  wliitish,  finally  grayish  white;  it  then  becomes 
cylindrical  in  shape  and  very  rigid.  Upon  transverse 
section  the  lumen  of  the  vessel  is  found  narrowed  by  new- 
formed  tissue  which  develops  between  the  elastic  lamella 
of  the  tunica  intimaand  the  endothelial  laj'er.  The  new 
tissue  consists  at  first  of  endotlielium  cells  which  con- 
tinue to  proliferate  and  change  into  a  firm  connective 
tissue  consisting  of  spindle  and  stellate  cells  into  which 
round  cells  emigrate  from  the  nutrient  vessels  of  the 
artery. 

While  this  endarteritis  of  Heubner  has  also  been  ob- 
served by  other  writers,  changes  of  a  periarteritic  and 
mcsarteritic  character  have  been  frequently  described. 

According  to  Baunigarten.  the  process  begins,  as  a 
rule,  in  the  outer  layers  of  the  vessels  as  a  gummatous 
periarteritis,  while  the  intima  is  only  affected  secondarily 
by  proliferation  of  cells.  He  found  little  yellowish 
tumors  (from  the  size  of  a  poppy  seed  to  that  of  a  cherry 
pit)  upon  the  arteries,  meninges,  and  cerebral  nerves; 
they  consisted  of  granulation  tissue  and  were  associated 
with  endarteritic  changes  in  the  intima.  Gummatous 
arteritis  has  also  been  observed  by  other  writers. 

Koester  claims  that  the  process  starts  from  the  vasa 
vasorum  of  the  external  layers  of  the  artery,  and  that 
the  leucocytes  emigrating  therefrom  form  inflammatory 
foci  in  the  muscular  coat.  The  affection  begins,  there- 
fore, as  a  mesarteritis  while  the  endarteritic  prolifera- 


tions develop  secondarily  by  immigration  of  cells  from 
without. 

According  to  Abramov,  all  three  layers  of  the  vessels 
are  attacked  independently  of  one  another.  Dilatation 
of  the  vessel  may  be  produced  by  destruction  of  a  circum- 
scribed part  of  the  vascular  wall  from  proliferation  start- 
ing either  in  the  external  or  in  the  internal  layer.  If  the 
proliferation  starts  in  the  tunica  intima,  a  dense  accumu- 
lation of  elastic  tissue  is  produced,  due  to  splitting  of  the 
fenestrated  membrane.  Abramov  came  to  the  conclusion 
that  the  microscopical  findings  are  insufficient  to  prove 
the  syphilitic  character  of  the  vascular  disease,  unless 
gummy  nodules  are  found  in  the  walls  of  the  vessels. 

Hyaline  degeneration  has  also  been  described  in  the 
small  vessels  of  the  brain. 

Gummata'constitute  another  frequent  form  of  syphilitic 
lesion  of  the  brain.  As  a  rule,  these  tumors  start  from 
the  meninges  or  the  prolongations  of  the  latter  into  the 
brain  sub.stance.  In  exceptional  cases,  the  gumma  is 
located  in  the  central  ganglia  or  other  parts  within  the 
brain,  but  it  is  probable  that  even  in  these  cases  they 
start  from  prolongations  of  the  pia  mater. 

In  the  large  majority  of  cases  the  tumor  is  situated  on 
the  meninges  of  the  convexit}'  and  at  the  base  of  the 
brain.  They  vary  in  size  from  that  of  a  pin's  head  to 
that  of  a  walnut  or  even  hen's  egg.  The  miliary  form 
is  rare  and  ma_y  be  mistaken  for  miliary  tubercles. 

Gummata  belong  to  the  class  of  infectious  granulo- 
mata,  i.e.,  they  are  composed  of  granulation  tissue  or 
densely  aggregated  round  cells.  The  connective-tissue 
.stroma  is  very  scantily  developed.  The  smaller  tumors 
may  exhibit  a  uniform  grayish  or  grayish-red  color,  but 
the  larger  ones  are  speckled  with  yellowish  foci.  A  few 
stellate  and  spindle-shaped  cells  are  found  among  the 
round  cells.  'The  yellowish  foci  are  the  result  of  simple 
necrosis  of  the  round  cells  or  caseation,  and  this  is  due 
to  the  relatively  small  number  of  vessels  and  the  con- 
sequent poor  nutrition  of  the  parts.  Some  of  the  cells 
are  also  apt  to  be  converted  into  firm  connective  tissue, 
which  traverses  the  tumor  iu  broad  bands. 

In  cerebral  syphilis  we  also  find  a  diffuse  gummy  in- 
flammation of  the  meninges,  and  this  may  or  may  not  be 
associated  with  the  iiresence  of  circumscribed  gummata. 
This  process  is  situated  most  frequently  at  the  base  of 
the  brain  and  is  often  most  marked  over  the  optic  chiasm. 
The  pia  mater  in  this  locality  is  found  thickened  in  vary- 
ing degrees;  in  places  the  thickening  is  quite  .soft,  in 
other  parts  it  is  firm  and  dense.  This  process  surrounds 
the  nerves  at  the  base  and  sometimes  compresses  them, 
or  the  round-cell  infiltration  may  spread  into  the  tissue 
of  the  nerves.  The  process  may  also  extend  into  the 
vessels  of  the  circle  of  Willis.  Usually  the  cortex  is 
adherent  to  the  pia  mater,  and  the  former  is  torn  when 
an  attempt  is  made  to  detach  the  meninges. 

Gununj-  meningitis  is  also  not  uncommon  at  the  con- 
vexity of  the  brain,  but  here  it  is  more  apt  to  start  from 
the  dura  mater.  This  is  perhaps  owing  to  the  fact  that 
gummy  tumors  start  not  infrequently  from  the  inner 
surface  of  the  vault  of  the  cranium.  Apart  from  the 
specific  lesions  which  we  have  just  described,  the  brain 
may  also  exhibit  secondary  lesions,  such  as  hemorrhage 
and  spots  of  softening,  varying  in  extent  according  to 
the  character  of  the  primary  lesion. 

The  heterogeneity  of  the  lesions  of  cerebral  syphilis  is 
increased  still  further  by  the  fact  that  the  spinal  cord 
may  also  be  the  site  of  s.vphilitic  processes. 

Some  writers  also  maintain  that  syphilis  may  give  rise 
to  ordinary,  non-specific  inflammatory  processes  in  the 
brain,  sucli  as  Virchow's  encephalitis  of  childhood,  spots 
of  softening,  and  chronic  disseminated  foci  of  inflamma- 
tion. None  of  the  reported  cases,  however,  seems  to  be 
entirely  free  from  doubt. 

In  quite  a  considerable  number  of  cases  it  has  been  de- 
monstrated that  syphilis  has  given  rise  to  degenerative 
processes  in  the  nuclei  of  various  cerebral  nerves  (nuclei 
of  the  ocular  muscle  nerves,  glosso-pharyngeal  nucleus, 
trigeminal  and  acoustic  nuclei). 

Symptoms. — It  is  evident  from  our  brief  resume  of  the 
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pathological  anatoiiiv  of  cerebral  syphilis  that  the  sypjp- 
toms  must  vary  greatly  in  character.  Nevertheless,  there 
are  certain  prodromal  symptoms  which  may  be  common 
to  various  forms  and  localizations  of  the  disease. 

The  most  prominent  prodrome  is  headache.  This  is 
always  present  wlieu  s_vphilis  attacks  the  bones  of  the 
skull,  but  is  also  frequent  when  the  osseous  structures 
are  unaffected.  For  mouths  it  may  be  the  sole  symptom. 
The  pain  is  usually  of  a  boring,  pressing,  often  agoniz- 
ing character,  with  marked  nocturnal  exacerbations,  as  a 
rule,  thougli  it  is  not  very  iufrecpient  to  lind  the  pain 
equally  severe  during  the  day.  The  pain  is  often  so 
severe  that  it  gives  rise  to  persistent  insomnia;  but  the 
latter  symptom  may  also  be  present  for  a  considerable 
period  indeijendcntly  of  the  occurrence  of  pain.  In  not 
a  few  cases  the  headache  is  associated  witli  attacks  of 
dizziness  and  sometimes  with  vomiting.  Sometimes  the 
only  ])rodrorae  noticeable  for  quite  a  while  before  the 
advent  of  .other  symptoms  is  an  inexplicable  fear  "that 
.somethin.i;  is  going  to  happen,"  and  this  feeling  some- 
times causes  great  mental  depression. 

Paralysis  of  one  or  more  of  tlie  ocular  muscles  may 
also  be  an  early  symptom.  Sudden  development  and 
almost  equally  rapid  disappearance  of  these  paralj'ses 
are  very  characteristic  of  syphilis.  Indeed,  the  sucldeu 
occurrence  of  ocular  palsies  in  an  adult,  in  the  absence  of 
other  cerebral  symptoms,  should  always  lead  the  physi- 
cian to  make  a  very  thorough  examination  into  the  ques- 
tion of  their  syphilitic  origin. 

Individual  cases  of  syphilis  of  the  brain  present  such 
a  varied  and  heterogeneous  history  that  it  becomes  ex- 
tremely difficult  to  give  a  general  description  which  will 
he  applicable  to  any  considerable  group  of  cases.  A 
tolerably  well-defined  symptomatology  attaches  to  syph- 
ilis of  the  cerebral  vessels,  which  we  will  first  describe. 

Tliis  form  of  disease  is  often  preceded  by  headache, 
of  the  variety  described  above,  which  may  last  for  a 
variable  period,  sometimes  even  for  months,  before  the 
special  symptoms  develop.  When  the  vessels  supply- 
ing the  pons  or  medulla  are  implicated,  glycosuria  or 
albuminuria  may  be  associated  with  the  headache.  A 
characteristic  phenomenon  of  a  small  series  of  cases  is  a 
peculiar  drowsiness  which  may  continue  for  several 
months  and  may  precede  or  follow  other  evidences  of 
disease  of  the  vessels.  The  patients  go  about  as  if  "  in  a 
haze  " ;  their  movements,  both  mental  and  ph}  sical,  are 
slow  and  deliberate,  as  if  consciousness,  before  struggling 
to  the  surface,  had  to  overcome  some  unusual  resistance. 
In  some  cases,  deep  coma  develops  from  which  it  may  be 
impossible  to  arouse  the  patient  for  days  and  days,  or 
this  condition  may  alternate  with  periods  of  delirium. 

In  a  considerable  proportion  of  cases  the  symptoms  ref- 
erable to  disease  of  the  vessels  develop  quite  suddenlj- 
(sometimes  as  rapidly  as  in  cerebral  embolism)  or  within 
one  or  two  days.  The  clinical  history  is  then  the  same 
as  that  of  embolism  or  thrombosis  from  other  causes. 
The  patient  often  develops  hemiplegia,  associated  quite 
frequently  with  aphasia,  if  the  paralj'sis  is  on  the  right 
side  of  the  body.  Aphasia  may  also  be  the  sole  symptom 
of  an  attack  of  this  kind.  In  the  majority  of  cases  under 
our  observation  consciousness  was  retained  either  entirely 
or  partially  during  the  attack.  Sometimes  the  duration 
of  the  paralysis  is  verj'  brief  and  the  patient  is  rapidly 
restored  to  the  status  quo  ante.  The  entire  seizure  may 
be  represented  by  a  feeling  of  weakness  or  a  sensation 
of  numbness  and  tingling  on  one  side  of  the  body. 

The  hemiplegic  attacks  may  be  repeated  from  time  to 
time.  A  patient  under  my  observation  had  five  attacks, 
in  one  of  which  both  sides  of  the  body  were  paralyzed  in 
rapid  succession.  In  cases  of  this  kind,  pseudobulbar 
sj'mptoms  are  very  apt  to  develop. 

As  a  rule,  the  patient  eventually  suffers  from  symp- 
toms indicative  of  other  forms  of  syphDitic  affections  of 
the  brain. 

Gummy  meningitis  of  the  base  of  the  brain  also  merits 
separate  consideration.  In  this  form  likewise  headache 
is  a  prodromal  symptom  and  resembles  in  character  the 
form  described  above.     The  headache  is  attended  not 


infrequently  with  vertigo,  which  may  appear  either  in 
paroxysms — the  usual  course — or  may  be  more  constant. 
Morbid  conditions  of  sleep  alternating  with  periods  of  ex- 
citement are  also  not  uncommon  prior  to  the  onset  of 
those  symptoms  which  jioint  more  directly  to  a  basilar 
affection.  These  conditions  may  also  persist  after  the 
later  symptoms  have  been  fully  developed.  As  a  general 
thing  they  are  manifested  by  semi-consciousness,  from 
which  the  patient  maj'  be  easilj-  aroused  or  during  which 
he  performs  various  automatic  actions.  The  return  to 
complete  consciousness  may  be  quite  rapid.  At  times 
tlie  coma  is  quite  complete  and  it  is  impossible  to  arouse 
the  patient.  In  a  case  under  our  observation  the  patient 
remained  completely  unconscious  for  a  week:  this  condi- 
tion was  unattended  by  stertorous  breathing  and  the  pulse 
was  normal. 

One  of  the  most  characteristic  features  of  syphilitic 
basilar  meningitis  is  the  implication  of  the  cerebral  nerves, 
and  chief  among  these  is  tlie  motor  oculi  comnuinis.  In 
many  cases  both  nerves  are  involved,  and  in  the  majority 
of  cases  a  great  part  of  tlie  entire  nerve  supply  is  affected. 
As  we  have  already  stated,  a  single  muscle  alone  may  be 
paralyzed,  and  this  is  particularity  apt  to  be  the  levator 
palpebnB  superioris. 

The  trochlear  and  abducens  nerves  are  attacked  with 
much  less  frequency  than  the  motor  oculi.  The  pupils 
sometimes  exhibit  inequality;  m_yosis  or  mydriasis  may 
be  present  in  one  or  both  ej'es.  The  Argyll-Robertson 
pupil  has  been  observed  frequently  and  is  sometimes  the 
sole  indication,  for  a  long  period,  of  a  cerebral  affec- 
tion. In  one  case  under  our  observation,  the  right  pupil 
was  normal  while  the  left  showed  the  Argyll-Robertson 
.  symptom. 

The  optic  nerve  is  not  infrequently  the  site  of  disease 
and  may  exhibit  the  appearances  of  choked  disc  or  simple 
optic  atrophy.  In  the  majority  of  cases  these  processes 
are  due  to  an  extension  of  the  syphilitic  lesion  directly 
to  the  optic  chiasm  or  nerves,  or  to  compression  of  these 
parts.  In  a  considerable  number  of  cases  hemianopsia  is 
observed.  This  may  persist  unchanged  or  there  may  be 
a  gradual  development  of  complete  blindness,  the  latter 
being  limited  generally  to  one  eye.  Temporary  amau- 
rosis, sometimes  lasting  only  a  day  or  two,  is  observed 
not  so  very  rarelj-  in  this  form  of  the  disease. 

In  comparatively  rare  cases  the  other  cerebral  nerves 
may  be  affected,  either  separately  or,  more  frequently, 
in  varying  combinations.  The  olfactory  and  trigeminus 
nerves  are  especially  apt  to  be  involved.  The  paral3'ses 
due  to  lesion  of  these  nerves  are  always  peripheral  in 
character. 

As  we  have  already  seen  in  the  section  on  Pathological 
Anatomy,  gummy  meningitis  is  very  apt  to  be  associated 
with  lesions  of  the  vessels  of  the  circle  of  Willis.  "When 
this  happens,  the  clinical  history  is  complicated  by  the 
symptoms  described  on  page  344.  The  hemiplegia  pro- 
duced under  such  circumstances  is  combined,  more  fre- 
quently than  in  paralysis  due  to  other  brain  lesions,  with 
hemiaua;sthesia  and  hemianopsia.  The  morbid  conditions 
of  sleep  and  unconsciousness,  to  which  we  have  already 
referred,  are  frequently  present  in  this  form  of  the  dis- 
ease, and  general  impairment  of  the  mental  faculties  is 
not  uncommon. 

Gummy  meningitis  of  the  convexity  of  the  brain  is 
often  found  independently  of  lesions  of  other  parts  of 
the  organ.  This  process  starts  with  comparative  fre- 
quency from  the  inner  table  of  the  skull  or  the  dura 
mater,  and  may  or  may  not  complicate  a  well-defined 
gimimy  tumor.  As  in  the  other  forms  of  cerebral 
syphilis,  headache  is  a  prominent  prodromal  ,symptom. 
In  not  a  few  cases  the  headache  is  attended  with  localized 
tenderness  on  percussion  of  the  skull.  The  most  signifi- 
cant symptom  of  this  form  of  disease  is  cortical  or  Jack- 
sonian  epilepsy.  This  symptom  may  begin  with  a  sensory 
aura  in  the  arm.  leg,  face,  or  tongue,  which  is  soon  fol- 
lowed b}'  muscular  twltchings.  At  the  outset  the  con- 
vulsions are  limited  to  one  side  of  the  body  and  for  a  con- 
siderable period  niaj-  involve  only  one  or  more  groups  of 
muscles.     But  after  they  have  lasted  for  a  variable  period 
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they  may  become  much  more  general  and  finally  may 
extend  over  the  entire  body.  As  a  rule,  it  is  found  that 
the  convulsion  spreads  in  a  definite  manner  from  one 
group  of  muscles  to  another,  and  that  tlie  mode  of  pro- 
gression remains  the  same  in  subsecjuent  attacks.  Con- 
sciousness is  often  retained  thro\ighout  the  seizure, 
though  it  is  generally  lost  when  the  convulsion  e.xtends 
to  both  sides  of  the  body.  After  each  attack  slight 
paralysis  may  develop  temporarily  in  the  affected  parts. 
It  grows  most  ]ironounced  after  repeated  attacks  and 
finally  may  remain  pennanent.  The  convulsions  some- 
times'recur  with  such  frequency  that  the  .status  epilep- 
ticus  develops.  In  not  a  few  cases  this  condition  is  the 
immediate  forerunner  of  death. 

Like  other  cerebral  symptoms  of  syphilis,  cortical 
epilepsy  and  paralysis  may  disappear  suddenly  and 
may  remain  absent  for  many  months,  even  without  anti- 
syphilitic  treatment. 

"  Tlie  monoplegias  due  to  meningitis  of  the  convexity 
sometimes  develop  prior  to  the  epileptic  attacks.  F\irther- 
more,  the  monoplegia  ma^"  be  converted  suddenly  into 
hemiplegia  on  account  of"  extension  of  softening  down- 
ward into  the  white  matter  of  the  hemispheres. 

The  symptoms  described  above  aie  due  to  localization 
of  the  lesion  in  the  motor  zone.  Meningitis  of  other 
parts  of  the  cortex  will  ]iroduce  symptoms  con-esponding 
to  the  functions  of  those  parts.  The  most  frequent 
symptoms  are  aphasia  and  hemianopsia.  The  aphasia  is 
often  ephemeral  in  character  and  may  even  last  only 
a  few  minutes  at  a  time  It  is  apt  to  be  attended  or 
preceded  by  convulsive  twitchings  on  the  right  side  of 
the  body,  starting  usually  from  the  muscles  of  the  face 
and  tongue.  After  a  variable  period  the  aphasia  usuallj' 
becomes  permanent. 

Hemianopsia,  due  to  an  affection  of  the  occipital  lobes, 
is  not  very  rare.  This  symptom  is  apt  to  be  attended  by 
visual  hallucinations,  which  are  referred  to  the  lilind  side 
of  the  field  of  vision.  When  the  meningitis  is  more  dif- 
fuse and  extends  over  a  considerable  part  of  the  convex- 
ity of  one  or  both  sides,  mental  disturbances  may  be  the 
chief  feature  in  the  clinical  historv.  In  such  cases  the 
first  symptom  noticeable  may  be  a  change  in  the  char- 
acter of  the  patient,  who  becomes  morose,  peevish,  irri- 
table, loses  judgment  in  business  affairs  and  exhibits  de- 
cided lapses  of  memory.  There  may  be  a  pronounced 
melancliol}'  tinge  at  an  early  stage.  In  rarer  cases, 
maniacal  attacks,  sometimes  attended  with  destructive- 
ness,  are  observed  very  early.  Ideas  of  grandeur  may 
be  noticed  at  times,  but,  as  a  rule,  they  are  not  very  per- 
sistent or  well  defined,  and  they  do  not  last  as  long  as  in 
general  paresis.  Headache  may  be  a  prominent  symptom 
and  usually  exhibits  the  well-known  syphiUtic  character- 
istics. Speech  sometimes  becomes  slow  and  labored,  and 
there  maj'  even  be  tremor  of  the  tongue  and  twitchings 
of  the  lower  facial  muscles.  The  dominant  symptom, 
however,  is  the  mental  failure,  which  usually  progresses 
more  or  less  rapidly,  but  sometimes  shows  very  pro- 
nounced remissions.  Paralysis  of  various  cerebral  nerves 
is  quite  common,  likewise  sudden  attacks  of  temporary 
aphasia.  C'onvulsive  or  apoplectiform  seizures  are  also 
frequently  observed  and  serve  to  increase  the  resemblance 
to  general  paralysis  of  the  insane.  Indeed,  the  latter 
disease  is  found  in  such  an  immense  proportion  of  cases 
among  syphilitic  subjects  that  it  may  be  difficult  or  even 
impossible  to  distinguish  it  from  cerebral  syphilis. 

Gummy  tumors,  when  solitaiw  and  uncomplicated 
with  other  lesions  of  the  brain  or  vessels,  present  the 
same  clinical  history'  as  do  other  varieties  of  tumor,  except 
that  exacerbations  and  remissions  of  the  symptoms  are 
much  more  freijuent  in  the  former  (ritle  Brnin,  Tvmors 
of,  in  the  present  volume).  In  addition,  choked  disc  is 
comparatively  rare  in  gummata,  while  it  is  a  frequent 
attendant  of  other  varieties  of  tumor. 

Di.\GNOSis. — Of  course,  the  first  element  in  diagnosis  is 
the  recognition  of  previous  infection  with  syphilis.  In 
many  cases  this  is  a  very  simple  matter,  but  in  numerous 
instances  the  symptoms  at  the  time  of  the  original  infec- 
tion were  so  slight,  and  such  a  long  interval  has  elapsed 


before  the  outbreak  of  cerebral  symptoms,  that  it  may 
be  extremely  difficult  to  make  a  positive  diagnosis. 
Moreover,  in  negative  cases  we  must  not  forget  that 
many  patients  attempt  to  deceive  the  physician  in  regard 
to  tlie  contraction  of  venereal  disease.  In  doubtful  cases 
careful  search  must  be  made  throughout  the  entire  body 
for  any  traces  which  may  have  been  left  over  by  the 
original  disease. 

Headache  is  an  important  sign  at  the  beginning  of  cere- 
bral syphilis,  in  whatever  part  of  the  brain  tis.sues  the 
lesion  may  be  located.  The  pain  exhibits  the  character- 
istics described  in  the  previous  ,section,  but  it  must  be 
remembered  that  the  nocturnal  exacerbations  are  some- 
times absent. 

The  occurrence  of  cortical  epilepsy  in  a  syphilitic  sub- 
ject is  also  very  significant.  It  must  not  be  forgotten 
tliat  this  may  start  with  either  convulsions  or  paralysis, 
although  the  former  are  a  much  more  frequent  initial 
symptom.  Unlike  ordinary  epileptic  attacks,  these  seiz- 
ures are  often  unattended  with  unconsciousness. 

Another  important  sign  of  cerebral  syphilis  is  tht 
heterogeneous  character  of  the  symptoms  (paralysis  ol 
the  cranial  nerves,  hemiplegia,  aphasia,  convidsions.  etc.), 
a  fact  which  is  naturally  due  to  the  varied  character  of 
the  lesions  present  in  the  brain.  In  many  cases  the 
secondary  manifestations  of  the  constitutional  disease  are 
very  slightly  marked,  so  that  they  may  have  been  un- 
noticed by  the  patient,  and,  as  the  initial  lesion  is  often 
disregarded,  he  maj'be  unaware  of  his  infection  with  the 
specific  virus.  But  so  significant  are  the  heterogeneity 
and  anomalous  distribution  of  the  symptoms  that  the 
existence  of  syphilis  should  be  suspected  in  every  case  of 
nervous  disease  in  which  the  symptoms  appear  t^o  be  due 
to  au  organic  affection  but  are  grouped  in  an  irregular 
and  anomalous  manner.  Buzzard  says:  "I  should  not 
take  much  account  of  this  absence  [of  syphilitic  symp- 
toms] ,  if  there  were  other  reasons  for  strongly  suspecting 
syphilis,  for  we  are  continually  meeting  with  cases  in 
which  the  symptoms  caused  by  "lesion  of  some  part  of  the 
nervous  system  constitute  of  themselves  the  onlv  testi- 
mony to  the  specific  nature  of  the  disorder,  and  experi- 
ence shows  these  to  be  qm'te  as  patliognomonic  as  affec- 
tions of  the  skin."  The  brilliant  results  which  are  often 
obtained  by  vigorous  antisypbilitic  treatment  may  also 
prove  a  valuable  aid  in  diagnosis.  It  is  true  that,  in  rare 
cases,  very  favorable  results  are  also  obtained  by  such 
treatment  in  non-specific  cases,  but  we  can  hardly  ex- 
pect such  pronounced  changes  as  are  seen  in  syphilitic 
affections. 

Another  very  important  characteristic  of  the  symptoms 
of  cerebral  syphilis  is  their  remarkable  cliangeableness. 
For  example,  an  attack  of  aphasia  may  last  only  a  few 
minutes  or  hours,  or  an  attack  of  hemiplegia  may  disap- 
pear within  a  day  or  two.  In  no  other  disease,  with  the 
exception  of  hysteria,  is  this  ebb  and  flow  of  the  symp- 
toms noticed  in  such  a  marked  degree. 

In  making  a  diagnosis  of  syphilis  of  the  cerebral  ves- 
sels, as  distinguished  from  other  syphilitic  lesions  of  the 
brain,  special  stress  should  be  laid  upon  the  absence  of 
irritative  symptoms.  The  localization  of  the  lesion  in 
the  individual  arteries  will  depend  upon  the  same  factors 
as  in  ordinary  cerebral  embolism  and  thrombosis.  The 
problem  is  frequently  complicated,  however,  by  the  co- 
incident affection  of  several  vessels,  and  perhaps  by  the 
existence  of  other  syphilitic  lesions. 

The  diagnosis  of  gummy  basilar  meningitis  is  based 
chiefly  on  the  prominence  of  paralyses  of  various  cere- 
bral nerves,  in  addition  to  the  other  evidences  of  cerebral 
syphilis.  It  should  be  borne  in  mind,  however,  that  in 
rare  cases  the  syphilitic  lesion  appears  to  be  confined  to 
the  cerebral  nerves  themselves  (multiple  neuritis).  In 
basilar  meningitis,  however,  the  cerebral-nerve  paral.yses 
are  complicated  sooner  or  later  by  other  symptoms,  such 
as  hemiplegia,  hemianatsthesia.  etc. 

The  most  significant  symptom  of  meningitis  of  the 
convexity  is  the  development  of  cortical  epilepsy. 
Hemianopsia,  attended  b}'  visual  hallucinations,  is  also  a 
verj'  characteristic  symptom.     The  occurrence  of  tern- 
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porary  aphasia  is  also  apt  to  be  tlie  result  of  syphilitic 
lesions  of  the  convexity.  In  addition  to  these  special 
focal  symptoms,  we  usually  find  the  general  symptoms 
which  have  been  described  in  the  section  on  Symptoma- 
tology. 

When  the  syphilitic  changes  in  the  brain  are  very  dif- 
fuse, especially  when  they  involve  a  large  part  of  the 
convexity  of  one  or  both  hemispheres,  mental  symptoms 
are  often  prominent,  and  it  may  be  ditticult  to  distin- 
guish the  condition  from  dementia  paralytica.  The  latter 
affection  runs  a  progressive  course  and  ends  fatally  in  a 
few  years.  In  cases  of  cerebral  syphilis  proper  treat- 
ment may  result  in  ver}-  marked  improvement  and  occa- 
sionally in  recovery,  "inequality  of  the  pupils  is  much 
more  conuuon  in  tk-nientia  paralytica,  but  in  lare  cases  of 
cerebral  syphilis  pupillarj-  changes  are  found  for  yeais 
before  the  outbreak  of  other  symptoms.  In  cerebral 
syphilis  the  focal  symptoms  are  prominent  and  the  de- 
mentia, while  it  is  more  stable  in  character,  does  not  lead 
gradually  to  complete  dementia.  True  ideas  of  grandeur 
are  comparatively  rare  in  syphilitic  dementia,  and  are 
frequent  in  dementia  paralytica.  On  the  whole  the 
evidences  of  an  organic  disease  of  the  brain  are  much 
more  decided  in  cases  of  cerebral  syphilis  than  in  de- 
mentia paralytica. 

PiiociNOSis. — However  mild  the  symptoms  of  cerebral 
syphilis  may  be  at  the  outset  of  the  disease,  the  prognosis 
is  always  serious.  It  is  true  that  a  considerable  ]iro]ior- 
tiou  of  cases  recover,  but  the  danger  of  rela]:>se  is  always 
to  l)e  kept  in  mind.  There  seems  to  be  some  ground  for 
believing  that  when  the  original  syphilitic  infection  runs 
a  mild  course,  siibsequent  cerebral  manifestations  arc 
apt  to  be  severe  in  character.  This  may  be  owing  to  the 
fact  that  antisyphilitic  treatment  is  not  carried  out  very 
vigorously  or  persistently  unless  the  symptoms  are  severe. 
Nungazzini,  on  the  other  hand,  claims  that  malignity  of 
the  morbid  process  and  early  death  are  characteristic  of 
many  cases  of  early  syphilis  of  the  brain. 

Contrary  to  the  opinion  of  many  writers,  we  have  not 
found  that  the  general  condition  of  the  iiatient  has  much 
effect  upon  the  cour.se  of  the  disease,  exce])t  in  those 
cases  in  which  there  is  excessive  indulgence  in  alcoholic 
stimulants. 

Among  the  various  forms  of  cerebral  syphilis  the  most 
unfavorable  prognosis  is  presented  by  lesions  of  the  lilood- 
vessels.  Even  a  lesion  which  is  very  slight  in  actual 
dimensions  may  be  sutlii-ient  to  interfere  very  seriously 
with  the  circulation  in  the  brain.  When  a  vessel  is  oc- 
cluded entirel_v,  softening  in  its  area  of  distribution  de- 
velops very  rapidly  and  the  function  of  such  jiarts  is 
never  restored.  The  most  serious  results  are  observed 
when  the  basilar  artery  is  the  site  of  disease. 

The  most  favorable  results  are  seen  in  gummy  tumors 
and  gummj'  meningitis  of  the  convexity.  Symptoms 
which  point  very  conclusively  to  gummy  tumors  may 
disappear  completely  under  treatment.  Giunmy  menin- 
gitis of  the  convexity  also  promises  a  more  favorable 
prognosis  than  other  localizations,  but  in  these  cases  re- 
cover}' is  usually  incomplete.  This  is  particularly  true 
of  cases  in  which  mental  disturbances  have  been  promi- 
nent. 

Gummy  meningitis  at  the  base  of  the  brain  presents 
almost  as  unfavorable  a  prognosis  as  syphilis  of  the  ves- 
sels, and  indeed  the  two  conditions  are  very  apt  to  be 
associated.  In  many  cases,  however,  the  extent  and 
rajjidity  of  the  improvement  secured  by  antisyphilitic 
treatment  are  little  less  than  marvellous. 

Tre.\t>ient. — The  treatment  consists  practicall}'  of 
the  administration  of  antisyphilitic  remedies,  and  the 
earlier  we  resort  to  these  remedies  the  more  assured  is  a 
successful  result.  Hence  the  extreme  importance  of  an 
early  diagnosis  and  the  advisability  of  s])eeitie  treatment 
in  all  doubtful  cases. 

In  our  hands  more  benefit  has  been  derived  from  the 
use  of  potassium  iodide  than  from  the  preparations  of 
mercury ;  but  this  opinion  is  not  held  by  all  writers. 
German  authorities  in  particular  usually  lay  more  stress 
upon  the  exhibition  of  mercurial  preparations. 


Unless  the  patient  manifests  an  idiosyncrasy  with  re- 
gard to  one  or  the  other  of  these  drugs,  the  mixed  treat- 
ment should  always  be  adopted.  The  do.sage  should  de- 
pend solely  upon  the  tolerance  of  the  patient.  In  some 
cases  the  effect  desired  is  not  secured  until  enormous 
doses  (an  ounce  or  even  more)  of  potassium  iodide  are 
given  in  the  course  of  twenty-four  hours.  The  notion  is 
(juite  prevalent  that  such  large  doses  are  dangerous  to 
the  geneial  condition  of  the  patient,  but  this  opinion  is 
not  justified  by  our  own  observation.  For  internal  ad- 
ministration we  usually  rely  upon  bichloride  of  mercury, 
beginning  with  one-thirty-secoud  of  a  grain,  and  increas- 
ing rapidly  until  the  desired  effect  is  obtained.  The 
mercury  is  given  in  solution  with  potassium  iodide,  the 
initial  close  of  the  latter  being  usually  fifteen  grains,  un- 
less the  s_ymptoms  are  very  urgent,  when  luuch  lai'ger 
doses  may  be  given  at  once.  Tliis  mixture  is  best  given 
about  two  hours  after  meals  and  shoidd  alwaj'S  be  largely 
diluted  (one-half  to  one  tumblerful  of  water,  Vichy 
water,  or  milk).  If  we  wi.sh  to  increase  the  dose  of  the 
two  drugs  at  varying  rates,  it  is  preferable  to  give  the 
mercury  in  the  shape  of  tablets.  Sometimes  it  is  neces- 
sary to  give  daily  as  much  as  one-eighth  of  a  grain  or  even 
more,  according  to  the  indications  in  the  individual  case. 
It  is  a  good  plan  to  keep  on  increasing  the  dose  until  the 
gums  become  a  little  tender,  and  then  an  amount  slightly 
smaller  than  that  necessary  to  produce  such  an  effect 
may  be  continued  for  a  long  time.  In  grave  cases,  when 
we  wish  to  overwhelm  the  patient  with  the  drug,  it  is 
better  to  use  inunctions  of  mercuiial  ointment  regardless 
of  its  effect  upon  the  gums.  If  tlie  iiatient  is  uncon- 
scious, my  plan  has  been  to  administer  the  mercury  by 
inunction  and  the  iodide  of  potassium  l\v  rectal  injec- 
tions. As  much  as  from  4  to  6  gm.  of  the  iodide  (diluted 
with  water  or  milk)  may  be  injected  every  four  hours. 
When  the  patient  recovers  consciousness,  the  drug  may 
again  be  administered  in  the  usvial  way. 

During  the  entire  period  of  treatment,  the  patient 
.should  devote  extreme  attention  to  the  care  of  the  teeth 
and  mouth.  The  teeth  should  be  very  carefully  brushed 
after  each  meal,  and  the  mouth  rinsed  several  times  a 
day  with  a  weak  solution  of  listerine  or  some  other  mild 
antiseptic. 

After  serious  S3'mptoms  have  subsided,  the  dose  of  the 
antisyphilitic  is  gradually  diminished  to  a  certain  extent, 
but  should  be  continued  persistently  (if  possible,  without 
intermission)  for  at  least  one  or  two  years  after  the  dis- 
appearance of  all  evidences  of  the  disease. 

I  cannot  express  myself  too  strongly  concerning  the 
extreme  importance  of  protracted  treatment  and  the 
necessity  of  administering  the  remedies  in  sufficiently 
large  doses.  The  dose  is  to  be  regulated  solely  by  the 
amount  requisite  to  control  the  symptoms  in  each  indi- 
vidual case. 

Apart  from  the  use  of  the  strictly  antisyphilitic 
remedies,  verj'  little  can  be  done  in  the  way  of  treatment. 
When  the  pains  do  not  yield  to  these  drugs,  opium  must 
be  resorted  to,  and  perhaps  the  repeated  application  of 
blisters  to  the  back  of  the  neck  will  prove  useful.  Re- 
peated convulsions  are  sometimes  controlled  by  the  ad- 
dition of  biomide  of  potassium  to  the  iodide  mixture. 
The  patients  should  be  strictly  warned  against  the  use 
of  alcoholic  stimulants  in  any  shape,  and  also  against 
indulgence  in  sexual  intercourse.  They  .should  be  kept 
as  free  as  possible  from  excitement  and  overwork,  and 
regular,  easy  evacuations  of  the  bowels  should  be  secured 
dailj".  Leopold  Puizel. 

BRAIN:  TRAUMATIC  AFFECTIONS.  See  Skull, 
Dixeiisi-ii  Olid  Iiijiiiiiii  iif. 

BRAIN  :  TUBERCULOUS  MENINGITIS.— (Synonyms: 
Acute  Ilydrdcephalus,  Granular  Meningitis,  Basilar  Men- 
ingitis, Dropsy  of  the  Brain.) 

Definition. — Tuberculous  meningitis  is  an  acute  in- 
flammation of  the  pia  mater  of  the  brain,  due  to  infection 
by  tubercle  bacilli,  and  characterized  by  the  dejiosit  of 
miliary  tubercles  and  an  effusion  of  pus  and  lymph. 


431 


Brain. 
Bralu. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


General  Observations. — In  1T68  the  attention  of  the 
profession  was  tirst  particularly  called  to  this  disease 
by  Dr.  Robert  Wliytt.  of  Edinburgh.  His  remarkable 
monograph,  entitled  "Observations  on  the  Dropsy  of  the 
Brainr"  ranks  today  among  the  medical  classics,  and  is 
liighly  commended  by  all  recent  Tvriters  for  its  accurac}' 
of  description  and  fulness  of  detail. 

Dr.  Whytt,  and  the  oljservers  immediately  succeeding 
him,  framing  their  opinion  as  to  the  nature  of  the  affec- 
tion from  the  very  prominent  anatomical  lesion — the 
ventricular  effusion — unavoidably  included,  under  the 
term  ilmjifii/  of  llie  brain,  several  other  diseases  besides 
tuberculous  intlamnuiticm  of  the  meninges.  No  correct 
Idea  of  its  jiathology  could  lie  attained  until  Goelis,  in 
181.5,  pointed  out  that  acute  ventricular  dropsy  was  not  a 
primary  condition,  but  was  always  dependent  upon  some 
antecedent  affeeti<in  of  the  cerebral  vessels  or  nerves. 

Although  the  granular  condition  of  the  meninges  had 
been  previously  "noted  by  Guers;iut,  it  was  reserved  for 
Papavoine,  in  1S30.  to  establish  the  tuberculous  nature  of 
these  granides,  and  to  point  out  their  pathological  rela- 
tion to  the  menin.geal  inflammation. 

The  name  of  tuijerculous  meningitis,  which  has  won  its 
way  to  universal  acceptance,  was  suggested  by  Briche- 
teau.  Dr.  Gerhard,  of  Philadelphia,  was  the  tirst  to  call 
attention  to  tlie  disease  in  this  country.  His  most  valu- 
able paper,  published  in  the  Amcrirfiii  Journal  of  Vie 
Medical  Heiences  (1833-34),  was  based  upou  the  reports  of 
thirty-two  cases,  with  autopsies  (Jliuot). 

Tuberculous  meningitis  is  not  an  independent  affection, 
but  is  one  of  the  most  Important  phases  of  that  protean 
malady,  acute  miliary  tuberculosis.  It  rarely,  if  ever, 
occurs  as  the  sole  tuberculous  lesion  in  the  body. 

Two  forms  of  the  disease  are  recognized,  a  primary 
and  a  secondary  form.  In  the  former,  although  other 
organs  besides  the  pia  may  be  tlie  seat  of  tubercles,  the 
symptoms  first  noticed  are  those  arising  from  the  cerebral 
lesion,  and  these  retain  their  prominence  throughout  the 
attack.  In  the  secondary  form,  on  the  other  hand,  the 
brain  symptoms  are  preceded  by  those  arising  from  in- 
flammatory alTections  of  other  viscera,  also  dependent 
u]iou  the  diathetic  influence,  and  are  only  manifested 
toward  the  close  of  the  illness. 

Tulierculous  meningitis  is  one  of  the  most  important 
and  most  fatal  organic  diseases  of  the  cerebro-spinal 
system.  The  primary  form  is  essentiallj'  a  disease  of 
earl)-  life,  and  occurs  with  special  frequency  between  the 
ages  of  two  and  ten  j-ears.  Infancy  and  adolescence  do 
not  confer  entire  immunity,  but  at  these  periods  of  life 
the  disease  is  almost  always  secondary  to  advanced  pul- 
monary tuberculosis.  Statistics  indicate  that  males  are 
more  susceptible  to  the  disease  than  females ;  according 
to  Hugnenin.  this  preponderance  is  much  oftener  ob- 
served in  children  under  fifteen  years  of  age  than  in 
adults. 

Etiology. — The  essential  factor  in  the  causation  of 
tuberculous  meningitis  is  the  infection  of  the  pia  mater 
with  tubercle  bacilli.  They  may  reach  the  brain  through 
the  lymphatics  <ir  V)lood-vessels.  Foremost  among  the 
predisposing  causes  must  be  placed  the  hereditary  diath- 
esis. The  badly  nourished  and  physically  ill-developed 
children  of  consumptive  parents  are  the  most  susceptible, 
but  the  apparently  rugged  and  robust  are  not  exempt; 
in  the  latter,  however,  a  careful  search  will  almost  cer- 
tainly disclose  a  taint  in  some  collateral  branch  of  the 
family,  if  not  in  the  direct  line  of  descent. 

That  the  disease  is  with  rare  exceptions  dependent 
upon  foci  of  caseous  degeneration  in  some  remote  gland  or 
viscus,  a  suppurating  joint,  or  tuberculous  inflammation 
of  bone,  is  now  generally  recognized  by  modern  pathol- 
ogists. Seitz  foimd  such  lesions  in  more  than  ninety- 
three  per  cent,  of  the  cases  tabvdated  by  him.  Holt 
states  that  "although  it  is  not  infrequent  to  see  menin- 
gitis without  symptoms  of  tuberculosis  elsewhere.  I  have 
never  failed  at  autopsy  to  find  other  tuberculous  lesions 
in  the  body." 

The  exciting  causes  are  obscure.  Unpropitious  ex- 
ternal conditions  of  all  kinds,  such  as  impure  air,  un- 


wholesome food,  exposure,  bad  drainage,  may  kindle 
into  activity  a  slumbering  predisposition. 

Blows  upon  the  head,  emotional  excitement,  expo.sure 
to  the  direct  rays  of  the  sun,  and  like  causes  exert  a 
doubtful  influence.  Climate  and  seasons  have  no  place 
among  the  etiological  factors,  although  the  disease  is 
more  prevalent  in  the  changeable  weather  of  winter  and 
spring. 

It  is  not  improbable  that,  in  older  children,  excessive 
study  and  worr}-,  or  the  high-pressure  system  of  modern 
schools,  may  promote  the  disease  in  those  predisposed 
b_v  inheritance  to  tuberculous  affections;  and,  in  this 
connectiou,  it  may  be  stated  that  such  children  are,  as  a 
rule,  precocious  and  ambitious  to  excel  in  their  studies. 

Morbid  Anatomy. — The  distinctive  anatomical  feature 
of  tuberculous  meningitis  is  a  dejiosit  of  miliary  tubercles 
in  the  pia  mater  of  the  brain.  These  granules  are  always 
found  on  the  inner  surface  of  the  membrane,  are  grayish 
white,  semi-transparent,  and  vary  in  size  from  an  object 
just  visible  to  the  naked  eye  to  that  of  a  millet  or  hemp 
seed.  "These  are  really  the  seats  of  activity  of  the 
bacilli  "  (Lloyd).  The  coalescence  of  several  nodules  may 
f(n-m  tubercular  masses  as  large  as,  or  larger  than,  a  pea. 
They  are  usually  more  numerous  at  the  base,  especially 
about  the  fissure  of  Sylvius  and  the  optic  chiasm,  but  in 
rare  instances  ai'e  formed  in  greater  numbers  on  the  con- 
vexity. The  distribution  is  generally  symmetrical  in  the 
two  hemispheres,  but  may  be  limited  to  any  particular 
portion,  even  to  the  narrow  area  fed  by  the  branches  of 
a  single  aitery.  They  arc  always  developed  within  the 
perivascular  canals,  and  adhere  to  the  coats  of  the  arteries, 
giving  somewhat  the  ajipearance  of  a  string  of  beads. 
The.v  may  be  few  in  number  or  so  abundant  as  to  impair 
the  integrity  of  the  coats  of  the  vessels  and  completely 
obstruct  the  circulation. 

Hektoen  found  tubercles  in  the  intima,  accompanied 
by  extensive  endarteritis.  His  investigations  showed  the 
intravascular  lesion  to  be  primary,  due  to  the  implanta- 
tion u])on  the  intima  of  bacilli  from  the  blood.  The 
number  of  the  nodules  does  not  deteraiine  the  intensity 
of  the  inflammation,  which  may  be  slight  in  the  -presence 
of  a  large  deposit,  or  severe  with  a  few  wideh'  scattered 
granules. 

The  pia  mater  is  thickened,  opaque  in  appearance,- 
more  or  less  adherent  to  the  surface  of  the  brain,  and 
often  is  studded  with  tubercles. 

Other  changes  may  be  noted  which  are  to  a  certain 
extent  common  to  all  forms  of  meningeal  inflammation. 
A  sero-purulent  exudation  covers  the  pia,  especially  at 
the  base,  and  extends  along  the  course  of  the  arteries. 
It  may  be  so  copious  as  to  embed  the  cranial  nerves  and 
fill  up  the  natural  depressions  at  the  base  of  the  brain. 

The  ventricles  are  almost  invariably  distended  with 
fluid.  The  effusion  into  the  ventricles,  which  was  con- 
sidered by  the  early  authors  to  be  the  essential  anatomical 
lesion,  furnishes  the  most  conunon  name  for  the  disease. 
It  varies  largeh^  in  quantity,  but  is  generally  snflicient 
to  distend  the  ventricles,  flatten  the  convolutions,  and 
render  them  dry  and  ana?mic.  There  is  often  bulging  of 
the  fontanel  and  sometimes  even  separation  of  the  su- 
tures when  they  are  not  completely  ossified.  The  fluid 
has  a  specific  gravity  of  about  1.010.  is  usually  turbid 
from  the  admixture  of  epithelium  and  leucocytes,  and  is 
sometimes,  though  rarel.v.  tinged  with  blood.  The  por- 
tions of  the  brain  adjacent  to  the  ventricles  are  softened. 
The  fornix  and  septum  lucidummay  be  almost  ditfluent. 
and  the  basal  ganglia  so  altered  in  consistence  as  to  fall 
into  a  shapeless  pulp  on  being  removed  from  the  skull 
(Fagge). 

Tile  choroid  plexuses  are  hyperaemic,  and  sometimes 
covered  with  purulent  exudation.  The  convolutions  are 
oedematous  and  injected  when  the  ventricular  effusion  is 
small  or  wanting,  but  are  dry,  bloodless,  and  flattened 
when  the  effusion  is  large.  Occasionally  patches  of  red 
softening,  punctiform  hemorrhages,  and,  very  rarely, 
large  extravasations  of  blood  are  met  with  in  the  sub- 
stance of  the  brain. 

Changes  similar  in  kind  to  those  above  described,  but 
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less  in  degree,  are  sometimes  found  in  the  spinal  cord 
and  its  nu-mbranes. 

In  tuberculous  meningitis  the  lesions  are  very  rarely 
limited  to  the  intracranial  viscera.  Tuberculous  depos- 
its almost  invariably  occur  in  other  organs  of  the  body, 
most  frequently  in  the  lungs;  or  there  are  remote  depots 
of  caseating  material  or  other  evidences  of  the  cachexia. 
Tubercles  can  often  be  demonstrated  by  means  of  the 
ophthalmoscope  in  the  choroid  coat  of  the  eye.  Dr. 
Money  found  the  choroid  affected  in  fourteen  out  of  forty- 
fno  cases  of  tuberculous  meningitis.  In  one  instance 
tubercles  were  observed  in  the  eye,  but  not  in  the  brain 
or  its  membranes;  in  another,  the  meninges  were  free. 
but  there  was  a  mass  of  crude  tubercles  in  the  cerebellum 
(London  Lancet,  1883).  According  to  Oliver  tuberculous 
meningitis  is  more  prone  than  other  forms  of  meningitis 
to  cause  changes  in  the  optic  nerves. 

Symptoms. — Tuberculous  meningitis  is  nearly  always 
preceded  by  premonitorj-  symptoms  which,  if  rightly 
interpreted,  are  of  the  highest  value.  In  twenty-six 
cases  collected  by  Dr  Gee  there  were  only  two  in  which 
prodromes  were  absent.  These  sj'mptoms  are  usually  so 
indefinite  in  character  as  to  excite  little  attention  at  the 
time,  and  are  rarely  thoroughly  appreciated  until  the  de- 
veloped disease  leads  the  parents  carefully  to  review  the 
past  weeks  of  the  child's  life. 

This  period  probably  corresponds  with  the  deposit  of 
miliary  tubercles  in  the  pia  mater  before  serious  struc- 
tural changes  have  taken  place. 

The  symptoms  met  with  during  the  prodromal  stage 
relate  chiefly  to  the  nutritive  and  digestive  processes. 
The  appetite  is  capricious,  the  lireath  offensive,  and  the 
tongue  furred.  Vomiting  is  not  common.  The  bowels 
are  slightly  constipated,  or  diarrhoea  and  constipation 
alternate.  "  The  child  tires  easily  and  will  often  be  found 
aslee])  on  the  floor  surrounded  by  his  playmates  and  toys. 
At  night,  sleep  is  restless  and  disturbed  b\'  dreams. 
Headache  is  not  a  prominent  symptom,  but  is  rarely 
wholly  absent.  Frequent  complaints  of  dizziness  are 
made.  Very  rarely  double  vision  is  observed.  Along 
with  these  symptoms  will  be  noted  an  alteration  in  the 
child's  character.  This  is  one  of  the  most  important  of 
the  prodromes,  and  should  never  be  overlooked  in  en- 
deavoring to  make  a  diagnosis  in  a  doubtful  case.  The 
patient,  before  precocious  and  vivacious,  becomes  dull 
and  listless,  indifferent  to  his  books  or  plays,  moody, 
and  petulant.  Many  grow  very  emotional,  bursting  into 
tears  on  the  slightest  provocation,  or  dispensing  their 
caresses  with  annoying  lavishness.  Before  the  close  of 
the  prodromal  period  the  effect  of  imperfect  nutrition  is 
apparent.  The  patient  grows  thinner  and  paler.  The 
muscles  become  soft  and  flabby,  and  he  is  day  by  day 
less  inclined  to  exertion  of  any  kind.  The  prodromal 
stage  may  last  for  from  one  week  to  three  months. 

It  is  customary,  for  convenience  of  description,  to  di- 
vide the  disease  into  distinct  stages,  based  upon  the 
predominance  of  certain  symptoms  at  different  periods 
in  its  course,  viz, ,  a  stage  of  invasion,  one  of  presntire,  and 
one  of  paralyms.  This  arrangement  is  purely  arbitrar_y, 
and  is  rarely  fully  justified  by  clinical  observation. 

There  are  few  diseases  more  iixegular  in  the  develop- 
ment or  sequence  of  S}-mptoms  than  tuberculous  menin- 
gitis, and  he  who  seeks  at  the  bedside  onh'  the  typical 
case  of  the  books  may  long  search  in  vain. 

Since  the  age  of  the  patient  impresses  some  minor  dif- 
ferences upon  its  course,  we  will  first  describe  the  disease 
as  seen  in  children. 

Stage  of  Inriimmi. — The  onset  is  rarely  announced  by 
any  sudden  perturbation,  like  a  chill  or  convulsion,  but 
usually  the  symptoms  of  the  prodromal  stage  are  in- 
creased in  severity  and  gradually  reinforced  by  others 
characteristic  of  cerebral  lesions. 

Headache,  vomiting,  and  fever  are  the  common  initial 
symptoms.  Of  these,  vomiting  is  perhaps  the  most  con 
.stant.  It  varies  greatly  in  frequency,  is  not  usually 
troublesome  after  the  first  few  days,  though  it  may  con- 
tinue during  the  entire  illness,  and  seldom  returns,  after 
it  has  once  ceased  for  twenty-four  hours.  It  is  especialh' 
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provoked  by  the  ingestion  of  food  or  drink' and  by  rising 
in  bed,  and,  as  a  rule,  is  not  preceded  by  nausea  or  ac- 
companied with  severe  retching. 

The  headache  is  intense,  and  constitutes  one  of  the 
most  distressing  features  of  the  disease.  It  is  usually 
referred  to  the  frontal  region.  The  pain  is  aggravated 
bj-  sudden  movement,  bright  light,  or  loud  noises,  and  is 
subject  to  exacerbations  without  apparent  cause.  It  at 
times  compels  the  child  to  make  outcries,  hold  his  head 
with  his  hands,  or  bur^'  his  face  in  the  pillow.  Fortu- 
nately, remissionsof  variable  duration  are  not  infrequent. 
Vertigo  is  occasionally  present,  manifested  by  unsteadi- 
ness of  gait,  or  a  sensation  of  falling,  even  when  Iving  in 
bed.  The  complaint  of  headache  in  a  child,  especially 
when  associated  with  vomiting,  should  always  awaken 
the  gravest  apprehensions.- 

There  is  no  distinctive  temperature  curve.  The  fever 
is  moderate  in  intensity,  irregularly  remittent  in  type, 
and  rarely  measures  more  than  103"  F.  in  the  evening, 
and  100°  F.  or  99'  F.  in  the  morning.  Constipation  is 
very  constant.  It  is  usually  marked  from  the  beginning 
of  the  illness,  and  is  rebellious  to  the  action  of  laxatives ; 
yet  cases  are  recorded  in  which  persistent  diarrhoea  has 
occurred  without  tuberculous  or  other  disease  of  the  gas- 
tro-intestinal  mucous  membrane  (Huguenin).  Anorexia 
and  moderate  thirst  are  present.  The  tongue  may  be 
clean,  but  is  generally  heavily  coated. 

The  pulse  for  the  first  few  days  is  rapid  and  regular, 
but  soon  becomes  slow,  irregular,  and  variable.  The 
vaiiability  is  marked;  the  slightest  exertion  or  excite- 
ment will  cause  an  increase  of  twenty  or  more  beats  per 
minute,  and  a  like  effect  may  be  often  produced  without 
known  cause. 

The  respiration  is  changed  in  like  manner,  and  after 
three  or  four  days  becomes  irregular  and  sighing.  These 
alterations  in  the  pulse  and  breathing  are  by  no  means 
constant  in  the  early  stages.  They  may  be  marked  at 
one,  and  absent  at  several  subsequent  visits;  in  fact, 
fluctuations  may  be  noted  in  the  course  of  the  same  ob- 
servation. Repeated  and  lengthy  examinations  must 
therefore  be  made  before  they  are  declared  absent.  It  is 
important  to  make  the  examination  of  the  pulse  when 
the  child  is  at  rest,  since  a  pulse  which  is  slow  and  irregu- 
lar during  repose  may  be  rapid  and  regular  imder  excite- 
ment or  after  movement. 

Sleep  is  fitful  and  disturbed.  Mild  delirium  is  observed 
at  some  period  of  the  day  or  night.  The  pupils  are  con- 
tracted, and  light  is  painful  to  the  eyes. 

During  the  early  part  of  this  stage,  both  special  and 
general  sensibility  are  increased,  so  that  the  child  often 
receives  with  dread  even  the  gentle  ministrations  of  its 
mother.  Later  on,  he  becomes  more  passive,  and  will 
without  a  murmur  submit  to  the  protracted  examination 
of  the  physician. 

If  the  cranial  bones  are  unossified,  the  anterior  fonta- 
nel is  di.stended. 

Strabismus,  double  vision,  and  ptosis  sometimes  ap- 
pear toward  the  end  of  the  stage  of  invasion.  Convul- 
sions are  not  common,  but  muscular  twitchings and  rigid- 
ity of  the  muscles  of  the  spine  are  occasionally  noted. 

The  child  is  dull,  apathetic,  and  drowsy  from  the  be- 
ginning. At  first  he  can  be  easily  aroused,  and  although 
his  mental  operations  are  sluggish,  he  notices  iiis  sur- 
roimdings  and  may  at  times  amuse  himself  with  his 
playthings.  The  somnolence  gradually  inerea.ses  until, 
toward  the  close  of  this  period,  he  will,  if  undisturbed, 
lie  for  hours  in  a  deep  sleep,  with  eyelids  half-open, 
grinding  his  teeth,  and  at  times  uttering  a  sharp,  pierc- 
ing shriek — t?ie  ht/<Jrtnceph(iUc  cry  of  Coindet.  Some 
authors  place  great  stress  upon  this  cry,  but  Rilliet,  Gee, 
and  others  hold  that  it  is  not  special  to  nor  frequent  in 
tuberculous  meningitis. 

The  duration  ofthis  stage  is  from  seven  to  fourteen 
days. 

'triage  of  Presavre. — The  signs  of  irritation  now  give 
place  to  those  of  pressure  or  exudation  upon  the  surface 
of  the  pia  and  into  the  ventricles  of  the  brain.  The 
transition  takes  place  gradually:  in  fact,  there  is  usually 
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a  period  of  uncertain  duration,  which  has  heen  not  in- 
aptlj-  named  the  mixed  stage,  in  wliich  the  "symptoms 
of  irritation  still  linger  and  the  symptoms  of  depression 
are  just  manifesting  themselves"  (Bartholovv). 

Paroxysms  of  pain,  great  restlessness,  irritability,  and 
delirium  are  succeeded  by  periods  of  extreme  drowsiness 
or  even  of  profound  stupor,  out  of  which  the  child  is 
aroused  with  difficulty,  perhaps  replies  in  monosyllables, 
or  stares  vacantly  at  the  questioner  through  half-open 
lids,  and  again  lapses  into  his  former  condition. 

The  most  characteristic  feature  of  this  stage  when 
fully  developed  is  loss  of  consciousness.  The  patient  re- 
mains in  a  state  of  complete  insensibility,  and  at  times 
moans  or  shrieks  out  wildly.  He  commonly  lies  on  one 
siile,  with  the  knees  drawn  close  to  the  abdomen,  one 
hand  jjressing  his  head  and  thoother  grasping  the  genitals. 

The  head  "is  often  retracted,  and  the  muscles  of  the 
nape  of  tlie  neck  are  rigid.  The  pul.se  becomes  slow — 
from  40  to  80  lieats  in'the  minute.  The  irregularity 
of  the  pulse  and  respiration  are  more  pronounced  and 
more  constant  than  before.  TypiCLil  Chcyne-Stokes 
respiration  is  often  observed.  The  temperature  falls  a 
degree  or  more  and  often  becomes  subnormal.  Vomit- 
ing ceases,  if  it  has  not  already  done  so,  but  constipa- 
tion persists.  The  abdomen  is  deeply  hollowed.  The 
common  term  "  boat-shaped  "  very  accurately  describes 
tlie  sunken  belly  bounded  by  the  unduly  prominent  sym- 
physis, iliac  crests,  and  cnsiform  cartilage. 

The  pupils  are  dilated,  often  unequally,  and  some- 
times waver  under  light.  The  globe  rolls  from  side  to 
side,  the  sclerotic  is  suffused,  a  puriform  secretion  col- 
lects in  the  angles  of  the  eyes  or  glues  together  the  edges 
of  the  lids.  The  ophthalmoscope  shows  ischa'mia  of 
the  optic  discs  or  beginning  neuro-retinitis.  In  rare  in- 
stances, miliary  tubercles  are  seen  in  the  choroid.  Dr. 
Allbutt  found  retinal  lesions  in  twenty-nine  out  of  thirty- 
eight  cases  of  tuberculous  meningitis. 

The  skin  presents  peculiar  vasomotor  disturbances. 
Small  patches  or  spots  of  congestion  appear  on  the 
cheeks,  forehead,  or  ears,  and  quickly  fade  away,  their 
bright  color  making  a  vivid  contrast  with  the  general 
pallor.  If  the  finger-nail  be  lightly  drawn  acposs  the 
abdomen  or  inner  surface  of  the  thigh,  a  bright-red  line 
comes  out  slowly,  persists  for  a  few  moments,  and  then 
gradually  fades — the  tdeltc  cerehrale  of  Trousseau. 

Paralyses,  both  local  and  general,  are  commonly  met 
with  at  this  period  ;  as  are  also  rigidity  or  pendulum-like 
movements  of  one  or  more  of  the  extremities. 

The  contents  of  the  bladder  and  rectum  are  usually 
discharged  involuntarily. 

Stfiffe  of  Piirtili/fiis. — From  twenty -four  to  forty-eight 
hours  before  death,  some  of  the  characteinstic  symptoms 
undergo  a  remarkalile  alteration.  The  period  covered 
b}'  these  changes  is  known  as  the  stage  of  paralysis. 
The  child  now  lies  completely  comatose  and  irresponsive 
to  external  irritations.  Only  reflex  movements  can  be 
excited,  and  these  imperfectly. 

The  constipation  which  has  marked  the  whole  progress 
of  the  illness  is  now  often  replaced  by  copious,  involun- 
tary, liquid  stools;  the  sunken  abdomen  becomes  dis- 
tended with  gas ;  the  slow  pulse  becomes  rapid  and  feeble, 
numbering  160  to  180  beats  per  minute,  and  the  mercury 
registers  a  temperature  of  10-1°  to  107°  F.  This  second 
rise  in  pulse  and  temperature  is  a  certain  forerunner  of 
speedy  dissolution. 

The  capillary  circulation  is  more  and  more  interfered 
with,  the  respirations  become  less  distinct,  and  death  may 
occur  quietly  in  deep  coma  or  be  ushered  in  by  a  con- 
vulsion.    Death  by  coma  is  the  more  common  mode. 

Sometimes  the  death  agony  is  prolonged  for  several 
days,  to  the  great  grief  of  the  parents.  Death  occurs  in 
from  sixteen  to  twenty-one  days  after  the  appearance  of 
the  initial  symptoms. 

Tuberculous  JlEsrsGiris  in  the  Adult. — The  course 
of  tuberculous  meningitis  in  adults  varies  sufficiently 
from  that  observed  in  children  to  deserve  brief  men- 
tion. 

The  disease  Is  more  common  in  men  than  in  women. 


and  occurs  at  all  ages,  but  especially  between  the  years 
of  seventeen  and  thirty.  It  is  almost  invariably  second- 
ary to  advanced  tuberculous  disease  in  some  remote  part, 
the  symptoms  of  which  to  a  certain  extent  mask  those  of 
the  meningeal  affection.  The  primary  form  of  the  dis- 
ease is  rarely  met  with  in  adult  life. 

Premonitory  symptoms  are  usually  absent,  and  when 
present  never  obtain  the  same  prominence  as  in  early  life. 
Persistent  vomiting  and  convulsions  rarely  usher  in  the 
attack,  hut  local  paralyses,  hemiplegia,  and  aphasia — 
very  seldom  seen  in  childhood — are  not  infrequently  the 
fir.st  symptoms  to  direct  attention  to  the  cerebral  com- 
plication. 

The  disease  ordinarily  runs  a  much  shorter  course  than 
in  children.  Death  may  occur  within  forty -eight  hours 
after  the  appearance  of  brain  symptoms,  and  is  seldom 
delaycil  longer  than  fourteen  days. 

DiAOKOSis. — The  diagnosis  of  typical,  fully  developed 
tuberculous  meningitis  can  scarcely  give  serious  trouble, 
but  in  the  prodromal  period,  or  in  those  cases  which 
pursue  an  irregular  course  or  in  which  some  of  the 
prominent  svmptoms are  absent  altogether,  it  is  proverbi- 
ally difficult. 

Since  the  disease  is  almost  invariably  engrafted  upon  a 
tuberculous  diathesis,  a  careful  investigation  of  the 
family  record  and  personal  history  should  be  at  once 
instituted.  It  is,  however,  only  by  the  exercise  of  the 
most  painstaking  care,  by  closely  observing  the  physi- 
ognomy and  actions  of  the  child,  and  by  noting  the 
hourly  variations  in  the  symptoms,  that  an  early  diag- 
nosis can  be  reached  in  doiibtful  cases.  Ill-defined  ailing 
in  a  scrofulous  child  which  resists  ordinary  treatment, 
especially  if  accompanied  with  headache  and  causeless 
vomiting,  should  always  awaken  suspicion. 

The  diseases  for  which  tuberculous  meningitis  is  most 
liable  to  be  mistaken  are  acute  simple  meningitis,  hy- 
drencephaloid  disease,  gastrointestinal  disturbances,  and 
typhoid  fever. 

Simple  meningitis  is  ordinarily  recognized  by  the 
sharper  onset  (without  prodromes),  more  severe  head- 
ache, more  furious  delirium,  higher  temperature — in 
short,  the  greater  intensity  of  all  the  symptoms  and  its 
rapid  course.  The  comparative  rarity  of  the  simple  over 
the  tuberculous  form  of  the  disease  should  be  remem- 
bered. In  exceptional  cases  the  differentiation  cannot 
be  made. 

False  hydrocephalus  is  usually  readily  known  by  the 
history  of  antecedent  diarrhoea  or  other  exhausting 
malady,  the  prostration  when  the  cerebral  s.ymptoms 
began,  the  rapid  and  feeble  jiulse,  the  depressed  fonta- 
nel, the  pallor,  and  the  nonnal  or  even  subnormal  tem- 
perature. All  authors  s|)eak  of  the  resemblance  which 
certain  cases  of  typhoid  fever  bear  to  the  disease  under 
discussion.  The  iufrequency  of  typhoid  fever  in  patients 
of  the  age  most  prone  to  tubercidous  meningitis,  the 
regular  temperature  curve,  the  diarrhcea,  the  iliac  gurg- 
ling, the  rose-colored  spots,  and  the  s]ilenie  tiunor  will 
generally  easily  establish  the  nature  of  the  disease. 

The  subacute  gastrointestinal  disturbances  to  which 
children,  especially  cachectic  children,  are  so  liable  may 
lead  to  error.  Feverishness,  anorexia,  vomiting,  irrita- 
bility, and  headache  are  common  to  each,  and  in  many 
cases  the  development  of  the  symptoms  must  be  awaited 
to  clear  up  the  diagnosis. 

The  more  intense  headache,  the  irregular  pulse,  the 
sighing  respiration,  the  alterations  in  the  pupils,  and  the 
graver  aspect  of  the  illness  will  generally  speedily  indi- 
cate its  cerebral  nature. 

The  lumbar  puncture  of  Quincke  sometimes  gives 
valuable  information.  It  is  especially  valuable  in  the 
differentiation  of  meningitis  from  other  diseases  accom- 
panied by  marked  brain  symptoms. 

The  discovery  of  tubercle  bacilli  in  the  spinal  fluid  is 
positive  evidence  of  the  nature  of  the  disease.  They  are, 
however,  difficult  of  demonstration,  and  are  not  always 
present  in  undou1)ted  cases  of  meningeal  tuberculosis. 

Furbringcr  found  bacilli  in  thirty  out  of  thirty-seven 
examinations. 
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The  changes  wliicli  take  place  in  the  fundus  of  the  eye 
are  often  among  the  early  signs  of  meningeal  intianuna- 
tion.  and  hence  "are  valuable  in  diagnosis.  However,  too 
much  reliance  must  not  be  put  upon  the  ophthalmoscopic 
examination.  Dr.  Fagge  remarks:  "The  clinical  value 
of  ophthalmoscopic  changes  in  the  optic  discs  is  still 
somewhat  doubtful.  It  is  certain  that  a  normal  state  of 
the  retina-  isj  no  proof  of  the  absence  of  tuberculous  men- 
ingitis, but  I  believe  the  time  has  not  yet  arrived  for  a 
dogmatic  expression  of  opinion  as  to  the  positive  signifi- 
cance of  ischa'mia  (or  even  of  retinitis)  as  between  that 
disease  and  some  less  severe  affection  of  the  brain,  such 
as  might  be  attended  with  great  vascular  congestion  of 
its  tissue.  One  appearance  indeed  is  conclusive,  namely, 
the  presence  of  tubercles  in  the  choroid.  It  is  true  that 
they  belong  not  to  the  meningeal  affection  itself,  but 
ratiier  to  a  general  acute  tuberculosis,  but  this  fact 
in  no  degree  diminishes  their  diagnostic  importance " 
("Practice  of  Medicine  ")•  Dr.  Minot  says  on  this  point 
that  "choroidal  tubercles  are  so  rarely  seen  as  to  be  of 
little  avail  iu  diagnosis.  In  fact,  they  are  less  frequent 
in  this  disease  than  in  general  tuberculosis  without  men- 
ingitis. In  twenty-six'  cases  of  tuberculous  meningitis 
examined  by  Garlick  at  the  London  Hospital  for  Sick 
Children  they  were  found  only  once"  (Pepper's  "System 
of  Medicine"). 

Dr.  Bastian  (Quain's  "  Dictionary  of  Medicine  ")  places 
great  reliance  upon  the  microscopic  examination  of  the 
blood  in  the  diagnosis  of  tuberculous  meningitis.  He 
mentions  the  following  alterations  in  the  bloo<l  as  pecul- 
iar to  this  affection :  an  increase  iu  the  number  and  ex- 
alted auKcboid  activity  of  the  white  corpuscles;  groups 
of  protoiilasmic  iiarti'cles  of  various  sizes  interspersed 
among  the  blood  corpuscles,  as  well  as  here  and  there 
smairpigment  granules.  The  red  corpuscles  tend  to  run 
together"  into  irregular  masses  rather  than  into  definite 
rouleaux,  but  present  no  distinctive  changes. 

PuoGNOSis. — Tlie  prognosis  is  absolutely  bad.  When 
fully  developed,  tuberculous  meningitis  almost  invaria- 
bly "marches  steadily  on  to  a  fatal  termination.  Delusive 
lulls  not  infi-e(iuen'tly  occur,  however,  even  in  the  ad- 
vanced stages,  when  an  unwary  practitioner  may  doubt 
his  diagnosis  and  raise  hopes  in  the  parents  which  are 
doomed  to  bitter  disappointment. 

The  possibility  of  recovery  from  the  early  stages  of  the 
disease  cannot  now  be  successfully  denied,  although  it  is 
not,  perhajis,  luicharitable  to  doubt  the  correctness  of 
the  diagnosis  iu  many  of  the  recorded  recoveries.  Ril- 
lict,  Rrmsseau,  and  other  equally  eminent  clinicians  re- 
port cases  iu  which  death  occurred  from  a  relapse  some 
time  after  recovery  from  the  first  attack ;  anil  at  the 
autopsy,  old  and  recent  tubercles  of  the  pia  could  be 
clearly' distinguished.  Hugueniu  does  not  even  accept 
the  revelations  of  the  post-mortem  examination  as  con- 
clusive, and  remarlcs  that  "pathological  anatomy  fur- 
nislies  no  information  the  correctness  of  which  it  would 
not  be  possible  to  doubt." 

The  isolated  exceptions  who  do  survive  an  attack  of 
tuberculous  meningitis  are  nearly  always  left  with  im- 
paired mental  or  physical  powers,  and  sooner  or  later 
succumb  to  a  recurrence  of  the  disease. 

The  writer  has  seen  recovery  in  one  case  which  was 
vfell  advanced  in  the  second  .stage,  and  in  which  there 
could  scarcely  be  a  doubt  as  to  the  tuberculous  nature  of 
the  disease;  "but  the  patient  never  fully  regained  his 
mental  faculties,  and  died  in  convulsions  eighteen  months 
afterward. 

Tre.\tment. — Tuberculous  meningitis  is  so  universally 
fatal  that  but  little  benefit  can  be  hoped  for  from  the 
administration  of  remedies.  There  are  no  drugs  that  can 
control  or  retard  the  specific  action  of  the  tubercle  bacilli 
on  the  membranes  of  the  brain.  The  treatment  is  wholly 
symptomatic  and  palliative.  Treatment  should  not, 
however,  be  abandoned  too  soon,  as  a  positive  diagnosis 
between  the  simple  and  the  tuberculous  form  of  menin- 
gitis is  not  always  possible  in  the  early  stages. 

In  the  present  stage  of  our  knowledge,  the  greatest 
good  must  come  from  the  adoption  of  measures  to  pre- 


vent the  development  of  the  cachexia  in  those  so  predis- 
posed. It  is  not  necessarj'  for  us  to  detail  here  the  special 
means  to  be  employed ;  they  are  set  forth  at  length  in 
other  chapters  of  this  Handbook. 

In  geueral  terms,  however,  we  may  say  that,  in  the 
presence  of  the  diathesis  every  influence  wiiich  tends  to 
develop  the  nervous  system  at  the  expense  of  the  diges- 
tive and  muscular  systems  will  increase  the  liability  to 
the  disease. 

The  violent  antiphlogistic  measures  formerly  employed 
in  the  treatment  are  now  properly  discarded.  As  soon 
as  the  nature  of  the  disease  is  knowu  or  strongly  sus- 
pected, the  patient  should  be  placed  in  a  darkened  room 
and  all  sources  of  cerebral  excitement  excluded.  An  ac- 
tive calomel  purge  should  be  at  once  administered.  An 
ice-cap  must  be  applied  to  the  head  and  upper  portion  of 
the  spine  and  warm  applications  to  the  extremities. 

Special  symptoms  must  be  met  as  they  arise  by  the 
use  of  the  customary  reiuedies,  but  our  chief  reliance  in 
arresting  the  disease  lies  in  the  use  of  the  bromide  aud 
iodide  of  potash.  The  bromide  may  be  omitted  during 
the  pressure  stage,  unless  convulsions  ensue,  but  the 
iodide  must  be  given  until  treatment  is  abandoned. 

Sometimes,  cluring  the  stage  of  excitemeut,  opium 
may  be  advantageously  combined  with  the  Ijromide. 
Flattering  reports  have  been  published  from  the  use  of 
iodoform'inunctions,  and  a  Swedish  physician,  Dr.  Warf- 
vinge,  reports  five  successful  cases.  The  method  fol- 
lowed by  Dr.  AVarfvinge  consists  in  shaving  the  head 
and  anointing  it  with  an  ointment  consisting  of  iodoform, 
1  gm..  in  vaseline,  5  gm.  This  is  a|iplied  twice  daily, 
the  head  being  afterward  covered  with  an  imi>ermeable 
cap.  This  method  has  still  a  few-  advocates,  but  it  never 
gained  the  confidence  of  the  profession  and  is  practically 
abandoned.  Lumbar  puncture  has  been  recently  prac- 
tised in  a  large  number  of  cases,  both  as  a  curative  and 
as  a  diagnostic  measure,  but  the  later  reports  are  not 
such  as  to  commend  the  practice.  Rotch  and  Wentworth 
report  alarming  symptoms  following  its  use  in  a  two- 
year-old  child.  TV.  J.  Conklin. 

BRAIN,  TUMORS  OF  THE.— The  symptoms  caused 
by  tumors  of  the  lirain  are  due,  first,  to  irritation  or  de- 
struction of  the  portions  of  the  nerve  tissue  in  which 
they  are  embedded,  or  near  to  which  they  lie;  second,  to 
pressure  exercised  upon  the  entire  contents  of  the  cranium 
— nerve  tissue,  blood-vessels,  ami  lymphatics.  The  first 
class  of  symptoms  are  common  to  tumor,  and  to  all  other 
circumscribed  lesions  of  the  same  locality,  thus  especially 
patches  of  chronic  softening.  The  second  class  are  com- 
mon to  all  conditions  in  which  the  intracranial  sjiace  is 
encroached  upon ;  such  are  extra-  as  well  as  intracerebral 
tumors,  morbid  products  within  the  brain,  which  differ 
considerably  from  neoplasms  proper,  and  finally,  ab- 
scesses and"  aneurysms.  Thus,  the  investigation  of  the 
case  of  any  patient  exhibiting  cerebral  symptoms  de- 
mands that  we  decide:  first,  wliether  these  are  caused 
by  a  new  growth  of  any  kind,  which  is  encroaching  upon 
the  cranial  cavity ;  second,  this  lieing  admitted,  what  is 
the  nature  of  the  growth ;  third,  what  is  its  precise  locality. 

The  i)rognosis"must  then  be  framed  according  to  the 
fact,  the  nature,  and  the  seat  of  the  growth;  and,  finally, 
the  (very  limited)  indications  for  treatment  must  be  con- 
sidered. 

Symptoms  Indicating  the  Existence  of  an  Intra- 
cranial Growth. — These  are  of  two  kinds:  those  be- 
longing to  the  perversion  or  abolition  of  cerebral  function, 
and  those  indicating  a  rise  of  intracranial  pressure.  The 
first  are  the  focal  the  second  the  difl'used  symptoms 
(Griesinger).  It  is  this  second  class  of  symptoms  which 
are  of  the  most  importance  iu  distinguishing  between 
tumor  and  other  cerebral  lesions,  and  they  may  therefore 
be  considered  first. 

Diffused  Symptmns. — These  are  headache,  vertigo,  vom- 
iting, general  epileptiform  convulsions,  apoplectiform 
attacks]  psychic  disturbances,  and  choked  disc. 

Ileddache  is  one  of  the  earliest  and  most  constant  symp- 
toms of  intracranial  tumor.     The  intensity  of  the  pain 
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is  usually  severe,  has  even  led  to  suicide,  but  this  very 
intensity  may  sometimes  confuse  the  diagnosis  with 
hemicrania.  From  this  functional  disease  it  is  sufficiently 
distinguished  bv  its  persistence.  It  maj-.  for  some  time, 
precede  all  other  symptoms  of  tumor.  Although  it  is  on 
the  whole  jwrsistent,  there  may,  in  a  certain  number  of 
cases,  be  intervals  of  freedom  of  several  hours,  days, 
weeks,  or  even  months  in  duration.  Not  unfrequently 
is  the  headache  periodic,  and  it  ma_y  then  be  mistaken 
for  an  apyretic  malarial  attack.  Frontal  headache  may 
simulate  brow  ague,  or  occipital  iieadache  the  cervico- 
oceipital  neuralgia  of  gout.  The  pain  is  apt  to  be  ex- 
acerbated at  night,  or  to  grow  worse  in  the  early  morn- 
ing hours,  a  fact  probalily  due  to  stagnation  of  the 
intracranial  lymph  stream  determined  l)y  the  lowered 
blood  pressure  during  sleep.  The  pain  is  also  increased 
by  ever}'  condition  liable  to  cause  congestion  of  the  head; 
thus  by  psychical  excitement,  alcohol,  straining  at  stool. 
The  headache  may  be  diffuse  or  localized,  but  the  locali- 
zation of  the  paiu  does  not  assist  much  in  the  localizing 
diagnosis  of  the  tumor.  Frontal  tumors  frequently  ex- 
cite occipital  headache.  Although  so  prominent  a  symp- 
tom when  it  exists,  headache  is  by  no  means  always 
present.  It  was  absent  in  14s  out  of  274  cases  anal3"zed 
by  Ball  and  Krishaber.  By  combining  the  tables  of 
Ladame  and  of  Bernhardt  (the  first  summing  up  all  cases 
published  earlier  than  1868,  the  second  tiiose  between 
that  date  and  1880),  we  can  construct  the  following  table, 
showing  the  proportion  of  cases  of  headache  with  cere- 
bral tumors  of  different  localities: 


Seat. 

Number 
of  cases. 

Number  with 
headacbe. 

Per  cent. 

Cerebral  peduncle 

10 
41 
74 
28 

196 
56 
13 

188 

4 
19 
37 
16 
129 
37 
9 
150 

40 

48 

Corte.x 

SO 

Medulla    

60 

66 

Pons 

67 

Corpora  quadri^mlna 

Cerebellum 

69 

81 

This  table  confirms  the  inferences  that  might  be  drawn 
from  what  we  know  of  the  physiolog}'  of  cerebral  pain. 
It  is  rarely  to  be  attributed  to  irritation  of  sensory  cen- 
tres, but  rather  to  stretching  of  the  dura  mater  from 
effusion  into  the  cavity  of  the  arachnoid  or  into  the  in- 
ternal ventiicles;  hence  irritation  of  tlie  dural  scusory 
nerve  filaments  supplied  by  the  trigeminus.  As  sf)me 
degree  of  stretching  always  takes  place,  no  matter  what 
the  seat  of  the  tumor,  headache  is  always  imminent,  but 
it  may  not  manifest  itself  if  the  tumor  grows  very  slowly 
and  makes  way  for  itself  b.y  gradual  compression  of  the 


ache  with  tumors  of  the  corpora  quadrigemina  may  per- 
haps be  due  to  their  intimate  connections  with  the  cere- 
bellum. In  the  cortex,  only  half  the  cases  are  attended 
by  headache;  this  probably  being  due  to  the  tendency 
of  the  tumor  to  grow  downward,  and  thus  to  relieve  the 
tension  of  the  dura.  The  periodicity  in  the  pain  is  un- 
doubtedly a.ssociatcd  withlluctuations  of  the  circulation, 
always  liable  to  be  diurnally  periodic.  An  initial  head- 
ache often  disappears  when  paralysis  sets  in ;  probably 
because  by  that  time  a  zone  of  softening  has  usually 
developed  aroimd  the  tumor.  The  intensity  of  the  press- 
ure is  at  first  either  partially  or  entirely  relieved ;  head- 
ache may  set  in  if  the  tumor  suddenly  asstmie  a  more 
rapid  rate  of  growth;  it  necessarily  subsides  at  the  ap- 
pearance of  the  terminal  symptoms  of  drowsiness  and 
comatose  apathy,  the  pain  being  bhnited.  like  other  signs 
of  irritation,  in  the  general  depression  of  the  sensibility. 

Virtiyo  is  a  much  less  frequent  but  still  a  prominent 
symptom  of  any  organic  braiu  disease,  and  although  fre- 
quently present  with  tumor,  is  far  from  charactertstic  of 
it.  It  is  probably  always  associated  with  direct  or  in- 
direct irritation  of  those  portions  of  the  brain  which  are 
concerned  in  equilibration:  and  it  agrees  well  with  this 
presumption  that  vertigo  occurs  somuchmore  frequently 
with  tumors  of  the  cerebellum  than  with  those  of  other 
parts  of  the  brain.  It  is  also  frequently  observed  in 
tumors  of  the  pons  and  medulla.  Other  space-encroach- 
ing lesions,  e.g..  abscesses,  so  situated  as  to  affect  the 
middle  or  internal  ear.  may  cause  vertigo  by  the  same 
mechanism  as  that  which  is  brought  into  play  in  ear  dis- 
ease propel- — namely,  by  excitation  of  the  auditory  nerve. 
As  the  central  fibres  of  this  nerve  have  been  tiaced  to  the 
cerebellum,  it  seems  probable  that  the  sensation  of  ver- 
tigo, whether  cerebral  or  aural  in  origin,  is  always  finally 
produced  by  the  same  mechanism.  From  the  connec- 
tion of  the  ocular  muscles  with  the  superior  olive,  and 
through  that  with  the  auditory  nerve,  paralysis  of  these 
muscles  liy  a  brain  tumor  may  become  an  effective  cause 
of  vertigo  (Bruns). 

The  third  diffused  symptom,  Vomiting,  follows  the 
same  order  of  predominance  as  headache  and  vertigo, 
namel)',  it  is  much  more  frequent  and  .severe  in  tumors 
of  the  cerebellum  than  in  those  involving  some  other 
portion  of  the  brain,  with  the  exception  of  the  corpora 
quadrigemina,  where  the  liability  to  vomiting  is  at  the 
maximum. 

From  the  following  table  it  appears  that  vomiting  is  a 
much  less  freqiU'nt  symptom  than  headache,  and  occurs 
later,  but  follows  exactly  the  same  order  of  predominance, 
except  in  respect  to  the  centrum  ovale.  This  is  because 
the  vomiting  is  partly  due  to  the  same  cause  as  the 
headache,  namely,  the  tension  of  the  dura  mater  and  the 
tentorium.  Extreme  tension  does  not,  however,  always 
cause  vomiting. 


Table  II. 


Seat  of  tumor. 

Headache. 

Vomiting. 

Convulsion. 

Choked  disc  (Bernhardt  alone). 

Cerebral  peduncle 

Cases.     Per  cent. 

4               40 
129               66 
19               46 
37               !)0 
37               B7 
16                60 
l.W                83 
9                69 

Cases.     Per  cent. 

36              18.5 
8               19.5 
18                23 
15                27 
12               40 
75               45 
8                61 

Cases.     Per  cent. 

2               20 
49               26 

7               19 
20              25 

2                5 

2                6 
18                12 

1 

^Amaurosis.—        ^VUion  intact.-          ,-ToUl.-^ 
Cases.    Percent.       Cases.    Percent.    Cases.    Percent. 

Cerebral  lobes 

15inl2t       12              12  in  124         9  =  27  in  13*       21 
2  in    26          5  —    2  in    2fi          7 

Basal  ganglia 

5  in   57         8               5  iu    57         9  =  10  in   57       17 

4  in   30       13               2  in   30         6=    6in  30       20 

2  in   **!         9  ~                       9 

Pons 

Medulla 

Cerebellum 

18  in   90       20             13  in   90       14  =  31  in   90       34 
Sin    11       45               lin   11       10=   6  in   11       54 

Corpora  quadrigemina 

Total 

401  in  568  eases  = 
70  per  cent. 

172  in  568  cases  = 
30  per  cent. 

101  in  568  eases  = 
17  per  cent. 

82  in  362  cases  =  22  per  cent. 
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y  King  (Brain.   October,   1S82):  Two  tumors, 
ight   side  of    pons  extending    to  left  middle 
of  the  cerebellum,  the  second"  embedded  in  the 
f  the  floor  of  the  fourth  ventricle ;  convolutions 
much  serum  in  ventricles,  showing  extreme  in- 
presi?ure;   but  optic  neuritis  developed  only 
'ks  of  coma.     Headache,  but  no  vomiting, 
uediate  cause  of  vomiting  is  supposed  to  be  al- 
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Table  III. 


Seat  of  tumor. 


Medulla,  29  cases 

Cerebellum,  163  cases 

Ctirtex,  57  cases 

Pons, .%  cases 

Basal  ganglia,  40  cases 

Lobes,  192  cases 

ttccipltal 

Frontal 

Parietal 

Temporal 

Corpora  quadrigemina,  13  cases 


INTELLIGKNCE  DISTURBED. 


Mental  depression, 

apathy,  loss  ol 
memory,  imbecility. 


Cases. 
6 
48 

27 
18 
90 

1 

6 


Per  cent. 
20 
29 


43 
46.5 


10 

15.5 
3 
30 


Hallucination. 


Cases.     Per  cent. 


Delirium  or 
mania. 


Cases.     Per  cent. 
2  7 

6  3 


Drowsiness  or 
stupor. 


Cases.  Per  cent. 

1  3.5 

9  5 

i  '.'.'.'. 

5  '  3.5 


12 
3b" 


Cases.  Percent. 
11    38 


29 

21 
115 

6 
19 


49 
51.5 
52 
60 

lb" 
33 


i.vtelligence 
Normal. 


Cases. 
18 
98 

37 

19 

77 

1 

11 
17 


Per  cent. 
62 
60 

48'.5 

47 

40 

19  ' 
29.3 

is" 


ways  the  e.xcitation  of  a  vomiting  centre  in  the  medulla : 
and  this  can  be  brought  about  by  pressure  transmitted 
from  any  part  of  the  brain.  This  pressure  is,  however, 
more  direct  when  exercised  from  some  point  in  the  pos- 
terior cranial  fossa;  hence  a  second  reason  for  the  in- 
tensity of  the  symptom  in  cases  of  tumor  of  this  locality. 

The  vomiting  is  unattended  by  nausea  and  occurs  on 
an  empty  stomach  and  with  a  clean  tongue,  and  in  these 
respects  contrasts  markedly  with  the  vomiting  of  ura-mia. 
It  is  apt  to  follow  the  headache  closel.v,  and,  as  in  mi- 
graine, to  occur  at  the  height  of  the  paro.xysm  of  pain, 
and  also  in  the  early  morning. 

Epileptiform.  Conruhions  constitute  a  fourth  diffused 
symptom,  which  is  very  characteristic  of  tumors  of  the 
brain.  Their  causal  relations  to  increased  intracranial 
pressure  liave  been  strikingly  shown  by  Leyden's  experi- 
ments. In  the.se,  pressure  was  directly  aiijilied  to  tlie 
brain  of  animals  previously  trepanned  for  the  purpose. 
Convulsions  occurred  as  soon  as  the  pressure  had  risen 
to  130  mm.  of  mercury.  Pressure,  however,  is  otdy  one 
of  the  mechanisms  by  which  convulsions  may  be  excited. 
Kussmaul's  experiments,  made  many  years  ago,  showed 
that  sudden  aua>mia  of  the  brain,  such  as  might  be  in- 
duced by  copious  hemorrhage,  was  invariably  followed 
by  convulsions.  The  predominance  of  convulsions  in 
cases  of  brain  tumor,  according  to  the  locality  occupied 
b}'  the  latter,  does  not  follow  the  law  which  is  applicable 
to  symptoms  traceable  to  increased  pressure,  for  convul- 
sions occur  oftenest  in  cases  of  tumor  of  the  cortex  and 
cerebral  lobes,  presumably  of  the  portions  of  the  centrum 
ovale  which  lie  immediately  beneath  the  cortex.  General 
convulsions,  therefore,  like  local  spasms,  are  rendered 
imminent  bj'  direct  excitation  of  the  motor  tracts.  C'uri- 
ously  enough,  convulsions  are  almost  excluded  from  the 
symptomatology  of  the  pons,  though  this  region,  which 
is  traversed  in  every  direction  by  motor  tracts,  probably 
contains  the  convulsing  centre.  But  apparently  the 
properties  of  tlie  centre  become  abolished  before  they  can 
be  effectually  irritated.  This  absence  of  convulsions, 
when  certain  positive  signs  are  present  at  the  same  time, 
is  of  real  value  in  localizing  a  tumor  in  the  pons. 

As  the  convulsion  is  not  proportioned  to  the  locality 
of  greatest  tension,  so  it  stands  in  no  relation  to  the  time 
at  which  tension  is  greatest.  It  occurs  as  an  initial 
symptom,  or  during  the  active  period  of  the  disease ;  but 
it  usually  disappears,  with  other  irritative  symptoms,  in 
some  other  manner  toward  the  close,  when  intracranial 
pressure  is  at  its  maximum.  Sudden  variations  in  such 
pressure,  caused  by  fluctuations  of  the  circulation,  seem 
to  be  the  essential  proximate  cause  of  the  convulsions  of 
brain  ■  tumors.  The  form  of  the  convulsion  does  not 
differ  from  that  observed  in  idiopathic  epileps3',  and  the 
diagnosis  between  tumor  and  epilepsy  is  often  difficult. 

It  can  be  made  only  bj'  means  of  the  concomitant 
symptoms.  Convulsions  occurring  in  adult  life  for  the 
first  time  should  at  once  excite  suspicion  of  brain  tumor 
and  lead  to  an  ophthalmoscopic  examination  for  choked 
disc.  According  to  Bruns,  convulsions  may  occasionally 
precede  for  years,  and  with  intermittences  of  years,  all 
other  symptoms  of  an  intracranial  growth. 


Apoplertiform  Atincks  occur  with  brain  tumors,  and 
may,  though  rarely,  be  the  first  symptom,  and  followed 
by  paralysis  or  paresis.  It  is  extremely  difficult,  then, 
to  distinguish  the  case  from  one  of  ordinary  cerebral 
hemorrhage.  Hemorrhage  into  or  around  the  tumor  is  a 
frequent  cause  of  apoplexy,  and  thus  may  first  reveal  the 
existence  of  a  tumor  hitherto  latent ;  or  it  may  occur  in- 
cidentally among  [ihenomena  already  well  defined  and 
recognized.  Finallv.  the  apoplectic  attack  may  usher 
in  the  terminal  period;  the  patient  never  completely 
recovering,  but  passing  into  a  soporose  condition  and 
final!)'  into  coma.  The  apoplectic  ictus  is  not  invariably 
as.sociated  with  hemorrhage;  it  maybe  due  to  sudden 
alterations  of  intracranial  pressure,  b}'  which  the  func- 
tions of  brain  tissue  are  temporarily  suspended,  as  after 
concussion. 

Pf!i/rhi<:  Clianges. — The  earliest  is  usually  an  extreme 
irritability,  which  contrasts  with  the  lachrymose  emo- 
tionality characteristic  of  softening  of  the  brain.  Occa- 
sionall}'  this  culminates  in  attacks  of  maniacal  excite- 
ment; oftener,  however,  the  patient  suffers  from  mel- 
ancholic depression,  and  gradually  becomes  more  and 
more  apathetic  and  taciturn.  This  taciturnity,  which  is 
a  diffused  symptom,  must  be  distinguished  from  true 
aphasia.  As  in  all  mental  disturbances,  the  memory 
fails.  Dementia  may  precede  death  for  some  time,  es- 
pecially if  epileptic  convuLsions  have  been  severe.  The 
specific  psychic  sj'mptom  of  brain  tumor  is  drowsiness, 
from  which  it  is  often  difficult  to  rou,se  the  patient. 
When  roused,  however,  his  mind  may  seem  unexpect- 
edly clear.  The  drowsiness  is  proportioned  to  the  degree 
of  general  intracranial  pressure.  It  is  particularly 
marked  in  tumors  of  the  frontal  lobes,  which  may  reach 
a  considerable  size  without  occasioning  other  s.ymptoms. 

Table  III.  shows  that  the  liability  to  psj'chic  symp- 
toms other  than  drowsiness  is  not  at  its  maximum  when 
the  tumor  is  seated  at  the  cortex,  nor  when  a  cortical 
tumor  is  in  the  frontal  lobes.  Cortical  tumors  stand 
third  from  the  bottom  of  the  scale  in  this  respect;  the 
highest  place  is  occupied  by  tumors  of  the  corpora 
quadrigemina,  seventy-seven  per  cent.  A  relative  infre- 
quence  of  mental  disturbances  is  observed  in  tumors  of 
the  medulla  and  pons.  On  the  other  hand,  the  high 
percentage  of  such  disturbances  in  tumors  of  the  centrum 
ovale  may  probably  be,  at  least  in  part,  attributed  to 
their  influence  upon  the  cortex.  To  such  influence  must, 
in  last  analysis,  all  psychic  perversions  be  ascribed ;  and 
the  high  proportion  of  cases  in  which  these  are  present 
with  tumor  in  any  locality  of  the  brain  is  explained  by 
the  extreme  sensitiveness  of  the  cortical  substance  to  dis- 
turbance of  the  intracranial  pressure  from  whatever  point 
diffused.  Psychic  symptoms,  of  one  kind  or  another,  are 
seen  to  be  extremely  frequent  in  tumors  of  the  brain, 
being  present  in  about  half  the  cases.  Their  presence, 
therefore,  materially  aids  in  establishing  the  diagnosis. 
Certain  specific  ps^-choses,  as  paranoia  and  hysteria,  are 
occasionall}'  excited  by  the  presence  of  a  brain  tumor. 

Choked  Disc. — This  symptom,  when  present,  is  more 
nearly  pathognomonic  than  any  other  of  brain  tumor. 
According  to  Oppenheim,  ninety  per  cent,  of  all  cases  of 
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choked  disc  are  due  to  intracranial  growths.  The  choked 
disc  has  been  differently  regarded  as  the  expression  of 
two  different  morbid  processes:  an  inflammation  of  the 
optic  nerve,  "neuritis  optica,"  or  a  mechanical  obstruc- 
tion to  its  circulation,  which  should  be  the  choked  disc 
proper.  Oppeuheim  notes  that  in  tumors  of  the  base 
of  the  cranium,  which  are  liable  to  obstruct  the  flow 
of  Ij-mph  into  the  sheath  of  the  optic  nerve,  the  choked 
disc  is  usually  lacking,  and  tumors  of  the  optic  nerve 
itself  are  apt  to  lead  to  direct  atrophy  of  the  nerve  with- 
out any  preliminary  stage  of  choked  disc.  These  facts 
are  counted  as  an  argument  in  support  of  the  celebrated 
doctrine  of  von  Graefe,  who  attributed  the  choked  disc 
in  all  cases  to  an  obstruction  offered  to  the  venous  cir- 
culation of  the  optic  nerve,  from  immediate  or  mediate 
pressure  exercised  upon  the  sinus  cavernosus;  hence  a 
serous  transudation  from  the  veins,  rendering  the  papilla 
swollen  and  edematous.  As  seen  with  the  ophthalmo- 
scope the  papilla  appears  engorged,  tumefied,  nebulous, 
irregular,  and  with  ill-deflned  edges;  a  spirus  of  cloud 
covers  both  the  centre  and  the  circumference,  rendering 
the  whole  surface  opaque.  The  arteries  are  diminished 
in  calibre,  the  veins  appear  interrupted  at  various  points. 


papilla  sometimes  atrophies  without  passing  through  any 
stage  of  choked  disc.  Until  atrophy  sets  in.  vision  is 
not  necessarily  impaired.  Thus,  out  of  a  total  of  82 
cases  of  choked  disc,  vision  remained  intact  in  37,  or  45 
per  cent.  In  a  great  many  cases  no  ophthalmoscopic 
examination  is  made,  unless  vision  is  impaired,  and  this 
explains  why  such  examination  is  lacking  to  the  history 
in  23'i  out  of  485  observations  analyzed  by  Bernhardt 
(47.8  per  cent.).  In  many  of  these  negative  cases  it  is 
very  possible  that  choked  disc  really  existed,  so  that  the 
real  proportion  of  this  lesion  in  brain  tumor  cannot  be 
considered  as  known. 

The  ten  per  cent,  of  cases  of  choked  disc  which  are  not 
caused  by  intracranial  growths  have  a  very  diverse  etiol- 
ogy. The  condition  has  been  seen  in  pernicious  ansmia ; 
in  "a  few  cases  of  arteriosclerosis,  when  the  arteries  of  the 
optic  nerve  are  involved;  in  abscess;  in  multiple  sclerosis. 

In  a  certain  number  of  cases  cerebral  tumor  manifests 
itself  exclusively  by  one  or  more  of  the  foregoing  "  dif- 
fuse" symptoms.  Among  Bernhardt's  casesof  tumors 
of  the  cortex,  centrum  ovale,  cerebellum,  and  basal  gan- 
glia, this  limitation  may  be  found  71  times  out  of  a  total 
of  297  cases,  or  23.8  per  cent. 


Table  IV.— Cases  of  Diffused  St.mptoms  Alone. 
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Cortex,  57  cases 

4 

3 

1 

1 
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In  7  of  these 

11  =  19  per  cent. 

.5 

3 

8 

2 

4 

5 
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1 

In  22  of  these 

37  =  29  per  cent. 
6  =  23  per  cent. 

Basal  ganglia,  28  oases 

2 

1 

2 

1  alone,  1  besides.. 

Cerebellum,  90  cases 

2 

6 

1 

•• 

3 

4 

1 

In  4  of  these 

17  =  18.5  per  cent. 

Total 

13 

13 

10 

2 

7 

6 

7 

2 

8 

2 

35 

71  =  23..S  per  cent. 

In  one  form  the  capillaries  are  increased  in  size,  in  the 
other  they  are  effaced. 

Bruns  considers  these  two  forms  simply  gradations  of 
each  other,  the  neuritis  optica  being  the  incipient  stage, 
the  choked  disc  proper  the  advanced  stage  of  the  same 
process.  When  the  arteries  have  almost  ceased  to  be 
distinguishable,  except  at  the  periphery  of  the  retina, 
small  hemorrhages  usually  form  in  the  retina,  and  spots 
of  fatty  degeneration  are  seen,  the  latter  being  a  serious 
threat  of  speedy  blindness. 

Against  the  doctrine  of  venous  obstruction  as  a  cause 
of  choked  disc,  it  has  been  urged  that  the  free  inoscula- 
tion of  the  ophthalmic  vein  with  the  angular  branch  of 
the  facial  suffices  to  avert  complete  venous  obstruction, 
even  when  the  circulatiou  in  the  cavernous  sinus  has  been 
retarded.  Further,  a  free  commtinication  has  been  de- 
monstrated between  the  intervaginal  lymphatic  space  of 
the  optic  nerve  and  the  subarachnoid  space  of  the  brain. 
It  has  been  shown  that  a  rise  of  intracranial  pressure 
suffices  to  force  cerebrospinal  fluid  into  the  intervaginal 
space  of  the  nerve,  thus  causing  compression  of  its  cen- 
tral vessels,  local  obstruction,  and  swelling  from  transu- 
dation, apart  from  venous  obstructions. 

Choked  disc  sometimes  appears  in  cases  in  which  the 
tumor  is  so  srnall  that  much  increase  of  intracranial 
pressure  seems  doubtful.  It  is  then  more  probably  due 
to  inflammation  of  the  optic  nerve,  first  propagated  from 
irritated  brain  tissue  to  the  central  terminations  of  the 
nerve,  neuritis  from  diffused  cerebritis  (JIackenzie),  or 
excited  by  direct  pressure  upon  the  optic  tract.  Such 
direct  pressure  is  exercised  by  tumors  of  the  corpora 
quadrigemina.  the  chiasma,  the  cerebral  peduncles,  or 
the  interpeduncular  space. 

Choked  disc  is  found  far  more  frequently  (54  percent.) 
in  cases  in  which  the  tumor  involves  the  corpora  quadri- 
gemina. than  in  those  in  which  it  involves  any  other  part 
of  the  brain.  The  smallest  percentage  is  in  the  class  of 
cases  in  which  the  basal  ganglia  are  the  seat  of  the  tu- 
mor.   When  there  is  direct  pressure  on  the  optic  tract,  the 


The  existence  of  mental  symptoms  in  a  large  propor- 
tion of  these  cases  (49  per  cent,  of  them)  is  the  circum- 
stance that  might,  perhaps,  most  surely  guide  in  the 
diagnosis,  otherwise  so  difficult. 

The  proximate  consequences  of  increased  intracranial 
pressure,  which  are  the  immediate  cause  of  the  diffused 
symptoms,  have  been  differently  interpreted.  It  was 
long  maintained  that  the  brain  substance  was  nearly 
as  incompressible  as  water.  Room,  therefore,  could  be 
made  within  the  cranium  for  a  neoplasm  only  by  propor- 
tionate expulsion  of  blood  and  Ij-mph,  and  by  atrophy 
of  the  brain  tissues  in  the  immediate  vicinity  of  the 
tumor.  Adamkiewicz's  experiments  have  shown,  how- 
ever, that  the  nerve  tissue  surrounding  the  tumor  is 
compressed,  i.e.,  its  solid  molecules  are  approximated, 
and  the  fluid  normally  interposed  between  them  is,  to  a 
greater  or  less  extent,  expelled.  For.  when  a  piece  of 
laminaria  was  inserted  under  the  skull  of  an  animal  pre- 
viously trepanned  for  the  purpose,  and  was  allowed  to 
swell,  thus  rapidly  encroaching  upon  the  intracranial 
space,  microscopic  examination  of  the  tissue  in  which 
the  foreign  body  was  embedded  revealed  the  fact  that  all 
the  nerve  elements  of  this  tissue  were  closely  crowded 
together,  thus  apparently  multiplied  in  a  given  space. 
The  zone  adjacent  to  this  was  intensely  vascularized  from 
dilatation  and  new  development  of  capillaries,  and,  in  ad- 
dition, it  was  hypertrophied  from  proliferation  of  con- 
nective tissue. 

In  the  experiment,  the  swelling  of  the  laminaria  was 
much  more  rapid  than  is  the  growth  of  any  tumor,  and 
the  condensation  and  nutritive  irritation  of  tissue  were 
therefore  exaggerated.  To  a  greater  or  less  extent, 
however,  both  these  lesions  must  always  be  produced  by 
the  presence  of  a  foreign  body  within  the  cavity  of  the 
cranium.  Only  when  the  tumor  grows  very  slowly  are 
the}'  absent,  or  reduced  to  such  a  minimum  as  to  occasion 
no  symptoms,  either  diffused  or  focal. 

The  elements  of  glioma  tons  tumors  are  the  most  liable 
to  so  insinuate  themselves  between  the  elements  of  the 
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brain  tissue  as  to  avoid  compression,  and  no  ■nell-defined 
line  of  demarcation  separates  tlie  tumor  from  tlie  brain 
mass.  In  this  respect  the  sarcomata  contrast  marliedlj-. 
and  may  be  distinguished  by  the  naked  eye  by  the  zone  of 
softening  which  circumscribes  them.  Carciuomata  and 
tul)ercle"direetly  destroy  brain  tissue  and  talie  its  place. 

The  occurrence,  in  twenty-three  per  cent,  of  tlie  cases, 
of  diffused  without  focal  symptoms  indicates  that  the 
centres  of  origin  of  nerve  tracts  have  remained  un- 
affected, though  the  vomiting  and  convulsive  centres 
and  the  nervous  filaments  of  the  dura  mater  have  been 
irritated;  that  lymph  has  been  forced  into  the  sheath  of 
the  optic  nerve,  or  that  a  descending  neuritis  has  been 
excited  by  propagation  from  the  zone  of  cerebritis  sur- 
rounding" the  tumor;  and  that  the  delicate  psychic 
mechanisms  of  the  cerebral  cortex  have  been  irreparably 
jarred  and  are  out  of  working  order. 

This  immunity  of  motor,  sensory,  or  special-sense 
nerve  functions  "is  usually  due  to  the  localization  of  the 
tumor  in  a  "  latent "  portion  of  the  brain;  but  it  is  also 
sometimes  observed  in  cases  in  which  the  tumor  occupies 
a  (presumalile)  focus  of  nerve  origin.  Thus,  althougli 
there  can  be  no  doubt  that  the  ultimate  origin  of  the 
motor  nerves  contained  in  the  jiyramidal  tracts  is  in  the 
central  gyri  and  paracentral  lol)ule,  tumors  seated  in 
these  localities  have  sometimes  been  observed  entirely 
unaccompanied  by  motor  symjitoms,  cither  irritative  or 
paralytic.  Two  such  cases  are  contained  among  the 
eleven  of  the  table.  In  one  of  these  there  were  forty 
hydatid  cysts  in  the  brain,  a  form  of  neoplasm  very  fre- 
quently latent.  In  the  second  case,  however,  there  was 
a  most"  extensive  sarcoma  occupying  the  lower  half  of 
the  anterior  central  gyrus,  posterior  half  of  third  frontal 
gvrus,  and  under  half  of  insula. 

Two  explanations  are  offered  for  these  cases.  First, 
that  the  elements  of  the  neoplasm  have  insinuated  them 
selves  so  gradually  between  those  of  the  nerve  tissue,  or 
have  displaced  them  with  so  little  injury,  that  the  func 
tions  of  this  tissue  have  not  sviffercd.  This  explanation 
applies  to  cases  in  which,  instead  of  the  cells  of  a  nu 
cleus  of  origin,  the  fibres  of  a  nerve  tract  have  been  dis 
placed,  as  in  some  extraordinary  cases  on  record  in  which 
a  tumor  has  occupied  nearly  the  entire  pons,  yet  has  oc- 
casioned no  motor  symptoms.  The  second  explanation 
applies  only  to  cortical  centres.  According  to  Exner, 
the  different  mechanisms  of  the  cortex,  though  specially 
concentrated  at  certain  localities,  exert  their  influence 
somewhat  l)eyond  these  limits,  though  with  constantly 
diminishing  intensity  and  effectiveness.  Hence  it  is  oc- 
■casionally  possible,  though  the  main  centre  be  destroyed, 
that  its  action  may  be  supplemented  by  that  of  others 
habitually  subordinate. 

In  7nor"e  than  three-fourths  of  the  cases  of  brain  tumor, 
in  addition  to  the  diffused  symptoms  hitherto  described, 
the  patient  suffers  from  perversions  or  abolition  of  one  or 
more  cerebral  functions  other  than  psychic  ones.  These 
are  known  as  the  focal  symptoms. 

The  simplest /om?  sympioms  are  those  elicitable  by  per- 
cussion and  auscultation  of  the  cranium.  In  a  certain 
number  of  cases,  careful  percussion  awakens  pain  over  a 
definitely  limited  area;  and  elicits  also  a  peculiar  tympa 
nitic  sound  ( Macewen),  indicative  of  a  marked  thinning  of 
the  cranial  bone,  and  due  to  the  more  extensive  vibrations 
of  air  in  the  nose  and  mouth  which  occur  when  the  skull  is 
thinner  than  normal.  In  a  few  rare  cases  auscultation 
•discovers  another  sound,  an  arterial  murmur  synchronous 
with  the  arterial  pulse.  This  is  conspicuously  heard 
with  aneurisms,  but  is  by  no  means  confined  to  them. 
It  is  analogous  to  the  murmur  which  may  be  heard  in  ra- 
chitic children  or  in  those  with  open  fontanels,  or  even  in 
•certain  cases  of  intense  anaemia.  Other  focal  symijtoms, 
and  far  more  frequentl)'  encountered  than  the  foregoing, 
depend  on  the  perversion  or  abolition  of  mobility  or 
sensibility  in  one  or  more  cranial  nerves  or  spinal  nerve 
tracts ;  oi-  on  similar  alterations  of  one  or  more  of  the 
special  senses.  Among  the  latter,  however,  is  to  be  ex- 
cepted the  impairment  of  vision  directly  traceable  to 
choked  disc  or  optic  neuritis.     An  intense  interest  has 


recently  attached  to  these  symptoms  as'  a  means  of 
unravelling  the  physiological  problems  of  the  localization 
of  brain  functions.  For  this  purpose,  however,  the  study 
of  tumors  is  nuich  less  vahialile  than  that  of  other  brain 
lesions,  such  as,  for  example,  localized  softening;  for 
their  limits  are  irregular,  and  their  effects,  through 
transmission  of  pressure,  often  diffuse  themselves  in 
structural  or  ftmctional  changes  far  beyond  these  visible 
limits.  For  clinical  purposes,  therefore,  it  is  necessary 
to  ascertain  first  what  symptoms  are  generated  by  lesions 
really  limited  to  certain  localities;  second,  to  what  extent 
the  complication  of  these  by  others,  diffused  or  symp- 
toriiatie  of  different  localities,  may  aid  us  in  diagnosing  a 
tumor  instead  of  any  other  focal  di.sease. 

Focal  symptoms  are  always  unilateral  at  the  beginning 
— a  most  useful  criterion  in  distinguishing  tumor  fiora 
diffused  disease  of  the  brain.  The  appearance  of  symp- 
toms on  the  side  of  the  body  opposite  to  that  where  they 
first  began  indicates  an  extension  of  the  tumor  across 
the  median  line,  except  when  parts  are  affected  which 
are  endowed  with  bilateral  cortical  innervation.  Exten- 
sion of  the  growth  across  the  median  line,  for  obvious 
reasons,  most  fi'equently  occurs  at  the  narrowest  regions 
of  the  encejihalon,  the  pons  and  (though  less  frequently) 
the  medulla.  It  is,  however,  also  seen  in  tumors  of  the 
corpus  callosum,  but  the  second  hemiparalysis  is  much 
slighter  than  the  first. 

Case  (Bristowe,  Brain,  October,  1884);  Illness  twelve 
weeks.  Left  hemiplegia,  gradually  extending  to  right 
side ;  then  general  paralysis,  principally  on  the  left  side, 
ten  days  before  death.  Progressive  drowsiness  or  stupid- 
ity, aphasia.  Sarcoma  occupied  anterior  two-thirds  of 
fornix  and  corpus  callosum,  extending  into  the  centi'um 
ovale  in  both  hemispheres,  but  principally  in  the  right. 

In  addition  to  these  symptoms  involving  pm-cly  cere- 
bral functions,  the  functions  of  respiration  and  circula- 
tion are  sometimes  modified  from  the  direct  or  indirect 
morbid  infiuence  exercised  upon  the  medullary  centres. 

Lemotis  of  Mulility. — These  are  by  far  the  most  numer- 
ous, the  most  varied  in  character  and  in  combination  of 
all  the  focal  symptoms  of  brain  tumor.  They  belong  to 
three  different  classes:  First,  irritative,  including  tremors, 
choreiform  movements,  local  spasms,*  and  Jacksonian 
epilepsy;  second,  paralytic,  consisting  in  the  partial  or 
complete  abolition  of  motive  power;  third,  ataxic,  imply- 
ing inco-ordination  among  functionally  combined  move- 
ments. 

Irritatii'e  Lesions  of  Mobility. — A  fine  tremor  or  a  clonic 
spasm,  incessant  or  periodically  repeated,  is  often  seen, 
either  in  mu.scles  which  have  already  become  paralyzed, 
or  in  those  which  become  paral)'zed  at  a  later  date. 

Case  (Berger,  Arch,  der  Ileilkunde,  XIX.  Jahr, ): 
Woman,  aged  forty -eight.  During  a  year,  about  every 
eight  days,  an  attack  of  clonic  spasms  in  the  right  arm, 
tlien  paralysis  of  the  same  arm,  followed  bj'  paresis  of 
the  buccal  "branches  of  the  right  facial;  clonic  spasms 
persist  after  paralysis  sets  in;  death  a  week  later. 
Tumor  in  left  anterior  central  gyrus,  compressing  the 
posterior  and  second  frontal  g.yri. 

Case  (Berkley.  Med.  A'eirs.  1883);  Patient  with  spasm 
of  the  left  angle  of  the  mouth  for  two  and  a  half  years. 
Sudden  death  from  cardiac  disease.  Calcareous  nodule 
three-sixteenths  of  an  inch  in  diameter  on  the  right  as- 
cending frontal  convolution,  an  inch  and  a  half  above 
the  fiss'lire  of  Sylvius;  the  locality  corresponds  to  Far- 
rier's centre  for  the  zygomatic  muscles. 

Tremors  and  locali'zed  spasms  are  valuable  diagnostic 
symptoms ;  for,  first,  they  are  more  frequent  with  tumors 
than  with  other  localized  brain  lesions ;  second,  they  are 
more  frequent  in  the  cortex;  and,  third,  they  are  espe- 
cially frequent  in  the  motor  zones.  All  these  circum- 
stances are  demonstrated  by  the  following  tables.  The 
first  is  compiled  from  Exner's  collection  of  one  hundred 
and  sixty-four  cases,  exclusively  of  cortical  lesions. 

Tumors  of  cortex  (44  cases):  Spasm,  3  =  6.5  per  cent. ; 
spasm  and  paralysis,  14  =  31  per  cent. :  paralysis,  14  =  81 

•  The  general  epileptiform  convulsions  being  a  diffuse  symptom. 
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per  cent. ;  no  motor  symptoms,  13  =  39  per  cent.  Total 
spasm,  17  =  38  per  cent. 

Other  lesions  of  cortex  (100  cases):  Spasm,  1  =  .09  per 
cent. ;  spasm  and  paralysis,  13  =  ll,.')  percent. ;  paralysis, 
62  =  .56  per  cent.  ;  no  motor  symptoms,  36  =  33  per  cent. 
Total  spasm,  14  =  13  per  cent. 

Thus,  in  more  than  one-third  of  all  cases  of  brain 
tumor,  localized  spasms  or  contractures  exist  at  some 
period  of  tlie  disease.  AVhen  present,  tlicy  indicate  a 
greater  probability  of  localization  in  tlie  cortex  than  in 
any  other  part  of  tlie  brain;  and  after  that,  in  the  region 
of  the  corpus  striatum  and  thalamus  opticus.  In  the 
table,  the  highest  percentage  falls  to  tumors  of  the 
peduncle ;  but  this  fact  is  offset  by  the  great  rarity  of 
tumors  in  this  region. 

Table  v.— Proportion  of  Cases  of  Spasm  tvith  Tumors. 


Seat. 

H 

Si 

e 

c 

i 

g 

No  motor 

symptoms 

(except 

ataxic) . 

Cortex— 

39 

11 

i 

24 

7 

10 

1 

28 

7 

71 
63 

2 

Panetal  lobe  (motor). 

3 

Total  motor  zone  . . 
Frontal  pvri 

50 
14 
13 

4 
2 
1 

31 

1 
2 

11 
4 
2 

a5 

3 
3 

70 
21 
23 

5 

Other  latent  parts 

8 

Total  cortex 

77 

41 
10 
13 
56 
165 
30 

7 

12 
9 
1 
1 
3 

20 
8 

34 

22 
10 
5 
3 
7 

12 
2 

17 

4-1 
14 
3 
2 
38 
26 
15 

41 

34 
19 
6 
4 
10 
32 
10 

5!^ 

27 
46 
60 
30 
17 
19 
33 

Per  «nt. 
20  =  25 

45-36 

8-19 

Peduncle 

2-20 

Corpora  quadrigemlna . 
Pons 

7  =  53 

8-14 

Cerebellum 

Medulla 

107  =  64.5 
5-16 

Total 

516 

156 

30 

202-37.5 

It  is  evident  that  spasmodic  contractions  of  muscles 
may  be  caused  b_v  irritation  either  of  the  nerve  elements 
of  a  motor  centre,  or  of  the  fibres  of  a  motor  tract  de- 
scending from  it,  but  tliat  the  tirst  condition  is  more 
favorable.  A  continuous  fibrillary  twitching  is  frequent 
in  cortical  tumors.  But  tumors  of  the  pons  and  medulla 
are  rarely  accompanied  by  spasm;  it  seems  that  the 
liability  to  irritation  increases  higher  up  in  the  tract,  and 
also  when  the  latter  is  more  incompletely  invaded.  Irri- 
tation of  the  slvin  over  the  afEected  muscles  will  often 
throw  them  into  spasm. 

Parnli/ses  of  Mvtiliti/. — Tliese  are  especially  character- 
ized, as  a  rule,  by  their  gradual  development,  a  circum- 
stance which  is  most  useful  in  distinguisliing  brain  tumors 
from  hemorrhage.  It  does  not,  however,  serve  to  differ- 
entiate tumors  from  softening,  for  in  the  latter  the  paral}'- 
sis  is  also  gradually  developed. 

To  a  certain  extent  the  paralyses  of  tumors  share  the 
pecidiarities  of  those  caused  by  other  lesions  of  the  same 
locality.  As  already  staled,  however,  in  the  case  of 
tumors,  tlie  paralyses  are  rarely  purely  typical  through 
out  tlie  whole  course  of  the  disease,  because  they  con- 
stantly tend  to  encroach  upon  other  regions  than  that  in 
which  they  originated;  and  because  their  influence,  by 
transmitted  pressure  and  nutritive  irritation,  is  apt  at  all 
times  to  diffuse  itself  considerably  beyond  the  region 
which  they  visibly  occupy.  A  paralysis  which  may 
seem  at  a  given  stage  to  be  entirel.y  atypical  may,  how- 
ever, exliibit  in  the  history  of  its  development  peculiari- 
ties which  point  out  the  true  nature  of  the  disease.  The 
local  diagnosis  is  best  assured  wlien  a  localized  spasm 
has  passed  gradually  into  a  localized  paralysis.  The 
paralysis  has  been  preceded  by  a  slowly  progressing 
paresis,  or  by  tremor  or  spasm  in  the  affected  muscles,  or 
has  existed  in  one  set  of  muscles,  or  in  one  limb,  or  in  one 
or  more  cranial  nerves ;  or  there  has  been  a  combination 
of  paralyses  of  such  nerves  with  others  of  the  extremities, 


before  the  disease  reached  its  complete  evolution.  Or, 
further,  tlie  very  first  appearance  of  paral3'sis  may  have 
been  preceded  by  one  or  more  diffused  symptoms ;  or  it 
maj-  have  been  ushered  in  by  an  epileptiform  convulsion 
or  an  apoplectic  attack,  remarkable  for  its  brevity  and 
incompleteness.  Or  a  parahsis  may  declare  itself  at 
once,  in  a  fully  developed  form,  but  isolated,  as  in  one 
facial  nerve,  and  after  prolonged  headache,  attacks  of 
vomiting,  and  change  of  mind  or  character  of  the  pa- 
tient. The  typical  characteristics  of  the  paralyses,  ac- 
cording to  locality,  are  as  follows: 

Coriej: — The  paralysis,  at  the  outset  at  least,  is  "dis- 
sociated," monoplegic.  One  arm  or  one  side  of  the  face 
is  affected,  or  the  two  together  are  affected  on  the  same 
side.  It  is  extremely  rare  that  paralysis  begins  in  the 
leg ;  but  this  extremity  often  becomes  involved  later,  and 
then  the  patient  suffers  from  a  complete  hemiplegia, 
difficult  to  distinguish  at  first  from  the  common  hemi- 
plegia due  to  hemorrhage  into  the  internal  capsule.  It 
Is  very  rare,  however,  that  the  paralyzed  limbs  become 
rigid.  It  is  with  tumors  in  this  region  that  clonic  spasms 
are  most  frequent,  either  before  or  during  the  paralysis. 
Symptoms  of  tumors  of  different  regions  of  the  cortex 
follow,  approximately,  the  rules  which  have  been  laid 
down  for  otlier  lesions,  according  as  thej'  occupy  the 
"  latent "  or  the  motor  zones.  The  latent  regions  are 
those  parts  of  the  brain  in  which,  with  rare  exceptions, 
lesions  produce  no  motor  symptoms.  The  motor  zones 
are  those  whose  lesions  are  ahvays  followed  by  spasm  or 
paralysis,  except  in  a  very  few  cases,  in  whicli  the  absence 
of  symptoms  is  explained  by  the  extremely  slow  growth 
of  the  tumor,  wliich  allows  nerve  tissue  to  accommodate 
itself  to  increased  pressure.  When  an  "absolute  field  " 
exists  it  will  be  found  that,  in  all  cases  in  which  motor 
sj'mptoms  are  absent,  this  field  is  entirely  free  from 
lesion.  In  the  regions  adjacent  to  these,  lesions  some- 
times do  and  sometimes  do  not  produce  symptoms.  This 
fact,  as  already  stated,  has  been  explained  in  two  ways 
— -by  the  theory  of  transmitted  pressure,  and  by  the 
theory  of  a  "  relative  field,"  which  contains  motor  mechan- 
isms of  less  degree  of  intensitj-  and  concentration  than 
those  belonging  to  the  "absolute  field."  The  absolute 
motor  zones  are : 

First,  for  the  upper  extremity,  the  anterior  central 
convolutions,  especially  the  lower  two-thirds,  the  upper 
half  of  the  posterior  central  convolution,  the  paracentral 
lobule,  and,  in  the  left  hemisphere,  the  greatest  part  of 
the  superior  parietal  lobe,  and  possibly  a  few  points  on 
the  occipital. 

Second,  for  the  lower  extremity,  it  is  the  upper  third 
of  both  central  convolutions  and  the  paracentral  lobule, 
and  in  the  left  hemisphere  again  the  greater  [mrt  of  the 
superior  parietal  lobe.  Tliis  "absolute  field  "  is,  accord- 
ing to  Exner,  surrounded  by  a  relative  field  which  oc- 
cupies the  posterior  half  of  the  superior  frontal  gyrus, 
almost  the  entire  convex  surface  of  the  other  two  frontal 
gyri,  both  parietal  lobes,  and  the  upper  part  of  the  oc- 
cipital lobe.     Tills  field  belongs  to  both  extremities. 

The  centres  for  the  muscles  of  the  trunk  have  been 
placed  by  Horsley  and  Schafer  in  the  gyrus  marginalis. 

Third,  there  is  no  absolute  field  for  either  facial  mus- 
cles or  tongue,  the  mechanisms  for  both  seeming  to  be 
diffused  over  tlie  greatest  part  of  the  hemisplieres.  But 
the  seat  of  greatest  concentration,  for  the  facial  nerve, 
exists  at  the  lower  half  of  the  anterior  central  gyrus  and 
the  lower  third  of  the  posterior  central ;  while  a  relative 
field  extends  over  the  posterior  half  of  both  lower  frontal 
gyri  and  the  anterior  part  of  the  supramarginal  gyrus. 
The  principal  centre  for  the  hypoglossal  nerve  is  the 
lower  part  of  the  anterior  central  gyrus  and  adjacent 
part  of  tlie  middle  and  inferior  frontal  gyri. 

Fourth,  no  definite  cortical  field  has  been  outlined  for 
either  the  motor-oculi  nerve  or  the  trigeminus.  In  regard 
to  the  first,  however,  it  seems  certain  that  all  the  branches 
of  both  nerves  are  influenced  by  the  centres  of  a  single 
hemisphere. 

The  zone  for  common  sensibility  coincides  with  the 
motor  zone  as  above  defined. 
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Fifth,  the  zones  latent  in  regard  to  motor  or  sensory 
symptoms  inchide  all  the  frontal  lobes,  the  temporo- 
sphenoidal  lobes,  the  parietal  lobe  of  the  right  hemi- 
sphere, and  the  occipital  lobes.  Lesions  of  these  lobes 
may  remain  absolutely  latent,  and  did  so  in  13 of  Exner's 
44  cases  of  tniunrs,  that  is,  in  29  per  cent.  But.  even 
when  unattendeil  by  paralysis  or  spasm,  lesions  of  these 
latent  zones  are  liable  to  be  followed  by  such  disorders 
of  speech,  of  vision,  or  of  hearing  as  lead  to  the  localiza- 
tion, within  their  boundaries,  of  the  centres  for  these  im- 
portant functions.*  In  Table  V,  it  will  be  seen  that 
there  were  9  cases  of  paralysis,  with  or  without  spasm, 
occasioned  by  tumors  in  the  non-motor  regions;  the  per- 
centage of  paralysis  to  whole  number  of  such  tumors  be- 
ing 37  per  cent.  Out  of  the  whole  number  of  cases  of 
paralysis  from  77  tumors  of  the  cortex  (51  cases),  the 
percentage  belonging  to  tumors  of  non-motor  regions 
was  17.5  per  cent.;  that  of  tho.se  belonging  to  motor 
regions  (43  cases)  was  54  per  cent,  of  the  whole,  and  84 
per  cent,  of  the  tumors  of  that  region;  while,  finally,  the 
probability  that  a  tumor  situated  in  the  cortex  would 
occasion  some  form  or  degree  of  paralysis  is  indicated  by 
the  relation  of  51  to  77,  or  6(3  per  cent. 

Centrum  Orale. — A  much  larger  percentage  of  tumors 
remain  latent  in  this  region  than  in  the  cortex,  as.  for 
example.  36  per  cent.,  instead  of  25  per  cent,  (see  Table 
v.).  The  absence  of  symptoms  is  to  be  expected  when 
the  tumor  neither  occupies  nor  affects  bundles  of  fibres 
coming  from  the  motor  regions  of  the  cortex.  In  the 
following  t;ible  Ladame's  and  Bernhardt 's  cases  are  com- 
bined, and  show  to  what  extent  tumors  situated  in  non- 
motor  regions  may  yet  inhibit  the  mechanisms  of  the 
motor  regions. 

Table  ti.— Paralysis  with  TmoRS  of  Centrum  Otale. 


Motor  RegioaNs. 

Non-Motor  Regions. 

Seat. 

1 

Seat. 

'A 

1 

Pars    centralis   ante- 
rior and    posterior 
(Petres)    

61 

16 

Pars  frontalis 

Pars  ocoipitalis 

Temporal  lobe  — 
Other  parts 

Total 

37 

10 
2 

37 

23 

3 

61 

16 

49 

70 

The  paralyses  which  are  associated  with  tumors  of  this 
region  present  nearly  the  same  characteristics  as  do  those 
associated  with  tumors  of  the  cortex  if  they  are  near  the 
surface;  that  is.  they  are  hable  to  be  monoplegic;  but 
they  resemble  those  of  tumors  of  the  internal  capsule, 
if  tiiey  approach  the  basal  gan,glion,  in  which  case  they 
may  become  completely  hemiplegic,  and  may  be  followed 
by  "rigidity.  Tumors  in  the  anterior  part  of  the  centrum 
are  chiefly  indicated  by  motor  symptoms,  spasm  or 
paralysis; "those  situated  posteriorly  cause  sensory  symp- 
toms-^heraiana-sthesia,  or  pains  on  one  side  of  the  body. 
Usually  a  long  period  of  paresis  precedes  that  of  com 
plete  paralysis. 

The  percentage  of  cases  of  paralysis  in  tumors  of  the 
centrum  ovale,"  whether  calculated  from  the  smaller 
number  of  cases  in  Table  VI.  or  from  the  larger  num- 
ber in  Table  V.,  is  about  the  same,  viz.,  54  per  cent,  in 
the  first  case.  56  per  cent,  in  the  second. 

Basfil  Gnnriliii. — Tumors  of  the  corpora  striata,  optic 
thalami,  and  lenticular  nuclei  occasion  hemiplegias, 
which  often  differ  from  those  of  hemorrhage  in  the  same 
region,  exclusively  by  their  gradual  rate  of  development. 
The  paralysis  is,  however,  sometimes  monoplegic ;  thus, 

*  The  wide  diffusion  of  the  mechanisms  for  the  motor-oculi  nerve 
and  the  faoial,  whii-b  render  their  paralyses  of  little  value  in  regional 
diagnosis.  Is  prohablv  correlated  to  the  complex  relations  of  these  two 
nerves  to  the  mechanisms  of  psychic  existence,  and  their  functions  in 
the  innumerable  shades  of  facial  expression. 


out  of  41  cases,  it  was  confined  to  the  facial  nerve  four 
times,  to  the  arm  once,  to  the  arm  and  facial  once,  and 
to  the  leg  once.  It  is  extremely  remarkable  that  large 
tumors  may  exist  in  this  region  without  causing  any 
symptoms  whatever.  This  is  the  rule  for  tumors  limited 
to  the  thalamus  or  to  the  lenticular  nucleus.  Acute 
lesions,  such  as  hemorrhage  in  the  latter  ganglion,  cause 
temporary  liemiplegic  symptoms,  but  these  subside, 
probably  because  the  fiuictiun  of  the  destroyed  tissue  is 
supplemented  by  that  of  other  motor  centres.  But  such 
temporary  paralyses  are  not  seen  with  chronic  lesions,  as. 
for  exami.ilc,  tumors,  unless  these  are  complicated  by  an 
accident;il  hemorrhage. 

But  tumors  limited  to  the  corpus  striatum  will  certainly 
cause  paralysis  if  the_v  involve  the  anterior  two-thiids 
traversed  by  the  motor  tract  of  the  internal  capsule.  It 
is  injury  to  this  tract  which  determines  the  phenomenon 
of  "late  rigidity  "  ;  a  phenomenon  depending  on  the  de- 
scending degeneration  which  reaches  the  spinal  cord,  and 
which,  though  so  commonly  seen  after  cerebral  hemor- 
rhage, is  not  peculiar  to  that  lesion,  but  only  to  the  local- 
ity which  it  most  frequently  occupies. 

If  a  tumor  involve  the  posterior  third  of  the  internal 
capsule,  whose  fibres  pass  between  the  corpus  striatum 
and  the  thalamus,  it  tends  to  destro}'  Ihe  sensory  fibres 
which  pass  in  this  locality  (Charcot.  Veysiere).  and  causes 
a  liemiana?sthesia  in  addition  to  the  motor  jiaralysis. 
This  complication  is  therefore  of  great  use  in  establishing 
the  diagnosis  of  tumors  of  this  region,  which  from  thi-ir 
encroaching  tendencies  are  so  liable  to  involve  all  parts 
of  the  internal  capsule.  It  is  possible  that  a  transmitted 
irritation  to  sensory  fibres  has  something  to  do  with  the 
high  percentage  of  spasms  observed  in  tumors  of  the 
basal  ganglia  (46  per  cent.,  see  Table  V.).  There  were  24 
cases  of  paralysis,  with  and  without  spasm,  which  is  58 
per  cent,  of  the  whole  number. 

Hemianopsia,  or  paralysis  of  some  ocular  muscles,  oc- 
curs with  such  tumors  of  the  thalamus  as  touch  upon  the 
corpus  geniculatum  externum.  Athetoid  movements 
and  intention  tremor  are  very  chai-acteilstic  of  thalamic 
tumors.  Still  more  so  is  Becliterew's  symptom,  namely, 
preservation  of  the  innervation  of  facial  muscles  for 
voluntai'y  movements,  with  loss  of  the  automatic  move- 
ments involved  in  emotional  expression. — as  in  laughing 
or  crying.  This  isolated  mimetic  paralysis  seems  to  be 
quite  peculiar  to  lesions  of  the  thalamus. 

Peduncle. — As  might  be  expected,  tumors  of  this  region 
cause  hemiple.sic  paralysis  in  almost  all  cases  (eighty  per 
cent.).  Together  with  the  extremities,  the  facial  nerve 
and  also  the  hypoglossus  are  usually  involved.  The 
most  characteristic  circumstance,  however,  is  the  paraly- 
sis of  the  motor-oculi  nei-ve  by  direct  pressure  upon  its 
tnuik  as  it  emerges  in  the  interpeduncular  space.  The 
paralysis  is  on  the  same  side  as  the  tumor,  that  is,  on  the 
.side  oppo.site  to  the  hemiplegia.  The  paralysis  is  usu- 
ally total,  in  which  case  there  will  be  unilateral  dilatation 
of  "the  pupil,  ptosis  from  paralysis  of  the  levator  palpebrjE 
muscle,  and  divergent  strabismus  from  paralysis  of  the 
internal  rectus.  In  other  cases,  one  or  more  of  these 
symptoms  may  exist  alone  As  the  tumor  grows  larger 
it  sometimes  crosses  the  interpeduncular  space,  and  com- 
presses the  nerve  on  the  opposite  side.  This  important 
symptom  existed  in  seven  out  of  the  ten  cases  of  Ladame 
and  Bernhardt.  It  is  not.  however,  ab.solutely  pathogno- 
monic of  lesions  of  the  peduncle;  for  it  results.  _with 
exactly  the  same  forms,  from  every  tumor  of  the  inter- 
peduncular space;  thus,  from  those  springing  from  the 
base  of  the  cranium. 

Corpora  Qufidrigcmiiin. — Tumors  of  these  bodies  lie 
outside  of  the  direct  cerebrospinal  motor  tracts,  and 
thus  pi-oduce  much  less  definite  motor  symptoms.  Some 
degree  of  paralysis  existed  in  5  out  of  13  cases;  in  1, 
paresis  of  the  arm  and  facial  nerve;  in  2,  a  unilateral 
facial  paresis;  in  1.  paresis  of  one  leg;  and  in  1,  paresis 
of  one-half  of  the  bod_y. 

On  the  other  hand. 'the  motor-oculi  nerve  seems  to  be 
paralyzed  as  often  as  in  the  case  of  tumors  of  the  pedun- 
cles; "a  fact  which  might  be  expected  from  the  proximity 
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of  the  corpora  quadrigemina  to  the  nuclei  of  tlie  nerves. 
which  lie  immediately  below  them.  In  14  cases,  diver- 
gent strabismus  existed  in  8  (5  cases  of  Bernhardt,  3 
related  by  Nothnagel).  lu  1  other  case,  the  abdiicens  was 
paralj-zed,  so  that  internal  strabismus  existed  (Gowers. 
Lancet.  18T9). 

Cerebellum. — Absence  of  true  motor  paralysis,  taken 
together  with  impairment  of  the  power  of  equilibration, 
is  highly  characteristic  of  tumors  of  the  cerebellum. 
Out  of  a  total  of  165  cases,  only  38  showed  any  kind  of 
paralysis  (23  per  cent.).  This  is  almost  the  proportion 
in  which  the  .sj'mptom  isab.sent  in  tumors  of  the  cerebral 
cortex.  Excluding  the  cerebellum  and  corpora  quadri- 
gemina, the  probabilities  of  paralysis  with  brain  tumor 
are  expressed  b_y  the  percentage  89,  while  for  the  cere- 
bellum and  corpora  quadrigemina  alone  the  percentage 
is  only  24. 

Tumors  of  cither  lateral  lobe  of  the  cerebellum  cause 
of  themselves  no  motor  symptoms,  even  ataxic,  and  may 
be  completely  latent.  Out  of  the  38  cases  of  paralysis 
the  tumor  occupied  the  middle  lobe  of  the  cerebellum  in 
4;  in  5,  one  of  the  peduncles;  in  15,  though  mainly  situ- 
ated in  a  lateral  lobe,  it  extended  into  the  middle  lobe, 
or  else  compressed  the  pons  or  medulla. 

The  facial  nerve  may  be  affected  either  by  an  isolated, 
or  by  an  alternating,  or  by  a  hemiplegic  paralysis,  in  the 
rare  cases  in  which  hemiplegia  occurs.  The  lesion  is 
never  really  of  cerebellar  origin,  but  always  secondary 
to  encroachment  upon  the  pons  or  medulla. 

Pom  Varolii. — In  this  locality  tumors  produce  the 
most  extensive  and  also  the  most  complex  combinations 
of  paralyses.  They  are  occasionally  paraplegic,  and  not 
infrequently  they  become,  little  by  little,  generalized 
throughout  the  four  limbs.  This  creeping  generalization 
is  highly  characteristic  of  tumors  of  the  pons.  On  the 
other  hand,  only  cranial  nerves  maj'  be  affected. 

Case  (Wernicke.  Archie  f.  Psychiat..  Bd.  vii.):  Pa- 
tient aged  fifty -eight  y>^-ars.  In  3\i\y,  headache,  diplopia : 
difficulty  in  opening  and  shutting  mouth.  By  end  of 
August,  paralysis  of  left  facial  nerve,  including  upper 
branches;  rigidity  of  left  masseter;  eyes  persistently 
deviated  toward  the  right;  diminished  sensibility  of  face 
and  head  on  the  right  side,  that  is,  on  the  side  opposite 
to  the  facial  paralysis.  Death  occurred  in  October  with- 
out further  motor  affection.  Section  discovered  a  tumor 
on  the  floor  of  the  fourth  ventricle,  on  the  leftside  of  the 
middle  line.  Associate  nucleus  of  facial  and  abducens 
completely  destroyed;  left  facial  nerve  nucleus,  as  also 
part  of  the  fibres  of  the  right  trigeminus,  destroyed. 

After  the  frequent  generalization  of  the  paralysis,  the 
remarkable  paralytic  symptoms  of  pontine  tumors  are: 
1.  The  coexistence  of  hemiplegic  paralysis  of  the  ex- 
tremities with  paralysis  of  one  or  more  cranial  nerves  on 
the  opposite  side  of  the  body:  alternate  paralyses.  2. 
The  occurrence  of  a  ;)f)-«'s?(;«i' conjugate  deviation  of  the 
eyes,  thus  distinguished  from  the  same  symptom  in 
lesions  of  the  hemispheres,  where  it  is  alway.s  transitory. 
To  these  positive  symptoms  may  be  added  "an  important 
negative  characteristic,  namely,  the  nearly  complete 
absence  of  local  irritative  symptoms,  and.  to  an  even 
more  marked  degree,  of  general  convulsions.  The  alter- 
nate paralyses  are  produced  by  tumors  in  the  lower  part 
of  the  pons,  which  injure  the  nerve  nucleus  or  compress 
the  nerve  tnmk  on  the  side  on  which  they  are  situated, 
and  injure  the  general  motor  tracts  of  the  limbs  previous 
to  their  decussation,  so  that  the  resultant  hemiplegia  fol- 
lows the  usual  law  for  cerebral  paralysis,  and  appears  on 
the  side  of  the  body  opposite  to  the  lesion.  When  the 
tumor  occupies  the  upper  segment  of  the  pons,  anterior 
to  the  cerebral  peduncles,  the  facial  jiaralysis  will  be  on 
the  same  side  as  the  limbs,  since  it  depends  not  on  a 
lesion  of  the  nucleus  or  nerve  trunk,  but  on  one  involv- 
ing the  central  fibres  after  their  decussation.  'S^hen  the 
tumor  occupies  the  region  of  the  abducens  nucleus,  the 
movements  of  both  eyeballs  to  that  side  are  paralyzed. 
The  double  nature  of  the  paralysis  proves  that  the  nu- 
cleus common  to  the  abducens  and  internal  rectus  has 
been  affected. 


In  the  most  typical  cases,  all  the  branches  of  the  facial 
are  paralyzed,  including  those  innervating  the  orbicularis 
palpebra?.  The  eye  cannot  be  closed,  and  the  patient 
presents  the  appearance  of  Bell's  paralysis.  The  electric 
excitability  of  the  nerve  may  then  be  diminished.  How- 
ever, neither  of  these  last  conditions  is  invariable,  even 
when  the  paralysis  is  alternate. 

Double  facial  paralysis  is  extremely  rare.  It  is  lesions 
of  the  pons  which  have  furnished  the  explanation  c>f  the 
remarkable  phenomenon — conjugate  deviation  of  the  eyes 
— which  for  a  long  time  puzzled  pathologists.  This  de- 
viation implies  paralysis  of  the  abducens  nerve  of  one 
side,  supplying  the  external  rectus,  and  coincident  paraly- 
sis of  a  branch  of  the  raotor-oculi  nerve  supplving  the 
internal  rectus  on  the  opposite  side.  The  apparent  re- 
moteness from  each  other  of  the  nuclei  of  origin  of  these 
two  nerves  rendered  this  phenomenon  extremely  difficult 
to  understand,  until  the  discovery  was  made,  in  the 
pons,  of  a  common  nucleus,  which  unites  fibres  of  the 
abducens  with  fibres  from  the  lower  nucleus  of  the  motor- 
oculi  on  the  opposite  side.  Destructive  lesions  of  this 
associate  nucleus  are  followed  by  a  permanent  conjugate 
deviation,  as  in  the  case  (Wernicke)  above  quoted."  It 
becomes  evident  that  the  transitory  deviations  of  the  eye, 
frequently  seen  immediately  after  an  attack  of  hemor- 
rhage into  any  part  of  the  brain,  are  due  to  a  remote 
shock  propagated  to  this  same  nucleus. 

The  abducens  nerve  is  not  infrequently  paralyzed  alone, 
causing  a  converging  strabismus  of  the  affected  eye. 

Isolated  paralysis  of  the  motor-oculi  nerve  is  much 
more  rare,  and  is  seen  only  when  the  tumor  or  its  influ- 
ence extends  above  the  pons  into  the  cerebral  peduncles, 
or  above  them  to  the  nerve  nuclei.  Ptosis,  from  isolated 
paralysis  of  the  levator  palpebrae  branch,  has  sometimes 
been  observed  alone,  and,  so  far,  in  cases  of  tumors,  but 
not  in  those  of  any  other  lesion.  This  symptom  would, 
therefore,  be  useful  in  differential  diagnosis. 

Paralysis  of  the  hy  poglossus  is  not  rare.  It  is  indicated 
by  an  impairment  "of  the  voluntary  movements  of  the 
tongue  and  by  disturbance  of  speech,  dysarthria.  This 
paralysis  alternates  with  that  of  the  extremities.  It  is 
distinguished  from  progressive  bulbar  paralysis  by  ab- 
sence of  atrophy  of  the  tongue. 

The  motor  branch  of  the  trigeminus  is  sometimes 
paralyzed,  more  often  irritated,  causing,  in  the  latter 
case,  spasmodic  trismus  or  clonic  convulsions  of  the 
muscles  of  mastication. 

Difficult  deglutition  is  also  sometimes  present,  but  does 
not  seem  to  be  attributable  to  paralysis  of  the  pharj-nx 
muscles,  but  rather  to  be  a  secondary  consequence  of 
paralysis  of  the  tongue  and  of  certain  muscles  innervated 
by  the  facial  nerve,  the  styloglossus,  digastricus,  and 
stylohyoideus  (Nothnagel). 

The  following  table  exhibits  the  various  combinations 
of  paralyses,  which  have  been  observed  with  tumors  of 
the  pons. 

Table  vii.— motor  Paraltses  with  Tcmors  of  Pons  (56  Cases). 


Cranial  nerves 

Combination 

No  motor 

alone. 

Limbs  alone. 

o£  limbs  and  cranial 
nerves. 

syoip- 
toms. 

3d  nerve  

•1 

Hemiplegia ...    7 

On  »amc  side. 

7th  nerve 

3 

Paraplegia....    3 

Hemiplegia  and 

3d      and     6th 

Four    extrem- 

Tth nerve 4 

nerves  

ities  2 

Alternate  paralysis. 

6th   and   Tth 

Ann  alone 1 

Hemiplegia  and— 

nerves  

3 

:3d  nen'e 2 

Tth    and    12th 

8th  nerve 3 

4 

nerves  

1 

7th  nerve 4 

3d,    7th.     and 

3d  and  6th  nerves    1 

12th  nerves. . 

1 

M  and  7th  nerves    3 

3d,  5th,  Tth.and 

6th       and       7th 

12th  neires. . 

1 

nerves 5 

3d,  6th,  and  Tth 

nen-es 1 

3d,  .5th.  7th,  and 

12th  nerves  ...    1 
3d,  6th,  7th,  and 

12th  nerves  ...    1 

Total 

13 

Total 13 

Total 25 

4 
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The  number  of  cases  in  which  tlie  cranial  nerves  or 
those  of  the  limbs  were  paralyzed  independently  of  each 
other  is,  in  this  collection  of  cases,  exactly  equal.  The 
number  of  cases  of  combined  paralyses  is  just  double 
that  of  either  of  the  classes  of  isolated" paralyses.  Among 
the  cranial  nerves,  the  liability  of  the  facial  is  evidently 
the  greatest ;  it  was  affected,  alone  or  in  combination, 
twenty-four  times:  the  abducens  sixteen  times. 

M«J>ilhi.—\n  this  region  the  liability  to  paralysis  again 
diminishes.  Tumors  of  the  medidlaare  not  infrequently 
confined  to  the  floor  of  the  fourth  ventricle,  so  that  the 
motor  tracts  and  nuclei  are  both  left  uninjured.  In  this 
case,  the  patient  escapes  all  paralysis;  indeed,  he  often 
remains  with  singularly  few  symptoms  for  the  subject 
of  an  organic  disease  seated  so  near  to  vital  nerve  centres. 
Out  of  30  cases,  12,  or  nearly  half,  remained  free  from 
motor  .sj'mptoms.  In  one  case,  so  far  unique  (Erichsen, 
Petersb.' mecl.  Zeitschr.,  1870),  a  bilateral  paralysis  of  the 
vocal  cords  was  noted,  due  to  lesion  of  the  accessory 
nerve. 


Table  vill. 


-  Motor  Paralyses  with  Tumors   of    Medulla 
(30  Cases;. 


Cranial  nerves 
alone. 

Extremities. 

Combination. 

Negative. 

3d  nerve 2 

7th  nerve 2 

3d     and     7th 

nerves 1 

7th    and    11th 

nerves 1 

5th,   6th,    and 

7th  nerves. . .    1 

Hemiplegia  ...    1 
Three  extremi- 
ties      1 

Paraplegia ....    2 
General 2 

Hemiplegia  and— 

6th  nerve 1 

Same  ftUlc. 
Hemiplegia  and— 
6th  nerve  (alter- 
nating)      1 

3d,  6th,   and  7th 

nen-es 1 

3d,  7th,  and  12th 

nerves 1 

7th    and   associ- 
ated .3d  and  6th 
nerves 1 

12 

Total 7 

Total 6 

Total 5 

12 

The  third  form  of  motor  lesion  is  ataxia. 

This  form  of  lesion  is  principally  seen  with  tumors  of 
the  cerebellum  and  corpora  quadrigemina ;  the  latter,  pos- 
sibly from  the  connection  of  these  bodies  with  the  cere- 


essential  that  the  middle  lobe  be  involved  or  indirectly 
atf ected ;  tumors  limited  to  a  lateral  lobe  are  characteris- 
tically latent. 

Forced  movements,  or  inclinations  of  the  body  or  head 
to  one  side  or  the  other,  ai-e  sometimes  associated  with 
tumor  in  a  lateral  peduncle  on  the  corresponding  side. 
A  tendency  to  fall  forward  or  backward  has  been  asso- 
ciated with  the  situation  of  the  tumor  in  the  anterior  or 
posterior  extremity  of  the  upper  or  lower  processus 
vermiformis  (middle  lobe). 

A  comliination  of  ataxia  with  ocular  paralyses  was 
pointed  out  by  Nothnagel  to  be  highly  characteristic  of 
tumors  of  the  corpora  quadrigemina. 

Recently  there  has  been  described  an  ataxia  in  tumors  of 
the  frontal  lobes  closely  resembling  that  supposed  to  be 
special  to  the  cerebellum.  It  is  due  to  paralysis  of  the 
muscles  of  the  trunk,  whose  centre  of  coi'tical  innerva- 
tion is  placed  by  Horsley  and  Schilfer  in  the  gyrus  mar- 
ginalis,  thus  in  the  middle  line.  Hence  with  a  imilateral 
tumor  there  will  be  bilateral  ataxia. 

Lesions  of  Sensibility. — With  the  exception  of  head- 
ache, already  described  as  a  diffuse  symptom,  alterations 
of  sensibility  are  verv  much  less  prominent  in  the  symp- 
tomatology "of  tumors  than  alterations  of  motility. 

It  is  evident  from  this  table  that,  in  the  cortex,  the 
seat  of  sensibility  coincides  with  the  seat  of  motility. 
Pain  or  ansesthesia  rarely  exists  without  paralysis,  or  ex- 
cept in  connection  with  tumors  situated  in  the  motor 
zones.  The  liability  to  pain,  other  than  headache,  with 
tumors  of  the  centrum  ovale,  is  verv  slight  (5  cases  out 
of  124).* 

It  has  already  been  pointed  out  that  tumors  of  the 
basal  ganglia  will  cause  hemiana^sthesia  in  paralyzed 
limbs,  provided  they  involve  the  bundle  of  tibres  which 
pass  in  the  irosterior  third  of  the  internal  capsule ;  other- 
wise they  will  not  be  attended  by  lesions  of  sensibility. 
The  table,  therefore,  expresses  the  probabilities  of  this 
precise  situation,  in  giving  the  proportion  of  cases  of 
pain  or  anaesthesia  as  eight  out  of  thirty-nine,  or  twenty 
per  cent. 

The  highest  percentage  is  with  tumors  of  the  pons, 
and  the  iiext  highest,  if  the  few  cases  of  tumors  of  the 
peduncles  of  the  cerebrum  be  excluded,  is  with  those  of 
the  medulla.     In  these  places  occur  pain  and  aua'sthesia 


Table  IX.— Lesions  of  Sensibility  with  Brain  tumors. 


WITH  Motor  Paralysis. 

Without  Motor  Paralysis. 

6 
> 

iiU 

Seat. 

Unilateral. 

Double. 

Trigeminal. 

Unilateral. 

Double. 

Trigeminal. 

im 

Pain. 

Ana?s- 
thesia. 

Pain. 

Anses- 
thesia. 

Pain. 

Anaes- 
thesia. 

Pain. 

Anaes- 
thesia. 

Pain. 

Anies- 
thesia. 

Pain. 

Anaes- 
thesia. 

No.  0 

Tota 
age 
sen 

Cortex  (57  cases) : 

6 
1 

7 
3 

.... 

1 

"i' 

■'i' 
"i' 



11 

12 
9 
1 

1 

14  =  .56 

5  =  29 

1  =  10 

3  =  75 

Occipital 

0=   0 

Entire  cortex 

Centrum  "valc  (124  cases) 
Basal  gaiiKlia  (39  cases)  . 
Peduncle  (lU  cases) 

Pons  (51  cases) ] 

Medulla  (30  cases) 

Cerebellum  ( 167  cases)  . . . 
Corpora  quad.  (13  eases)  . 

8 

5 

1 

1 
Same  side,  1. 
0pp.  side,  7. 

2 

1 

15 

14 

5 

3 

10 

5 

7 

T 

"i' 

1 

1 
4 

1 

'  2" 

.... 
5 

34 

105 

31 

5 

{.24 
16 

142 
11 

23  =  40 
19=15 
8  =  25 
5  =  50 

27  =  52.5 

14  =  46 
25  =  14.5 
2=15 

Total  (491  cases) 

30  =  6%  of  all 
oases. 

59=12* 

5  =  W 

4  =  0.8!S 

10  =  2!« 

8  =  1.2* 

8  =  1.6* 
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Percentage  of  lesions  of  sensibility  in  all  cases  equals  25. 


bellum  through  the  superior  cerebellar  peduncles.  In  the 
pons  and  medulla,  the  advent  of  paralysis  is  often  pre- 
ceded for  some  time  by  a  staggering  or  reeling  gait  "  like 
a  drunkard's."  This  same  symptom  is  very  conspicuous 
in  tumors  of  the  cerebellum,  and,  when  associated  with 
the  negative  symptoms  of  absence  of  motor  or  sensory 
paralysis,  points  very  strongly  to  tumors  of  this  region. 
For  the  development  of  the  symptom,  however,  It  is 


in  the  facial  range  of  the  trigeminus.  When  similar 
symptoms  are  excited  by  tumors  of  the  cerebellum,  it  is 
only  because  the  pons  or  medulla  has  been  compressed. 

*  The  percentage  of  headache,  however,  was  sixty-six,  the  highest 
after  the  cerebellum  and  rare  cases  of  corpora  quadrigemina.  The 
liability  to  headache,  from  distention  of  the  dura  mater,  is  constantly 
seen  to  bear  no  proportion  to  perversions  of  sensibility  due  to  lesion 
of  sensory  tracts  or  centres. 


443 


Brain. 
Brain. 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES. 


Trigeminal  neuralgia  or  anesthesia  is,  like  cramp  or 
paralysis  of  the  masticatory  muscles,  a  most  important 
symptom  for  helping  to  localize  a  tumor  in  the  jiosterior 
cranial  fossa.  It  is  noticeable  (see  table)  that  trigeminal 
ana'Sthesia  has  hitherto  been  observed  on  the  side  op- 
posite to  the  paralysis,  while  anesthesia  of  the  extremi- 
ties lias  nearly  alwaj's  existed  on  the  same  side. 

The  cerebellum  and  corpora  quadrigemina  show  the 
same  minimum  liability  to  lesions  of  sensibility  as  they 
do  to  motor  paralysis.  Their  precentage,  almost  alike 
for  the  two  cases,  is,  however,  not  lower  than  that  of  the 
centrum  ovale. 

Lesions  op  TirE  Special  Senses.  —  I'ision. — Disturb- 
ances of  vision  are  extremely  frequent  as  symptoms  of 
brain  timior.  and  are  of  three  kinds:  First,  atrophy  of 
the  optic  papilla  as  a  con.sequence  of  choked  disc,  and 
therefore  as  a  remote  consequence  of  increased  intra- 
cranial pressure;  second,  deviations  of  the  eyeball  or 
eyelids  from  isolated  or  combined  paralyses  of  the  nerves 
siipplying  the  ocular  muscles,  the  tiiird.  sixth,  and 
seventh;  and  finally,  third,  amblyopia  or  amaurosis,  re- 
sulting from  direct  affection  of  the  optic  nerve  in  its 
course  through  the  cranium,  or  at  its  cerebral  centres,  the 
mode  of  develoimient  being  therefore  almost  precisely  an- 
alogous to  that  of  paralysis  of  any  other  nervous  tract  by 
direct  compression.  The  first  two  kinds  of  ocular  defect 
have  been  sufficiently  described ;  the  third  comprises  two 
different  kinds  of  lesions,  those  affecting  (by  compression) 
the  optic  tract  or  chiasma.  and  those  which  affect  the 
optic  stations  at  the  posterior  extremity  of  the  thalami  or 
at  the  corpora  quadrigemina,  or  else  at  the  final  visual 
centres  of  the  cortex. 

The  optic  nerve  or  chiasma  is  liable  to  compression 
from  tumors  arising  from  the  base  of  the  cranium  or 
from  the  h.yppphysis,  and  also  from  tumors  of  the 
peduncle;  an  acute  descending  optic  neuritis,  with 
atrophy  of  the  papilla,  is  usually  excited.  When  one 
tract  or  one  side  of  the  chiasma  is  compressed,  hemiopia 
results,  a  phenomenon  dependent  on  the  semi-decussation 
of  nerve  fibres  which  takes  place  in  the  human  chiasma. 
Thus  pressure  on  the  right  side  beyond  the  chiasma,  of 
such  a  nature  as  to  injure  the  fibres  of  one  tract,  will 
abolish  vision  in  the  right  half  of  both  eyes.  A  tumor 
in  front  of  the  cliiasma  may  cause  temporal  hemiopia  of 
both  eyes,  since  it  injures  fibres  coming  from  the  nasid 
half  of  both  e.yes.  There  is  no  way  in  which  a  double 
nasal  hemiopia  can  be  produced  by  tumors  at  the  base  of 
the  brain. 

Tumors  of  the  thalamus  might  be  expected  to  affect 
the  sight  from  lesion  of  the  corpus  geniculatum,  with 
its  branch  to  the  optic  tract.  As  a  matter  of  fact,  how- 
ever, blindness  is  not  very  common  from  tiunors  of  this 
locality — only  5  cases  out  of  26  (19  percent.)  As  already 
mentioned,  hemianopsia  is  seen  with  tumors  of  the  thal- 
amus, when  they  involve  the  corpus  geniculatum  exter- 
nvmi.  Tumors  of  the  corpora  quadrigemina.  however, 
have  an  immensely  large  portion  of  cases.  Out  of  11,  9 
showed  either  amblyopia  or  amaurosis,  5  with  and  4  with- 
out choked  disc  (81  per  cent.). 

Visual  defects  from  lesions  of  the  cortex  are  extremely 
interesting  in  connection  with  two  physiological  prob- 
lems, viz. ,  the  question  of  a  second  decussation  of  optic- 
nerve-fibres  in  the  cerebrum  (Charcot),  and  that  of  the 
localization  of  the  mental  centre  of  vision.  This  centre 
was  placed  by  Ferrier  at  the  angular  gyrus,  as  an  infer- 
ence from  direct  experiment  upon  the  brain  of  monkeys. 
But  Exner,  on  the  authority  of  four  cases  of  lesion  reach- 
ing to  the  cortex,  of  which  two  were  tumors,  places  the 
visual  centre  in  the  first  and  second  occipital  gj'ri — the 
cuneus  and  adjacent  part  of  the  lobulus  quadratus. 

Ca.se  (Gowers.  Lancet,  1879):  Visual  hallucinations  of 
a  peculiar  nature,  associated  with  some  degree  of  am- 
blyopia, affecting  both  e^'es,  but  more  markedly  the  left. 
Tumor  occupying  first  and  second  occipital  gyri,  posterior 
half  of  superior  and  inferior  parietal  lobes,  the  cuneus, 
and  a  part  of  the  lobulus  quadratus. 

Case  (Ja.strowitz,  Centralbl.  fiir prakl.  Auf/enhilk-undf. 
vol.  i.,  1877):  Paralysis  of  both  right  extremities  and 


facialis;  aphasia,  with  agraphia;  hemianopsia  dextra. 
Tumor  of  the  left  occipital  lobe,  principally  in  the  occip- 
ital gyri  and  the  precuneus. 

Case  (Pooley,  Arc/i.  f.  Augen-  und  Ohrenheilk..  Bd. 
vi.) :  Together  with  various  characteristic  symptoms  of 
brain  tumor  in  a  syphilitic  man,  extensive  binocular 
hemianopsia.  Tumor  in  posterior  lobe  of  left  hemisphere, 
surrounded  by  extensive  zone  of  softening.  Left  thala- 
mus completely  softened. 

A  tumor  of  one  hemisphere  may  thus  cause  double 
hemiopia.  a  single  or  double  amblj'opia  or  amaurosis, 
and  visual  hallucinations  of  various  kinds.  The  double 
hemiopia  from  unilateral  lesion,  has  been  interpreted  as  a 
proof  that,  arrived  at  the  cerebral  hemispheres,  optic  fibres 
which  had  decussated  in  the  chiasma.  recrossed  to  the  op- 
jiosite  hemisphere,  thus  finally  arriving  at  the  .same  side 
of  the  retina  as  that  from  which  they  started.  Hemiopia 
is  habitually  unaccompanied  by  choked  disc.  Crossed 
homonymous  hemianopsia  is  the  characteristic  local 
symptom  of  disease  of  the  occipital  lobes.  The  symp- 
tom occurs  also  with  lesion  of  any  portion  of  the  optic 
tract,  from  the  chiasma  to  the  occipital  cortex.  When 
the  lesion  is  in  the  medidla  of  the  left  occipital  lobe,  to 
the  hemianopsia  is  added  another  important  symptom 
complex,  namely,  alexia  and  optic  aphasia.  It  is  deter- 
mined by  injury  to  the  association  tracts  running  through 
the  left  occipital  lobe  from  the  occipital  convolutions  on 
both  sides  to  the  speech  centre  in  the  left  superior  tem- 
poral convolution.  The  patient  recognizes  objects  by 
sight,  but  is  unable  to  name  them,  unless  he  either  feels, 
hears,  smells,  or  tastes  them.  He  cannot  read  words, 
but  can  write  spontaneously  and  under  dictation.  Mind 
blindness  indicates  with  certainty  lesion  of  the  occipital 
lobes  (Bruns). 

Six  cases  of  amblyopia  and  amaurosis  have  been  ob- 
served with  cortical  tumors,  unaccompanied  by  choked 
disc.  These  are  all  to  be  attributed  to  a  lesion  of  the 
visual  centre ;  and,  when  located  in  the  frontal  lobe,  the 
lesion  must  be  regarded  as  indirect.  Tlie  amaurosis  or 
hemiopia,  with  tumors  of  the  centrum  ovale  (thirty-nine 
cases,  or  thirty-one  per  cent.),  probably  always  implies 
a  transmitted  lesion  of  the  cortical  visual  centre.  Of  the 
two  cases  of  hemiopia,  referred  to  in  table  X.,  one  is  used 
by  Exner  and  Nothnagel  as  documentary  evidence  in 
support  of  the  theory  of  a  visual  centre  in  the  cortex  of 
the  occipital  lobe,  but  it  is  placed  by  Bernhardt  among 
the  tumors  of  the  lobes.  The  total  percentage  of  blind- 
ness is  higher  with  tumors  of  the  cerebellum  than  with 
those  of  any  other  locality,  except  the  corpora  quadri- 
gemina. Out  of  91  cases  there  are  41  with  some  degree 
of  blindness  (4,5  per  cent.).  Of  these,  23,  or  nearly  half, 
are  without  choked  disc ;  the  blindness  being  therefore 
due  to  the  direct  action  of  the  tumor  upon  some  visual 
centre.  It  seems  most  probable  that  the  centre  affected 
is  that  of  the  corpora  quadiigemina ;  the  influence  being 
transmitted  through  the  superior  cerebellar  peduncles. 
The  high  percentage  of  blindness  in  the  two  localities 
so  especiall_y  liable  would  be  shown,  therefore,  to  have 
the  same  significance.  Tumors  of  the  pons  and  medulla 
also  determine  amaurosis  otherwise  than  by  choked  disc, 
through  direct  upward  pressure  upon  the  corpora  quad- 
rigemina. The  direction  of  the  transmission  is  the 
same  as  for  the  ujiper  (unassociated)  nucleus  of  the 
motoroculi  nerve,  which  lies  just  below  the  corpora 
quadrigemina.  Out  of  a  total  of  51  cases  for  medulla 
and  pons  together,  there  are  14  cases  of  ambl3'opia  or 
amaurosis,  or  27  per  cent. 

To  judge  from  this  table  we  should  infer  that  the 
chances  of  amaurosis  in  brain  tumor  were  exactly  equal, 
whether  choked  disc  existed  or  not ;  but  that  the  chances 
of  amblyopia  were  three  times  as  great  without  the 
choked  disc  as  with  it.  This  probably  means  that  if 
choked  disc  occur,  the  impairment  of  vision  which  may 
have  been  initiated  independently  of  it,  by  the  direct  in- 
fluence of  the  tumor,  will  rapidly  increase  to  complete 
bhndness:  whereas,  without  this  local  complication,  the 
visual  defect  may  for  a  much  longer  time,  or  even  alto- 
gether, remain  partial  and  incomplete. 
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Table  X.— Lesions 

OF  Visio.\  (IN  369  Cases). 
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Total  lesions  of  vision  =  127  in  369  cases  =  34  per  cent. 


Henring,  Taste,  and  Smell. — All  these  special  senses 
together  are  less  frequently  affected  than  is  vision  alone. 
Out  of  a  total  of  369  cases  of  brain  tumor,  lesions  of 
vision  existed  in  127,  or  34  per  cent.  But  in  a  total  of 
561  cases  (which  include  Ladame's),  hearing,  taste,  and 
smell  were  altogether  affected  only  in  67,  or  12  per  cent. 
In  46  out  of  these  67  cases  the  patient  suffered  from  cither 
tinnitus  or  tleafuess,  the  latter  rarely  complete.  In  29 
jjer  cent.,  the  tumor  was  situated  in  the  cerebellum. 
This  fact  tends  to  confirm,  if  need  be,  the  recent  ana- 
tomical demonstration,  which  traces  the  central  fibres  of 
the  acoustic  nerve  to  the  cerebellum.  By  far  the  highest 
percentage  of  disturbance  of  hearing  is  exhibited  by 
tumors  of  the  corpora  quadrigemina.  It  is  singular  that 
reports  fif  tumfirs  of  the  frontal  lobes  so  rarely  mention 
symptoms  indicuting  lesion  of  the  olfactory  tracts.  It 
would  seem  that  an  indirect  influence  or  diffused  pressure 
is  insufficient  to  pervert  the  sense  of  smell;  this  is  af- 
fected only  Ijy  actual  disorganization  of  the  tracts.  In  a 
few  cases,  anosmia,  associated  with  frontal  headache, 
psychic  disturbance,  and  absence  of  motor  or  sensory 
paralysis,  has  been  a  valuable  symptom  whicli  correctly 
pointed  to  tumor  in  the  frontal  lobes.  But  anosmia  lias 
also  been  observed  witli  a  tumor  of  the  supramarginal 
convolution.  The  sense  of  taste,  though  controlled  bj- 
two  medullary  nerves,  usuall}-  escapes  injury,  even  with 
tumors  of  the  medulla.  Unilateral  paralj'sis  of  the 
acoustic  nerve,  with  correlative  deafness,  is  strikingly 
frequent  in  tumors  of  the  cerebellum. 

Table  .XT.— Lesions  of  Special  Senses  (.561  Cases— 369  for 
Vision). 


on 

C3 

Seat  of  tumor. 

s 

0^ 

1 

i 

X 

Ch 

p. 

> 

p.. 

Cortex  (.59  cases) 

1 

1.5 

4 

7 

9 

16.0 

Centrum  ovale  '192  cases)  .. 

8 

4 

3 

1 

39 

31.5 

Basiil  (.Miifrliii  1 41  Cases) 

2 

4 

5 

19 

Pedunc)e  13  cases) 

3 

Corpora  (nuid.  1 13  cases) 

4 

30 

9 

81 

Cerehellnm  *lti7  cases  1 

26 

15 

2 

1 

41 

4.5 

Pons  i.iil  casesi 

3 

5 

9 

16 

10 

33 

Medulla  i-U]  cases) 

2 

6 

3 

10 

4 

Total 

46 

8.0 

21 

3.5 

120 

21 

Disturbances  of  Langvage. — These  symptoms  were 
formerly  confounded  either  with  symptoms  of  mental 
alienation  or  else  witli  difficult  articulation  due  to  tongue 
paralysis.  But  their  interest  and  importance  have  been 
greatly  widened  by  the  modern  discoveries  that  a  patient 
may  i-etain  other  mental   conceptions  yet   lose  that  of 


spoken  or  written  speech;  and  that  the  generic  aphasic 
defect  may  be  resolved  into  several  modes :  motor  aphasia, 
sensory  aphasia,  agraphia,  alexia.  The  cerebral  region 
belonging  to  the  faculty  of  speech  occupies  an  extensive 
area  in  the  left  hemisphere,  including  the  tliird  frontal 
convolution,  the  insula,  the  posterior  end  of  the  first 
temporal  convolution,  the  adjacent  parts  of  the  gyrus 
angularis  and  occipitalis  sinister,  together  withstib- 
cortica!  association  tracts.  Tumors  in  the  right  hemi- 
sphere may  also  occcasion  speech  disturbance,  when  from 
their  considerable  size  they  compress  the  left  hemisphere; 
or  when  they  cause  a  distention  of  the  opposite  lateral 
ventricle:  or  because,  as  Oppenheim  asserts,  the  right 
hemisphere  participates  to  a  real  though  subordinate  ex- 
tent in  the  function  of  speech. 

When  a  disorder  of  speech  has  been  a  very  early  symp- 
tom of  the  tumor,  it  constitutes  a  valuable  means  of  local 
diagnosis.  Nevertheless  speech  symptoms  not  infre- 
quently fail  though  the  tumor  be  situated  in  a  sjieech 
centre;  while,  on  the  other  hand,  any  form  of  aphasia 
may  be  caused  by  tumors  at  a  distance  acting  on  the 
speech  regions  by  transmitted  pressure,  or  encroaching 
on  them  in  the  course  of  their  growth.  Witli  tumors  of 
the  central  or  frontal  convolutions  the  apliasia  is  some- 
times preceded  by  a  bradyphasia;  or  the  patient  finds  a 
difficulty  in  beginning  words,  or  in  speaking  above  a 
whisper. 

When  aphasia  occurs  with  tumors  of  the  left  occipital 
lobe,  or  complicates  an  alexia  or  hemianopsia,  it  is  always 
a  sensory  aphasia.  Tumors  of  the  third  frontal  convolu- 
tion arc  liable  to  produce  spasms  of  Jacksonian  epilepsy 
in  the  face,  tongue,  jaws,  and  larynx. 

From  the  foregoing  analysis  of  the  causation  and 
especial  probabilities  of  diffuse  and  focal  symptoms,  it  is 
possible  in  a  given  case  to  answer  the  two  questions: 
first,.  Is  there  a  brain  tumor  present?  second.  In  what 
part  of  the  brain  is  it  situated? 

I.  Existence  of  Bu.^in  Tu.mor. — Although  a  tumor 
of  the  brain  may  develop  during  eitlier  childhood  or  ado- 
lescence, let  us  suppose  it  to  have  begun  its  growth  in 
an  individual  of  middle  age,  who  perhaps  has  shown  a 
tendenc}'  to  tuberculosis.  In  such  a  case  we  can  assume 
that  the  clinical  picture  will  be  somewhat  like  the  fol- 
lowing: For  weeks  or  months  the  patient  will  suffer  from 
persistent  or  periodic  headache,  usually  localized  at  one 
spot :  the  pain  is  peculiarly  severe,  and  is  increased  by 
percussion.  After  a  time  there  will  lie  attacks  of  vomit- 
ing, which  sometimes  coincide  with  the  most  intense 
paroxysms  of  pain,  and  sometimes  do  not.  These  at- 
tacks, furthermore,  seem  to  bear  no  relation  to  the  char- 
acter of  the  food  taken,  or  to  the  condition  of  the  diges- 
tive organs;  they  do  seem,  however,  to  be  dependent 
upon  changes  m  the  position  of  the  body,  as,  for  example, 
from  the  recumbent  to  the  upright  jiosition.     As  in  the 
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case  of  sea-sickness,  the  attacks  are  sometimes  incoerci- 
ble.  They  are  associated  with  vertigo ;  and  iu  turn  the 
vertigo  may  occur  independently  of  eitlier  the  headache 
or  the  vomiting.  It  is  apt  to  occur  at  intervals,  and  is 
often  chronic  in  character.  After  the  symptoms  which 
liave  just  been  enumerated  have  lasted  for  a  variable 
length  of  time,  the  patient's  gait  becomes  uncertain:  he 
reels  or  staggers,  or  shows  a  tendencv  to  fall  forward 
or  backward.  This  tendency  sometimes  increases  until 
complete  loss  of  equilibration  renders  the  jiaticnt  uuable 
to  stand,  though  he  may  be  entirely  free  from  paralysis. 
The  muscles  of  one  side  of  the  face  or  of  one  arm  begin 
to  twitch,  or  even  to  be  agitated  by  clonic  spasms,  which 
either  may  persist  all  the  time,  except  during  sleep,  or 
else  may  recur  in  periodic  paroxysms,  followed  by 
paresis,  gradually  increasing  to  paralysis  in  the  same 
muscles  or  in  others,  e.n. .  iu  the  arm  or  leg,  after  twitch- 
ing of  the  muscles  of  the  •  face.  The  progress  of  the 
paralysis  is  apt  to  be  interrupted  by  one  or  more  convul- 
sions, or  by  attacks  of  ajioplexy  or  of  loss  of  conscious- 
ness; or  one  of  these  may  usher  iu  the  iirst  signs  of 
paralysis,  which  at  the  outset  may  be  complete,  facial, 
monoplegic,  or  hemiplegic,  Par.Tsthesia  or  anaesthesia 
is  next  likely  to  manifest  itself  in  the  paralyzed  limbs,  or 
on  the  side  of  the  face  opposite  to  tliese.  Afterward  the 
symptoms  succeed  one  another  iu  aliout  the  following 
order:  alternate  j^aralysis  of  cranial  nerves  and  extremi- 
ties; deviations  of  the  eyeballs,  isolated  or  conjugate; 
dilatation  of  the  pupils,  ptosis,  mucli  more  rarelj'  ap- 
pearance of  Bell's  paralysis;  occurrence  at  this  time  of 
diplopia,  hemiopia,  or  amblyopia,  gradually  increasing 
to  complete  amaurosis:  nuich  more  rarely  deafness  or 
anosmia,  and  the  discovery  of  choked  disc  before  or  af- 
ter the  development  of  ocular  s_vmptoms:  progressively 
increasing  moditicatioti  of  psychic  character — at  first 
marked  irritability,  then  impairment  of  mental  jiowers, 
loss  of  memory,  ajjathy  or  hallucinations,  maniacal  ex- 
citement, and  melancholic  insanity ;  before  or  at  the  same 
time  with  the  appearance  of  this  mental  change  there 
will  be  lesions  of  speech,  dysartliria,  aphasia,  or  word- 
bliudness,  the  two  latter  often  suddenly  develo]ied,  as 
after  an  embolus,  the  first  proportioned  to  the  degree  of 
tongue  paralysis  and  gradual.  A  patient  presenting  the 
foregoing  assemblage  of  symptoms,  all  progressively  in- 
creasing, has,  with  very  great  probability,  a  brain  tumor. 
In  addition,  is  to  be  noted  the  freedom  from  i\vrexia, 
and  usually  from  cliauges  in  the  rhythm  of  either  ]iulse 
or  respiration.  The  gradual,  sometimes  rapid,  emacia- 
tion, the  fact  that  acute  accidents,  though  often  followed 
by  an  exacerbation  of  existing  symptoms,  or  even  bj'  the 
first  appearance  of  new  rmes,  have  nearly  always  been 
preceded  by  others  which  have  established  themselves 
insidiously,  are  circumstances  important  to  the  diag- 
nosis. 

This  being  the  general  picture  of  the  disease,  individual 
cases  are  framed  by  the  special  emphasis  of  one  or  more 
symptoms,  or  the  obliteration  of  others.  The  iudi\idual 
peculiarities  depend  upon  (1)  the  locality  of  the  tumor, 
(i)  upon  its  rate  of  growth,  (3)  upon  its  complications, 
and  (4),  (inly  to  a  very  slight  extent,  ujjon  its  nature. 

PeeiiUarities  due  to  lAintUlfi. — These  may  be  divined 
approximately  from  such  au  analysis  as  has  already  been 
given  of  the  symptoms  proper  to  lesions  of  each  given 
locality.  The  a  priori  judgment  must,  however,  be 
modified  in  view  of  the  tendency  of  tumors  to  encroach, 
in  growing,  upon  territories  adjoining  their  original  seat, 
antl  also  in  view  of  the  frequent  diffusion  of  tlieir  influ- 
ence beyond  any  situation  which  they  may  occupy. 

The  following  summary  of  symptom  groups  is  arranged 
in  the  order  of  characteristicness.  It  does  not  correspond 
to  the  order  of  frequency  of  locality,  which,  as  indicated 
by  the  combined  tables  of  Ladame  and  Bernhardt,  would 
be  as  follows: 


Centrum  ovale 192  =  29  per  cent. 

CerebeUum 167  =  37 

Cortex 74  =  11 

Pons .56  =   8 

Basal  ganglia 36  =   5       " 


Medulla 30=   4  per  cent. 

Corp(»ni  quaflritrt'iiilna 13  =   2       " 

Cerelintl  pedunrle 10=    1 

Extra-cerebral  (including  pituitary  gland).  71  =  11 

649 

But  if  we  consider  localities  in  the  order  of  distinctness 
with  which  a  tumor  in  them  may  usually  be  recognized, 
the  order  would  be  as  follows:  cerebellum,  pons,  cerebral 
peduncles,  cerebral  cortex,  basal  ganglia,  corpora  quad- 
rigemina,  medulla. 

Loc.\L  Diagnosis  of  Tumors. — Tumors  of  Cerehdlum. 
— The  most  characteristic  symptoms  occur  when  the 
tumor  involves  the  middle  lobe.  Headache  is  early, 
severe,  and  prolonged,  often  occipital ;  vertigo  and  vomit- 
ing are  prominent ;  tliev  may  be  for  a  while  the  only 
sj'mptoms;  epileptiform  convulsions  of  great  violence, 
but  not  often  repeated;  cliokeil  disc  occurs  early,  preced- 
ing amaurosis,  butalso  followed  by  this;  peculiar  ataxia, 
resembling  the  gait  of  a  drunkard :  loss  of  equililirium  in 
standing,  with  tendency  to  fall  forward  or  backward ; 
often  paralysis  of  one  abducenscombiued  with  that  of  op 
posite  rectus  internus ;  absence  of  other  motor  jiaralysis  or 
of  general  sensory  symptoms ;  loss  of  pat  ellar  reflexes ;  the 
intelligence  clear  till  toward  the  end,  when  apathy  deepens 
gradually  into  coma.  From  pressure  upon  the  pyramids 
and  the  cerebral  nerves,  alternate  paralysis  is  frequent, 
as  are  cardiac  and  respiratory  symptoms  from  pressure 
on  the  medulla.  From  the  same  cause,  singultus,  irre- 
sistible yawning,  salivation.  All  the  nerves  at  the  base  of 
the  brain  are  liable  to  be  irritated  and  subsequently  para- 
lyzed. Varied  symptoms  in  the  area  of  the  trigeminal 
area;  pains  in  the  tongue,  simulating  a  gouty  neurosis; 
neuroparalytic  keratitis;  paralysis  of  tlie  masticatory 
muscles ;  clonic  spasms  in  the  territory  of  the  facial  and 
vago-accessorius,  in  the  larynx,  soft  palate,  and  phar\-ux. 
Unilateral  paralysis  of  the  tongue  from  pressure  on  the 
hypoglossal  may  be  added  to  unilateral  paralysis  of  the 
acoustic  nerve. 

When  a  lateral  lol)e  of  the  cerebellum  is  the  seat  of  the 
tumor,  the  symptoms  are  apt  to  be  complicated  late  in 
the  disease  by  hemiplegia  or  hemiansesthesia  or  both,  or 
by  alternate  paralj'sis.  Cerebellar  tumor  is  distinguished 
from  pontine  tumors  by  the  marked  ataxia  which  precede^ 
the  paralysis. 

Tuiiuir  of  Pons,  Ijnter  Half. — Uncertainty  of  gait, 
rather  than  ataxia,  succeeded  by  isolated  paralysis  of 
third,  or  sixth,  or  seventh,  or  twelfth  nerve,  not  preceded 
bysymptomsof  irritation  in  the  muscle  which  it  supplies; 
or  else  alternate  paralysis,  passing  into  incomplete  para- 
plegia or  general  paralysis;  permanent  conjugate  devia- 
tion of  the  eyes;  amaurosis  in  a  third,  choked  di.sc  in  a 
fifth,  of  the  cases:  entire  absence  of  convulsions:  head- 
ache, vomiting,  and  vertigo  milder  than  in  cerebellar 
tumor,  or  absent,  but  intelligence  affected  in  half  the 
cases. 

Tumor  of  Upper  Port  of  Pons. — Combination  of  symp- 
toms proper  to  cerebellum  and  pons,  as  lobe  of  cerebellum 
is  frequently  compressed.  Isolated  rather  than  con j  ugate 
paral3-sis  of  the  third  nerve;  paralysis  of  the  facial  on 
same  side  as  hemiplegia;  irritation  of  the  trigeminus, 
sometimes  of  motor  root,  occasioning  trismus;  or  of 
sensitive  root,  causing  neuralgia  on  the  side  opposite  to 
the  herai])legia.  Sudden  death  is  especially  frequent  in 
tumors  of  the  pons. 

In  contrast  with  tvunors  of  the  cerebellum,  sensory 
symptoms  are  manifold  in  tumors  of  the  pons.  The 
most  common  is  a  simple  amesthesia  of  the  extremities 
on  the  side  opposite  the  tumor;  but  sometimes  without 
alteration  of  the  cutaneous  sensibility,  the  muscular  and 
stereognostic  senses  are  impaired.  The  tracts  for  the 
cutaneous  sensibility  and  muscular  sense  are  separated. 
Besides  the  Gubler  form  of  alternate  paralysis,  when  the 
facial  is  paralyzed  on  the  side  of  the  tumor,  the  hypoglos- 
sal, and  extremities  on  the  opposite  side,  there  is  occasion- 
ally seen  a  lesion  of  the  trigeminus  on  the  side  of  the 
tumor  with  hemiplegia  on  the  opposite  side.  Lesion  of 
the  motor  root  causes  paralysis  of  the  masticatory  muscles 
with  atrophy  and  electrical  degeneration ;  lesion  of  the 
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sensory   root    causes    lirst   neuralgia,   later    anaesthesia. 
Keratitis  neuroparalytica  also  occurs. 

Variations  in  the  form  of  paralyses  are  frequent  and 
liable  to  be  misleading.  There  may  be  no  paralysis  of 
the  extremities,  but  only  of  cranial  nerves,  especially  the 
peculiar  lesion  determining  permanent  conjugate  devia- 
tion of  the  eyes.  Or  an  entirely  cerebral  form  of  hemi- 
plegia may  exist, or  the  lesion  may  limit  itself  to  the  nerve 
nuclei  of  the  pons,  paralyzing  them  without  causing  mo- 
tor hemiplegia,  but  crossed  aua?sthesia  or  ataxia,  or, 
through  irrii-ation  of  the  pyramidal  tracts,  crossed  inten- 
tion tremor.  Only  for  a  short  time  does  a  pontine  tumor 
remain  unilateral,  but  soon  it  crosses  the  median  line  and 
occasions  mucli  complication  of  the  symptoms.  The 
cranial-nerve  paralyses  become  liilateral.  The  conjugate 
deviation  of  the  eyes  to  one  side  is  neutralized  by  a  second 
on  the  opposite  side,  so  that  the  ocular  bulbs  remain  rigid- 
ly fixed  in  the  middle  line.  All  four  extremities  and  both 
hypoglossal  nerves  become  paralyzed.  Since  the  coronal 
fibres  which  pass  through  the  pons  from  both  cerebral 
hemispheres  are  injured,  the  medullary  nerves  dependent 
upon  them — the  gios.sopharyngeal,  vagus,  and  accessori- 
us — are  paralyzed,  a  ]iscudo-lndbar  paralysis  results,  with 
difficult  deglutition,  dysarthria,  paralyses  of  the  palate 
and  pharynx,  and  disturbances  of  phonatiou. 

As  rarer  symptoms  may  be  mentioned  albuminuria, 
polyuria,  mellituria,  and  fever. 

Tumors  of  the  Cenhrdl  Peduncle  ami  Interpedvnctilar 
Spore. — The  characteristic  symptom  of  this  localitj'  is  an 
alternate  paralysis  in  almost  all  cases  (eighty  per  cent.). 
The  limbs,  the  facial,  and  the  hypoglossal  nerve  arc 
paralyzed  on  the  same  side,  the  side  opposite  the  tumor. 
Tlie  motor-oculi  nerve  is  jiaralyzed  by  direct  pressure  on 
its  trunk  as  it  emerges  into  the  interpedimcular  space, 
and  therefore  on  the  same  side  as  the  tumor.  The  paraly- 
sis is  usually  total,  so  that  there  is  tmilateral  dilatation 
of  the  pupil,  ptosis  from  paralysis  of  the  levator  pal- 
pel>ra\  and  divergent  strabismus  from  paralysis  of  the 
internal  rectus.  Such  alternate  motor  paralyses  may 
exist  alone,  when  the  tumor  is  limited  to  the  pes  pedun- 
culi ;  but  if  the  lemniscus  is  involved,  crossed  sensory  dis 
turbance,  crossed  ataxia,  or  intention  tremoi-  from  irrita- 
tion of  the  fibres  of  the  pyramid  will  Ije  added  to  the 
symptomatology.  These  symptoms  may  exist  alone 
without  motor  "paralysis  when  the  tumor  begins  in  the 
lemniscus.  As  the  tumor  grows  larger,  it  crosses  the  in- 
terpeduncular space,  causing  bilateral  oculo-motor  pa- 
ralysis and  paraplegia,  often  symptoms  of  the  pseudo 
bulbar  paralysis.  As  in  tiimors  springing  from  the  base 
of  the  cranium,  all  the  basal  cranial  nerves  may  ulti- 
mately be  Involved — trochlearis,  abducens,  trigeminus, 
and  even  facial.  Vaso-motor  symptoms  occur  when  the 
substantia  nigra  is  involved. 

Tumors  of  the  Cerelinil  Corte.v. — The  symptoms  vary  so 
greatly,  according  to  the  precise  part  of  the  cortex  'which 
is  affected,  that  each  part  must  be  considered  separately. 

Frontal  Lobes. — Notwithstanding  the  important  func 
tions  which  doubtless  pertain  to  the  fi'ontal  lobes,  a 
tumor  in  them  not  tmfrequently  remains  latent.  Bruns 
denies  that  psychic  symptoms  are  particularly  frequent 
in  frontal  tumors;  but,  according  to  our  tables,  they  are 
present  in  forty-nine  per  cent,  of  the  cases.  One  peculiar 
psychic  sj-mptomhas  been  observed,  namely,  a  tendency 
to  crack  jokes,  the  so-called  "  Witzelsucht "  of  Jastro- 
witz.  Another  characteristic  symptom  is  the  ataxia, 
'  which  has  been  already  mentioned  as  depending  on 
paresis  of  the  trunk  nuiscles,  and  which  simulates  the 
belter  known  cerebellar  ataxia.  Tonic  cramps  of  the 
muscles  of  the  trunk  and  neck  are  sometimes  noticed, — 
J  sometimes  a  persistent  rigidity  of  the  neck.  Many 
symptoms  are  due  to  pressure  upon  neighboring  parts. 
Pressure  on  the  central  convolutions  will  lead  to  mono- 
.  or  hemiplegia.  Growth  downward  toward  the  base  of 
the  brain  may  bring  a  frontal  tumor  into  direct  or  in- 
direct contact  with  an  optic  nerve,  or  with  the  chiasma, 
resulting  in  a  unilateral  choked  disc  or  unilateral  nerve 
atrophy  and  blindness.  Or  there  may  be  one-sided 
paralysis  of  the  ocular  muscles,  especially  the  abducens ; 


or  a  unilateral  anosmia:  or  an  exophthalmus  if  the  tumor 
penetrates  the  orbit.  To  these  symptoms  may  be  added 
attacks  of  Jacksonian  epilepsy  ;  motor  aphasia;  circum- 
scribed tenderness  on  percussion  ;  lesser  degree  of  head- 
ache, but  greater  tendency  to  stupor.  These  concomi- 
tant symptoms  may  serve  to  differentiate  between  a 
frontal  ataxia  and  an  ataxia  due  to  cerebellar  tumor. 

Central  (.'onrolutions. — These  contain  the  centres  for 
all  the  voluntary  movements  of  the  body — centres,  how- 
ever, extending  iuto  several  other  areas.  Thus  the  gj'rus 
paracentralis ;  the  posterior  part  of  the  first  froutal  "con- 
volution; the  anterior  part  of  the  superior  temporal,  the 
gyrus  niarginalis  (trunk  muscles);  the  foot  of  third 
frontal  convolution  (motor-speech centre);  second  frontal 
convolution  (centre  for  movements  of  head  and  eyes); 
neighborhood  of  facial  and  hjpoglossal  centres  (move- 
ments of  vocal  chords  and  jaw  muscles).  Tumors  in  this 
extensive  motor  zone,  therefore,  are  indicated  bj-  most 
characteristic  symiJtoms  of  localized  spasms  and  paraly- 
ses which  occur  early  in  their  history.  Horsley  and  Scha- 
fer's  experiments  on  the  cortex  have  pernuttcd  further 
refinements  of  localization;  fortlie  thumb,  in  the  posterior 
part  of  the  anterior  central  convolution  ;  for  the  foot  and 
toe  movements,  in  the  posterior  central  convolution;  and 
on  the  limits  between  the  leg  and  arm  centres,  special 
centres  for  the  movements  of  hip  and  knee.  The  larynx 
and  the  muscles  of  the  trunk  receive  a  double  cortical 
innervation,  and  thus  a  unilateral  tiunor  will  cause 
muscular  twitchings  or  Jacksonian  convidsions  on  both 
sides  of  the  body.  As  a  second  consequence  of  the 
double  innervation,  such  regions  as  the  eyes  and  larynx 
usually  escape  paralysis  in  hemiiilegia. 

According  to  the  most  modern  view,  the  motor  cen- 
tres in  the  central  convolutions  are  also  centres  for  sensi- 
bility, and  nevertheless  sensory  symptoms  are  usually 
lacking  in  tumors  of  the  motor  zone.  Local  muscular 
spasms  are,  however,  frequently  preceded  by  parajsthe- 
sias  in  the  affected  limbs,  constituting  a  sensory  aura. 
Sometimes  the  whole  attack  remains  limited  to  the  aura, 
constituting  a  sensory  epilepsy.  Orthisagain  is  replaced 
by  a  psychic  eqinvalent,  a  feeling  of  fear  or  excessive 
anguish.  When  the  sensory  symptoms  are  primary,  it 
may  be  inferred  that  the  tumor  occu|)ics  the  posterior 
central  convolution.  The  frcfjuent  absence  of  sensory 
paralyses  is  explained  by  a  wider  distribution  of  sensory 
mechanisms,  of  which  a  part  escape  injury  in  all  but  the 
most  extensive  lesions. 

Parietal  Lobes. — The  symptoms  differ  on  the  right  and 
left  sides.  A  left-sided  parietal  tumor,  touching  upon 
the  gyrus  angularis,  is  liable  to  involve  the  association 
tracts"  which  pass  from  the  occipital  to  the  left  temporal 
lobe — hence  to  cause  the  peculiar  distui-bance  of  speech 
known  as  alexia.  This  symptom  fails  when  the  tumor 
is  on  the  right  side.  From  contact  with  the  posterior 
part  of  the  internal  capsule  tumors  of  the  parietal  region 
may  cause  hemiansesthesias;  or  the  motor  bundles  of 
the" internal  capsule  may  be  sufficiently  irritated  to  occa- 
sion a  hemiataxia. 

When,  directly  or  mediately  through  pressure  from  a 
distance,  the  angular  gyrus  and  optic  radiations  are  in- 
volved, there  may  be  ptosis,  limitation  of  the  visual 
field,  aud  homonymous  hemianopsia.  Loss  of  the  stereo- 
gnostic  sense  has  been  noted  as  a  special  symptom  in 
tumors  of  the  parietal  lobes. 

Temporal  Lobes. — Sensory  aphasia  is  the  characteristic 
symptom  of  tumor  of  the  left  temporal  lobe.  Tumors 
in  this  region,  on  the  right  side,  are  apt  to  be  latent.  Each 
auditorycentre  is  connected  with  both  ears,  so  that  deaf- 
ness is  "rare;  but  auditory  aura3  preceding  convuLsive  at- 
tacks, and  occurring  on"  the  same  side,  are  not  uncom- 
mon. In  tumors  of  the  gyrus  hippocampi,  and  especially 
of  the  uncus,  epileptiform  attacks  or  their  equivalents 
may  be  ushered  in  by  the  aura;  of  a  bad  taste  or  fright- 
ful smell. 

Occipital  Lobes.— The  characteristic  local  sjinptom  is  a 
crossed  homonymous  hemianopsia.  This  symptom  be- 
longs to  the  entire  optic  tracts  from  the  chiasma  to  the 
occipital  lobes.     In  the  left  occipital,  as  already  men- 
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tioned.  alexia  and  optic  aphasia  are  associated  with  the 
hemianopsia.  Occipital  hemianopsia  is  distinguished 
from  tliat  due  to  a  lesion  of  a  lower  part  of  the  optic 
tract  by  the  absence  of  various  symjjtoms.  There  are  no 
hemiahopsic  pupillar_v  rigidity,  no  lesion  of  the  basal 
cerebral  nerves,  as  the  motor-oculi  or  trigeminus;  no 
thalamic  symptoms,  as  hemianEesthesia,  hemiathetosis, 
chorea,  or  mimetic  facial  paralysis.  Jacksonian  epilepsy 
is  usually  absent.  Cerebellar  ataxia  may  be  determined 
by  pressure  on  the  cerebellum,  though  this  is  usually 
protected  by  the  tentorium. 

Bitsal  Oaiigliit  or  Durer  Part  of  Centrum  Orale. — There 
is  complete  hemiplegia  often  followed  by  rigidity,  thus 
closely  resembling,  except  in  its  gradual  development, 
the  vulgar  hemiplegia  of  hemorrhage.  It  is  sometimes 
associated  with  complete  permanent  hemianoesthe-sia, 
when  the  tumor  is  in  the  posterior  part  of  the  hemi- 
sphere. It  is  often  complicated  late  in  the  disease  with 
symptoms  of  intraventricular  elfusion ;  then  there  are 
convulsions,  retraction  of  the  head,  loss  of  consciousness, 
slow  pulse,  contracted  pupils,  as  in  acute  hydrocephalus. 
Localized  spasms  and  monoplegias  sometimes  occur  and 
are  difficult  to  explain. 

When  the  tumor  specially  affects  the  corpus  candnt'im, 
the  symptoms  depend  on  the  affection  of  the  internal 
capsule  at  its  anterior  part;  there  is  thus?  pine  hemi- 
plegia with  correspondiug  convulsions  and  without  sen- 
sory symptoms.  With  tumors  of  the  t/uilnm  us,  hemiplegia 
is  also  usual,  but  is  accompanied  by  hemiana?sthesia, 
pains,  ataxic,  choreic,  and  athetosic  movements  of  the 
extremity  opposite  the  tumor;  and  finally  hemiauopsia. 
Frequently  there  is  a  crossed  mydriasis,  as  the  nuclei  for 
the  internal  ocular  muscles  lie  on  the  lateral  wall  of  the 
posterior  part  of  tlie  thalamus.  The  mimetic  paralysis 
of  Becliterew — alreadv  mentioned  as  characteristic  of 
thalamic  lesions — is  also  present. 

Corpora  Qi/iidrigemina. — The  chief  characteristic  of 
tumors  of  the  corpora  quadrigemina  is  a  combination  of 
ocular  paralyses  with  ataxia.  This  is  particidarly  in- 
dicative of  this  special  region  when  the  ophthalmoplegia 
precedes  the  ataxia.  If  the  ataxia  appear  first,  there  is  an 
equal  probability  that  the  tumor  is  situated  in  the  cere- 
bellum, where  tumors  are  much  more  frequent — twenty- 
seven  per  cent,  of  the  whole  number,  as  comjiared  with 
two  percent,  of  tumors  of  the  corpora.  With  the  latter, 
convulsions  are  extremely  rare;  but  the  percentage  of 
choked  disc,  amaurosis,  psychical  defect,  is  extremelj- 
high,  and  headache  and  vomiting  are  both  frequent. 
Pressure  on  the  external  geniculate  body  may  cause 
hemianopsia.  Vasomotor  symptcmis  are'  uncommon. 
Scarcclj'  to  be  separated  from  the  ffiregoing  are  tumors 
of  the  piiu'til  nUind.  Such  tumors  may  be  first  manifested 
by  a  iinilateral  or  bilateral  paralj-sis  of  the  trochlearis 
nerve. 

Medulla  Oblonr/nia. — The  symptoms  depend  on  a  paral- 
ysis of  the  cranial  nerves  from  the  eighth  to  the  twelfth. 
There  are  therefore  deafness,  paralysis,  and  atrophy  of 
the  palate  and  ]iharynx.  with  dysphagia ;  paralysis  of  the 
vocal  cords:  paralysis  and  atrojihy  of  the  tongue  with 
dysarthria;  disturbance  in  the  cardiac  and  respiratory 
rhythms.  To  these  characteristic  sympt(mis,  due  to 
lesions  of  nerve  nuclei,  will  be  added  motor  and  sensory 
paralyses  as  the  long  cerebrospinal  tracts  become  in- 
volved. 

Paralysis  of  the  cranial  nerves  is  almost  always  bi- 
lateral, as  the  tumor  soon  crosses  the  median  line  along 
which  the  nerve  nuclei  are  situated.  Acceleration  of 
respiration  is  followed  by  dyspuwa.  which  jiasses  over 
into  Cheyne-Stokes  respiration,  and  death  ofteu  occurs 
suddenly  through  asphyxia.  Toward  the  end  of  life 
singultus  is  frequent,  and  also  a  notable  rise  of  tempera- 
ture. Extensive  vaso  motor  disturbances  occur  —  dia- 
betes, polyuria.  Through  lesi<in  of  the  cerebellar  and 
olivary  tracts  a  cereliellar  type  of  ataxia  often  develops; 
and  vertigo  when  the  vestibular  nerve  is  involved. 
Choked  disc  is  not  unfrequently  absent.  An  emotional 
psychosis  is  not  uncommon,  and  this,  with  the  vagueness 
of  other  symptoms,  has  not  seldom  led  to  an  erroneous 


diagnosis  of  hysteria.  This  seems  still  more  plausible 
when  the  tumor  penetrates  the  fourth  ventricle,  and 
causes  intermittent  symptoms  of  giddiness,  fainting, 
headache,  vomiting,  and  hysteriform  convulsions. 

Besides  localities  in  the  cerebrum  which  may  be  the 
seat  of  an  intracranial  growth,  the  clinician  must  always 
inquire  whether  the  tumor  whose  existence  is  suspected 
does  not  spring  from  the  cranial  bones  or  the  dura  mater 
lining  them.  Tumors  of  the  anterior,  middle,  and  pos- 
terior cranial  fossa?  excite  symptoms  which  approximately 
resemble  those  of  the  cerebral  organs  reposing  in  the 
same  spaces,  preceded  by  symptoms  which  result  from 
the  direct  compression  of  cranial  nerves.  Prom  disten- 
tion of  the  very  sensitive  dura  mater,  the  headache  is 
peculiarly  acute  and  violent. 

Anterior  Fossa. — Tumors  in  this  region  may  break 
through  the  roof  of  the  orbit  and  cause  the  same  symp- 
toms as  a  primary  orbital  tumor,  namely,  unilateral  amau- 
rosis, ocular  paralyses,  trigeminal  neuralgias.  While  the 
tumor  remains  limited  to  the  anterior  fossa,  the  olfactory 
nerve  alone  is  exposed  to  pressure;  and  when  the  tumor 
compresses  the  basal  part  of  the  frontiil  lobes,  the  symp- 
toms are  usually  vague.  Tumors  on  the  left  side  may 
press  upon  the  speech  centre  sufliciently  to  cause  motor 
aphasia.  Frontal  ataxia  is  absent,  for  the  gyrus  margi- 
nalis  is  too  far  removed.  The  psychic  symptom  of  chifd- 
islmess  has  sometimes  been  jsarticularly  noted. 

Middle  Fossa. — The  central  part  of  this  fossa  contains 
the  sella  turcica  with  the  pituitary  gland.  Lesions  of 
the  latter  are  often  associated  with  the  peculiar  symptom 
complex  known  as  acromegaly.  Apait  from  this  strange 
disease,  the  characteristic  symptoms  of  tumor  in  the  mid- 
dle fossa  are  due  to  pressure  upon  the  chiasma  and  the 
optic  tracts.  If  the  tumor  be  on  the  middle  line,  the 
optic  fibres  going  to  the  inner  half  of  each  retina  will  be 
compressed,  causing  a  bitemporal  hemianopsia.  This 
symptom  sometimes  occurs  suddenly,  lasts  a  short  time, 
and  vanishes.  If  the  tumor  involves  one  ojitic  nerve  in 
front  of  the  chiasma,  there  is  first  unilateral  amblyopia, 
then  blindness  of  the  same  eye,  then,  as  the  tumor  ex  tends 
backward  to  the  chiasma,  temporal  hemianopsia  of  the 
opposite  eye,  and  finally  complete  blindness. 

Yet  with  the.se  marked  visual  .symptoms  choked  disc 
is  not  unfrequently  absent.  The  fact  has  been  explained 
by  supposing  that  the  tumor  obstructs  the  passage  of 
lymph  to  the  sheath  of  the  optic  nerve.  Convulsions 
and  vomiting  are  less  severe  or  altogether  absent. 
Jlotor  and  sensory  paralyses  occur  only  when  the 
peduncles  have  become  involved  ;  thus  after  the  chiasma 
symptoms  already  described,  an  order  of  evolulion  which 
is  highly  characteristic.  Before  the  tumor  reaches  the 
cerebral  peduncles,  it  will  have  invaded  the  lateral 
region  of  the  sella  turcica,  and  determined  (he  rich  as- 
semblage of  symptoms  dependent  on  lesions  of  the  motor- 
oculi  and  trigeminal  nerves;  ptosis,  neuralgia,  auipsthe- 
sia  or  anfesthesia  dolorosa ;  trophic  lesions  of  the  skin  and 
eyes;  atrophic  paralysis  of  the  temporal,  mas.seter,  and 
pterygoid  muscles;  paralysis  of  the  chorda  tympani 
nerve  and  sense  of  taste.  If  the  history  of  the  case  be 
exact  the  local  diagnosis  of  tumors  of  the  middle  fi>ssa 
can  be  made  with  much  precision. 

Posterior  Fosm.. — Tumors  of  this  region  cannot  with 
any  certainty  be  distinguished  from  those  of  the  medulla, 
pons,  or  lower  segment  of  the  cerebellum.  Amaurosis 
or  amblyopia  exisFs  in  one-third  of  the  cases,  thus  even 
more  frequently  than  in  tumors  of  the  cerebellum. 
Through  a  bilateral  compression  of  the  cranial  nerves 
or  of  the  jiojis,  tumors  of  the  posterior  fos.sa  can  deter- 
mine the  typical  symptoms  of  bidliar  paralysis,  usually 
preceded  by  unilateral  sym|itoms  in  the  territory  of  the 
trigeminus  or  acusticus.  AVhen  the  tumor  is  situated 
directly  over  the  foramen  magnum,  all  the  cranial  nerves 
may  escape  pressure,  but  those  supplying  the  four  ex- 
tremities he  paralyzed. 

Headache  is  as  violent,  choked  disc  as  early  a  symp- 
tom as  in  tumors  of  the  cerebellum. 

P.\RTS   OF    Bn.MS    IX    WHICH  TfMORS   .\RF.   MOST   FrE- 

QCENTLT  Latest. — Complete  latency  implies  absence  of 
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all  s_vmi)toms:  incomplete  latency  implies  absence  of 
focal" symptoms  only.  The  localities  in  which  the  latter 
condition  is  characteristically  observed  are  also  those  in 
which  tumors  may  most  often  be  eompletelj'  latent. 
The.se  localities  are :  the  temporal,  occipital,  or  even,  but 
less  ea.sily.  the  frontal  lobes  of  the  ci-rebral  hemispheres, 
provided  the  central  gyri  are  not  indirectly  aifected:  the 
parts  of  the  centrum  ovale  corresponding  to  these  regions, 
and  hence  untraversed  by  fibres  from  the  pyramidal 
tract ;  the  lateral  lobes  of  the  cerebellum,  the  thalamus 
opticus,  and  tlie  lenticular  nucleus.  Finally,  it  is  possi- 
ble that  in  any  portion  of  the  brain  a  tumor  may  remain 
latent,  providing  it  grow  slowly  enough. 

DiFFEREKTi.^L  Di-^GNOsis. — The  eiiile]itiform  convul- 
sions dependent  upon  cerebral  tumor  diiler  little  or  not 
at  all  from  those  of  functional  ejiilejisy.  They  are,  how- 
ever, often  slighter,  or  at  least  the  loss  of  consciousness 
is  much  less  profound.  The  headache,  on  the  contrary, 
is  cliietly  noticeable  for  its  extreme  intensity  and  persist- 
•ence,  in  which  respect  it  exceeds  even  nervous  headaches. 

The  vomiting  is  also  noticeable  for  its  violence,  and 
for  the  absence  of  any  other  symptoms  of  disordered 
digestion,  such  as  fui-red  tongue,  ejiigastric  uneasiness, 
etc.  The  diagno.sis  in  regard  to  these  .symptoms  ulti- 
mately depends  on  their  cond.)inution,  and  on  their  asso- 
ciation with  paralysis  or  with  psychical  .symptoms. 
Conversely,  the  psychical  symptoms  of  tumor  are  dis- 
tinguished from  pure  mental  alienation  chiefly  by  the 
existence  of  these  physical  signs;  also  by  their  greater 
vagueness,  which  renders  precise  psychiatric  classilica 
tion  difficult  or  impossible. 

It  is  by  no  means  always  easy  to  decide  w'hether  a  pa- 
tient with  cerebral  synqitoms  is  suffering  from  a  diffused 
era  focal  disease:  and  in  the  diagnosis  of  tumor  it  is 
neces.sary  to  exclude  meningoencephalitis,  progressive 
geuei'al  jiaralysis,  chronic  basal  meningitis,  hydroceph- 
alus, cerebrospinal  form  of  mulliple  sclerosis,  brain 
abscess,  locomotor  ataxia. 

Tiihi'miltDin  iiieniiir/o-oifr/iJii'iliUx.  which  not  tmfre- 
quently  lasts  as  mucli  as  tliree  months,  has  then  a  dura- 
tion not  inferior  to  that  of  many  tumors,  and  many  of  the 
symptoms  are  identical:  violent  headache,  convulsions, 
vomiting,  neuritis  optica,  changes  of  character,  mono 
plegic  paralysis,  and  spasms.  In  the  diffused  inflamma- 
tion, however,  these  paralyses  are  transient  and  variable, 
a  condition  sometimes,  but  rarely,  seen  in  timior.  The 
disease,  moreover,  is  always  attended  by  more  or  less 
fiver,  liy  more  marked  variations  in  the  pupils,  by  a 
slow,  haril  pulse,  by  obstinati' constipation,  liy  retraction 
of  the  al)domen,  and  by  vaso-motor  symptoms.  When 
a  tuberculous  tumor  is  associated  with  diffused  inflamina 
tion,  it  is  masked  h}'  the  svmptoms  characteristic  of  the 
latter. 

The  appearance  of  spinal  symjitoms  may  decide  the 
diagnosis,  which  could  be  still  further  confirmed  by 
means  of  a  lumliar  jiuncture,  and  the  discovery  of  pus 
or  tubercle  bacilli  in  the  fluid. 

A  tumor  of  the  medulla  may  especially  simulate  pro 
^remr-e  (jeneral  piimli/>iix  by  proilucing  a  diffused  paresis 
without  distinct  paralysis,  embarrassment  of  speech,  de- 
pression of  mental  power,  headache,  and  unequal  dilata- 
tion of  the  pujiils.  A  tumor,  however,  is  indicated  by 
the  occurrence  of  amatirosis,  convulsions,  vomiting, 
localized  paralyses;  while  the  difTuseil  disease  is  char 
acterized  by  the  outbreak  of  ambitious  delirium,  and  by 
the  peculiar  trembling  of  tlie  lips.  There  is  no  choked 
disc,  but  rigidity  of  the  pupils  and  peculiar  disturbance 
of  speech. 

Tumors  of  the  sella  turcica  may  be  closely  simulated 
by  chronic  basol  meningitis,  which  is  most  frequently 
situated  in  exactly  the  same  locality  and  involves  the 
same  nerves.  It  is  distinguished  by  the  occurrence  of 
•descending  optic  neuritis,  iniattcnded  by  symptoms  of 
intracranial  pressure.  In  young  children  ]iremature 
•closure  of  the  fontanels  with  blindness  would  point  to 
meningitis:  enlargement  of  the  head  to  tumor. 

Hydrocephalus  may  also  have  choked  disc,  and  is  usu- 
ally associated  with  depressed  mental  capacity.      Slow 
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enlargement  of  the  head  in  young  children  belongs 
either  to  this  disease  or  to  tumor.  The  rolling  down  of 
the  eyes  and  subsequent  retraction  of  the  head  point  to 
an  effusion.  Ventricular  effusions  are  not  infrequent 
complications  of  tumor,  especially  of  tuberculous  tumor. 
General  symptoms  then  predominate  over  focal  symp- 
toms. Bruns  and  Oppenheim  agree  that  it  is  iiupossible 
to  make  a  jjositive  diagnosis  between  tumor  and  acquired 
hydrocephalus  in  childhood. 

Multiple  cerebrospinal  sclerosis  may  for  a  time  simulate 
tumor,  the  disease  being  characterized  by  headache, 
vertigo,  disturbances  of  speech  and  of  vision  (diplopia 
and  amblyopia),  and  by  the  occurrence  of  apoplectiform 
attacks,  followed  by  incomplete  hemiplegia.  The  latter, 
iKiwever,  are  rare  in  tumor,  but  are  apt  to  be  frequently 
repeated  in  sclerosis.  In  sclerosis,  on  the  other  hand, 
there  is  an  absence  of  convulsions  and  of  motor  paralyses, 
except  after  apoplectiform  attacks.  Instead,  there  is  a 
diffused  loss  of  power,  with  muscular  rigidity,  absence 
of  vomiting  and  of  choked  disc.  There  are  the  positive 
symptoms  of  nystagmus,  scanning  or  explosive  speech, 
staggering  gait  and  giddiness,  spasmodic  paralysis  of  the 
arms  and  especially  of  the  legs,  finally  the  characteristic 
intention  tremor  of  the  limbs.  Yet  tumors  of  the  cere- 
belliuu,  pons,  corpora  quadrigemina,  and  the  peduncles 
may  all  cause  intention  tremor  through  irritation  of  the 
l)}'ramidal  tracts.  In  tumors  of  these  localities  (except 
the  cerebelbmi),  choked  disc  is  for  a  long  time  absent. 
The  difficulties  of  diagnosis  are  greatest  with  children. 
Extension  of  the  symptoms  to  the  territory  of  the  spinal 
conl  speaks  in  favor  of  multiple  sclerosis,  while  a  dis- 
tinctly alternate  hemiplegia  speaks  in  favor  of  tumor. 
The  course  of  multiple  sclerosis  is  slowly  progressive,  ex- 
tending over  several  years,  or  is  marked  ))y  acute  attacks 
.separated  by  intermissions.  A  modified  choked  disc  may 
occur  for  a  time,  but  subsides,  and  normal  vision  is  pre- 
served, even  when  optic  atrophy  is  considerable. 

Locotnotor  Ataxia. — It  may  occasionally  be  difficult  to 
distinguish  the  ataxia  of  cerebellar  tumor  from  that  of 
talies  spinalis.  But  in  the  tumor  the  |iatient  has  a  stag- 
gering or  reeling  gait,  like  that  of  a  drunken  man.  and 
there  is  no  sign  of  ataxia  in  either  upper  or  lower  ex- 
tremities when  the  patient  is  in  a  horizontal  position 
(Althaus).  The  alterations  of  sensibility,  characteristic 
of  tabes,  are  absent  in  tumor,  and  most  of  the  positive 
symptoms  of  tumors  are  absent  in  tabes. 

Altsccss  of  the  Brain. — The  symptoms  can  be  quite 
identical  with  those  of  tumor.  General  pressure  symp- 
toms, including  choked  disc,  are  less  intense  with  abscess, 
because  this  directly  destroj's  brain  tissue.  Headache, 
however,  is  about  equally  violent  in  the  two  cases. 
Local  symptoms  are  less  marked  with  abscess;  one  reason 
is  that  abscesses  are  most  frequently  situated  in  the 
latent  regions  of  the  brain.  If  sjiecific  regions  are 
affected,  characteristic  specific  symptoms  will  develop; 
thus  sensory  asphasia  and  hemianopsia  in  abscesses  of 
the  temporal  lobe  from  purulent  otitis,  or  motor  paraly- 
ses from  lesions  of  the  central  convolutions  after  trauma- 
tisms. 

Fever  and  chills,  when  present,  are  imjiortant  indica- 
tions of  abscess;  but  these  signs  are  often  absent,  and  sub- 
normal temperature  is  rather  frequently  observed. 

The  course  of  brain  abscess  is  usually  rapid.  But  the 
most  imjiortant  element  of  differential  diagnosis  lies  in 
the  etiology,  for  a  focus  of  pus  in  the  brain  is  never 
primary,  but  always  secondary  to  puS  elsewhere. 

The  evolution  of  abscess  is  habitually  much  more 
rapid,  and  its  progression  much  more  regular  than  that 
of  timior.  An  abscess  is  always  to  be  suspected  when 
localized  cerebral  symptoms  develop  in  the  cotirse  of  an 
otitis  media.  Extremely  chronic  cases  of  this  aural  affec- 
tion sometimes  pass  into  an  acute  exacerbation,  during 
which  the  cerebral  membranes  become  infected  through 
the  roof  of  tlie  tympanum,  through  the  fenestrae,  or 
through  the  auditory  canal. 

Cerebral  Hemarrhage. — The  onset  of  the  paralysis  is 
sudden,  instead  of  being  slow  and  insidious,  and  the  pa- 
ralysis is  usiiail}'  at  once  complete.     But  the  cranial  nerves 
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are  rarely  affected,  with  the  exception  of  the  facial: 
vomiting,  headache,  vertigo,  and  choked  disc  are  absent, 
as  are  also  mental  symptoms  after  recovery  from  the 
apoplectiform  shock.  Hemorrhage  into  the  meninges, 
which  scarcely  ever  occurs  except  in  children  and  old 
people,  does  not  resemble  tumor  in  any  of  its  symptoms 
with  the  exception  of  convulsions. 

iSoftening. — The  diagnosis  from  tumor  i^  often  ex- 
tremely difficult  when  the  softening  is  from  the  begin- 
ning chronic  in  character.  Lesions  of  special  senses  are 
much  less  frequent  in  softening,  and  choked  disc  is  rare; 
so  also  are  lesions  of  cranial  nerves,  vomiting,  and  con- 
vulsions ;  while  the  headache  is  less  circumscribed  and 
intense.  Contractures  of  paralyzed  limbs  are  more  fre- 
quent. Psychic  alterations  are  marked,  but  are  of  a  dif- 
ferent character  from  those  of  tumor.  There  is  emotional 
instability  instead  of  irritability,  dementia  rather  than 
the  depression  and  apathy  of  tumor. 

A  diagnosis  of  the  nature  of  the  tumor  can  rarely  be 
made. 

C'lirlnoma  is  often  indicated  by  the  rapid  progress  of 
the  svmptoms,  and  by  signs  of  midtiple  foci  succes.sively 
developing.  Perforating  tumors  are  almost  invariably 
malignant — carcinoma,  sarcoma,  or  osteo-sarcoma.  The 
tumor  is  nearly  always  primary,  and  destroys  life  before 
it  has  occasioned  cachexia. 

Tuhermdmis  tumor  often  complicates  tuberculous  men- 
ingitis, or  is  complicated  by  it.  In  either  case  the  focal 
symptoms  are  much  obscured  by  those  of  the  diffuse 
disease.  When  isolated,  a  tuberculous  tumor  may  be 
suspected  from  the  youth  or  scrofulous  constitution  of 
the  patient, 

G>iii<rii(it(i. — Their  diagnosis  principally  depends  upon 
the  presence  of  other  signs  of  syphilis.  The  evolution  is 
rcUitively  rapid,  and  the  invasion  of  drowsiness  and  coma 
may  be  hastened  by  the  coexistence  of  diffused  endar- 
teritis. 

(rliomn. — This  remains  the  most  probable  when  the 
diathetic  ttmiors  have  been  excluded.  It  not  infreciuently 
de\elops  after  a  blow  on  the  head,  and  then  seems  to  re- 
sult from  chronic  inflammation  of  the  neuroglia. 

Intracranidl  aiicnn'sins  occasion  symptoms  which  are 
indistinguishable  from  those  of  neoplasms  proper.  It  is 
the  basilar  artery  which  is  most  often  affected,  and  the 
symptoms  then  lesemble  those  of  tumors  of  the  pons. 

But  all  the  arteries  arc  liable  to  be  the  seat  of  this 
lesion.  It  is  said  that  headache  is  more  diffuse  and  more 
intense  than  with  other  tumors,  while  vomiting  is  less 
frequent.  Sudden  attacks  of  loss  of  consciousness  often 
occur,  due  undoubtedly  to  inequalities  in  the  distention 
of  tlie  tumor  and  consequent  variations  in  the  brain 
pressure. 

Aneurisms  of  the  posterior  communicating  artery  oc 
casion  symptoms  of  motor-oculi  paralysis  (ptosis,  externa! 
strabismus,  fixed  dilatation  of  the  pupil),  and  finally — 
the  effect  spreading  to  the  corpora  quadrigemina — am- 
blyopia. When  the  aneurism  is  seated  on  the  internal 
carotid,  the  sensitive  root  of  the  trigeminus  may  be 
affected  :  hence  neuralgias  or  anaesthesia.  Aneurisms  of 
the  carotid  which  communicate  with  the  cavernous  sinus 
are  characterized  by  exophthalmia,  and  a  susurrus  whicli 
is  heard  when  the  stethoscope  is  applied  over  the  eyeball 
(case  Gruening). 

The  termination  of  aneurismal  tumors  is  peculiar,  be- 
ing always  by  rupture  and  sudden  death,  with  the  symp- 
toms of  intracranial  hemorrhage. 

In  addition  to  these  various  forms  of  definite  brain 
lesion,  a  preliminary  diagnosis  is  required  between  any 
brain  lesion  and  certain  general  diseases :  arterio.sclerosis; 
neurasthenia,  hysteria,  idiopathic  epilepsy,  untmia, 
migraine.  Choked  disc  is  the  most  valuable  single  symp- 
tom for  the  positive  decision  in  favor  of  tumor,  amidst 
the  mass  of  symptoms  which  confuse  the  diagnosis  by 
being  common  to  tumor  and  to  these  fimctional  diseases. 
Bruns  claims  to  have  made  twenty-two  correct  diagnoses 
of  the  existence  and  precise  locality  of  a  brain  tumor; 
but  they  were  all  in  one  of  two  groups.  First,  the  central 
convolutions,   posterior  and  middle  fossae,  or  the  pons. 


Second,  the  speech  region,  the  cerebellum,  medulla  ob- 
longata, corpora  quadrigemina,  left  occipital  lobe, 
occasionallj'  the  frontal  lobe.  Bruns  advises  to  rest 
satisfied  with  the  diagnosis  of  the  posterior  fossa,  and 
only  under  very  favorable  circumstances  to  try  to  dis- 
tinguish between  the  pons,  cerebellum,  corpora  quad- 
rigemina, or  base  of  the  cranium. 

Rarely  is  it  possible  to  distinguish  between  a  cortical 
and  subcortical  tumor,  unless  in  the  cases  of  alexia  due  to 
lesion  of  the  association  tracts  between  the  occipital  and 
first  temporal  convolutions.  Collins  claims  that  in  a 
cortical  tumor  of  the  motor-speech  region,  the  mental 
conception  of  words  is  destroyed,  which  is  not  the  case 
when  the  tumor  is  subcortical  and  destroys  onlj-  the  cen- 
trifugal speech  mechanisms. 

Prognosis. — The  prognosis  of  cerebral  tumor  is  not 
modified  by  the  diagnosis  of  either  the  seat  or  the  nature 
of  the  tumor,  unless  the  latter  can  be  shown  to  be  syphi- 
litic. Gummatous  tumors  sometimes  yield  with  reiiiark- 
able  rapidit_y  to  the  mixed  treatment  for  syphilis.  All 
others  are  invariably  fatal,  but  after  a  longer  or  shorter 
lapse  of  time,  and  with  somewhat  different  modes  of 
termination.  Thus,  as  has  been  said,  aneurisms  terminate 
by  rupture,  and  death  occurs  with  all  the  symptoms  of 
cereliral  hemorrhage.  In  the  majority  of  cases  the  pa- 
tients die  in  coma,  gradually  developed  from  a  condition 
of  apathy  and  drowsiness.  These  states  are  associated 
with  continually  increasing  brain  pressure,  which  often 
results  in  oedema.  Sudden  death  is  not  uncommon,  and 
is  dependent  upon  inhibition  of  the  cardiac  centre.  This 
sudden  death  may  occur  as  an  accident  after  the  most 
variable  duration  of  the  disease;  but  even  the  mode  of 
death,  which  seems  to  indicate  the  natural  evolution  of 
the  morbid  process,  leaves  a  most  variable  time  for  this 
to  be  accomplished.  The  patient  .sometimes  dies  as  early 
as  ten  or  even  eight  weeks  from  the  appearance  of  the 
first  symptoms;  in  other  cases  these  have  been  prolonged 
for  ten  years. 

P.\TnoLOGic.\L  An.\tomy. — The  histological  structure 
of  many  cerebral  neoplasms,  including  aneurisms,  does 
not  differ  from  that  of  the  same  growths  in  any  part  of 
the  body.  Tuberculous  tumors,  like  miliary  tubercles, 
always  start  from  the  lymphatic  sheaths  of  the  blood- 
vessels, beginning  in  a  local  accumulation  of  adenoid 
elements.  Gliomataare  a  species  of  sarcomatous  tumors 
which  are  peculiar  to  the  brain.  They  were  described 
as  neuromata,  until  Virchow  demonstrated  that  they 
contained  no  nerve  elements,  but  developed  from  the- 
neuroglia.  The  glioma  may  consist  almost  exclusively 
of  cells,  and  is  then  called  a  medullary  glioma ;  or  it  may 
contain  a  large  amount  of  connective  tissue,  which  either 
remains  soft  and  of  the  myxoma  type  (myxoglioniai,  or 
becomes  hard,  fibrous,  or  even  cartilaginous  (fibrous- 
glioma).  Finally,  some  among  these  tumors  are  so  rich 
in  vessels  as  to  have  acquired  the  name  telangiectatic 
gliomata.  All  develop  from  the  neuroglia.  The  timior 
appears  as  a  grayish  mass,  becoming  pink  or  red  as 
vessels  develop  in  it.  If  these  are  numerous,  apoplexies 
may  take  place  into  the  substance  of  the  tumor.  The 
three  forms  of  malignant  tumor  of  the  brain  are  sarcomata, 
carcinomata,  and  melanoid  tumors.  The  first  are  closely 
related  to  the  gliomata,  arising  like  the  medullary  variety 
of  the  latter;  the  chief  diijerence  consisting  in  the  greater 
size  of  the  cells  and  the  larger  amount  of  intercellular 
substance.  Cancer  of  the  brain  is  nearly  always enceph- 
aloid,  primary,  and  not  infrequentl_v  congenital.  The 
growth  is  rapid,  and  the  size  ultimately  attained  by  the 
tumor  is  in  inverse  proportion  to  the  vital  importance  of 
the  part  of  the  brain  in  which  it  is  seated.  Enucleation 
of  the  tumor  is  impossible.  Cancer  of  the  upper  part  of 
the  cerebral  hemispheres  not  infrequently  perforates  the 
dura  mater,  and  even  the  skull.  Conversely,  cancer  of 
the  eyeball,  usually  melanotic,  constantly  tends  to  pene- 
trate the  brain. 

Melanoid  tumors  are  forms  of  carcinoma  in  which  the 
tissue  is  infiltrated  with  pigment.  Their  most  frequent 
seat  is  the  eyeball,  the  pigment  being  derived  from  that 
of  the  choroid. 
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Hydatid  cysts  are  found  iu  the  brain,  but  they  usually 
remain  latent,  especially  if  small  and  multiple.  Other 
varieties  of  cyst  are  not  infrequently  formed  by  hemor- 
rhagic effusion,  by  softening  of  brain  tissue  from  ex- 
tensive necrobiosis,  or  by  the  softening  of  myxomatous 
tumors. 

Complicating  Lesions.- — With  glioma,  congestion 
and  hemorrhage  in  the  vicinity  of  the  tumor  are  the 
most  frequent  complications,  the  latter  often  being  the 
cause  of  death.  The  tissue  around  the  tumor  is  often 
the  seat  of  an  inflammatory  softening.  Effusion  into  the 
ventricles  is  often  caused  by  compression  of  vessels 
which  return  blood  from  the  choroid  plexus.  Such  effu- 
sion is  common  with  tubercle,  and  then  may  depend  on 
granidar  thickening  of  the  ependyma. 

A  zone  of  non-intiammatoiy  softening  surrounds  most 
tumors.  It  depends  upon  necrobiosis  of  nerve  tissue, 
from  localized  obstruction  to  the  circulation  and  (edema. 
When  this  softening  is  extensive,  functional  regions 
quite  different  from  those  actually  occupied  by  the 
tumor  become  involved.  This  circumstance,  as  has 
often  been  shown,  by  complicating  the  symptoms  often 
materially  obscures  the  diagnosis. 

When  the  fibres  of  the  pyramidal  tract  have  been 
affecteil  by  the  tumor,  descending  degeneration  or 
secondary  sclerosis  may  set  in,  and  even  reach  the  lateral 
columns  of  the  cord.  This  is,  however,  much  less 
common  than  after  hemorrhage;  and.  correlatively.  late 
rigidity  is  corresjiondingly  rare.  Conversely,  the  ap- 
pearance of  rigidity  in  limbs  paralyzed  from  tlie  effects 
of  a  cerebral  tumifr  often  indicates  that  hemorrhage  has 
been  excited  in  its  vicinity. 

Tre.atment. — There  is  no  radical  medical  treatment 
except  for  gummata.  and  for  these  the  mixed  treatment 
sometimes  yields  brilliant  results. 

In  1884  an  epoch-making  event  occurred.  Two  Eng- 
lish surgeons,  I5ennett  and  Godlee,  attempted  to  remove 
a  cerebral  tumor  by  a  bold  surgical  operation.  Between 
1884  and  1H!I3  this  operation  was  performed  eighty -five 
times.  Thesi-  eiglity-live  cases  are  recorded  and  analyzed 
in  a  talile  jnililished  in  the  Supplement  to  the  Rf.fehence 
H.vNDHOOK  in  \x9i.  to  which,  for  details,  the  reader  is 
referred.  Out  of  the  eighty -five  operations  twenty-four 
residted  in  recovery,  about  one-thirteenth.  Between 
1893  and  1899  many  new  cases  of  operation  are  recorded  in 
tiihles  p>ilil:shed  by  Starr  (Trans.  Med.  Soc.  New  York, 
1896)  and  also  by  Knap|i  (Boston  Mefl  and  Sniy.  Joiirn.. 
October  12th,  1899V  These  collections  are  included  in 
the  list  tabulated  below,  but  to  them  have  lieen  added  a 
number  derived  from  other  sources.  The  total  number 
of  cases  in  which  the  o]ieration  has  been  performed  since 
1893  is  one  hundred  and  thirty-eight.  These  new  cases 
have  not  been  analyzed,  but  the  model  for  their  analyses 
is  offered  on  pp,  122  et  seq.  of  the  Supplement  (vol.  i"x.). 
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49.  Roth  :  Deutsche  med.  Wochenschr.,  No.  2.5,  1895. 

50.  Schlesinger :  Wiener  klin.  Wochenschr.,  No.  25, 1895. 

51.  sick  :  Dcutsclic  nied.  Wochenschr.,  No.  2,  1897. 

.52.  Schnitzlcr:  (  cntralbl.  1.  d.  ges.  Therapie,  xvi.,  65, 1898. 

53.  Schwartz:  Bull.  S"C.  de  Chirurgic.  xxi  ,  221, 1894. 

54.  Shaw  and  Bush :  Bristol  yi.-.l.  and  Cliir.  Joum.,  11.,  99, 1895. 
5.5.  Sinkler:  Trans.  Amer.  Ncurolcig.  .v,-<.sn.,  1896. 

56.  Stratton  and  Crowlnv  :  Pacillc  .Med.  Joum.,  xli.,  282,  1898. 

57.  Sweenev:  Ncirthw.-sti-m  Lancet,  xiv.,  261,  18W. 

58.  Syme  :  AustnilNsian  Med.  Journ..  1895. 

59.  Tauber  :  Archiv  di  Psich.  Russ.,  xxvil.,  1,  1896. 

60.  Von  Wayenburg:  Psych,  en  Neur.,  Hadem,  11.,  109, 1898. 

61.  Vierordt  and  von  Beck :  Foitschr.  d.  Med.,  p.  495,  1894. 

62.  Washbumaml  Lane  :  Trans.  (;iin.  Soc.  London,  xxx.,  154, 1897. 

63.  Webster:  Canada  l>ra(titi<mci-,  xx„  813,  1895. 

64.  White:  Lancet,  li..  12sii.  l.siu. 

65.  W'lener:  N.  \.  Med.  Journ.,  October  1.5tb,  1898. 

66.  Wood  and  White:  Unlvcrsilv  Med.  Mag..  January,  1895. 

67.  Ziehm  :  Zeit.sihr.  f.  laakt.  .\cizlc.  Nd.  5.  isiis. 

68.  Zlehl  and  liuili :  Hcutsch.  im-d.  W..clii-us(  li..  No.  19, 1897. 

69.  Mann  :  Monalssrhnft  fiir  IVvcliiat  .  iv.,  :»i'.l.  1898. 

70.  Bonhoeller:  M"n;dssclirifi  fiir  I'svcliiat  .  iii.,  497,  1898. 

71.  Haasler:  Arch,  fiir  I'svcUial  ,  xxx.,  (iijo,  1898  (recovery). 

72.  Chlpault:  Gaz.  des  hop.,  Ixxi..  416,  1898. 

73.  Kosinskl:  Medycyna  Warozowa,  xxvi.,  1-31, 1898  (reoovery). 

74.  Armltage:  Lancet,  ii.,  1395,  1898  (death). 

75.  Mills  and  Keen :  Journ.  Nerv.  and  Mental  Dis.,  xxvil.,  244, 1900. 

76.  Stetfeu  :  Med.  News,  Ixxvl.,  175,  1900. 

77.  Sweeney  :  Northwestem  Lancet,  July  15th,  1894  (recovery). 

78.  Pel :  Gaz.  des  Hop.,  January,  18a5. 

79.  V.  Bramann  :   Langenbeck's  Archiv,  Bd.  .51,  Heft  1  (Haeekel, 
Monatssch.). 

80.  Colman  and  Ballance:  Lancet,  Mai-ch  21st,  1896  iibid.). 

81.  Gibson,  Laniet.  December  141h,  1895  iiljul.). 

82   Kronlein:  Bruns'  Beitrage,  Bd.  xv.,  H.  1  {ibid.-). 

83.  Krognis  :  Revue  de  Chirurgic.  Iwh;  ( i7.i<(.). 

84.  Thomas  and  Keen:  Amer.  .hnini.  Med.  ,Scl.,  1896. 

85.  Pearson  :  Dublin  Journ.  Med.  Sii.,  cii.,  484, 1896. 

86.  Bieganski :  Me.ivcvna  Wamzowa,  xxiv.,  1896. 

87.  Albert:  Wien.  nied.  Wceh.-nsch.,  xlv.,  1895. 

88.  Keen:  Univei-siiv  .Med.  .Mag.,  viii.,  1895. 

89.  Oliver :  Journ.  Amer.  Med.  ,\ssn.,  xxvi.,  1896. 

90.  Pel:  Gaz.  des  hop.,  January,  1895,  or  Bd.  Iv.,  January  29tll, 
1894  (Starr). 

91.  Steele:  Joum.  Amer.  Med.  Assn.,  January,  ISM  (Starr). 

92.  Dana :  Journ.  Mental  and  Nerv.  Dis.,  June,  189.5  (Starr). 

93.  Nixon :  Trans.  Acad.  Med.  of  Ireland,  vol.  xil.,  1895  (Starr). 

94.  Grasser:  Deut-sche  Med.  Zeit..  l.sil'i. 
9.5.  Gaykiewiiz:  .Neliml.  Centralbl.,  1S9.5. 

96    Brims:  Nelirol.ig.  Centralbl..  p.  12.5.  1.895. 

97.  Horsley  :  Clinical  Journal.  Februarv  13th,  1895. 

98.  Starr  and  McBurney  :  N.  Y.  Med.  Record,  Febraary  1st,  18S6. 

99.  Starr:  Tr.  Med.  Soc.  New  York,  l.suti. 
IIW.  Starr:  Amer.  Joum.  Med.  Sci.,  1894. 

101.  Starr:  Amer  Neurol  Assn.,  1897. 

102.  Starr  :  Tr.  Med.  Soc,  New  York,  1896. 

103.  Stai'r  and  Keen :  Amer.  Joum.  Med.  Sci.,  November,  1896. 

104.  Starrand  Weir:  Tr.  Med.  Soc.  New  York.  l.'<:«;  (op.  1896). 

105.  Starr  anil  McBurney:  Tr.  Med  Soc,  New  5'oik,  1.896. 

106  Starr  :  Brain  Surgerv.  1894. 

107  and  los.  Starr  and  Mct'osh  :  Tr.  Med.  Soc,  New  York,  1896. 

109.  Starr:  Medical  News.  Ixxi.  170,  1897. 

110.  Cabot :  Boston  Med.  and  Surg.  Journ.,  cxxxvi.,  1897. 

111.  Gessler  ;  Med.  Cor.-Bl.  d.  WUrtemb.  Aerzt,.  Stuttg.,  Isvll.,  1897- 

112.  Robertson  :  Nash\ille  Joum   Med.  and  sci.,  Ixxxli.,  1897. 

113.  Clark:  Glasgow  Med.  Journ..  xlviii..  1897. 

114.  Hair:  Brit.  Med.  Journ..  ii..  I(i.s2.  l.s«7. 

115.  Washboume:  Tr.  Chn.  Soc,  London,  1896. 

116.  Delormeand  Schwartz:  Bull.  Soc.  de  Chir..  1895. 

117.  Ruheman :  Deutsche  med.  Wochen.,  xxiJ.,  355,  1896. 


Pnrietal. 

118.  Von  Beck  :  Beitriige  z.  klin.  Chir.,  xll.,  1. 

119.  Colman  and  Ballance  :  Tr.  Lend.  CUn.  Soc,  xxtx.,  1895. 

120.  Eskridge  and  Parkhill :  Med.  News.  July  11th,  1896. 

121.  Fitiipatrick  :  Australasian  Med.  Gaz.,  p.  681,  1894. 

122.  McCosh :  Amer.  Joum.  Med.  Sci.,  Mav,  1896. 
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123.  Baer  and  Nicoll :  Brit.  Med.  Juuni..  iictober  IBth,  1897> 

124.  Nicoll :  Lancet,  October  29tli.  Ib9». 
13.5   Stewand  :  Northwestern  Lancet,  1897. 

CerchcVar. 

126.  Collins  and  Brewer:  Med.  Record,  l.'<97. 

127.  Gibson  :  Edin.  Mert.  .lourn..  Fcliniary,  1896. 

128.  Guthrie:  rnTilti'imr.  I.xi..  IKI.  IS'.is. 

129.  Moran  ami  Krn  :  Vitgiiiiii  Mi-d.  Semi-Monthly,  July,  1897. 
Ml.  Munn:  Intciiiaticin;il  Jnuni.  of  surgery,  189.5. 

l:!l.  Murri:  Lauci-t.  .laimarv  3Uth,  1897. 

i:i2.  Parkin  ;  Brit.  Mi'd.  .lourn..  1896. 

ISi.  Pershing  :  .Medical  News.  Jlarch  26tU,  1898. 

i;!4.  Stewart  and  .\nnandale :  Edin.  Hosp.  Rep.,  1895. 

1:15.  Steele:  (  hicago  Clin.,  xiii ,  1-7,  19(X)  (death). 

136.  Hiruianidas:  Neurolog.  Centralbl.,  1895. 

137.  Stewart  and  Annandale  :  Edin.  Hosp.  Rep.,  1895. 
1.38.  Fisher :  Tr.  Med.  Soc,  New  York,  1896. 

To  these  may  be  added  the  following  list  of  cases,  also  collected  by 
Knapp,  in  which  an  operation  was  attempted,  but  removal  of  the 
tumor  found  to  be  impossible : 

Aldihert  :  Revue  de  chlr.,  p.  1.58,  1895. 

Beck  :  In  Auvray,  pp.  359,  .360,  .361. 

Bmns  :  Brain  Tumors. 

Carson  :  Annals  of  Surgery,  xxviii.,  328. 

Chipault:  Gaz.  des  hop.,  Ixxi.,  .557,  1898. 

Collins :  Tr.  Amer.  Neurol.  Assn.,  1895. 

Dinkier:  Neurolog.  Centralbl.,  xvi.,  611,  1897. 

Eskridge :  Denver  Med.  Times,  June,  1896. 

Fisher  :  N.  Y.  Med.  Journ.,  April  16th.  1898. 

Gardiner:  Amer.  Journ.  Med.  Sci..  May,  1899. 

Hermanldes  :  Operative  behaud.  van  hiisengezwellen,  1894. 

King :  Chicago  Clinical  Review,  April,  1897. 

Kratiss:  N.  Y.  Med.  Journ..  July  30th,  1898. 

Lanphear :  Journ.  Amer.  Med.  Assn..  .\pril  28th,  1895. 

Rose  :  Medical  I*ress  and  Cii'cular,  i.,  17.5,  1891. 

Rossolimo :  Arch.  f.  Psych.,  .xxix.,  .528.  1897. 

Schultze  :  Deutsch.  Zeitsch.  f.  Nervenheilk.,  ix.,  217, 1896. 

Sonnenburg:  Berlin,  khn  Wochenschr.,  p.  939,  1894. 

Starr :  Med.  Record,  1.,  14.5,  1896. 

Starr:  Brit.  Med.  Journ.,  October  10th,  1897. 

Stieglitz  :  ,\nier.  Neurol.  Assn.,  1.S95. 

Tayliir  and  Elliott:  Boston  Med.  and  Surg.  Journ.,  1896. 

Winkler:  Bijdrage  tot  de  Husenchirurgie. 

The  later  operations  have  not  been  able  to  modify  the 
percentage  arrived  at  in  1893,  for  in  1897  Bruns.  after  a 
somewhat  complicated  calculation  from  statistics,  con- 
cluded that  the  number  of  successful  cases  was  not  higher 
than  six  in  a  hundred. 

Bruns.  however,  does  not  hesitate  to  advise  the  opera- 
tion whenever  the  tumor  can  be  exactly  localized  in  an 
accessible  part  of  the  brain.  For  even  when  it  shall  have 
been  found  irremovable,  the  operation  maj'  serve  to 
relieve  the  frightful  pain,  or  even  to  arrest  the  piogress 
of  choked  disc  toward  blindness,  and  it  seems  to  be  the 
undercurrent  of  Bruns'  thought  that  in  a  disease  like 
brain  tumor,  which  he  calls  the  most  frightful  of  all  dis- 
eases for  the  suffering  it  entails,  it  were  really  better  that 
the  patient  should  die  in  the  attempt  to  secure  relief,  than 
that  he  should  be  abandoned  to  his  suffering. 

Quincke's  lumbal  |iuncture  has  been  practised  for  the 
purjiose  of  lessening  intracranial  pressure,  but  has  often 
failed,  perhaps  from  obstruction  in  the  communications 
between  the  brain  and  spinal  cord.  The  puncture  has 
several  times  been  immediately  followed  by  death. 

The  intellectual,  philosophic,  and  even  romantic  inter- 
est attaching  to  the  operations  for  brain  tumors  much 
exceeds  their  actual  practical  importance.  The  attempt 
has  been  made  to  estimate  this  from  analysis,  not  only 
of  the  operations  which  have  been  performed,  but  also 
of  the  fatal  cases  of  brain  tumors  on  record,  not  operated, 
but  submitted  to  post-mortem  examination.  The  latter 
has  shown  that  a  very  large  proportion  would  have  been 
inoperable,  either  because  a  local  diagnosis  could  not 
have  been  made,  or  because  the  locality,  though  diag- 
nosed, was  inacces-sible ;  or  because  the  tumors  were 
multiple  or  malignant;  or,  finall_y,  because  they  were 
too  large  for  extirpation.  The  last  objection  can  often 
be  met  by  the  observation  that  an  early  operation  might 
have  proved  succcessful.  though  by  delay  the  tumor  had 
grown  beyond  the  bounds  of  surgical  possibilities.  This 
observation,  however,  holds  good  for  tumors  in  any  part 
of  the  body. 

Tuberculous  tumors — the  most  common  variety  b}'  far 
in  childhood — are  frequently  multiple,  either  at  the  time 


of  operation  or  by  recurrence  shortly  after:  and  are  then, 
of  course,  unfavorable  for  operation.  For  extremely 
malignanl  tumors  (carcinoma)  the  prognosis  is  naturally 
as  hopeless  when  the  growth  is  situated  in  the  brain  as 
when  it  exists  in  other  organs.  On  the  other  hand,  sar- 
comata, when  primary,  have  not  unfrequently  been  re- 
moved with  success.* 

A  table  quoted  by  Keen,  in  the  article  on  Brain,  Sur- 
gery iif,  in  this  volume  (p.  416),  shows  the  I'elative  propor- 
tion of  different  varieties  of  brain  tumors  in  a  total  of 
580  cases  collected  by  Hale  White  and  Bernhardt. 
Nearly  a  quarter  of  all  (23  per  cent.)  were  tuberculous, 
only  4  per  cent,  were  carcinomatous.  In  23  per  cent. 
of  the  cases  cited  the  nature  of  the  tumor  is  not  stated. 

Hale  White  estimates  that  only  9  of  his  100  cases  could 
be  considered  as  operable.  No  tumor,  even  the  most  be- 
nign, could  iie  considered  operable  which  is  situated  at 
the  base  of  the  brain,  or  in  the  cerebral  axis  (Starr), 
which  is  widely  infiltrated,  or  which,  as  already  noted, 
is  mulliple.  Out  of  300  brain  tumors  in  children  col- 
lected by  Starr,  one-third  were  in  the  cerebral  axis.  Tu- 
mors of  the  cerebellum  are  fairly  accessible,  but  opera- 
tions upon  them  have  proved  very  much  more  dangerous 
than  operations  upon  the  cerebrum.  The  space  for  ope- 
ration is  mtich  narrower;  precise  localizing  symptoms 
are  much  less  distinct  and  frequently  fail  altogether. 
On  the  other  hand,  the  general  symptoms  are  especially 
severe,  owing  to  the  excessive  intracranial  pressure ;  and 
this  same  condition  endangers  the  operation  by  causing 
the  brain  to  bulge  through  the  opening.  The  close  prox- 
imity of  the  affected  part  to  the  most  vital  organs  of 
the  cerebrospinal  axis  renders  shock  imminent.  'The  tu- 
mor is  very  frequently  tuberculous,  and  finally  optic 
neuritis  has  nearly  always  reached  an  advanced  stage 
before  the  operation  is  undertaken,  so  that  when,  by 
exception,  the  patient  has  survived  the  operation,  he 
has  remained  blind. f 

Out  of  the  300  cases  of  tumor  in  children,  96  were  situ- 
ated in  the  cerebellum.  This  single  fact  suffices  to  estab- 
lish a  relatively  unfavorable  prognosis  for  brain  tumors 
in  childhood. 

In  this  same  list  were  foimd  56  cases  of  tumor  of  the 
cortex  and  centrum  ovale,  localities  favorable  for  opera- 
tion; 16  of  these,  however,  were  not  correctly  diagnosed, 
and  therefore  could  not  have  been  operated  on,  even  if 
the  operation  had  been  suggested. 

Out  of  the  40  which  remain,  localizing  diagnosis  would 
have  been  impossible  in  21,  though  the  autopsy  showed 
that  in  some  of  them  an  operation  would  have  been  pos- 
sible. In  19  cases  the  tumors  were  in  the  central  convolu- 
tions, or  in  the  subjacent  centrum  ovale,  and  in  13  of  these 
local  spasm  followed  by  paresis  made  the  precise  diagnosis 
sufficiently  clear.  In  the  remaining  6  the  locality  was 
established  Viy  the  symptom  hemianopsia.  The  author 
estimates,  however,  that  in  only  16  of  these  cases  could 
an  operation  have  been  undertaken  with  much  hope  of 
success,  and  as  10  of  these  were  tuberculous,  the  number 
of  cases  in  which  even  this  new  and  heroic  remedy  offered 
hojie  of  complete  recovery  was  reduced  to  6  out  of  a 
total  of  300. 

The  statistics  for  adults,  as  regards  localization,  differ 
somewhat  from  the  above.  A  table  of  644  cases,  com- 
piled from  the  cases  of  Ladame  and  Bernhardt,  shows  the 
different  localities  in  which  the  tumor  was  found.  It 
was  situated  in  the — 

Centrum  ovale  in 192  cases  =  29  per  cent. 

Cerebellum  in 162  "  =  37 

Cortex  in  74  "  =11  " 

Pons  in 56  "  =   8 

Basal  ganglia  in 36  "  =5  " 

Medulla  in 30  "  =   4 

Corpora  quadrigeinina  in 13  "  =   2  " 

Cerebral  peduncle  in 10  *'  =    1  " 

Extra  cerebral  in 71  "  =11  " 

*  In  the  case  reported  by  Weir  and  Amidon  the  cerebral  symptoms 
occurred  after  the  patient  bad  already  been  operated  upon  for  sar- 
coma of  the  neck  (Annals  of  Surgerv,  June,  18871. 

+  The  sTOiptom  of  choked  (U.sc.  when  present,  has  long  been  con- 
sidered niore  nearly  pathognomonic  than  any  other  of  cerebral  tumor. 
Seguin  has,  however,  recently  declared  that  many  cases  of  enormous 
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This  table  can  be  compared  with  Starr's,  as  follows: 


Tumors  situated  in 

Children. 

All  cases. 

96  cases  =  32« 
.56    ••     =  18s; 

Cortex  and  centrum  ovale  . . 

-'«)     ■•     =  4W 

Thus  consideration  of  the  prevailing  situation  of  brain 
tumors  alone  would  seem  to  justify  Bergniann's  dictum, 
that  the  field  for  successful  operation  is  ver_v  narrow,  the 
reverse  of  what  can  be  now  affirmed  of  trephming  for 
brain  abscess.  E.xamination  of  the  85  cases  in  wliich 
operations  have  been  performed  between  1884  and  1893 
gives  a  more  favorable  view.  The  record  shows  that  there 
were  39  successful  operations  against  46  unsuccessful 
cases,  and  one  trephining  to  relieve  intracranial  pressure. 
The.se  were  performed  in  all  parts  of  the  world,  even 
British  Guiana  having  contributed  a  successful  case  in 
1888  (Raunie,  British  Medical  Jounuil,  1888).  The  fol- 
lowing table  summarizes  these  residts.  "  Successful  " 
implies  that  the  tumor  was  found  and  removed,  that  the 
serious  symjitoms  subsided,  and  that  the  patient  lived 
more  than  two  months,  or  even  recovered  completely. 
"  Unsuccessfvil  "  refers,  not  only  to  the  death  of  the  patient 
from  the  immediate  consequences  of  the  operation,  but 
also  to  the  impossibility  of  completing  this,  either  be- 
cause the  tumor  was  not  found  at  the  locality  supposed. 
or  proved  too  large  or  too  deeply  seated  to  be  completely 
removed :  tiually  to  the  speedy  recurrence  of  the  tumor 
so  as  to  cause  the  death  of  the  patient  in  a  short  time, 
notwithstanding  the  immediate  success  of  the  operation. 

Successful 39 

Unsuccessful : 

Tumor  noi  found 20 

Tumor  not  removed 10 

Death  from   operation  or  speedy  recurrence  of 
neopla-sni 16    46 

85 

In  1888  Dr.  Keen  wrote  (Reference  Handbook, 
Brain  Surgery)  that  tlie  percentage  of  mortality  was 
35  per  cent.  This  calculation  was  based  upon  the  17 
operations  which  had  then  been  performed,  with  6  re- 
coveries, and  included  among  them  one  case  (Heath, 
Lancet,  1888,  Case  37  of  tjible),  which  we  have  placed 
among  the  unsuccessful  cases,  because,  although  the  pa- 
tient survived  tlie  operation  and  was  relieved,  the  tumor 
was  too  large  for  removal.  The  percentage  of  suc- 
cesses (11  cases  out  of  17)  was  nearly  65.  To-day,  the 
larger  number  of  cases  yields  as  succcessful  about  46 
per  cent.,  as  failures  nearly  .54  per  cent.  The  less 
favorable  result  is  not  surprising,  for  the  operation  has 
been  attempted  under  a  much  greater  variety  of  cir- 
cumstances, so  that  a  greater  number  of  unfavorable 
conditions  have  been  encountered.  For  this  reason  the 
estimate  of  the  operation  has  varied  in  the  same  w-ay  as 
did  tliat  for  tracheotomy.  This  operation  on  its  first 
suggestion  excited  unbounded  enthusiasm,  until  expe- 
rience showed  how  numerous  conditions  of  failure  were 
inherent  in  the  disease  for  which  the  operation  was  per- 
formed, and  which  could  not  be  overcome  by  any  degree 
of  perfection  in  its  surgical  technique. 

The  precision  is  surprising  with  which  small  tumors 
have  sometimes  been  localized  for  removal.  In  Seguin 
and  Weir's  case  (No.  24)  the  neoplasm  was  only  the  size 
of  an  almond,  and  laj'  an  inch  below  the  surface.  In 
another  case,  however,  reported  by  Seguin.  a  glioma 
one-half  inch  in  diameter  escaped  detection.  It  was 
found  at  the  autojisy  at  the  locality  diagnosed,  under  the 
motor  centre  for  the  left  leg,  but  its  consistenc\f  so  re- 
sembled that  of  the  brain  tissue  that  it  could  not  be  dif- 
ferentiated (Case  63).  The  writer  remarks  that  an  opera- 
tion may  be  undertaken  too  early  on   the   brain — i.e., 

tumors  do  not  present  clioked  disc,  and.  on  the  other  hand,  this  ocular 
lesion  ocriirs  in  jiiTsuns  wlm  Imve  no  intracranial  disease.  "  Indeed, 
in  iny  e.xpcrii'nrf  :is  rfu^anls  tumors  of  the  hemispheres,  the  rule  is 
that  the  <iptic  nerves  an-  ni-trnial "  (Boston  Medical  and  Surgical  Jour- 
•nal,  February  5th,  1891). 


before  the  tumor  has  grown  .sufficiently  large  to  be  ap- 
preciable, even  although  it  may  have  occasioned  path- 
ognomonic symptoms. 

In  19  other  cases  in  which  the  tumor  was  not  found,  the 
reason  for  the  failure  was  quite  different.  In  Keetley's 
case  (41)  the  pons  was  found  enlarged  to  three  times  "its 
natural  .size  by  an  infiltrating  glioiiia.  The  only  localiz- 
ing symptom  presented  hadbeen  a  slight  internal  stra- 
bismus of  the  left  eye  (paresis  abducens).  Tliis  fact 
should  have  suggested  a  pontine,  and  conseqtiently  in- 
operable tumor,  as  also  the  fact  that  the  knee-jerks  "were 
exaggerated,  while  absence  of  paralysis,  and  existence  of 
vomiting,  giddiness,  and  staggering  pointed  to  a  tumor 
of  the  cerebellum.*  AVith  the  latteT,  however,  the  knee- 
jerks  are  habitually  diminished,  and  this  special  combina- 
tion of  negative  and  positive  signs  should  suggest  a  lesion 
of  the  pons,  in  spite  of  the  absence  of  many  of  its  char- 
acteristic paralyses.  The  patient,  a  child  of  seven,  who 
had  had  a  fall  fourteen  days  before  the  onset  of  the 
symptoms,  had  an  attack  of  collapse  followed  by  a  sub- 
normal temperature  just  before  the  operation,  another 
circumstance  pointing  to  the  pons.  An  exploratory 
operation  was  made  through  the  left  squamous  bone, 
but  nothing  w-as  found,  and  the  child  died  two  days  later. 

In  Pilcher's  case  (31)  there  was  a  scar  (after  an  injury) 
situated  over  the  left  angular  gyrus,  and  the  skull  was 
trephined  at  this  point.  The  patient  had  maiked  mental 
impairment,  epileptic  attacks,  beginning  in  a  conjugate 
deviation  of  head  and  e.ves  to  the  left,  and  tonic  hemi- 
spasm on  the  right  side.  Schiifer  (Brain.  April,  1888) 
claims  that  excitation  of  the  luain  near  the  angular 
gyrus  produces  conjugate  deviations  of  the  eyes  to  the 
opposite  side.  The  centre  for  such  deviation  is  placed 
by  Horsley  at  the  posteiior  extremity  of  the  middle 
fi-ontal  gyrus ;  and  the  autopsy  in  this  case  would  seem 
to  confirm  that  localization.  A  glioma  was  found  on  the 
left  side,  in  the  occipital  lobe,  but  extending  forward  as 
far  as  the  frontal  lobe.  The  island  of  Reil  was  .softened. 
The  mental  impairment,  taken  together  with  the  conju- 
gate deviation  of  the  eyes,  pointed  to  the  frontal  lobes, 
where  also  the  headache  was  situated.  Nothing  in- 
dicated the  occipital  lobe,  and  at  the  angular  gyrus 
nothing  was  found.  In  Sciammana's  case  (3)  also  the 
patient  was  trephined,  unsuccessfully,  at  the  seat  of  an 
injury  to  the  head  in  the  right  parietal  region.  The 
tumor  was  a  glioma,  lying  in  the  right  centrum  ovale 
and  extending  from  the  right  inferior  cornu  to  the  cor- 
Ijora  quadrigemina.  Crossed  paralysis  had  existed,  left 
hemiplegia,  followed  b_y  right  oculo-motor  and  facial 
paralysis.     This  is  not  explained  by  the  autopsy. 

Kerr's  operation  (58)  is  the  third  on  the  list  misled  by 
a  scar.  The  indication  was  the  more  plausible  because 
the  scar  was  situated  over  the  upper  part  of  the  left 
fissure  of  Rolando,  in  a  patient  suffering  with  hemispasm 
and  hemiparesis.  A  glioma  was  found  in  the  left  corpus 
striatum  and  optic  thalamus.  This  is  the  only  case  on 
the  list  in  which  a  tumor  in  this  situation  had  simulated 
a  cortical  tumor. 

In  Knapp's  second  case  (65),  the  trephine  was  applied 
over  a  tender  spot  in  the  right  temporal  region,  although 
there  were  well-marked  symptoms  of  a  cei'cbellar  tumor. 
After  death,  ten  weeks  after  the  operation,  the  tumor 
was  found  in  the  left  lateral  lobe  of  the  cerebellum.  In 
this  case  the  left  knee-jerk  was  absent,  and  there  was 
slight  paresis  of  the  left  hand,  symptoms  which,  together 
with  the  characteristic  symptoms  of  tumors,  might  have 
sufficed  to  indicate  the  cerebellum. 

In  .seven  other  cases  an  erroneous  diagnosis  was  made 
of  tumor  of  the  cortical  motor  centres  (Fraser,  Ham- 
mond, Amidon,  Stokes,  Walker,  Dobson,  'Twynam),  and 
in  one  (Beach)  of  tumor  of  the  frontal  lobe  pressing  on 
the  central  convolutions  (Cases  5.  7,  8,  51.  55,  73,  80). 

In  Eraser's  case  (5)  the  localizing  symptoms  were  right 
hemiplegia  and  contracture,  indistinct  speech,   amnesic 

*  The  knee-jerks  are  usually  diminished  in  tumors  of  the  cerebellum, 
whereas  they  are  exaggerated  in  tumors  of  the  pons.  This  may  be  a 
useful  detail  in  distinguishing  between  these  two  lesions,  whose 
symptoms  often  resemble  each  other. 
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aphasia,  agraphia.  The  error  depended  on  the  duplicity 
of  the  lesion.  There  was  a  tumor  in  the  middle  of  the 
right  ascending  parietal  convolution,  and  another  in  the 
left  temporal  lobe  involving  the  ascending  convolutions. 
The  amnesic  character  of  the  aphasia  reall)-  pointed  to 
the  left  temporal  lobe  rather  than  to  the  neighborhood  of 
Broca's  convolution.  It  is  difficult  to  understand  the 
failure  in  Hammond's  case  (7),  as  the  autopsy  revealed 
three  cysts  in  a  line  in  the  anterior  central  convolution 
precisely  wliere  the  lesion  had  been  diagnosed.  In 
Amidon  and  Weir's  case  (8)  the  tumor  was  found  in  the 
cerebellum  at  the  autopsy,  although  the  patient  had  had 
left  hemispasm  and  paralysis  of  the  left  arm.  Two  cir- 
cumstances, however,  pointed  to  the  cerebellum — with 
the  left-sided  paralysis  coexisted  a  paresis  of  the  right 
arm,  tlius  a  bilateral  motor  defect,  and  there  was  also 
optic  neuritis  on  the  left  side.  Stokes'  case  (51)  shows, 
as  the  author  remarks,  that  the  motor  centre  for  the  leg 
extends  farther  back  than  is  usually  assumed,  or  else  that 
pressure  transmitted  from  a  distance  maj'  cause  the 
same  symptoms  as  a  lesion  at  the  centre.  A  spindle- 
celled  sarcoma  was  found  in  the  parietal  lobe,  just  be- 
hind the  leg  centre,  and  being  of  the  same  consistency  as 
the  brain,  could  not  be  distinguished. 

In  Walker's  case  (•55)  the  symptoms  were  very  confus- 
ing. Staggering  seemed  to  indicate  a  cerebellar  tumor,  as 
did  also  tlie  vertigo  and  vomiting.  But  a  marked  mental 
defect  pointed  to  the  frontal  lobes,  and  motor  aphasia  to 
a  lesion  on  the  left  side.  On  the  other  hand,  left  hemi- 
spasm and  hemiplegia  were  to  be  referred  to  the  right 
side  of  the  brain,  and  hemorrhage  and  an  offensive  dis- 
charge from  the  right  ear  seemed  to  localize  the  disease 
more  precisely  near  the  petrous  bone.  Paresis  of  both 
hands  pointed  to  the  cerebellum ;  exaggeration  of  the  left 
tendon  reflex,  on  the  contrary,  confirmed  the  indications 
offered  by  the  left  hemiplegia.  An  exploratory  opera- 
tion was  performed  over  the  left  ascending  frontal  with 
negative  result.  At  the  autopsy  a  cj'stic  mass  was  found 
at  Uie  left  of  the  sella  turcica,  .springing  from  the  apex 
of  the  petrous  bone.  The  record  leaves  unexplained  why 
this  should  have  been  associated  with  discharge  from 
the  right  ear. 

Dobson's  case  (73)  exhibited  an  apparently  exquisitely 
precise  sj'mptom,  namely,  twitching  attacks  in  left  arm, 
beginning  in  thumb  and  first  finger,  with  sensorj'  aura 
in  same  parts.  Horsley  has  located  the  thumb  centre 
just  behind  the  middle  of  the  ascending  parietal  convolu- 
tion, and  a  signal  symptom  in  Jacksonian  epilepsj',  initi- 
ated at  this  point,  has  several  times  guided  to  an  exact 
diagnosis.  Bvit  in  this  case  the  centre  was  evidently 
Irritated  by  pressure  from  a  distance.  There  were  mul- 
tiple cerebral  tubercles  in  the  right  hemisphere.  This  is 
the  second  case  of  multiple  tumor  on  the  list. 

In  Twynam's  case  (80)  the  tumorseemsto  haveescaped 
detection,  partly  because  it  lay  too  far  below  the  surface 
in  the  medullary  substance,  parth'  because,  as  in  Stokes' 
case,  the  tumor,  though  pressing  on  the  central  convolu- 
tions, lay  behind  them,  in  the  parietal  lobe.  Besides 
the  hemiparesis  there  was  some  loss  of  sensations,  and 
this  symptom,  as  well  as  the  loss  of  muscular  sense, 
seems  to  point  to  the  parietal  lobe  rather  than  the  central 
convolutions.  Another  fact  in  the  same- sense  was  the 
incomplete  nature  of  the  paralysis.  The  tiunor  found 
on  atitopsy  was  very  large.  68  by  57  millimetres,  ex- 
tending from  the  Rolandic  fissure  to  the  parieto-occipital, 
and  bulged  into  the  roof  of  the  lateral  ventricle. 

In  Beach's  case  (53),  finally,  a  tumor  was  diagnosed  in 
the  left  frontal  lobe,  pressing  on  the  lower  part  of  the 
central  convolutions.  The  first  local  s>'mptom  had  been 
a  motor  aphasia,  followed  by  tremor,  then  twitching  of 
right  hand  and  eyelid,  then  paresis  of  right  hand.  The 
tumor  was  found  at  the  supjiosed  level,  but,  as  in  Cases 
51  and  80  (Stokes  and  Twynam),  it  lay  in  the  parietal 
lobe  behind  the  motor  convolutions  and  between  the 
posterior  ascendinff  branch  of  the  Sylvian  fissure  and  a 
small  sulcus  anteriorly  which  separated  it  from  the  as- 
cending parietal  convolution.  There  were  no  sensory 
symptoms  to  aid  the  diagnosis. 


In  Wille's  case  (25)  a  tumor  of  the  left  parietal  lobe 
was  diagnosed,  but  the  diagnosis  was  guided  by  the  ex- 
istence of  a  swelling  over  the  left  parietal  bone.  Only 
after  this  had  been  incised  did  right  hemiparesis  appear, 
including  the  facial  nerve.  In  a  second  operation  sub- 
dural pus  was  evacuated,  but  no  tumor  was  found.  At 
the  autopsy  was  discovered  a  tumor  the  size  of  a  pigeon's 
egg  in  the  posterior  part  of  the  left  paracentral  lobule, 
extending  into  the  upper  part  of  the  ascending  parietal 
convolution.  Also,  and  this  makes  the  third  case  of 
multiplicity,  a  second  tumor  was  found  in  the  middle  of 
the  ascending  parietal  convolution.  In  two  other  cases 
on  this  list  the  tumor  lay  in  the  cerebellum.  In  Wj-man's 
case  (53)  it  had  been  diagnosed  in  the  sella  turcica,  be- 
cause, in  addition  to  the  general  svmptoms,  tlie  patient  had 
a  divergent  squint  (paralysis  of  the  motor-oculi),  anosmia, 
and  slight  movement  of  rotiition  at  the  beginning  of  the 
convulsive  attacks.  There  was  great  muscular  weak- 
ness, but  neither  hemiplegia  nor  staggering.  A  tumor 
three-quarters  of  an  inch  long  was  found  in  a  cavity  hol- 
lowed out  in  the  left  hemisphere  of  the  cerebellum.  All 
the  ventricles  were  distended  with  fluid.  The  great  fre- 
quency of  cerebellar  tumors  might,  it  would  seem,  have 
decided  the  surgeon  to  operate,  if  at  all,  in  their  locality. 
But  instead  of  this  he  trephined  the  frontal  bone  above 
the  supra-orbital  ridge  and  passed  a  probe  over  the 
orbital  plate  to  the  sella  turcica  with  necessarily  nega- 
tive result. 

In  Springthorpe's  case  (47)  a  cerebellar  tumor  was  cor- 
rectly diagnosed,  and  several  symptoms  pointed  to  press- 
ure on  the  right  lobe  of  the  cerebellum.  In  the  fits  there 
was  conjugate  deviation  of  the  head  and  eyes  to  the 
right  side ;  the  right  ear  was  moderately  deaf,  and  the 
patient  fell  backward  and  to  the  right  side.  An  opening 
was  made  over  the  right  lobe  of  the  cerebellum,  clear 
serous  fluid  escaped,  but  no  tumor  was  found.  At  the 
autopsy  a  glioma  with  a  central  cavity  was  found  to 
occupy  the  middle  lobe  of  the  cerebellum.  All  the  ven- 
tricles were  full  of  blood-stained  fluid.  The  main  press- 
ure was  upon  the  right  side. 

The  last  case  was  reported  by  Gray  and  operated  by 
Wyeth  (84).  The  exact  locality  of  the  tumor  was  cor- 
rectly diagnosed,  but  it  lay  one-quarter  inch  below  the 
surface  (as  had  been  expected  from  the  absence  of  con- 
vulsions), and  the  consistency  so  closelj'  resembled  that 
of  the  medullary  brain  tissue  in  which  it  was  embedded 
that  an  exploring  needle  passed  through  it  without  de- 
tecting its  presence,  and  it  was  discovered  at  the  autopsy 
with  difficulty,  and  only  by  careful  slicing  of  the  brain. 

Nearly  all  the  cases  in  which  the  tumor  was  not  found 
at  the  site  of  operation  proved  fatal,  the  operation  seeming 
to  accelerate  the  natural  march  of  the  disease.  One  pa- 
tient, however  (Amidon  and  Weir),  survived  ten  weeks, 
another (Dobson)  a  month.  Four  cases  illustrate  the  now 
accepted  rule,  that  a  scar,  and  still  less  a  tender  point  on 
percussion,  must  not  be  selected  as  a  site  of  operation, 
unless  focal  symptoms  point  to  the  same  locality. 

In  the  five  cases  of  cerebellar  tumor  a  retrospect  of  the 
symptoms,  after  the  autopsy,  makes  thenj  seem  more 
significant  than  they  had  appeared  before  the  operation. 
Cases  47  and  53,  as  do  man}'  other  cases  which  have  not 
been  operated  on,  show  the  impossibility  of  distinguish- 
ing with  certainty  whether  a  tumor  of  the  cerebellum  be 
situated  in  its  lateral  or  its  middle  lobe.  Nothnagel's 
law  of  the  frequent  latency  of  tumors  of  the  lateral  lobes 
should  always  incline  the  diagnosis  in  favor  of  a  central 
lesion,  unless  lateral  symptoms  are  very  well  marked. 
The  danger  of  hemorrhage,  however,  from  trejihining 
over  the  centre  of  the  cerebellum,  i.e.,  of  the  sinus,  is 
very  great,  and,  on  the  other  hand,  a  tumor  of  the  middle 
lobe  is  sometimes  accessible  from  the  side. 

Operations  on  tumors  too  large  for  removal,  when  the 
cranial  opening  was  really  made  over  the  seat  of  the 
lesion,  have  not  always  proved  so  dangerous  as  in  the 
class  of  cases  just  described.  Thus,  Horsley  (Case  45) 
removed  first  one-half  of  the  occipital  bone,  then  the 
other,  where  an  inoperable  tumor  of  the  middle  lobe  of 
the  cerebellum  existed.     The  patient  had  suffered  for  a 
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long  time  from  epileptiform  fits,  with  violent  rotarj- 
movemeuts,  from  severe  headache  and  distressing  attacks 
of  dyspnoea.  All  tliese  symptoms  disappeared  after  the 
operation,  and  tlie  patient's  life  was  prolonged  in  com- 
fort for  two  years. 

In  Heath's  case  (27),  also,  there  was  found,  over  the  right 
ascending  frontal  convolution,  a  large  adherent  growth 
which  could  not  be  removed.  Localized  tenderness  had 
existed  over  the  site  of  the  tumor.  The  patient  was  re- 
lieved of  his  headache  bj'  the  operation,  and,  at  the  time 
of  reporting,  had  made  a  good  recovery.  In  Case  3.5 
(Limont  and  Page)  a  portion  of  a  large  glioma  was  re- 
moved, with  temporary  recovery,  but  the  growth  re- 
curred. 

In  Case  39  (Kocher)  tumoi;  of  the  cerebellum  was  diag- 
nosed from  the  four  classical  general  symptoms,  in  the 
absence  of  focal  symptoms.  A  double  trephine  opening 
was  made  to  relieve  intracranial  pressure,  one  posteriori}' 
on  the  right  side  below  the  tentorium,  one  anteriorly  on 
the  left  side.  In  four  days  congestion  of  the  optic  discs 
had  disappeared,  but  there  was  no  improvement  of  vision. 

In  Maudsley's  case  (42)  a  tumor  had  been  diagnosed  in 
the  left  lobe  of  the  cerebellum,  the  trephine  was  applied 
at  this  locality  and  a  tumor  found,  but  it  was  a  solid 
nodule,  irremovably  attached  to  the  temporal  bone.  The 
patient  recovered  from  the  operation.  Five  other  cases 
proved  rapidly  fatal.  The  entire  list  of  ten  cases  is  sum- 
marized in  Tables  HI.  aud  IV. 

Death  occurred  after  removal  of  the  tumor  in  si.xteen 
other  cases.     The  causes  may  be  thus  tabulated  : 

Five  out  of  these  16  cases  are  tumors  of  tlie  cere- 
bellum: 5  cases  on  Table  II.,  1  on  Table  III.,  and  1  on 
Table  v.,  were  also  cerebellar:  thus  12  out  of  the  total 
number  of  46  unsuccessful  cases,  or  26  per  cent. 

The  death  from  diphtheria  (Castro)  aud  that  due  to  ac- 
cidental opening  of  the  cerebellar  sinus  (BuUard  and 
Bradford)  are  theoretically  avoidable.  The  case  of  glio- 
sarcoma  removed  by  JIcBurney  had  been  correctly  diag- 
nosed eleven  months  before,  and  the  ojjeration  then  ad- 
vised. At  that  time  it  might  have  beeu  successful,  so 
that  in  this  case  the  fatal  issue  may  fairly  have  been  at- 
tributed to  the  delay.  It  ma}'  perhaps  be  assumed  that 
the  five  deaths  caiised  by  septic  meningoencephalitis 
could  have  been  avoided  by  more  perfect  antiseptic  pre- 
cautions. 

Tlie  fatal  issue  is  not  clearly  explained  in  the  cases 
reported  by  Gray,  Thomas,  and  Keen.  The  last  case  is 
particularly  interesting,  because  the  tumor  had  been 
correctly  localized  in  the  cuneus  on  account  of  the  symp- 
tom of  hemianopsia.  It  is  the  only  case  in  the  entire 
collection  (before  1894)  in  which  this  symptom  was  thus 
rendered  available. 

In  39  eases  the  operation  was  successful.  The  situa- 
tion of  the  tumor  in  these  cases  is  shown  in  the  next 
talile. 

These  cases  of  recovery  include  one,  and  only-  one,  case 
of  tumor  of  the  cerebellum,  and  that  was  a  cyst.  This 
is  to  be  reckoned  against  13  fatal  cases  of  cerebellum 
tumor,  already  noted.  As  might  be  expected,  in  the  im- 
mense majority  of  successful  cases  the  tumor  is  situated 
in  the  motor  couvolutions  (29  out  of  39  cases).  This 
region  unites  all  tlie  conditions  of  success — facility  of 
diagnosis,  facility  of  operation,  relative  freedom  from 
danger  of  shock.  Among  the  unsuccessful  cases  the 
tumor  was  situated  in  the  central  convolutions  only  seven 
times,  and  in  one  of  these  the  death  was  purely  accidental, 
due  to  an  epidemic  diphtheria.  In  all  the  others  death 
was  due  to  septic  meningitis,  in  one  case  complicated  by 
syphilis.  In  one  a  communication  existed  between  the 
tumor  and  tlie  ventricle :  in  another,  there  was  an  adhesion 
to  the  longitudinal  sinus. 

The  symptoms  of  lesion  of  the  central  convolutions  are 
so  well  marked  that  when  the  tumor  exists  in  this  local- 
ity it  cannot  easily  be  overlooked.  It  sometimes  hap- 
pens, however,  that  tumors  in  other  localities  simulate 
the  symptoms  proper  to  disease  in  the  cortical  motor 
centres.  Thus:  1.  The  tumor  may  be  situated  in  the 
subcortical  region  of  the  centrum  ovale,  as  in  Gray's  case 


(84).  The  diagnosis  in  this  case,  notwitfistanding  the 
monoplegia,  was  correctly  made  as  subcortical,  on  ac- 
count of  the  absence  of  spasm  or  convulsion.  2.  The 
tumor  may  lie  in  the  frontal,  parietal,  or  temporal  lobes, 
aud  by  transmitted  pressure  excite  the  .symptoms  proper 
to  the  motor  area.  The  diagnosis,  when  possible,  is 
made  out  by  observing  that  lesions  of  intelligence,  or 
speech,  or  sensibility,  or  vision,  especially  henmnopsia, 
have  preceded  motor  symptoms,  and  that  tlie  latter  re- 
main incomplete — paresis,  not  paralysis.  3.  Tumor  of 
the  basal  ganglia  may  simulate  cortical  tumor.  This 
occurred  in  Case  .58  (Kerr).  It  is  rather  surprising  that 
the  mistake  has  not  been  made  more  frequently.  That 
it  has  not.  is  due  to  the  enormously  valuable  studies  in 
".lacksonian  epilepsy,"  that  may  be  ranked  as  the  second 
link  in  the  chain  of  investigation  which,  beginning  with 
the  researchesof  Hitzig  anilFerrieron  brain  localization, 
have  so  rapidly  led  to  brain  surgery.  Only  one  tumor 
of  the  occipital  lobe  has  been  operated  on  at  its  site,  the 
diagnosis  having  been  guided  by  the  remarkable  symp- 
tom hemianopsia  (Birdsall  and  '\Veir,  1.5). 

InPilcher  and  Dana's  case  (31)  the  tumor  occupied  the 
left  occipital  lobe,  but  the  operation  was  made  at  the 
site  of  a  scar  corresponding  to  the  angular  gyrus.  The 
tumor,  therefore,  was  not  found  It  is  not  stated 
whether  the  patient  was  examined  for  hemianopsia. 

It  is  claimed,  especially  by  Starr,  that  an  onset  of 
symptoms  with  psychical  changes  is  very  characteristic 
of  tumors  of  the  frontal  lobe.  Such  mental  depression, 
however,  is  apt  to  occur  with  intracranial  tumors  in  any 
locality,  and  cannot  be  considered  a  distinct  indication 
of  frontal-lobe  localization  until,  by  extension  backward, 
motor  .symptoms  begin  to  complicate  the  mental ;  or 
until  conjugate  deviation  of  head  and  eyes  has  become 
a  signal  symptom  in  con  vtilsive  attacks:  or  until  anosmia 
be  discovered.  In  several  of  the  frontal-lolie  tumors  here 
recorded  an  external  lesion  coexisted  and  guided  the 
operator  to  the  exact  locality. 

It  seems  to  have  become  accepted  that  a  fairly  large 
opening  through  the  skull  is  preferable  to  the  small  tre- 
phine openings  originally  chosen.  With  such  large  flaps 
much  greater  facility  is  offered  for  detecting  a  tumor, 
whose  remote  pressure  symptoms  had  confused  the  pre- 
operative diagnosis  (.see  Gray's  case). 

From  the  foregoing  record  of  cases  we  may  deduce 
several  propositions. 

In  the  first  place,  it  has  been  demonstrated  that  it  is 
practicable  to  open  the  cavity  of  the  cranium,  to  pene- 
trate the  dura  mater,  to  lay  bare  the  brain,  and  even  to 
excise  portions  of  its  tissue.  The  successfid  removal  of 
brain  tumors  has  restored  to  favor  as  a  legitimate  sur- 
gical procedure  the  old  operation  of  trephining,  which 
had  fallen  into  desuetude.*  So  far  this  surgical  restora- 
tion has  proved  more  useful  in  other  cases  fif  brain  dis- 
ease than  in  that  which  is  the  subject  of  the  present  arti- 
cle (see  article  on  Brain,  iSmyert/  of).  But  the  fact  will 
always  remain  interesting,  that  it  was  the  greater  exploit 
of  excising  a  cerebral  neoplasm,  which  has,  in  entirely 
modern  times,  encouraged  surgeons  to  the  lesser  effort 
of  trephining  for  cerebral  abscess  and  traumatic  heuior- 
rjiage:  and  revived  the  old  rules  of  unhesitating  trephin- 
ing in  traumatic  cases  with  depressed  fracture. 

iVgaiu,  when  Hughlings  Jackson  first  began  to  study 
the  precise  order  of  development  of  the  sensori-motor 
phenomena  in  the  class  of  convulsive  attacks  which  now 
bears  his  name,  their  habitual  dependence  upon  organic 
brain  lesion  had  not  yet  been  established.  This  has  now 
been  shown,  and  the  cases  of  brain  tumor  attended  by 
attacks  of  Jacksonian  epilepsy  have  asstuned  the  most 
favorable  prognosis,  because  the  fact  of  the  attacks  usu- 
ally indicates  that  the  tumor  is  situated  in  the  cortex  of 
the  central  convolutions,  and  from  the  details  of  the  at- 
tack the  exact  motor  centre  may  be  inferred.  Pursuing 
still  further  the  line  of  thought,  neurological  surgeons 
have  argued  that  if  a  tumor  in  the  motor  area  determines 


*  Horsley.  in  a  learned  lecture,  claims  to  have  found  evidence  of 
operative  trephining  on  the  skulls  of  prehistoric  men. 
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a  definite  series  of  explosive  symptoms — sensorimotor 
irritation  followed  by  sensori-motor  paralj'sis — the  oc 
currence  of  such  symptoms,  apart  from  indications  of 
intracranial  tumor,  implies  that  the  same  motor  region  is 
irritated,  though  in  some  other  way  than  by  a  neoplasm. 
Many  cases  of  epilepsy,  hitherto  considered  a  functional 
disease,*  have  therefore  been  trephined,  and  in  many  of 
these,  organic  lessons,  as  cicatrices,  have  been  removed 
from  the  surface  of  the  brain  or  meninges,  with  the  re- 
sult of  alla3'ing  or  arresting  the  convulsive  attacks. 
Finally,  even  in  the  absence  of  all  vLsible  lesion,  portions 
of  cortical  tissue,  containing  the  centres  of  motor  rep- 
resentation corresponding  to  the  limb  segments  whose 
spasm  initiates  the  attack,  have  been  excised. 

It  is  not  within  the  province  of  this  article  to  discuss 
this  latest  and  most  interesting  development  of  surgical 
method,  which  began  with  removing  the  tangible  organic 
Ciuises  of  epilepsy.  We  may  observe,  however,  that  the 
signal  symptom  of  the  attack  (the  felicitous  expression 
is  Seguin's),  which  is  held  to  localize  the  lesion,  because 
indicating  the  point  of  earliest  and  most  intense  irrita- 
tion, does  not  necessarily  show  that  the  irritation  origi- 
nates at  this  point.  It  is  quite  as  possible  that  the  nerve 
tissue  has  received  an  imtiUion  propagated  from  some 
distant  region,  but  not  manifest  until  it  has  spent  itself 
upon  a  motor  centre  and  thence  determined  a  nervous 
discharge.  Excision  of  the  motor  centre,  therefore,  woidd 
remove,  not  a  cause  of  the  spasm,  but  only  the  tirst  effect 
of  some  possibly  inaccessible  cause. 

From  the  freciuent  failure  of  the  operation  as  a  cure  for 
epilepsy,  one  may  suspect  that  some  such  condition  of 
things  often  exists.  The  difficulty  in  these  non-organic 
cases  is  paralleled  in  cases  of  tumor,  when,  though  the 
convidsions  are  immediatelj"  initiated  by  irritation  of  the 
cortical  motor  area,  the  causal  lesion  is  situated  in  some 
other  part  of  the  brain  and  cannot  be  found. 

Another  parallel  has  a  more  hopeful  aspect.  It  has 
sometimes  been  found  in  cases  of  inoperable  tumor  that 
the  symptoms  due  to  pressure — vomiting,  headache,  and 
convul.sious — could  all  be  relieved  when  the  pressure  was 
lessened  by  trephining  or  removal  of  large  pieces  of 
cranial  bones,  f  It  seems  therefore  possible  that  in  cases 
of  epilepsy  without  gross  or  focal  lesion,  and  before  irre- 
mediable degeneration  had  set  in,  similarly  allorded  relief 
of  intracranial  pressure  might  arrest  the  disease. 

Traiunatism,  even  when  not  more  severe  than  that  of 
a  fall  on  the  head,  has  alwa3's  been  recognized  as  an  im 
portant  factor  in  the  etiology  of  brain  tumors.  Out  of 
the  85  cases  of  operation  on  record,  there  is  a  history  of 
a  fall  or  a  blow  in  20.  |  Morbid  symptoms  rarelj"  develop 
very  soon  after  the  accident,  months,  sometimes  years, 
intervene.  In  the  light  of  the  cxpeiience  now  accumu- 
lated, it  is  indicated  to  operate  very  early  after  the  ap- 
pearance of  symptoms  indicative  of  intracranial  neoplasm ; 
and  the  indication  is  especiall.y  formal  if  there  is  a  history 
of  previous  traumatism.  It  is  possible,  as  Seguin's  case 
shows,  to  operate  so  early  that  the  tumor  has  not  yet 
grown  large  enough  to  be  found  at  the  operation.  This 
is.  however,  the  only  case  on  the  list  in  which  the  operation 
failed  from  this  cause  only  when  the  tumor  is  situated 
entirely  on  the  surface  of  the  cortex  is  it  liable  to  excite 
convulsive  twitchings  while  ^-et  very  small;  but  in  such 
a  situation  the  tumor  should  be  easily  found,  g  The 
danger  of  delaj'  in  operating  is  well  shown  in  the  tirst 
case  of  Starr  and  JIcBurney  (Case  81),  Eleven  months 
intervened  between  the  establishment  of  the  diagnosis 
(when  the  operation  was  first  proposed)  and  the  time 
when  the  patient's  consent  to  the  operation  was  secured. 
In  that  time  the  tumor   grew  to  such  a  size  that  its 

*  Accordinii  to  the  present  view,  non-localizable,  i.e.,  eeneralized 
epilepsy  depends  upon  a  diffused  microscopie  sclerosis  (Fere,  "Les 
epilepsies")  or  a  depeneration  and  vacuolation  of  ganglion  cells 
(Dana,  "Treatise  on  Nervous  Diseases"). 

+  Horsley  (see  Case  45)  removed  first  one  half,  then  the  other  half  of 
the  occipital  bone,  "  and  the  patient  lived  in  comfort  two  years." 

teases  1,  3,  .5.  16. 18.  34.  31,  37,  38,  41.  49,  .5.5,  .58,  68,  74,  7.5.  76,  80,  82. 
Case  38  is  particularly  interesting.  It  is  that  of  a  little  girl  in  a  Swiss 
school  who  was  struck  on  the  head  with  a  ruler  hy  the  teacher. 

§In  Case  50  (Church)  the  tumor  was  a  spider-like,  flliform  growth, 
extended  on  the  surface  of  the  central  and  frontal  gyri. 


removal  was  followed  by  death  from  shock  in  a  few 
hours. 

The  development  of  optic  neuritis  is  not  always  pro- 
portioned to  the  size  of  the  tumor,  but  much  more  to  its 
situation.  Hence,  as  has  long  been  known,  optic  neuiitis 
appears  early  and  advances  rapidly  with  tumors  of  the 
cerebellum,  where  the  intracranial  pressure  is  at  itsmaxi- 
luum.  An  early  operation  is  often  indicated  to  relieve 
this  pressure  before  the  optic  nerves  should  have  atro 
phied,  in  which  case  the  patient  would  remain  blind, 
even  though  he  survived  the  operation  and  were  relieved 
of  other  urgent  symptoms. 

An  important  decision  formulated  by  Horsley  is  that 
syphilitic  tumors  should  be  operated  on,  and  not  left  to 
the  uncertain  influence  of  internal  treatment.  Bergmann, 
en  the  other  hand,  maintains  the  sutficiency  of  this  treat 
ment,  and  the  superfluous  risk  of  the  operation. 

If  it  be  assumed  that  all  tumors  of  the  cortex  and  cen- 
trum ovale  are  conceivalily  operable,  the  proportion  of 
operations  to  cases  would  be  41  per  cent.,  since  2(56  out 
of  644  cases  of  tumor  are  situated  in  these  two  locali- 
ties. If  to  these  be  added  lli2  cases  of  the  cerebellum, 
the  proportion  would  rise  to  6.5  per  cent. 

The  special  difliculties  surrounding  tumor  of  the  cere- 
bellum have  already  been  emphasized.  The  general 
diagnosis  is  relatively  easy,  that  is,  it  is  usually  easy  to 
diagnose  a  tumor  of  the  posteiior  cranial  fossa  and  sub- 
tentorial.  It  is  often  difficult  to  distinguish  between  the 
middle  lobe  of  the  cerebellum  and  a  lateral  lobe;  and 
usually  impossible  to  distinguish  between  tumor  of  the 
bone  compressing  the  cerebellum  and  tumor  of  the  organ 
itself.  A  precious  aid  in  diagnosticating  tumors  of  the 
occipital  lobe  from  those  of  the  cerebellum  is  the  exist- 
ence of  hemianopsia  in  the  former,  as  against  optic 
neuritis  in  the  latter.  Case  41  (Keetley)  shows  how  a 
tumor  of  the  pons  may  be  mistaken  for  a  cerebellar 
tumor,  when  by  exception  the  paralyses  of  cranial  nerves, 
so  characteristic  of  pontine  tumors,  are  lacking.  The 
prognosis  in  cerebellar  tumors,  however,  is  rendered  bad 
far  less  by  the  difficulties  of  diagnosis  than  by  the  special 
dangers  of  the  operation  which  have  already  been  men- 
tioned. In  the  centrum  ovale  and  cortex,  on  the  con- 
trary, the  dangers  of  the  operation  are  at  the  minimum, 
provided  the  tumor  can  be  found.  The  dilficultyof 
finding  it  depends  upon :  1st,  whether  it  lie  in  a  latent 
zone  or  in  one  whose  symptomatology  has  been  deter 
mined ;  2d,  upon  its  proximity  to  the  surface ;  3d,  upon  the 
differentiation  of  its  consistency  from  that  of  the  brain. 

The  accessible  regions  of  the  cerebrum  whose  lesions 
have  so  far  been  connected  with  sufficiently  definite  dif- 
ferential symptoms  are ;  The  frontal  lobes,  the  central  con- 
volutions, the  parietal  lobes,  the  occipital  lobes,  the  left 
temporal  lobe,  and  the  left  insula.  The  differentiating 
signs  have  been  sufficiently  emphasized  in  the  text. 
Tumors  of  the  centrum  ovale  are  always  latent  as  to  their 
locality — being  indicated  by  general  symptoms  alone, 
unless  they  come  near  enough  to  the  surface  to  irritate 
the  cortex.  In  Gray's  case  (86),  Table  I, ,  the  position  was 
made  out  with  great  precision,  but  the  failure  was  due 
to  the  third  operative  difficulty  which  has  been  mentioned, 
namely,  the  extremely  soft  consistency  of  the  tumor. 

This  difficulty  can  never  be  foreseen  in  advance,  and 
seems  to  be  as  much  to  be  feared  with  large  as  with 
small  tumors.*  Possibly  some  future  therapeutic  re- 
source will  enable  the  surgeon  to  prepare  his  patient  for 
operation  by  the  ingestion  of  some  food  or  drug  which 
should  change  the  consistency  of  the  tumor. 

Medical  resources  at  present  are  extremel}'  meagre — 
after  we  have  mentioned  the  use  of  mercury  and  iodide 
of  potassium  in  cases  of  syphilitic  tumor.  An  energetic 
inunction  treatment  is  required.  4  to  5  gm.  mercurial  oint- 
ment daily  for  six  weeks — followed,  after  a  pause, 
b}' a  course  of  iodide  of  pota.ssitim,  .5  to  10  gm.  to  200  gm. 
of  water,  of  which  a  tablespoonftil  three  times  a  day. 

For  vomiting,  pain,  and  convulsions,  morphine,  chloral, 
and  bromide  of  potassium  are  the  three  remedies,  and  the 

*  It  is  characteristic  of  gliomata. 
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greatest  of  these  is  morpliine.  For  details  of  crauio- 
topograph}',  operative  procedure  and  technique,  and  the 
special  (langers  incident  to  the  operation  for  brain  tumor, 
the  reader  is  referred  to  the  article  on  Brain,  Surgery  of, 
by  Dr.  Keen,  in  the  present  volume. 

Mary  Putnam- Jacobi. 

BRANCHIAL  CYSTS.— Branchial  cysts  are  cystic 
tumors  :)f  the  neeU  and  some  parts  of  the  head,  originat- 
ing from  congenital  defects  of  development,  their  matrix 
being  composed  of  tVetal  epiblastic  or  hypoblastic  tissue 
which  remains  in  its  embr3onal  state  for  an  indelinite 
time,  and  later,  by  proliferation  of  its  epithelial  elements, 
gives  nse  to  a  distinct  and  characteristic  type  of  c:ystic 
tumors.  They  have  been  variously  designated  as  bran- 
chial cysts  (Roser),  dermoid  cysts  of  the  sheath  of  the  in- 
ternal jugular  vein  (Langeubeck),  deep-seated  atheroma- 
tous tumors  (Schede),  tumors  of  the  branchial  clefts 
(Yiichow),  hydrocele  colli  congenita  (Maunoir),  hygroma 
colli  (Liischka),  and  atheromatous  cysts  of  tlie  lymphatic 
glands  (Lueckc),  in  accordance  with  the  nature  of  the 
contents  of  the  tumor  or  the  peculiar  etiological  views 
entertained  by  the  different  authors.  It  appears  to  me. 
however,  that  "  branchial  cj'sts  "  is  the  most  appropriate 
term,  as  it  expresses  at  once  both  the  location  and  the 
character  of  the  tumor. 

Toward  the  end  of  the  first  month  of  fatal  life  we  see, 
under  the  frontal  process,  open  in  front  and  bounded  on 
the  sides  by  four  plates,  the  pharyngeal  cavity.  Tlie 
upper  jiair  of  plates  constitutes  the  first  branchial  arch. 
The  ne.\t  three  pairs  of  plates  make  up  the  second,  third, 
and  fourth  branchial  arches,  which  decrease  in  size  from 
above  downward,  so  that  their  median  interspaces  in 
front  are  narrow  above  and  wider  lower  down.  Between 
any  two  individual  branchial  arches,  on  each  side,  re- 
mains a  transverse  cleft,  and,  during  early  foetal  life, 
these  branchial  clefts,  with  the  exception  of  the  fir.st  one, 
from  which  the  external  auditory  canal,  the  cavity  of  the 
tympanum,  and  the  Eustachian  tube  are  developed, 
unite.  The  neck  is  thus  built  up  of  continuous  lateral 
wqlls.  From  the  second  liranchial  arch  are  developed 
the  styloid  process,  the  stylo-h_void  ligament,  and  the 
lesser  cornuaof  the  hyoid  bone;  the  third  arch  forms  the 
large  horns  and  the  body  of  this  bone;  the  fourth  arch 
assists  in  forming  the  soft  tissues  of  the  neck.  The 
larynx,  trachea,  and  adjacent  glands  are  develojuMl  from 
other  centres  of  fa?tal  growth.  The  primary  origin  of 
these  tumors  necessarily  must  correspond  to  the  location 
of  one  of  these  branchial  clefts,  and  clinical  experience 
has  demonstrated  that  ihey  are  most  frequently  found 
in  the  region  of  the  second  and  third  branchial  clefts, 
in  the  vicinity  of  the  larynx  and  pharynx,  and  in  inti- 
mate relation  with  the  sheath  of  the  large  vessels  of  the 
neck,  in  contradistinction  to  dermoid  cysts  about  the 
orbits  and  in  the  scalp,  which  are  more  superficially 
located.  In  the  case  of  a  young  ladj',  Langenbeck  ob- 
served a  cyst  situated  on  the  left  side  of  the  epiglottis 
and  pharynx,  which  occupied  one-half  of  the  floor  of  the 
mouth,  and  which  projected  from  underneath  the  chin 
on  that  side  in  the  shape  of  a  smooth  tumor  of  the  size  of 
a  fist.  Respiration,  deglutition,  and  the  motions  of  the 
tongue  were  greatly  impeded.  The  c\'st  contained  eight 
ounces  of  atheromatous  matter.  The  same  author  states 
that  he  has  frequently  found  these  tumors  attached  to 
the  greater  horn  of  the  hyoid  bone  or  to  the  thyrohyoid 
ligaments,  localities  which  plainly  indicate  that  thej- 
originated  from  remnants  of  former  branchial  clefts. 

As  they  are  often  in  intimate  connection  with  the 
sheath  of  the  large  vessels  of  the  neck,  it  is  very  impor 
tant  to  study  their  anatomical  relations  to  these  important 
structures.  The  jugular  vein  is  surrounded,  throughout 
its  whole  course  in  the  neck,  by  a  distinct  and  separate 
sheath  of  areolar  tissue  which,  on  the  outer  side  of  the 
artery,  penetrates  into  the  deep  tissues  of  the  neck,  thus 
completely  separating  the  two  vessels.  The  jugular, 
enclosed  in  its  sheath,  may  be  easil_v  drawn  over  the 
artery  toward  the  median  line  without  producing  any 
change  of  location  of  the  artery.      The  vein  being  in 


front  of  the  artery  and  covering  half  of  tltt>  lumen  of  the 
latter,  it  can  be  readily  understood  tliat  when  the  vein  is 
drawn  forward,  with  its  sheath,  it  can  be  injured,  while 
the  artery  is  not  exposed  to  the  same  danger.  Branchial 
cysts  of  the  second  and  third  clefts  are  always  observed 
in  the  sheath  of  the  large  cervical  ves.sels,  usuallv  in  the 
carotid  triangle  above  the  omohyoid  muscle,  fhe^-  ap- 
pear to  occur  more  freciuently  on  the  left  side  of  the 
neck.  Their  shape  is  invariably  roimd  or  oval,  with  a 
smooth  surface.  The  contents  of  these  cysts  being  either 
fluid  or  semifluid,  fluctuation  can  be  felt,  more  particu- 
larly if  the  tumor  is  palpated  between  tw-o  fingers,  one 
of  which  is  placed  in  the  pharynx  or  on  the  floor  of  the 
mouth,  and  the  other  on  the  external  surface.  Only 
lateral  motion  of  the  tumor  is  possible,  on  account  of  its 
peculiar  attachments  to  the  deep  tissues  of  the  neck.  If 
the  tumor  is  of  only  moderate  size  the  pulsations  of  the 
carotid  artery  can  be  felt  on  its  inner  margin.  If  it  is 
large  it  overlaps  the  artery,  in  which  case  the  pulsations 
of  the  vessel  are  communicated  to  the  tumor.  Smaller 
tumors  can  be  made  to  pulsate  b.v  bending  the  head 
backward  and  in  a  direction  opposite  to  the  tumor. 

Branchial  cysts  should  be  classified  according  to  their 
contents.  The  cyst  walls  being  lined  with  epithelium, 
the  only  histological  elements  in  the  contents  are  epilhelia. 
In  most  instances  the  ejiithelia  lining  the  cyst  belong  to 
the  tessellated  variety,  but  Rchn  discovered,  in  a  blind 
congenital  fistula  ending  near  the  mucous  membrane  of 
the  pharynx,  ciliated  epithelium;  and  Neumann  found 
c.vlindrical  and  pavement  epithelium  in  two  cystic  tumors 
of  the  neck,  one  of  which  was  congenital  while  the  other 
was  developed  in  later  years.  The  physical  and  chemical 
properties  of  the  c_yst  contents  will  dejiend  largel.y  on  the 
amount  and  degree  of  activity  of  the  retrograde  processes 
which  may  have  taken  [dace  in  the  epithelium. 

Clinical  experience  and  pathological  examination  have 
shown  that  these  tumors,  according  to  the  phj'sical  prop- 
erties of  their  contents,  may  be  divided  into  the  follow- 
ing four  principal  varieties: 

1,  Mucous  cysts;  2,  atheromatous  cysts;  3,  serous 
cysts;  4.  hoemato-cysts. 

Variable  as  the  contents  of  these  varieties  may  be, 
more  uniformity  is  observed  in  the  structure  of  the  cyst 
wall.  In  the  primary  stage  of  the  affection  it  consists  of 
a  connective-tissue  capsule  with  an  epithelial  lining  on 
its  inner  surface,  and  a  tielieale  layer  of  a  loosely  con- 
nected reticulum  of  connective  tissue  (pericystium)  which 
is  very  vascular,  and  covers  the  outer  surface  of  the 
cyst.  A  high  degree  of  intracystic  pressure  may  cause 
atrophy  of  the  epithelial  lining  and  thinning  of  the  walls 
of  the  sac,  and,  on  the  other  hand,  inflammatoiy  prolif- 
eration produces  great  thickening  of  the  cyst  walls. 
While  dermoid  cysts  contain  the  characteristic  secretions 
of  the  skin  and  its  appendages,  the  branchial  cysts  con- 
tain only  the  products  of  the  epithelial  cells,  because  their 
walls  do  not  contain  any  hair  follicles,  sebaceous  or 
sweat  glands,  as  the  branchial  clefts  close  before  these 
appendages  are  formed. 

1.  Mucous  Bran'Chial  Cysts. — As  a  primary  fonua- 
tion.  this  form  of  branchial  cj'st  is  usually  foimd  in  the 
upper  branchial  clefts.  Their  origin  is  attributable  to 
an  imperfect  closure  of  the  upper  portion  of  the  branchial 
tract;  consequently  the  cyst  wall  may  derive  its  lining 
from  the  mucous  membrane  of  the  pharvnx.  and  the  re- 
tention of  the  physiological  secretion  produces  a  mucous 
cyst.  Many  of  the  so-called  ranular  cysts,  about  the 
base  of  the  tongue,  belong  to  this  variety  of  tumors. 

2.  Atiiehomatous  Bkanchi.^^l  Cysts. — This  form  of 
branchial  cysts  has  been  described  by  some  authors  as 
deep-seated  atheromatous  cysts  of  the  neck  (Schede). 
and  dermoid  cysts  of  the  sheath  of  the  large  vessels  of 
the  neck  (Langenbeck).  They  are  usually  located  in  the 
second  and  third  branchial  tracts  in  the  region  of  the 
h3'oid  bone,  and  are  intimatel)'  connected  with  the  sheath 
of  the  large  cervical  vessels.  These  cysts  contain  an 
atheromatous  material  resembling  the  contents  of  an 
ordinary  retention  cyst  of  the  skin,  with  this  diflerence, 
however,  that  they  never  contain  anything  which  would 
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indicate  the  presence  of  hair  follicles,  as  lauuginose  hair 
or  sebaceous  material,  or  any  of  the  more  complicated 
products  of  a  dermoid  cyst.  For  the  purpose  of  furnish- 
ing a  clear  clinical  picture  of  this  form  of  branchial  cysts, 
I  will  give  a  synopsis  of  two  cases  which  have  come 
under  m_y  observation. 

C'ase     I.  — j\Irs.     H ,     aged    thirty  six.     German. 

Family  history  reveals  no  tendency  to  congenital  mal- 
formations. About  one  year  ago  the  patient  discovered 
a  small  tumor  on  tlie  right  side  of  tlie  neclv.  between  the 
angle  of  the  jaw  and  the  larynx,  which  slowly  increased 
in  size,  and  after  a  few  months  became  the  seat  of  an 
acute  inflammation  wliich  terminated  in  suppuration,  re- 
quiring an  incision  for  the  relief  of  urgent  symptoms. 
The  fluid  which  escaped  consisted  of  pus  mixed  witli  a 
gruelly  substance.  Promjjt  relief  followed  tlie  incision. 
The  inflammatory  symptoms  subsided  and  the  tumor 
diminished  in  size.  In  a  few  weeks  the  opening  closed, 
leaving  a  small  and  painless  swelling.  The  same  symp- 
toms were  repeated  about  four  months  subsequently. 
When  the  patient  came  imder  my  observation,  during 
the  summer  of  1883,  I  found  a  tumor  aliout  tlie  size  of  a 
ien's  egg,  located  between  the  angle  of  the  jaw  and  the 
larynx,"  resting  directly  upon  the  large  vessels  of  the 
neck,  as  was  evident  from  the  distinct  pulsations  which 
it  received  and  which  could  be  seen  and  felt.  The  pos- 
terior portion  was  under  thesterno-cleido-mastoid.  Over 
its  centre  was  seen  the  scar  wliich  had  resulted  from  the 
previous  incisions.  The  swelling  presented  a  regular, 
smooth  surface  and  an  oval  outline,  with  the  long  diam- 
eter parallel  to  the  cervical  vessels.  It  was  only  slightly 
movable  from  side  to  side,  and  perfectly  immovable  from 
above  downward,  showing  that  it  had  a  tirm  point  of 
attachment  to  tlie  deep  tissues  of  the  neck.  Fluctuation 
could  be  detected  on  the  outer  surface  and  also  through 
the  mouth.  The  original  location  corresponded  to  the 
third  branchial  cleft.  As  it  had  on  two  different  occasions 
undergone  acute  inflammatory  changes  witliout  anj' 
benefit  resulting  from  them,  the  extirpation  of  the  cyst 
was  deemed  the  only  measure  which  promised  a  perma- 
nent result.  The  operation  was  done  under  antiseptic 
precautions.  A  straight  incision  was  made  over  the 
tumor,  parallel  to  the  sternocleidomastoid.  The  cyst 
was  firmly  adlierent  to  the  surrounding  tissue,  as  the 
result  of  antecedent  inflammatory  infiltrations,  and  re- 
quired much  time  and  patience  to  effect  its  separation. 
After  it  had  been  isolated  from  all  attachments  on  its 
sides,  it  was  seized  with  a  tenaculum  forceps  and  drawn 
forward  and  toward  the  median  line  of  the  neck,  while 
the  sternocleidomastoid  was  held  in  an  opposite  direc- 
tion, so  as  to  afford  easy  access  to  its  base.  The  attach- 
ments here  were  very  "firm,  and  it  appeared  as  though 
the  base  of  the  tumor  and  the  large  cervical  vessels  un- 
derneath w-ere  embedded  in  a  mass  of  cicatricial  tissue. 
Keeping  as  close  to  the  cyst  wall  as  possible,  I  carried 
out  the  dissection  very  carefully,  proceeding  mostly  with 
blunt  instruments.  When  nearly  one-half  of  the  pedicle 
had  been  separated  in  this  manner,  we  were  suddenly 
surprised  by  a  tremendous  gusli  of  dark  venous  blood, 
which  in  a  second  flooded  the  whole  field  of  operation. 
It  was  only  too  evident  that  the  internal  jugular  vein 
had  been  torn,  and,  for  the  purpose  of  preventing 
further  loss  of  blood,  and  to  guard  against  instant  death 
b_v  admission  of  air  into  the  vein.  I  made  firm  digital 
compression  above  and  below  the  injured  vein,  while  mj' 
assistant  pushed  a  sponge  into  the  wound.  Hemorrhage 
was  controlled  in  this  manner,  and,  as  soon  as  I  could  be 
relieved  by  an  assistant,  I  carefully  removed  the  sponge, 
and,  after  locating  as  nearly  as  possible  the  exact  seat  of 
bleeding,  I  seized  the  vein,  with  some  of  its  adjacent 
tissues,  with  a  stout  pair  of  hemostatic  forceps.  I  was 
fortunate  enough  to  grasp  the  bleeding  point  at  tlie  first 
attempt,  and  the  hemorrhage  was  completely  controlled. 
The  tumor  was  now  removed,  and  by  making  slight  trac- 
tion on  the  forcejis  I  drew  the  vein  forward  and  applied 
a  catgut  ligature  without  isolating  the  vessel.  I  was 
unable  to  ascertain  the  exact  size  or  direction  of  the 
wound  in  the  vein,  but  the  ligature  arrested  the  hemor- 


rhage promptly  and  permanently.  The  wound  was 
thoroughly  irrigated,  and,  as  in  Langeubeck's  case,  the 
vein  seemed  to  disappear  underneath  the  deep  tissues  of 
the  neck.  In  the  wound  could  be  seen  the  oesophagus, 
lateral  wall  of  the  larynx,  carotid  artery  in  its  sheath,  and 
the  great  horn  of  the  hyoid  bone.  After  suturing  and 
draining  the  wound  I  applied  a  graduated  compress. 
For  the  first  twenty-four  hours  after  the  operation  the 
patient  suffered  from  intense  headache  on  the  correspond- 
ing side,  which  induced  me  to  believe  that  the  circulation 
in  the  vein  had  been  completely  interrupted,  either  by 
the  ligature  alone  or  by  the  formation  of  a  thrombus  at 
the  point  of  ligation.  After  the  first  twenty-four  hours 
the  patient  suffered  no  further  inconvenience.  The 
wound  healed  by  primary  union,  and  the  recover}'  has 
been  permanent  and  complete.  ■  There  is  no  question  that 
the  adhesions  of  the  cyst  with  the  sheath  of  the  cer- 
vical vessels  were  due  to  the  attacks  of  acute  inflamma- 
tion which  had  preceded  the  operation  on  two  different 
occasions.  A  microscopical  examination  of  the  contents 
showed  flat  epithelial  cells,  cholesterin  crystals,  fat 
granules,  and  a  mass  of  debris,  the  product  of  epithelial 
degeneration.  The  cyst  wall  was  composed  of  connec- 
tive tissue,  thickened  and  infiltrated  with  embryonal 
elements,  and  lined  with  eiuthelial  cells. 

The  next  case  very  nicelj'  illustrates  the  oral  variety 
of  branchial  cysts. 

Case   II. — Mar}'  H ,  aged  twenty-flve.     German. 

Her  family  history  is  good,  especially  as  regards  con- 
genital malformations,  such  as  tumors  or  fistulae  in  the 
cervical  I'cgion.  Patient  has  always  appeared  round  and 
full  underneath  the  chin,  but  during  the  last  four  years 
a  tumor  has  been  growing  rapidly  on  the  floor  of  the 
mouth,  until  at  present  it  is  considerably  larger  than  a 
goose's  egg.  The  mouth  is  completely  filled  by  it,  the 
tongue  is  pressed  against  the  palate,  its  movements  are 
limited,  only  the  tip  of  it  being  visible  at  the  upper 
border  of  the  tumor,  and  speech  and  deglutition  are 
greatly  impeded.  Laterally  the  tumor  extends  very  near 
the  angles  of  the  inferior  maxillary  bone,  and  downward 
it  overlaps  the  larynx  and  upper  part  of  the  trachea,  en- 
tirely obliterating  the  round  contour  of  the  upper  cer- 
vical region.  It  is  painless  and  distinctly  fluctuating  to 
the  touch,  presents  a  smooth  surface,  and  gives  rise  to 
no  inconvenience  except  that  which  results  from  its 
mechanical  interference  with  speech  and  deglutition. 
When  the  patient  opens  her  mouth,  the  apertures  of 
Wharton's  ducts  are  plainly  visible  on  each  side  of  the 
median  line,  and,  by  exerting  lateral  pressure  upon  the 
submaxillary  glands,  the  patient  can  expel  a  stream  of 
saliva  from  "them.  Previous  treatment,  consisting  of  ex- 
ternal applications  of  iodine,  etc.,  had  had  no  effect  on 
the  growth.  Desiring  to  avoid  any  deformity  resulting 
from  an  external  cicatrix,  I  decided  to  remove  the  tumor 
through  the  mouth.  A  linear  incision  was  therefore 
made  in  the  median  line,  extending  from  above  down- 
ward from  the  tip  of  the  tongue  to  the  symphysis  menti, 
the  ducts  of  the  salivary  glands  being  carefully  avoided. 
Adhesions  existing  between  the  tumor  and  its  surround- 
ing tissues  were  easily  severed,  when  it  was  seen  that  it 
would  be  impossible  to  remove  the  tumor  in  its  entirety 
owing  to  its  immense  size.  The  sac  was  therefore 
opened  and  a  large  quantity  of  its  gruell}'  contents  re- 
moved by  pressure.  The  operation  was  then  continued 
without  any  difficulty  until  the  entire  cyst  had  been  re- 
moved. It  was  now  noticed  that  the  cyst  was  constricted 
in  its  middle  by  the  inferior  maxillary  bone,  the  upper 
and  lower  portions  of  it  bulging  out  on  both  sides  of  the 
constriction.  There  was  no  hemorrhage  worth  mention- 
ing. The  body  and  great  wings  of  the  hyoid  bone  could 
be  plainly  felt  in  the  posterior  recess  of  the  wound.  The 
cyst  wall  was  thin,  and  its  external  surface  was  quite 
vascular.  The  microscopical  examination  of  the  contents 
of  the  cyst,  as  well  as  the  primary  location  of  the  tumor, 
revealed  its  branchial  origin.  The  wound  healed  very 
kindly,  and  shortly  afterward  nothing  in  the  looks  of  the 
young  lady  showed  any  traces  of  the  deformity  which 
had  previously  disfigured  her  face  and  neck. 
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3.  Sekois  Buanxhial  Cysts. — Tliis  variety  of  bran- 
chial cysts  is  composed  of  thin  cyst  walls  and  serous 
contents,  and  may  develop  from  any  one  of  the  branchial 
clefts  failing  to  undergo  complete  obliteration.  This 
affection  has  been  described  luuler  the  name  of  /ii/ilrore/e 
foHf  (Maunoir),  congenital  hygroma  of  the  neck  (Wern- 
ber),  congenital  hydrocele  of  the  neck,  and  congenital 
cystic  tumor  of  tlie  neck  (Thomas  Smith).  Maunoir, 
under  the  name  of  liyctrocele  coUi,  described  certain  serous 
cysts  occurring  between  the  angle  of  the  jaw  and  the 
mastoid  process,  and  between  tlie  larynx  and  the  anterior 
margin  of  the  sterno-cleido-mastoid,  a  region  which  cor- 
responds to  the  second  and  third  branchial  clefts,  which 
were  supposed  not  to  have  been  oljliterated  at  the  time 
of  birth.  We  have  seen,  however,  that  branchial  cysts 
are  not  necessarily  developed  during  intra-uterine  life  or 
soon  after  birth.  All  that  is  necessiiry  is  that  the  matrix 
for  the  cysts  be  present  at  birth,  fiom  wliich  at  some 
future  time  the  tumor  may  be  developed.  These  tumors 
appear  as  single  or  multiloeular  cysts  with  thin  mem- 
branous w^'ills;  their  internal  surface  is  lined  with  pave- 
ment epithelium.  Like  cavities  lined  with  a  serous 
membrane,  they  contain  a  limijid,  watery,  or  tenacious 
fluid,  holding  in  suspension  epithelial  cells  and  choles- 
terin  crystals.  These  cysts  are  formed  anywhere  in  the 
neck,  within  the  area  of  the  branchial  clefts,  between 
the  lower  jaw  and  the  clavicle.  They  are  usually  deep- 
seated,  though  occasionally  they  are  superficial."  They 
are  painless,  and  give  annoyance  only  from  their  size. 
Clinicall.y  they  may  be  recognized  from  their  location, 
their  globular  cystic  form,  .soft  fluctuating  feel,  and 
painless  growth.  The  existence  of  tessellated  epithelium 
upon  the  inner  surface  of  these  cysts  has  been  demon- 
strated by  Neumann  and  Baumgarten.  When  these 
cysts  spring  from  the  second  or  third  branchial  clefts 
they  are  usually  deeply  located.  Hueter,  in  extirjiating 
a  tumor  of  tliis  kind  in  a  cliild  two  years  of  age,  ascer- 
tained that  it  extended  between  the  two  carotid  arteries 
back  to  the  walls  of  the  pharynx.  AVhen  they  are  deeiil}- 
situated  they  ai-e  usually  in  contact  and  connected  witii 
the  sheath  of  the  large  cervical  vessels,  and  receive  a  dis- 
tinct impulse  from  the  underlying  artery.  When  thus 
located,  they  offer  the  same  difficulties  to  extirpation  as 
do  those  of  the  atheromatous  variety.  The  following 
case  may  serve  as  an  illustration  of  this  type  of  branchial 
cysts: 

The  patient  was  a  healthy,  strong,  male  child,  six 
months  of  age.  No  history  of  congenital  malformation, 
especially  branchial  fistula,  in  the  family.  When  the 
child  was  born,  a  small  tumor  the  size  of  a  pea  was  dis- 
covered on  a  level  with,  and  somewhat  to  the  inner  side 
of,  the  sternal  origin  of  the  sterno-cleido-mastoid  muscle. 
The  tumor  was  painless  and  movable,  but  rapidly  in- 
creased in  size.  When  the  child  was  brought  to  me,  tlie 
tumor  was  as  large  as  a  walnut.  The  skin  over  it  was 
natural  in  appearance  and  movable.  The  tumor  itself 
presented  a  smooth  .surface.  Fluctuation  was  distinct, 
but  the  cyst  appeared  to  be  somewhat  firmly  attached  to 
the  adjacent  tissues.  The  cyst  was  readily  enucleated, 
the  adhesions  not  being  very  firm  except  over  the  most 
prominent  point  of  the  tumor,  where  inversion  of  the 
skin  had  undoubtedly  occurred  during  the  closure  of  the 
external  opening  of  the  fourth  branchial  tract.  The  ad- 
herent portion  of  the  skin  was  excised  with  the  tumor. 
The  cyst  was  found  to  be  oval  in  shape  and  smooth,  and 
the  outer  layers  were  quite  vascular.  The  walls  being 
thin  and  the  contents  serous,  the  whole  tumor  presented 
a  translucent  appearance.  The  wound  was  closed  with 
sutures,  and  healed  by  primary  union  under  an  anti- 
septic dressing.  Similar  cases  have  been  reported  by 
Smith,  Vonwiller,  Frederick  Treves,  and  others. 

Thomas  Smith  reports  a  case  which  would  show  that 
these  cysts  may  occasionally  disappear  by  spontaneous 
absorption  of  their  contents.  The  patient  was  a  healthy 
babe  three  weeks  old.  Imraediatelj'  after  birth  a  swell- 
ing was  noticed  in  the  neck,  which  rapidly  increased  in 
size.  When  the  patient  was  first  seen,  a  cystic  tumor 
occupied  almost  the  entire  region  of  the  left  side  of  the 


neck,  extending  from  under  the  lower  jaw  to  the  clavicle. 
The  mother  oljjected  to  any  kind  of  treatment.  Three 
months  later  the  child  was  seen  again,  when  the  growth 
had  greatly  diminished  in  size.  There  was  nothing  to 
be  felt  but  a  loose,  flabby,  cystic  mass,  not  much  larger 
than  a  ben's  egg.  The  skin  over  it  was  shrivelled,  loose, 
and  baggy.  Three  months  later  the  tumor  was  still 
smaller. 

4.  H.KMATO-CYSTS  OP  BRANCHIAL  Clefts. — In  some 
instances  of  serous  branchial  cysts  the  fluid  is  discolored 
by  an  adnu'xtnre  of  blood  from  minute  hemorrhages  into 
the  sac,  but  ivhen  the  contents  are  of  such  dark  color  as 
to  resemble  venous  blood,  they  are  properly  called  lise- 
matocysts,  and  from  a  pathological,  diagnostic,  and 
clinical  point  of  view  they  constitute  a  distinct  and  well- 
marked  variety  of  brancliial  cysts.  Albert  remarks  that 
two  kinds  of  tliese  cysts  have  been  observed:  1.  Such  as 
may  be  emptied  by  pressure,  and  are  in  communication 
with  blood-vessels.  2.  Those  which  cannot  thus  be 
emptied  by  pressure,  and  which  simulate  tlic  appearance 
of  an  ordinary  serous  cyst  so  closely  that  their  nature  is 
recognized  only  by  puncture.  The  latter  class,  when 
they  occur  in  the  neck,  usually  belong  to  the  branchial 
cysts,  liecause  they  are  oliserved  during  early  life,  and 
originate  in  places  which  correspond  to  the  location  of 
the  branchial  clefts.  This  variety  of  cysts  has  been  called 
hematocele,  colli  by  Jlichatix  and  hcematoma  by  J.  P. 
Frank.  Hnemato-cysts  resemble  the  serous  cysts  in  every 
particular,  with  the  exception  of  the  presence  of  blood 
in  their  contents.  It  is  not  an  easy  matter,  however,  to 
make  a  diagnosis  of  this  variety  of  branchial  cysts,  and 
it  should  always  be  made  by  exclusion,  due  attention 
being  given  to  the  location  of  the  cyst,  the  time  of  de- 
velopment, and  the  character  of  its  contents. 

Branchial  cysts  are  of  comparatively  rare  occuiTcnce, 
and  the  statistics  cannot  be  relied  upon  in  estimating 
the  frequency  with  which  these  tumors  occur,  as  many 
of  them  have  been  classified  and  described  under  the  ge- 
neric and  indefinite  term  "cystic  tumors  of  the  neck" 
without  regard  to  their  etiology,  Guret.  in  185.i.  com- 
piled 44  cases  of  serous  and  6  cases  of  atheromatous 
cysts.  Since  that  time  quite  a  number  of  new  cases  have 
been  described  by  Volkmann,  Billroth,  Esmarch,  Roser, 
Langenbeck,  Luecke,  and  Bruns.  The  serous  variety  of 
c}-sts  is  more  likely  to  develop  early ;  the_y  are  often  con- 
genital, or  appear  during  infancy  or  child'hood,  wliilc  the 
atheromatous  cysts  are  the  products  of  early  adult  life. 
Of  53  cases  mentioned  by  Schede,  9  occurred  between 
the  first  and  tenth  years  of  life,  21  between  the  eleventh 
and  twentieth,  10  between  the  twenty-first  and  thirtieth, 
6  between  the  thirty-first  and  fortieth,  5  between  the 
forty-first  and  fiftieth,  and  2  between  the  fifty-first  and 
sixtieth. 

Like  the  dermoid  cysts,  the  branchial  tumors  show  a 
tendency  to  develop  during  the  period  of  puberty,  at  a 
time  when  the  epiblast  enters  upon  a  new  phase  of  de- 
velopment and  becomes  the  seat  of  renewed  and  active 
tissue  proliferation.  The  remnants  of  the  branchial  cleft 
may  remain  dormant,  as  a  matrix  for  the  future  growth 
of  the  tumor,  for  an  indefinite  time,  and  may  become  the 
seat  of  tissue  growth  during  puberty  or  upon  the  advent 
of  any  determining  cause  or  causes.  There  are  many  in- 
stances in  which  remnants  of  foetal  tissue  have  remained 
latent  in  the  branchial  tracts  throughout  a  lifetime,  for 
want  of  an  exciting  cause  of  sufficient  strength  to  call 
into  morbid  activit}'  the  slumbering  forces  inherent  in 
the  histological  elements  of  the  matrix. 

Diagnosis. — The  diagnosis  is  oftentimes  no  easy  task. 
The  importiince  of  the  tissues  and  organs  which  are  in 
close  and  intimate  relation  with  these  tumors  renders  it 
imperative  upon  the  surgeon  to  make  a  correct  diagnosis 
before  an  operation  is  undertaken  for  their  removal. 
The  following  conditions  may  simulate  a  branchial  cyst: 
1,  Aneurism;  2.  angioma;  3,  dermoid  cysts ;  4,  retention 
cj'sts:  5,  affections  of  lymphatic  vessels  and  glands;  6, 
struma  cystica;  7,  simple  serous  C3'sts. 

1.  Aneurism. — As  most  of  the  "branchial  C3'sts  are  in 
immediate  contact  with  the  large  cervical  vessels,  and 
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usually  receive  the  impulse  from  the  underlying  artery, 
it  is  alwaj'S  important  to  exclude  the  jicissible  presence 
of  an  aneurism.  At  the  age  T\'hen  branchial  cysts  are 
most  frequent,  aneurisms,  except  of  traumatic  origin,  are 
exceedingly  rare.  Pressure  does  not  affect  the  volume 
of  a  branchial  cj-st,  and  the  pulsations  are  felt  only  in 
one  direction,  away  from  tlie  artery.  Auscultation  fur- 
nishes anotuer  imi)ort;uit  negati\e  symptom.  An  ex- 
plorator)'  jiuncture,  which  sliuuld  always  be  made  in 
doubtful  cases,  will  also  furnish  valuable  information,  as 
it  will  afford  au  opportunity  to  examine  the  contents  of 
the  tumor.  In  haemato-cysts  the  contents  may  resemble 
venous  blood,  but  a  microscopical  examination  will  show, 
in  addition,  the  presence  of  epithelium  or  the  products 
of  epithelial  degeneration. 

2.  Angioma. — Deep-seated  angiomata  are  occasionally 
met  with  in  children,  and,  as  the  skin  may  present  a  per- 
fectly natural  apjiearance,  they  might  be  mistaken  for 
branchial  cysts.  If  the  tumor  disappears  under  pressure 
it  may  be  an  angioma,  but  never  a  branchial  cyst. 

3.  Dermoid  Ct/st. — As  dermoid  cysts  may  occur  in  the 
same  localities  and  at  the  same  age,  they  are  frequently 
mistaken  for  branchial  cysts,  and  r-ics  rersa.  As  both 
varieties  of  cysts  require  the  same  treatment,  a  positive 
diagnosis  is  not  essential.  A  correct  anatomical  diag- 
nosis can  be  made  by  examining  the  contents  and  the 
cyst  walls.  A  branchial  cyst  contains  only  one  constant 
histological  element— epithelium, — as  obliteration  of  the 
branchial  tracts  takes  place  long  before  the  appendages 
of  the  skin  are  formed.  A  dermoid  cyst,  on  the  other 
hand,  contains  the  products  of  secretion  of  the  skin  and 
its  appendages.  The  walls  of  a  branchial  cyst  are  com- 
posed of  a  connective-tissue  capsule  lined  with  epithe- 
lium, while  the  sac  of  a  dermoid  cyst  is  composed  of 
true  skin. 

4.  Eetentiim  Cysts. — The  only  two  forms  of  retention 
cysts  which  call  for  consideration  in  this  connection  are 
the  true  atheroma  of  the  skin,  the  result  of  obstruction 
in  the  ducts  of  the  sebaceous  glands,  and  the  retro- 
tracheal  cyst,  which  originates  in  a  similar  manner  in  the 
retrotracheal  glands.  Cysts  arising  from  the  second 
and  third  branchial  clefts  are  always  deeply  located,  and 
when  tirst  observed  are  distant  from  the  skin,  while  an 
atheroma  primarily  develops  in  the  skin,  and  usually 
grows  in  a  peripheral  direction.  Lanuginose  hair  is 
sometimes  fovmd  in  the  contents  of  an  atheroma,  the  prod- 
uct of  retained  hair  follicles;  it  is  never  seen  in  bran- 
chial cysts. 

Virchow'  has  called  attention  to  a  peculiar  kind  of  re- 
tention cyst  which  is  found  between  the  oesophagus  and 
the  trachea,  and  which  arises  from  an  obstruction  in  the 
duct  of  one  of  the  retrotracheal  glands.  These  glands 
are  situated  between  the  trachea  and  oesophagus,  but 
their  ducts  traverse  the  entire  thickness  of  the  tracheal 
wall  and  terminate  upon  the  free  surface  of  the  mucous 
membrane.  These  cysts  are  so  located  that  they  give 
rise  to  distressing  symptoms,  referable  to  deglutition  and 
respiration,  before  they  attain  any  considerable  size,  dif- 
fering greatly  in  this  respect  from  the  clinical  history  of 
a  branchial  cyst. 

5.  Affections  of  Lymphatic  Glandi  and  Vessels. — A 
deep-seated,  isolated,  caseous,  lymphatic  gland  might  be 
easil.y  mistaken  for  a  branchial  cyst,  more  particularly 
after  the  cyst  had  become  the  seat  of  inflammatory  infil- 
tration. It  is  seldom  that  we  meet  any  such  extensive 
pathological  changes  in  a  single  lymphatic  gland  as  to 
simulate  a  branchial  cyst,  without  participation  of  one 
or  more  adjacent  glands.  Again,  in  cases  of  diseases  of 
the  lymphatics,  the  general  condition  of  the  patient  usu- 
all_y  indicates  tlie  existence  of  a  serious  affection,  ^vhile  a 
branchial  cyst  is  a  purely  local  condition,  never  affecting 
the  general  healtli  exce])t  when  it  interferes  with  impor- 
tant functions  of  the  neighboring  organs.  Cancerous  or 
sarcomatous  affections  of  the  lymphatic  glands  would 
reveal  themselves  by  the  clinical  symptoms  characteristic 
of  these  tumors. 

6.  Struma  Cystica. — Cystic  degeneration  of  the  thyroid 
gland  proper  can  never  lie  mistaken  for  a  branchial  cyst. 


as  the  connection  of  such  cysts  with  the  thyroid  bodj' 
can  be  traced  without  any  difficulty  ;  but  recently  it  has 
been  ascertained  that  not  infrequently  small  accessory 
thyroid  glands  exist  in  the  neck  which  may  undergo 
cystic  degeneration,  and  !Madelung  has  made  the  asser- 
tion that  the  so-called  hydrocele  of  the  neck  is  only  a 
struma  cystica  of  a  supernumerary  thyroid  gland.  The 
possibility  of  a  cystic  degeneration  of  such  au  accessory 
thyroid  body  should  always  be  borne  in  mind  in  examina- 
tions for  branchial  cysts. 

7.  Simple  Serous  Cysts. — Virchow  asserts  that  many  of 
the  serous  cysts  develop  without  a  particular  matrix,  as 
new  formations,  in  the  connective  tissue.  It  is  a  well- 
linown  physiological  fact  that  the  connective-tissue  cells 
are  occasionall}'  converted  into  endothelia,  as  during  the 
formation  of  new  synovial  membranes;  hence  we  should 
a  piriori  expect  that  in  simple  serous  cysts,  developed 
from  connective  tissue,  the  inner  surface  of  the  sac  would 
be  lined  with  endothelia  the  existence  of  which  woidd 
be  sufiicient  to  disprove  their  branchial  origin. 

In  repetition  I  will  enumerate  the  following  points, 
which  should  be  considered  in  the  differential  diagnosis 
of  cystic  tumors  of  the  neck  with  special  reference  to 
branchial  cysts:  1.  Primary  seat  of  tumor;  2,  effect  of 
pressure;  3,  general  condition  and  age  of  patient;  4, 
character  of  contents. 

Prognosis. — Branchial  cysts  always  remain  purely 
local  affections  and  manifest  no  tendency  to  destroy  life, 
except  when  they  are  of  sufficient  size  to  interfere,  by 
their  pressure,  with  the  performance  of  important  func- 
tions of  neighboring  organs.  On  the  other  hand,  it  may 
be  said  that  thej'  manifest  no  tendency  to  spontaneous 
cure,  and  prove  exceedingly  obstinate  to  all  forms  of 
treatment  short  of  complete  extirpation. 

Treatment. — The  inner  surface  of  branchial  cysts  be- 
ing lined  with  epithelium,  it  is  evident  that  obliteration 
of  the  sac  can  be  obtained  only  after  the  destruction  or 
removal  of  this  epidermal  lining.  The  radical  treatment 
for  the  removal  of  these  tumors  must  have  for  its  object 
either  the  production  of  an  artificial  inflammation,  in  the 
interior  of  the  sac,  of  sufficient  intensity  to  destroy  the 
epidermal  matrix,  or  complete  extirpation  of  the  cyst. 
The  former  procedure  is  exceedingly  unreliable,  and  ex- 
tirpation in  many  instances  must  be  looked  upon  as' a 
very  formidable  and  dangerous  operation.  The  follow- 
ing means  have  been  employed  in  the  treatment  of  bran- 
chial cysts:  1,  incision;  2,  actual  cautery;  3,  seton;  4, 
puncture,  with  subsequent  injection;  5,  extirpation;  6, 
antiseptic  drainage. 

1.  Incision. — In  all  cases  in  which  incision  was  prac- 
tised, the  relief  from  existing  symptoms  was  prompt ;  the 
cyst  colhipsed,  a  certain  amount  of  inflammation  was 
established,  suppuration  followed,  and  in  some  instances 
the  i^atient  and  surgeon  were  led  to  believe  that  a  radical 
cure  was  obtained.  Usuall}',  after  healing  of  the  wound, 
a  small  nodule  remained,  which  in  a  few  months  again 
became  the  seat  of  active  tissue  growth,  and  a  speedy 
relapse  was  au  almost  constant  occurrence.  In  infants 
the  laying  open  of  cysts  is  a  perilous  plan  of  treatment. 
Volkers  relates  a  ease  in  which  a  cystic  tumor  was  laid 
open  in  a  new-born  child,  who  died  sixteen  days  after- 
ward in  consecjuence  of  the  operation.  A  branchial  cyst 
cured  by  simple  incision  is  reported  by  Billroth.  In  the 
case  of  serous  cysts,  in  which  the  seton  and  iodine  injec- 
tions have  occasionally  been  successful  in  producing  ob- 
literation, it  seems  to  ine  that  the  same  object  would  be 
accomplished  more  speedily  and  safely  by  incision  and 
drainage  practised  in  a  similar  manner  as  in  Volkmann's 
operation  for  hydrocele. 

2.  Actual  Cautery. — Dieffenbach  employed  the  actual 
cautery  in  opening  the  cyst  in  one  of  his  cases,  after  he 
had  made  an  unsuccessful  attempt  at  removing  it  by 
extirpation,  and  after  incision  had  failed  in  producing 
obliteration  of  the  sac.  The  use  of  the  cautery  met  with 
no  more  encouraging  result.  It  would  seem  to  me  that 
incision,  combined  with  an  energetic  use  of  the  cautery, 
would  be  most  applicable  in  the  most  dangerous  and 
formidable  class  of  cases,  viz.,  cysts  which  have  become 
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firmly  adherent  to  tlie  slieath  of  the  cervical  vessels  by 
repeated  attacks  of  inflammation. 

3.  Seton. — This  form  of  treatment  proved  successful 
in  several  of  Thomas  Smith's  cases  of  serous  cysts  of  the 
neck,  but  iu  some  of  them  their  branchial  origin  does  not 
appear  to  be  established.  Smith  uses  a  single  thread  of 
silk,  and  removes  it  before  suppuration  sets  in.  If  the 
tumor  is  poh'cystic,  he  attacks  only  one  cyst  at  a  time. 
Gurlt  very  justly  has  entered  his  protest  against  the  use 
of  the  seton.  As  in  the  case  of  hydrocele,  the  seton  is  an 
e.xceedingly  uncertain  agent  in  calculating  with  precision 
the  amount  of  inflammatory  action  ■nhich  will  follow  its 
use.  The  degree  of  irritation  produced  by  it  is  very 
liable  to  be  inadequate  to  produce  adhesion,  or  it  exceeds 
the  desirable  boundary,  and  induces  suppuration  with 
all  its  evil  consequences.  Butlin  reports  the  case  of  a 
young  child  in  whom  a  seton  was  passed  through  a 
serous  tumoi-,  and  which  was  followed  by  death  on  the 
third  day  from  the  violence  of  the  inflammation.  For 
this  and  other  obvious  reasons  the  seton  should  never  be 
used  in  the  treatment  of  branchial  cysts. 

4.  Puncture,  with  Siibseqnent  Injection. — In  the  transac- 
tions of  the  Fourtli  Congress  of  German  Surgeons,  the 
treatment  of  branchial  ej'sts  by  puncture  and  injection 
was  fully  discussed.  Esmarch's  experience  appeared  to 
be  the  most  extensive,  and  his  results  were  more  uni- 
formlj'  favorable  than  the  practice  of  any  other  surgeon. 
He  claims  to  have  cured  about  a  dozen  cases  by  puncture 
and  subsequent  injection  of  Lugol's  solution  of  iodine 
(lodi.  pot.  iod.,  aa  1.2.5;  aqua>,  30.0).  Whenever  com- 
plete obliteration  does  not  follow  the  first  puncture,  he 
repeats  the  operation.  This  method  of  procedure  is  as 
follows:  By  means  of  a  fine  hydrocele  trocar  the  sac  is 
emptied  of  its  contents,  when  repeated  injections  of  a  one- 
per-cent.  solution  of  carbolic  acid  are  made  to  remove 
the  masses  of  epithelium  adherent  to  the  cyst  wall. 
These  injections  are  continued  until  the  water  returns 
perfectly  clear,  then  Esmarch  injects  from  10  to  20 
gm.  of  Lugol's  solution  of  iodine,  which,  after  gen- 
tle pressure,  to  bring  it  in  contact  with  the  inner  sur- 
face of  the  sac,  is  allowed  to  escape.  The  patient  is  then 
directed  to  return  in  six  or  eight  weeks.  Like  a  hydro- 
cele, the  cyst  refills  rapidly  and  becomes  somewhat 
painful.  If  after  the  lapse  of  the  time  mentioned  the 
tumor  has  not  greatly  decreased  iu  size,  the  same  opera- 
tion is  repeated,  and  in  about  six  months  the  cyst  will 
be-  found  atrophied  to  a  small  tubercle.  According  to 
Esmarch,  the  cure  in  most  cases  has  been  permanent. 
From  the  discussion  which  followed  Esmarch's  remarks, 
it  is  evident  that  the  majority  of  German  surgeons  have 
no  confidence  in  the  efficacy  of  Iodine  injections  in  ob- 
literating branchial  cysts.  If  we  consider  the  numerous 
failures  of  iodine  injections  in  cases  of  hydrocele,  in 
which  the  anatomical  conditions  for  success  are  so  much 
more  favorable,  we  shall  be  better  prepared  to  appreciate 
the  causes  of  its  still  more  frequent  failures  when  used 
in  the  treatment  of  branchial  cysts.  In  infants,  even 
simple  tapping  is  not  always  devoid  of  danger,  as  one 
instance  of  death  is  recorded  caused  by  puncture.  The 
case  occurred  in  the  practice  of  Volkers,  who  tapped  a 
cystic  cervical  tumor  in  an  infant  eight  days  old,  the 
child  dying  of  trismus  on  the  third  day. 

5.  Extirpation. — A  positive  diagnosis  made,  the  best 
plan  to  pursue  is  to  make  an  incision  over  the  most 
prominent  portion  of  the  tumor,  and,  in  case  the  adhe- 
sions can  be  separated  without  endangering  the  deep  cer- 
vical vessels,  the  entire  cyst  should  be  removed.  If  in- 
flammatory infiltrations  obscure  the  field  of  operation  at 
the  base  of  the  tumor,  and  after  careful  examination  it 
is  not  deemed  advisable  to  perform  complete  extirpation, 
the  sac  should  be  opened  and  the  lateral  walls  excised ; 
then  the  epidermal  matrix  which  remains  adherent  to 
the  sheath  of  the  cervical  vessels  can  be  destroyed  com- 
pletely by  a  careful  but  vigorous  use  of  the  actual  cau- 
tery. If  an  early  diagnosis  is  made,  and  prompt  treat- 
Kent  instituted,  complete  extirpation  should  always  be 
?,ttempted.  and  will,  in  the  majority  of  cases,  prove  suc- 
cessful and  comparatively  free  from  danger. 


6.  Antiseptic  Drainarje. — In  the  case  of  infants  and 
very  young  children  suffering  from  large  serous  cysts,  it 
woul<l  l>e  imprudent  to  resorf  to  any  of  the  severer  meas- 
lu-es  witli  a  view  to  a  radical  cure.  In  such  instances, 
drainage  under  antiseptic  precautious  should  be  resorted 
to  as  a  temporary  measure,  and  in  some  instances  it  may 
be  followed  by  permanent  results.  The  same  course  of 
treatment  should  be  adopted  iu  adults  suffering  from 
cysts  which  are  inaccessible  to  any  other  operation,  and 
iu  which  irritating  injections  are  contraindicated. 

IS'ichulas  Senn. 
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BREAST,  FEMALE.— The  breast  (L. /ir^^/.v.  Ger.  Brmt. 
It.  jicftc.  Fr.  .v//()  is  one  of  the  two  rounded  eminences 
situated,  in  the  human  species,  one  on  either  side  of  the 
thorax,  and  in  the  female  secreting  the  milk  for  the 
nourishment  of  the  new-born.  They  constitute  the 
mammary  glands  and  associate  structures,  that  is.  the 
true  gland  tissue,  the  stroma,  and  integument  including 
nipple  and  areola. 

The  presence  of  mammary  glands  (L.  mamma,  Fr. 
mameUes,  Ger.  BruntdrHsen,  It.  niamette),  zoologically  con 
sidcred,  constitutes  one  of  the  most  imporbrnt  considera- 
tions for  grouping  into  one  class  (mammalia)  all  tliose 
animals  possessing  them.  They  are  found  in  both  male 
and  female,  but  the  size  and  development  dilTer;  the 
male  gland  as  a  rule  remains  throughout  life  in  the  em- 
bryonic condition,  while  the  female  breast  passes  through 
marked  and  important  changes  at  puberty,  at  conception, 
after  lactation,  and  at  the  menopause. 

Embryolor/y. — In  very  early  embryos,  there  is  observed 
on  either  side  a  slight  streak,  running  from  the  root  of 
the  stump-like  fore-limb  to  the  hind-limb,  and  situated  a 
little  behind  and  parallel  to  the  membrana  reuniens  in- 
ferior. This  is  observed  in  rats  of  2.5  to  5.35  mm. 
(Henucberg)  and  in  human  embryos  of  from  4  to  8  mm. 
(Hirschland  and  Strahl),  and  was  named  by  Schwalbe- 
Schmidt  mammary  streak  (Milchstreifen).  It  is  due  to 
the  cells  of  the  ectoderm  becoming  deeper  and  more 
cubical. 

From  the  mammary  streak  there  is  soon  produced,  by 
multiplication  of  the  cells,  a  well-marked  ridge,  the  mam- 
mary line  (Milchlinie  or  Leiste)  (Ml.  Fig.  1035,  A).  This 
well-marked  microscopic  ridge  was  first  studied  by  O. 
Scbultze  in  the  pig,  and  more  recently  by  Kallius.  Stahl, 
and  Hirschland  in  human  embryos  of  about  15  mm. 

In  this  line  the  epithelium  develops  more  rapidly  at 
certain  spots,  corresponding  in  situation  and  number  to 
the  future  mammary  glands.  The  line  becomes  monili- 
form,  and  finally  isolated,  spindle-shaped  enlargements 
are  produced  bj-" atrophy  of  the  portion  of  the  milk  line 
lying  between  the  enlargements  (Fig.  1035,  B).  Thus 
the  mammary  hillocks  ("Milchhligel  ")^of  Bonnet  arc  pro- 
duced (Fig.  1036).  The  projection  of  the  line  of  hillocks, 
above  the  surface  of  the  skin,  is  only  very  tran.sient.  In 
human  embryos,  toward  the  end  of  the  second  month  of 
intrauterine  life,  the  small  tubercular  thickenings,  grad- 
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ually  increasing  in  size,  become  leus-siiaped,  and  their  con- 
vex surfaces  project  into  tlie  cutis,  forming  the  mammary 
points   (Milchpuukte).     Large    numbers    of    the   meso- 


FlG.  1035.— A,  Pig  Emhryo  L.TCin.  lonir.    MU  Mammiiry  line.    B,  Pig  fiuUrvij  l.:icm 
long,  with  mammary  hillocks.     (0.  Schultze.) 


dermic  cells  of  the  cutis  collecting  around  the  epithelial 
ingrowth  form  a  condensed  zone  (nipple  zone;  cf.  Fig. 
1036),  from  which  later  the  nipple  is  developed. 

The  further  growth  results  in  flattening  above  with  a 
projection  of  the  deeper  convexity  of  the  lens,  especially 
in  the  centre.  In  this  way  there  is  produced  a  cone- 
shaped  mass  of  the  cells  which  sink  deeper  into  the  cutis. 

Around  the  ajiex  of  the  cone  the  greatest  activitj-  is 
manifest:  the  cells  push  deeper  into  tlie  cutis,  and 
spread  out  below  to  produce  a  large  ball-like  mass 
(body)  connected  with  the  surface  by  a  narrow  elongated 
part  (neck;  Fig.  1037).  This  is  the  so-called  club-shaped 
stage. 

There  now  appears  on  the  free  surface  of  the  skin  a 
small  cavity,  the  "gland  area"  (Driisenfeld  of  Huss), 


Fig.  1036. — Mammary  Hillock  of  a   Pig  Embryo  1..5  cm.  long,  with 
the  Nipple  Zone  (az)  becoming  Diifereutiated. 

which  soon  deepens.  In  the  formation  of  this  not  only 
the  deep  but  also  the  superficial  layer  of  the  epithelium 
takes  part.  Around  the  border  of  the  depression  a  ring- 
like ridge  of  cutis,  the  first  rudiment  of  the  areola,  is 
raised  up. 

Upon  the  deep  surface  of  the  club-shaped  mass,  at 
about  the  twelfth  week  of  intra-uterine  life,  small  bud-like 
masses  of  the  epithelial  cells  appear  (Fig.  1038).  These 
rapidly  increase  in  length,  and  force  their  way  as  solid 


plugs  into  the  mesoderm  beneath  (Fig.  1039).  This  sec- 
ondary epithelial  development  is  the  rudiment  of  the  true 
secreting  portion  of  the  gland.  The  number  of  epithelial 
sprouts  now  seen  (fifteen  to  twenty)  corre- 
sponds with  the  number  of  excretory  ducts 
which  the  mature  glands  will  possess.  The 
upper  ends  of  the  plugs  are  in  the  nipple 
zone,  but  the  greater  part  of  their  lower  ends 
project  into  the  loose  connective  tissue  of 
the  cutis. 

There  is  now  developed  a  new  zone  be- 
neath the  nipple  zone,  composed  of  yotmg, 
round,  closely  packed  connective  -  tissue 
cells.  Surrounding  and  supporting  the  epi- 
thelial elements  of  the  gland,  these  form 
the  stroma  of  the  gland  (stroma  zone). 

A  retrograde  metamorphosis  next  begins 
iu  the  central  cells  of  the  primary  epithelial 
ingrowth,  and  from  the  centre  the  degenera- 
tion proceeds  peripherally  and  downward. 
It  takes  the  form  of  a  comificatiou  (Fig. 
1039,  /ip)  and  proceeds  at  first  very  rapidly, 
though  ils  final  progress  is  so  slow  that 
sometimes  it  is  not  complete  until  after 
birth.  Ultimately  it  leads  to  the  complete 
disappearance  of  the  primary  epithelial  in- 
growth or  mammary  point. 

At  the  same  time  as  the  inimary  in- 
growth is  degenerating  the  secondary  in- 
growth, nipple  zone,  and  stroma  zone  are 
continuing  to  develop.  As  the  secondary 
epithelial  plugs  push  their  way  into  the 
underlying  mesodermic  stroma,  they  be- 
come clubbed  below.  At  the  same  time 
the  originally  solid  plugs  are  hollowed  out 
and  converted  into  tubes,  and  during  the  seventh  month 
of  intra-uterine  life,  or  about  that  time,  give  olY  numer- 
ous buds  (Fig.  1039).  In  connection  with  these  latter, 
small  irregular  groups  of  epithelial  cells  may  be  seen,  the 
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Fig.  1037.— Primitive  Nipple,  Club-Shaped  Stage,  oj  a  Pig  F.mbryo 
6.5  em.  long,  ep.  Epidermis;  ez,  layer  ol  cylindrical  cells;  cw, 
cutis  wall;  mt^  mammary  point;  y.  blood-vessel. 

matrix  of  the  acini.  The  branching  of  the  ducts,  even 
up  to  the  time  of  birth,  is  but  slightly  advanced.  At 
birth  the  milk  ducts  do  not  extend  beyond  the  areola, 
and  the  whole  gland  shows  an  expansion  of  but  1  cm. 
and  weighs  only  30  to  60  cgm.  (Puech). 

A  rudimentary  corpus  mammfe  is  represented  by  a 
■well-defined  rounded  mass,  aroimd  the  circumference  of 
which  the  lobes  project  irregularl}'.  The  whole  is  em- 
bedded in  a  well-developed  stroma,  which  is  surrounded 
by  fat  lobules  of  the  subcutaneous  tissue.  The  coarse 
connective-tissue  fibres  of  the  stroma  radiate  from  the 
corpus  mammie  and  become  continuous  with  the  fibrous 
capsules  of  the  fat  lobules.  These  latter  surround  but  do 
not  mix  with  the  stroma.  Beneath,  the  stroma  is  con- 
tinuous with  the  fascia  covering  the  pectoral  muscle. 

The  fat  layer  of  the  skin  becomes  locally  thickened  in 
the  region  of  the  gland,  but  not  until  five  or  six  years 
after  birth  does  fat  develop  in  the  stroma  between  the 
gland  lobules. 

At  birth  the  ducts  possess  a  simple  epithelium,  cubical 
in  the  deeper  parts,  but  cylindrical  in  the  region  of  the 
nipple. 
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The  time  at  wliicli  the  various  changes  noted  above 
occ\ir  varies  considerably,  being  by  no  means  constant. 
Even  in  the  new-born  the  development  is  not  always 
equally  far  advanced. 

Thenipple  is  developed  in  the  human  species  toward 
the  end  of  iutra-uterine  life.  Then  the  mesodermic  tissue 
which  constitutes  the  nipple  zone  rapidly  increases,  and 
between  the  elements  smooth  muscle  cells  soon  appear. 
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1038.— Primitive  Nipple  of  a  13  cm.  Pig  Embryo  with  an  Epithelial  Sprout  (sp). 
Cutis  wall :  /»f,  mammary  point.    (For  other  letters,  see  Figs.  103ti  and  1()37.) 


The  centre  of  the  originally  depressed  gland  area  becomes 
situated  upon  the  tip  of  a  cone-shaped  projection.  The 
exact  time  of  the  elevation  of  the  nipple  varies,  though 
sometimes  occurring  in  embryonic  life;  yet  frequently  in 
children  of  from  ten  to  twelve  the  depressed  gland  area 
with  its  surrounding  wall  still  persists. 

Although  in  some  respects  in  development  the  mam- 
marj-  glands  resemble  the  sweat  glands,  yet  I  think  it  is 
now  generally  conceded  that  in  the  higher  mammals  they 
represent  modified  sebaceous  glands. 

Upon  the  areola,  sebaceous  and  sweat  glands  are  de- 
veloped. Rein  has  shown  that  the  enlargeti  sebaceous 
glands  of  the  areola  (tubercles  of  Montgomery)  are  ac- 
cessory rud'mentaiy  milk  glands. 

Condition  at  Birth. — It  will  be  seen  that  the  new-bom 
of  both  sexes    possess  all  the  skin   ingredients  of  the 
gland,  and  moreover  the  gland  can  secrete  milk,  which 
is  called  in  German  "  Hexen  Jlilch  " 
(witches'  milk).     This  occurs  from 
the  fourth  to  the  tenth  day  after 
birth,  and  is  accom]ianied  by  a  swell- 
ing of  the  gland.    It  has  been  shown 
by  Rein  and  others  to  be  true  milk. 
According  to  De  Sini^'ty  consider- 
able changes   take  place   in    these 
first  ten  days,  after  which  there  is 
some  acinous  tissue  resembling  that 
which   is  seen   in    the  adult.     But 
only  the  main  ducts  are  excavated. 

From  birth  till  puberty  the  breasts 
remain  rudimentary,  simply  keep- 
ing pace  with  the  general  body 
growth.  The  intralobular  ducts 
and  beginning  of  the  acini  remain 
solid,  and  though  there  are  some 
slight  changes,  such  as  the  develop- 
ment of  a  few  acini  buds,  yet  the 
condition  found  shortly  after  birth 
persists. 

In  the  male  no  further  change,  as 
a  rule,  occurs. 

Changes  at  Puberty. — In  the   fe- 
male at  puberty  an  abrupt  change 
like  that  affecting  the  entire  organ- 
ism takes  place.     This  consists  in  further  branching  and 
growth  of  tubes  into   the  surrounding   tissue,  and   the 
stroma  is  also  further  developed.     The  fat  which  appear- 
ed in  the  stroma  at  the  fifth  to  the  sixth  year  rapidly  in- 
creases in  amount.     Now  development  proceeds  rapidly, 
but  there  is  no  distinct  subdivision  into  the  lobules,  the 


true  secreting  acini  being  few  in  number.  At  each  suc- 
ceeding menstrual  period  a  slight  engorgement  occurs, 
and  it  is  probable  that  it  is  accompanied  bv  increased 
development.  At  these  times  slight  pricking  sensations 
and  pain  may  be  felt,  and  in  some  cases  a  yellow  secre- 
tion is  expelled.  Soon  after  puberty  the  breasts  become 
very  well  developed,  but  they  consist  mainly  of  stroma 
and  excretory  ducts,  with  a  relatively  small  amount  of 
glandular  tissue. 

Situation. — The  breasts  are  situated  in 
the  superficial  fascia,  above  the  pec- 
toral muscles ;  as  usually  described  they 
are  said  to  extend  from  the  second  or 
third  to  the  fifth,  sixth,  or  seventh  rib, 
and  from  the  edge  of  the  sternum  to 
the  fold  of  the  axilla.  These  estima- 
tions are  undoubtedly  based  upon  ex- 
ternal conformation,  and  of  necessity, 
therefore,  refer  only  to  those  portions 
of  the  gland  which  cause  its  projection 
above  the  surrounding  surface. 

Stiles,  who  witnessed  the  removal  of 
over  one  hundred  breasts  which  he  liad 
previously  examined,  found  that  the 
usual  description  takes  no  account  of 
the  peripheral  processes,  which  extend 
in  the  subcutaneous  tissue,  often  far  be- 
yond the  prescribed  limit.  Moreover, 
he  has  shown  that  this  holds  true  for  nulliiiara;,  as  well  as 
formultiparT,  though  of  course  the  processes  are  much 
more  marked  in  the  latter.  He  gives  the  following  de- 
scription of  the  .situation  and  relations  of  the  breast: 

It  is  divided  by  two  intersecting  lines,  a  vertical  (1-2) 
and  a  horizontal"  (3-4),  into  four  .segments  (Fig.  1040), 
named  respectively  cephalo-mesal,  cephalo-lateral, 
caudo-lateral,  and  caudo-mesal.  For  purposes  of  more 
careful  description,  a  second  division  is  made  by  two 
oblique  lines  (5-6),  and  (i-S)  into  four  other  segments, 
cephalic,  lateral,  caudal,  and  mesal. 

The  vertical  diameter  (1-2)  extends  from  the  lower 
border  of  the  second  rib  to  the  sixth  costo-cartilage,  where 
It  begins  to  sweep  upward  toward  the  sternum.  The 
horizontal  (3-4)  begins  opposite  the  fourth  rib  or  fourth 
interspace,  just  within  the  lateral  border  of  the  sternum, 
and  extends  to  the  mid-axillary  line  at  the  level  of  the 
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Fig.  IBS.— Nipple  of  a  20  cm.  Female  Pig  Embryo.  The  epithelial  sprouts,  excretory  ducts  ,«p  J, 
have  n  ar  their  terminal  end  a  lumen  :  secondary  sprouts  (sp  -2)  are  also  seen:  /ip,  comiBca- 
tion  of  the  epithelium  is  beginning. 

fifth  rib  or  fifth  interspace.  The  oblique  line  (.5-6)  extends 
from  the  upper  border  of  the  third  costo-cartilage,  a  little 
external  to  the  border  of  the  sternum,  to  the  seventh  rib 
a  little  in  front  of  the  mid-axillary  line.  The  oblique 
line  (7-8)  begins  on  the  third  rib  a  little  beyond  the  ante- 
rior axillary  fold,  and  extends  to  the  sixth  costo-cartilage 
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midway  between  its  angle  and  sternal  end.  The  circum- 
ference is  obtained  by  connecting  the  extremities  of  the 
lines.  . 

When  the  arm  is  raised,  as  for  operation,  the  nipple. 
in  nullipariE.  is  opposite  the  fourth  rib  or  fourth  inter- 
space and  2.5  cm.  mesad  to  the  axillary  border  of  the 
pectoralis  ma.ior.  Thus  the  extent  to  which  the  breast 
overlaps  the  border  of  the  pectoralis  major  is  consider- 
able. The  level  varies  with  the  stature ;  as  a  rule  in  tall 
women  the  breast  is  low,  while  with  short  and  broad- 
chested  women  it  is  high. 

lieliitiiiiu. — The  relations  of  the  posterior  surface  of  the 
breast  can  best  be  treated  by  describing  each  segment 
separately. 

The  meso-cephalic  segment  (Fig.  1040,  A)  rests  entirely 
upon  the  pectoralis  major;  so  also  does  the  meso-caudal 
segment  (D),  except  at  its  lower  edge  where  it  overlaps 
the  aponeurosis  of  the  external  oblique. 

The  cephalic  half  of  the  cephalo-lateral  segment  (B) 
rests  upon  the  pectoralis  major,  the  edge  of  the  pectoralis 
minor,  and  for  a  slight  extent  upon  the  serratus  magnus 
muscles.  Upon  the  latter  and  under  cover  of  the  pec- 
toralis major  it  extends  up  into  the  axilla  as  far  as  the 
third  I'ib.  This  is  the  axillary  tail  of  Spence.  The  cir- 
cumference of  this  segment  crosses  the  border  of  the 
pectoralis  major  muscle,  where  its  tibrcs  leave  the  third 
rib  to  form  the  ventro-axillary  fold. 

The  caudal  half  of  the  eeplialo  lateral  segment  (B) 
and  the  ceiilialic  half  of  tlie  eaudo-lateral  (C),  with 
the  exception"of  a  small  portion  near  the  nipple  which  is 
over  the  pectoralis  major,  lie  upon  the  serratus  magnus. 
The  caudal  half  of  the  caudo-lateral  segment  (C)  over- 
lies those  ijortions  of  the  external  oblique  and  serratus 
magnus  which  ari.se  from  the  fifth  and  sixth  ribs,  except 
a  ]iortion  near  the  nipple  which  is  over  the  pectoralis 
major. 

Thus  it  will  be  seen  that,  with  the  arm  in  the  position 
assumed  for  operation,  fully  one-third  of  the  whole  breast 
lies  caudo-lateral  to  tlie  axillary  border  of  the  pectoralis 
major.     One-half  of  this  overlies  the  axilla,  filled  with 


Fig.  1040.— Diagram  to  Show  Method  of  DivkiinR  Breasts  for  the  Pur- 
pose of  DesenptioLi.  i  W)  5.  Lines  of  division  for  the  location  of  the 
different  sections  (see  text).  A,  Mesocephalic:  B,  cephalivlateral ; 
C,  Ciiudo-lateral;  D,  meso-caudal:  E,  cephalic:  F^  lateral;  G, 
caudal ;  H,  mesal  sections  or  divisions. 

its  fatty  fascia  containing  numerous  Ij-mph  nodes. 
These  lymph  nodes  appear  to  be  in  direct  contact  with 
the  breast  tissue. 

The  dorsal  surface  of  the  breast  is  concave,  composed 
mainly  of  stroma  containing  projecting  processes  of  the 
parenchyma.  The  stroma  is  continuous  with  a  loosely 
interlaced  network  of  connective  tissue  which  forms  the 
pectoral  fascia.  This  fascia  sends  numerous  septa  be- 
tween the  fibres  of  the  muscle.  It  is  quite  thin  and  it  is 
difficult  to  separate  it  from  the  muscle,  particularly  in 


spare  subjects.  In  some  it  attaches  the  gland  so  closely 
to  the  subjacent  muscles  that  movement  of  the  arm 
causes  considerable  movement  of  the  gland.  In  others 
it  is  very  loose,  but  even  with  these  some  movement  is 
observed  when  the  arm  is  raised.  In  this  latter  loose  are- 
olar tissue  spaces  have  been  described  by  Chassaignac  as 
serous  bursas  (sub-  or  retro-mammary  bursae). 

Close  examination  has  shown  that  the,  poi'tions  of  the 
parenchyma  which  project  into  the  stroma  of  tlie  dorsal 
surface  send  numerous  minute  processes  into  the  retro- 
niammar}-  connective  tissue.  Some  of  these  even  ac- 
company the  septa  of  the  pectoral  fascia  between  the 
muscle  fibres. 

The  anterior  surface  is  for  the  most  part  smooth  and 
convex.  It  is  covered  with  skin  continuous  with  that  of 
the  surrounding  surface.  The  skin  is  thin  and  delicate 
and  diflers  from  that  of  the  ventral  surface  of  the  body 
only  at  its  centre,  where  the  raised  and  pigmented  areola 
surmounted  by  the  nipple  is  seen. 

The  eiicumfereuee.  although  in  the  main  circular,  is 
more  or  less  irregular  owing  to  the  processes  of  the  par- 
enchyma. There  are  usually  three  fairly  well-marked 
cusps.  The  largest  projects  toward  the  upper  part  of 
the  axilla  and  has  been  already  referred  to  as  the  axillary 
tail ;  another,  much  smaller,  extends  toward  the  lower  part 
of  tlie  axilla;  the  third  reaches  toward  the  sternum. 

At  the  caudal  border  (Fig.  lO-W),  the  circumference  of 
the  bieast,  the  pareiicliyma  presents  a  furrow  but  slightly 
marked  in  young  thin  nullipara",  more  marked  in  fat 
women,  and  especially  prominent  in  multipara'. 

The  cephalic  border  of  the  circumference  is  as  a  rule 
ill-defined,  the  breast  arising  in  a  gentle  slope  from  the 
surrounding  tissue. 

S/ifipc. — Emaciated  subjects  present  a  flat,  discoidal 
breast  with  irregular  surface;  well-nourished  subjects  a 
hemispherical  or  conical  with  smooth  surface.  In  adult 
nullipane  (Figs.  10-14  and  104.T)  it  is  somewhat  conical, 
due  to  the  relatively  large  amount  of  gland  substance  com- 
pared with  the  stroma.  In  stout  subjects  the  relatively 
greater  amount  of  circummammary  fat  produces  a  hemi- 
spherical breast.  After  lactation  it  frequently  becomes 
pendulous,  a  very  marked  sulcus  being  produced  where  it 
overhangs  its  base.  This  is  due  to  the  atrophic  fatty 
changes  which  at  this  time  affect  the  secreting  structure 
and  pi'oduce  a  flabby  condition.  In  these  cases  the 
breast  sometimes  becomes  almost  cylindrical  in  shape. 
Rarely  the  base  of  the  breast  is  contracted,  producing  a 
stalk.     This  is  the  pedunculated  breast. 

O/nsisteniY. — In  the  virgin  and  nullipara  the  breast  is 
firm  and  elastic.  It  loses  its  consistency  after  having 
attained  fvdl  activity,  especially  if  there  has  been  a  period 
of  nursing.  In  women  wlio  have  had  .several  children 
the  breasts  are  soft  and  flabby,  overhanging  their  base  to 
a  greater  or  less  extent. 

Wi  ir//if.—ln  the  adult  nullipara  the  breast  weighs  from 
140  to  200  gm. ;  in  nursing  women  from  400  to  500.  and 
in  exceptional  cases  as  much  as  900  gm. 

Xiimher. — A  single  pair  of  breasts  is  the  least  number 
normally  found  in  any  mannnal.  This  is  the  usual  num- 
ber in  man,  as  also  in  apes  and  a  few  other  animals.  The 
largest  number  is  found  in  certain  of  the  insectivora,  in 
^vhom  there  are  as  many  as  eleven  ])aii's.  Between  tliese 
limits  all  gradations  exist.  Reduction  of  this  number  is 
veiy  exceptional,  but  there  are  numerous  cases  on  record 
of  supernumerary  breasts. 

Arrest  may  occur  in  their  development  at  any  time ; 
when  it  occurs  very  early  in  embryonic  life  the  breast  is 
entirely  suppressed  (amazia).  This  is  extreme!}'  rare  in 
the  human  subject,  and  is  frequently  associated  with 
other  defects  in  development.  Williams  has  written  two 
very  excellent  articles,  one  on  polymazia,  the  other  on 
amazia.  He  finds  complete  absence  of  both  breasts  one 
of  the  rarest  anomalies;  outside  those  occui-ring  in 
acephalic  monsters  with  deficient  chest  walls,  only  four 
cases  are  recorded  in  literature.  Complete  absence  of  one 
breast  is  slightly  less  rare.  A  more  frequent  condition  is 
the  arrest  of  development  at  a  later  stage  leading  to  rudi- 
mentary  but    functionless  organs   (micromazia).      This 
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also  may  affect  one  or  both  sides,  and  as  with  amazia  may 
or  may  not  be  associated  with  deficiencies  in  the  sexual 
organs  or  chest  wall. 

Absence  of  the  nipple  (athelia)is  much  commoner  than 
the  above.  Williams  has  pointed  out  that  in  these  cases 
there  is  really  no  absence  of  nipple  structures,  but  simply 
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Fig.  lOtl.— Diagram  Showing  the  Mammary  .\rrangement  of  Man's 
Early  Progenitors.     (Williams.) 

a  failure  of  the  embryonic  gland  area  to  become  elevated. 
This  is  usually  imacconipanied  by  other  anomalies,  and 
generally  alTects  \v  itli  breasts.  The  areola  is  I'arely  absent 
when  the  nipple  is  well  developed,  but  with  athelia  the 
areola  may  lie  absent  or  slightly  formed.  Intermediate 
conditions  between  complete  absence  and  the  perfect 
nipple,  due  to  degrees  of  elevation  of  the  embryonic 
gland  area,  produce  the  various  recorded  congenital  im- 
perfections. 

Numerous  records  of  supernumerary  mammcE  or  nipples 
are  found  in  literature.  The  condition  is  much  more 
common  than  pi-cviovisly  supposed.  Bruce  found  in  81.5 
individuals,  of  both  sexes  taken  indiscriminately,  poly- 
mastism  in  7.6  per  cent. ;  in  207  males  9.1  per  cent.,  and 
in  104  females  4.8  per  cent. 

It  has  been  supposed  by  some  that  any  sebaceous  gland 
may  develop  into  a  sujiernumerary  mammary  gland. 
There  is  nothing  to  lead  us  to  believe  that  complex 
structures  like  the  mamm:c  may  be  developed  suddenly 
on  any  part  of  the  body.  A  stiidy  of  comparative 
anatomj'  and  embryology  .seems  to  point  clearly  to  an 
atavistic  origin  for  their  explanation.  In  the  lemurs  the 
inguinal  and  abdominal  mammji;  are  rudwnentary,  only 
one  pair  of  pectoral  mamma'  becoming  developed.  From 
them  through  the  dilTerent  types  of  animals,  conditions 
are  found  indicating  that  the  number  of  breasts  is  being 
gradually  reduced. 

In  embryology  the  investigation  of  the  development 
of  the  mammary  hillocks  from  the  mammary  lin'e.  al- 
though not  }-ct  worked  out  in  all  of  its  stages,  has  been 
carried  far  enough  so  that  we  are  quite  sure  that  the  con- 
ditions as  found  in  the  pig  and  other  animals  are  the 
same  in  man. 

By  a  careful  study  of  all  recorded  cases  Williams  found 
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that  the  position  occupied  by  the  mamma;  in  lower  ani- 
mals and  by  the  manunary  hillocks  in  embryos  was  the 
same  as  that  occupied  by  abeiTaut  mammi.  He  con- 
siders that  man's  early  progenitors  were  possessors  of 
seven  pairs  of  breasts  ("Fig.  1041),  three  cephalo-lateral  to 
the  nonual.  and  three  caudo-mesal  to  them. 
First  pair — in  the  pit  of  the  axilla. 
Second  pair  —  in  the  middle  of  the  ventro-axillary 
border. 

Third  pair — just  cephalad  and  slightly  laterad  of  the 
normal  pair. 

Fourth  pair — the  normal  mammae. 
Fifth   pair — just  caudad  and   slightly  tnesad   of   the 
normal  pair. 

Sixth  pair — caudad  and  slightly  mesad  of  the  preced- 
ing, near  the  costal  margin. 

Seventh  pair — caudad  and  slightly  mcsad  of  the  pre- 
ceding, on  the  upper  part  of  the  abdomen. 

Out  of  166  cases  collected  by  Leichtenstem 
and  Bruce,  there  were  only  4,  2.41  per  cent., 
which  could  not  be  assigned  to  one  or  another 
of  tliese  positions.  These  mammoe  erraticae 
are  supposed  to  be  due  to  reversion  to  the  an- 
cestral characters  much  more  remote  than  those 
given  above. 

The  following  table  of  10.5  cases  recorded  by 
Leichtenstem   shows  the  relative  positions  of 
the  accessory  mamma?.     On  the  anterior  side 
of  the  thorax,  96  cases  (91   per  cent.);    in  the 
axilla,  5  cases  (4.7  per  cent.);   on  the  back.  3 
cases;  over  the  acromion.  1  case;  over  the  out- 
er side  of  the  hip,  1  case.     Of  those  on  tlie  an- 
terior side  of  the  thorax  94  per  cent,  were  de- 
veloped caudad  of  the  normal  pair  and  in  a 
converging  position. 
Supernumerary  mainmte  often  are  represented  only  by 
a  ni])ple,  which  may  or  maj'  not  be  surrounded  by  an 
areola  (true  polythelia);  or  the  duct  of  the  gland  may 
open  upon  the  surface  by  one  or  more  openings,  no  nipple 
or  areola  being  present;  or  there  may  be  no  conniuinica- 
tion  with  the  surface  whatever.     Rarely  the  extra  gland 
is  perfectly  developed  and  functional. 

Rudimentary  breasts  cephalad  of  the  normal  ones  are 
rare — but  Vi.  out  of  166  cases,  or  7.2  percent.  Abdominal 
mamma^  are  very  rare.  In  polymazia  the  normal  pi-ctoral 
mamma  are  aways  present  in  their  proper  jjosition  and 
well  developed.  Of  Leichtenstem  and  Bruce's  166  cases, 
there  was  only  a  single  extra  structure  in  112,  or  67,4 
per  cent. 

Out  of  2,189  men  recruited  in  the  militar3- district  of 
Donaueschingen  62  were  found  with  one  suiiernumerary 
teat  and  4  with  two — that  is,  1  case  in  every  33,  or  3  per 
cent.  Besides.  48  others  were  found  who  showed  discrete 
pigmented  patches  symmetrically  placed  upon  the  line 
usually  occupied  by  supernumerary  mamma  or  nipples. 
These  represented  small  areola. 

Supernumerary  mamma  are  more  often  found  on  the 
left  than  on  the  right  side.  So  also  in  amazia,  the  right 
mamma  is  more  frequently  absent  than  the  left. 

Anomahes  arising  late  in  the  developmental  process 
lead  to  two  nipples  on  one  areola  (intra-arcolar  poly- 
thelia); or  two  on  one  breast  {intramammary  polythelia). 
Supernumerary  mamiua  or  niii])les  are  proliably  fotmd 
in  all  races.  They  have  been  noted  l)y  Owen  in  the 
orangand  by  various  ob.servers  in  many  animals.  Wom- 
en with  more  than  one  breast  are  no  more  liable  than 
other  women  to  bear  twins.  Supernumerary  mammoe 
appear  often  to  be  liereditary.  In  7  out  of  92  of  Leichten- 
stem's  cases,  or  7.6  percent.,  there  was  a  history  of  such 
condition  in  near  relatives.  It  is  not  usually  associated 
with  other  malformations. 

Hi:t  mill  Vobiine. — The  breast,  which  at  birth  measures 
but  10  mm.  in  diametei',  increases  but  little  until  after 
puberty,  when  it  rapidly  attains  a  diameter  of  100-130 
mm.  and  a  thickness  of  50-60  mm.  The  greatest  length 
is  parallel  to  the  border  of  the  pectoralis  major. 

Soon  after  impregnation  it  again  increases  in  volume, 
and  although  it  decreases  somewhat  at  the  fourth  or  fifth 
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month,  it  becomes  greatly  enlarged  again  at  the  end  of 
gestation.  The  second  or  third  day  after  delivery  the 
milk  begins  to  be  secreted,  and  now  the  true  functional 
activity  of  the  gland  is  first  established.  The  milk  ac- 
cumulates in  the  alveoli  and  in  the  excretory  ducts.  The 
gland  becomes  harder,  heavier,  and  more  voluminous. 
It  soon  aciiuires  a  volume  two  or  three  times  that  of  the 
gland  before  pregnane}-. 

After  lactation  it  returns  again  to  its  ordinary  size, 
which  it  retains  until  another  pregnancy  and  another 
period  of  activity.  It  is  now  less  smooth,  firm,  and 
elastic  than  the  virgin  mamma. 

After  the  menopause  the  useless  gland  with  the  rest 
of  the  genitals  becomes  atrophied.  The  glandular  and 
secreting  structures  are  frequently  replaced  by  fat,  when 
but  little  reduction  in  size  occurs.  In  other  cases  this 
does  not  occur,  and  the  entire  gland  is  reduced  to  a  .small 
fil)rous  area  around  the  nipple  and  immediately  beneath 
the  skin.  Thus  it  returns  at  last  to  a  condition  ap- 
proaching the  infantile. 

Tlie  two  breasts  arc  seldom  equal  in  size,  the  left  usu- 
ally being  tlie  larger,  sometimes  quite  considerably. 
Tiiis  is  thought  to  be  due  to  the  fact  that  women  nourish 
the  child  more  on  that  side. 

The  size  of  the  breasts  presents  considerable  ethnologi- 
cal variations.  Huschke  sa3"s  that,  as  a  rule,  they  are  more 
voluminous  in  warm  than  in  cold  countries,  and  in  moist 
countries  and  in  valleys  than  in  dry  countries  and  moun- 
tains. As  regards  races,  variations  are  considerable,  the 
people  of  southern  Africa  being  remarkable  for  their 
large  and  pendent  breasts. 

In  individuals,  the  size  of  the  breast  offers  considerable 
variations.  It  appears  that  the  development  is  inde- 
pendent of  the  build  and  constitution;  large,  robust 
women  arc  frequently  seen  with  very  poorly  developed 
breasts,  while,  on  the  other  hand,  small  women  are  seen 
with  large,  well-formed  breasts. 

The  mamma?  are  formed  of  stroma  containing  fat  and 
the  essential  gland  structure.  It  is  therefore  clear  that 
size  alone  will  not  determine  the  activity  of  the  gland. 
A  breast  may  be  formed  of  a  maxinuim  amount  of  stroma 
and  a  mininmm  amount  of  parenchyma  (fatty  mamma'), 
or  of  a  maximum  amount  of  gland  tissue  and  a  minimum 
amount  of  fat  (glandular  mamma;).  For  this  reason 
large  breasts  may  furnish  much  less  milk  than  much 
smaller  ones. 

De  Sinety  has  pointed  out  that  city-bred  women  are 
likely  to  have  breasts  much  more  poorly  developed  and 
functionally  less  active  than  their  country  sisters.  This 
he  attributes  to  tlie  social  conditions  in  the  city  leading 
so  often  to  the  wet-nurse  and  bottle,  and  he  believes  that 
this,  carried  through  several  generations,  has  led  to  an  in- 
herited characteristic.     Thus  the  breast  is  followins  the 


Fig.  1042.— a  Part  of  the  Ventral  Surface  of  the  Corpus  Mammae,  Show- 
ing the  Branchings  of  Two  Milk  Ducts.     (Henle.) 

law  of  morphology,  that  those  organs  which  have  become 
functiouless  and  useless  gradually  are  less  and  less  de- 
veloped and  finally  disappear. 

Structure. — The  breasts  are  composed  essentially  of 
three  parts:  first,  the  mamma  proper;  second,  the  cover- 
ing skin;  third,  the  surrounding  fatty  tissue.  The 
mammce,  like  all  glands,  consist  of  two  parts ;   the  par- 


enchyma, and  the  stroma.  The  latter  includes  the  fat, 
which  is  embedded  in  it.  also  the  blood-vessels,  lym- 
jihatics,  and  nerves,  which  ramify  through  it.  The  par- 
enchyma is  divided  into  a  central  compact  part,  the  body 
or  corpus  mamma>,  surrounded  by  peripheral  processes. 
It  is  made  up  of  lobes  (lobi  mammii?)  divided  into  lobules 
(lobuli  mamma').  All  of  the  lobules  of  a  lobe  empty  by 
small  into  larger  ducts.  These  ultimately  lead  to  one 
large  duct  (ductus  lactifer).  which  opens  upon  the  nipple 
(papilla  mamm;p)  (Figs.  1042  and  1043). 

When  the  covering  parts  are  removed,  the  gland  pre- 
sents a  flattened  mass  witli  an  irregular,  circular  outline, 
thicker  in  the  centre  than  at  the  perijihery.  The  ventral 
surface  is  convex  but  quite  uneven,  due  to  the  processes 
which  project  toward  the  skin.  The  thick  central  por- 
tion mentioned  above  is  the  corpus  mamm.-c,  and  u])on 
the  size  and  extent  of  this  the  external  conformation  of 
the  breast  depends.  The  dorsal  surface,  as  already  noted, 
is  flat  or  slightly  concave  and  much  less  irregular  than 
the  ventral  surface  (Figs.  1044  and  104.i). 

The  circumference  is  quite  thick  and  well  defined,  but 
it  is  thicker  below  than  abovi'  (Fig.  1044).  When  a  sec- 
tion is  made  through  the  nipple.  The  cut  surface  of  the 
corpus  mammte  appears  triangular.  The  apex  of  the 
triangle  is  at  the  nipple,  and  the  base,  which  represents 
the  dorsal  surface,  rests  against  the  thorax,  from  which 
it  is  separated  by  the  stratum  of  loose  areolar  tissue. 

Extending  from  this  central  compact  area  of  glandular 
tissue,  the  peripheral  processes  j-each  in  all  directions. 
As  already  noted,  there  are  three  main  cusps ;  one  extends 
cephalad  toward  and  into  the  axilla;  another  caudad  of 
the  axilla;  while  the  third  reaches  toward  the  sternum. 
Besides  these  large  processes  there  are  numerous  small 
ones,  which  radiate  in  all  directions  around  the  circum- 
ference. These  form  numerous  branched,  interlacing 
processes  enclosing  and  surrounding  masses  of  fat. 

From  the  ventral  sin-face  triangular  processes  project 
toward  the  skin  (7.  Figs.  1044  and  104.5).  and  from  the 
apex  of  the  triangle  the  connective  tissue  covering  the 
gland  is  prolonged  to  the  dermis.  In  thin  women  tlie  par- 
enchyma at  these  points  reaches  almost  to  the  surface. 

From  the  dorsjil  surface,  much  more  delicate  processes 
project  into  the  retromammary  tissue,  even  reaching 
through  this  and  extending  into  the  pectoral  fascia  to  get 
between  the  fibre  bundles  of  the  pectoralis  major.  These 
processes  are  very  minute  and  are  often  overlooked. 

Both  body  and  ijrocesses  are  completely  covered  by 
a  delicate  connective  tissue.  Those  parts  of  this  which 
cover  the  scattered  branched  parts  of  the  gland  are  con- 
tinuous with  the  surrounding  subcutaneous  tissue.  It  is 
too  delicate  to  be  deserving  of  a  separate  name,  but  has 
nevertheless  been  called  by  some  the  fibrous  capsule  of 
the  mamma'. 

Stronui. — The  stroma  is  tough  and  compact,  but  soft 
and  yielding.  It  is  white  in  color  and  is  composed  of 
coarse,  wavy  fibres.  In  the  nidlipara.  there  is  only  here 
and  there  an  isolated  fat  lobule;  consequently  the  fibres 
are  closel_v  ari'anged.  In  the  multipara,  much  more  fat 
is  foimd  in  the  stroma.  Toward  the  periphery  more  fat 
lobules  are  seen,  and  the  stroma  of  the  peripheral  proc- 
esses becomes  directly  continuous  with  the  connective- 
tissue  fran\ework  of  the  fat  lobules. 

As  stated  above,  from  the  apex  of  the  processes  on  the 
ventral  surface,  the  stroma  is  continued  to  the  corium. 
These  proloneations  have  received  the  name  of  ligaments 
of  Cooper  (T.'Figs.  1044  and  104.i). 

Between  the  ventral  processes  of  the  gland,  and  there- 
fore surrounded  by  the  ligaments  of  Cooper,  are  supra- 
mammary  accumulations  of  fat  (adipose  fosste).  On  the 
dorsal  surface  of  the  gland  are  other  fat  spaces  (retro- 
mammary fat)  (9,  Figs.  1044  and  104.5).  This  is  separated 
from  the  pectoral  fascia  by  loose  connective  tissue,  and 
in  it  one  or  more  large  h'mph  spaces  are  foimd,  the  retro- 
mammary or  submammary  bursae.  The  subcutaneous 
fat  and  that  between  the  lobules  give  the  smoothness 
to  the  surface  of  the  gland,  and  when  it  is  absorbed,  as 
during  lactation  or  in  emaciation,  the  lobules  of  the 
gland  stand  out  much  more  distinctly. 
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Under  the  nipple  and  areola,  the  stroma  contains  no 
fat.  Its  libres  are  here  very  loosely  arranged,  and  allow- 
free  mobility  of  the  nipple.  It  is  "this  also  which  allows 
the  distention  of  the  ducts  and  sinuses  during  lactation. 

PurenchyiiKi. — The  relative  amount  of  parenchyma  to 
the  stroma  varies  in  different  nullipara\  al.so  even  in  the 
same  breast  one  lobe  or  section  may  have  numerous  well- 


FIG.  1(U.3.— Di.^sectinn  of  theLnwer  Half  of  the  Female  Mamma  ilurinp 
the  ivrinil  (tf  I.aiiatl'tn.  (Liisf-hka.  I  a,  a,  a.  UiulisM-.ifii  part  of 
the  niainma  :  1,  tlif  niaTiiiiiilla:  2,  areola:  3.  subrutaiii-nus  masses 
of  fat;  .i.  three  lactiferous  ducts  passing  toward  liie  iiiammilla 
where  they  open  ;  tj,  one  of  the  sinuses  or  anipulhe ;  7,  some  of  the 
glandular  lobules  which  have  been  unravelled:  7',  others  massed 
together.     (Quain.) 

developed  lobules,  while  another  has  few  or  none,  these 
remaining  almost  as  at  puberty  merely  branching  ducts. 
The  parenchyma,  on  close  inspection  of  a  cut  surface  of 
fresh  gland,  is  seen  to  be  made  up  of  closely  packed  sago- 
like grains. 

Dnctx. — The  ducts  are  also  seen  in  a  cross  section,  run- 
ning through  the  nipple  to  its  summit,  wliere  they  open. 
Arising  from  the  acini  the  minute  ducts  unite  to  form 
larger  canals,  so  that  each  lobule  gives  rise  to  a  single 
duct  (lobular  duct)  (Fig.  1043).  These  join  to  form  larger 
and  larger  ducts  until  bvit  one  duct  leaves  each  lobe. 
This  is  known  as  the  galactophorous  or  lactiferous  duct. 
These,  fifteen  to  twenty  in  number,  corresponding  to  the 
lobes  of  the  gland,  gather  at  the  nipple,  through  which 
they  pass,  in  a  vertical  direction,  to  open  ujion  its  summit. 
Beneath  the  areola,  each  duct  presents  an  irreguhir,  fusi 
form  swelling  12  to  1.5  mm.  long  and  (3  to  S  mm.  wide, 
known  as  the  sinus  or  ampulla  (Fig.  1043),  also  as  the  sac- 
culus  or  reservoir.  Secondary  ampullfe  occur  here  and 
there  on  the  ducts.  In  the  ampulla  and  the  hirge  ducts, 
milk  accumulates  in  the  intervals  between  nursing.  Be- 
yond the  sinus,  the  ducts  are  reduced  in  size  and  col- 
lected into  a  bundle,  the  largest  ones  occupying  the 
centre.  Side  by  side,  surrounded  by  muscle,  areolar  tis- 
sue, and  vessels,  and  without  communicating,  tliey  pass 
to  the  summit  of  the  nipple.  Here  separately  by  minute 
orifices,  they  open  into  the  bottom  of  de])ressions.  The 
orifices,  which  measure  6  mm.,  are  distinctly  smaller  than 
the  ducts.  In  the  loose  areolar  tissue  under  the  areola, 
the  ducts  and  sinuses  receive  minute  ducts  from  the  ad- 
jacent lobules. 

The  ducts  are  composed  of  two  coats,  an  external  and 
an  internal.  The  external  coat  is  formed  of  white  tibrous 
tissue  intermixed  with  longitudinal  and  circular  elastic 
fibres.  Smooth  muscle  fibres  have  also  been  described. 
They  are  said  to  be  particularly  abundant  around  the 
ampullse,  where  they  form  an  imperfect  sheath.  The 
inner  coat  is  formed  of  epithelium  resting  on  a  basement 
membrane.  The  epithelial  cells,  constituting  a  single 
layer,  are  flat  in  the  lobular  ducts,  becoming  cubical  in 
the  larger  ducts,  and  columnar  in  the  lactiferous  ducts 
and  ampulUie. 

Lube»,  D)hule-i,  and  Acini. — Each  of  the  fifteen  to 
twenty  ducts  is  the  outlet  for  a  single  lobe  of  the  gland. 
Each  lobe  is  of  a  reddish  cream  color  and  rather  friable, 
and  is  a  compound  tubo-racemose  gland.  Although  each 
■lobe  is  in  contact  on  either  side  with  the  neighboring  lobes, 


there  is  no  known  communication  betweeii  them.  The 
lobes  are  separated,  by  a  considerable  amount  of  areolar 
tissue,  into  lobules,  whicli  in  turn  are  made  up  of  acini 
(Fig.  1043). 

The  acini  are  small,  spherical,  or  pyrif<iiin  masses, 
measuring  on  an  average  0.13  to  0.1.5  iiim.  in  diameter. 
An  acinus  consists  of  a  minute  sac  lined  by  a  single  layer 
of  small  granular  epithelial  cells  (Fig.  1046  .and  1047)  rest- 
ing on  a  delicate  hyaline  membrana  propria.  This  latter 
completely  envelops  the  acinus,  and  is  continued  for  a 
short  distance  on  the  minute  excretory  duct,  with  which 
the  .acinus  connects.  The  above  is  the  condition  in  a 
gland  which  has  not  yet  become  active. 

With  the  beginning  of  lactation  an  acinus  enlarges, 
and  becomes  distended  with  a  clear,  slightly  viscid  yel- 
lowish secretion  (Fig.  1047).  Its  cells  are  flattened  against 
the  membrana  propria,  and  contain  fat  globules  of  vary- 
ing .sizes. 

The  fluid  in  the  acini  is  the  colostrum.  It  is  produced 
for  the  first  two  to  three  days  after  delivery,  when  tlie 


jr.-. 


Fig.  1(M4.— Vertical  Ventro-dorsal  Frozen  Section  of  the  Right  Breast 
of  a  Woman,  Twenty-two  Years  Old.  C>-C'vi,  First  to  sLxth  ribs :  A, 
clavicle:  B,  pectoralis  major;  B'.  pectoralis  minor:  C,  external ol)- 
llque ;  D,  intercostals  ;  E.  pleura :  F,  lungs :  1,  skin  of  breast :  2. 
areola:  3,  nipple;  4,  mammary  gland,  central  part:  4',  peripheral 
part :  .5,  milk  ducts  :  5',  sinus  :  6.  cusps  of  the  mammary  gland  ;  7. 
ligaments  of  Cooper,  continued  to  the  skin  ;  8,  fat  lobules ;  9,  fatty 
retromammary  pad  ;  10,  intramamman"  fat :  11,  aponeurosis  of  pec- 
toralis major ;  12,  superflcial  fascia  foriuinK  s.ispensory  ligament  of 
breast ;  13,  layer  of  loose  areolar  tissue  between  superlicial  fascia 
and  subjacent  serous  aponeurosis  of  the  breast :  U,  submammary 
furrow.  (Testut.) 

free  secretion  of  milk  is  first  established.  Besides  serous 
fluid,  colostrum  is  compo.sed  of  fat  globules  of  varying 
size,  similar  to  those  found  in  norma!  milk  but  somewhat 
larger  and  having  a  tendency  to  agglutination;  al.so  of 
granular  cells,  spherical  or  oval  in  shape,  having  a  diam- 
eter or  from  3  to  25  /u  (colostrum  corpuscles).     The  cor- 
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puscles  consist  of  a  mass  of  fat  globules  surrounded  by 
protoplasm. 

By  some  these  are  considered  to  be  fatty -degenerated 
leucocytes,  by  others  the  central  cells  of  the  originally 
solid  aciui,  also  fatty -degenerated.  The  subject  has  led 
to  much  controversy  and  is  by  no  means  settled. 

When  fully  active  the  acini  secrete  true  milk.  The 
protoplasm  in  the  cells  becomes  broken  up  and  displaced 
toward  the  outside  by  the  accumulation  of  oil  drops  (Fig. 


A-^v#:! 


Fig.  1047.— Mammary  Gland 
of  the  Dog.  Transverse  sec- 
tion of  a  terminal  vesicle, 
showing  an  earlv  stage  of 
the  formation  of  fat  glo- 
bules.   (Heidenhain.) 


Fig.  1045.— Horizontal  Frozen  Section 
of  the  Right  Breast  of  a  Woman 
Twenty-two  Years  tUd.  1.  Skin  of 
axillao'  border:  1'.  skin  of  sternal 
border :  8,  8'.  subareolar  fat  lobules. 
For  further  description  see  Fig.  1044. 


1048  and  1050).  The  minute  oil  drops,  at  first  separate, 
become  confluent,  forming  larger  globules  which  occupy 
the  greater  part  of  the  entire  cell.  There  are  two  main 
wa.ys  of  e.xplaiiiing  the  liberation  of  these  oil  globules 
into  the  lumen  of  the  acini. 

According  to  the  lirst,  the  mammary  gland  is  similar, 
functionally,  to  a  sebaceous  gland.  Tlie  glandular  cells 
are  believed  to  multiply  constantly  dui-ing  lactation.  The 
cells  in  the  deeper  layer  replace,  toward  the  lumen  of  tite 
acini,  those  in  a  superficial  layer,  and  these  becoming 
filled  with  fat  globules  degenerate  and  break  down. 

According  to  the  second,  the  fat  globules  as  they  ac- 
cumulate in  the  cell  force  the  nucleus  with  its  surrotmd- 
ing  piotoplasm  against  the  basement  membrane.  The 
fat  globules  continue  to  accumulate  until  the  tension 
within  the  cell  ip  so  great  that  its  membrane  ruptures 
into  the  acinus.  liberating  the  superficial  fat  and  proto- 
plasm. But  the  cell  itself  is  not,  as  a  rule,  cast  off.  The 
protoplasm  accumulates  again  around  the  nucleus,  the 
cell  wall  is  again  formed,  fat 
globules  accumulate  again  and 
the  jirocess  is  repeated.  It  seems 
piobable  that  after  numerous 
repetitions  the  cell  becomes 
worn  out  and  is  cast  off,  to  be 
replaced  by  a  new  cell. 

Within  an  acinus  the  cells  are 

cubical,  or  even  columnar  and 

of  very  tinequal  size.     Some  are 

found  large,  distended  with  fat 

projecting  into  the  lumen,  others 

small,    consisting    merely    of   a 

nucleus  and  so  little  fat  that  it 

is  obscured   by  the  protoplasm. 

Between  these  are  all  grades. 

■'      ■   '  During  lactation  the  acini  have 

Fig.   1046.  — Termlna  1   a  comparatively  wide  lumen,  the 

Branches  of  a  Milk  Duct   epithelial   lavei-  forminsr   but  a 

YoSug^'woS"    mar^    t'""  '"""t"  t'>  the  in-egular  tubu- 

deleben,  X  56.)  '  lar  or  spherical  spaces. 


C 


At  all  times  there  are  numbers  of  mast  cells  in  the 
connective  tissue  surrounding  the  lobules.  During  lacta- 
tion these  are  immensely  increased.  They  have  been 
supposed  to  have  some  connec- 
tion with  the  .secretion  of  the 
milk,  but  their  exact  function 
is  not  yet  known. 

The  inilk  which  distends  the 
acini  during  full  functional 
activit)'  consists  of  fat  droplets 
which  were  present  in  the 
cells,  and  debris  of  disinte- 
grated protoplasm  floating  in  a 
clear  albuminous  fluid  (milk 
plasma).  The  milk  globules 
from  3  to  5  A(  in  diameter  do 
not  coalesce  owing  to  a  deli- 
cate sheath  of  casein,  Acher- 
son's  membrane. 

During  pregnane}-  and  lactation,  the  increase  in 
the  size  of  the  gland  is  due  to  increase  of  the  paren- 
chyma. This  consists  of  an  increase  in  the  size  and 
number  of  the  lobules.  Finally  they  increase  so 
much  that  they  touch  and  cause  a  disappearance  of 
fat  between  them.  At  this  time  on  section  the 
naked-eye  ajipearance  closely  resembles  that  of  a 
salivary  gland.  Moreover,  at  this  time  the  super- 
ficial fat  becomes  absorbed,  and  the  vessels  become 
dilated  and  their  walls  thickened.  The  breast,  due 
to  the  rapidly  growing  acini,  presents  to  the  hand 
an  uneven  feeling.  The  acini  increase  first  on  the 
peripheral  procesess,  thence  along  the  larger  ducts 
toward  the  centre  of  the  corpus  mammse. 

After  lactation  the  breast  returns  to  a  resting 
stage.  The  parenchyma  undergoes  involution,  and 
fat  is  developed  in  the  stroma.  The  aciui  are  re- 
duced to  naiTow  tubules,  man}- becoming  atrophied. 
The  gland  does  not  regain  its  virgin  appearance ; 
therefore  it  is  easy  to  tell  an  involuted  multiparous  from 
a  nuUiparous  breast.  The  corpus  mamms  is  loose,  ir- 
regularl}'  broken  up,  and  less  distinct.  The  peripheral 
processes  are  larger,  with  a  more  extensive  distribution. 
It  is  therefore  easy  to  separate  the  corpus  mamma'  from 
them.  The  stroma  is  loose,  and  contains  numerous  fat 
lobules.  The  whole  is  less  smooth,  firm,  and  elastic; 
therefore  it  tends  to  be  pendulous,  and  a  sulcus  is  fomied 
where  it  overhangs    its  base.     With  each    succeeding 

pregnancy  a 
new  period  of 
activity  is  fol- 
lowed by  invo- 
lution. 

With  the  end 
of  the  sexual 
activity  a  grad- 
u  a  1  permanent 
atrophy  of  the 
secreting  p  o  r- 
tion  of  the  gland 
begins.  This 
occurs,  accord- 
ing to  Stiles,  by 
a  fatt_y  degeneration  of  the  epithelium  followed  b}'  its 
absorption.  The  atrophy  is  more  or  less  complete  and 
may  leave  only  the  ducts.  In  thin  women,  the  corpus 
mamma'  is  represented,  after  the  menopause,  by  a  flat- 
tened disc  closely  related  to  the  skin,  and  also  to  the 
underlj-ing  pectoral  muscle.  The  peripheral  processes 
can  scarcely  be  separated  from  the  body,  and  are  reduced 
to  mere  irregular  threads.  In  fat  women  after  the  meno- 
pause the  breast  remains  of  a  large  size,  but  is  composed 
almost  entirely  of  fat.  A  few  ducts,  here  and  there, 
form  a  wide  meshwork  except  in  the  neighborhood  of 
the  nipple,  where  there  is  a  flattened  disc  of  gland  tissue. 
The  skin  covering  the  ventral  surface  of  the  breast, 
except  at  its  centre,  does  not  differ  from  that  of  the  ad- 
jacent thorax.  It  is  thin,  flexible,  and  very  adherent  to 
the  subjacent  fatty  tissue  and  covered  with  minute  hairs 


FIG.  1048.— The  same  Anatomical  Relations  as 
are  shown  in  Fig.  1047.  The  gland,  however, 
is  in  its  highest  stage  of  functional  activity. 
(Heidenhain.) 
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Breast* 


aud  rudimentary  sebaceous  glands.  Following  pregnancy 
the  skin  is  sometimes  marked  with  bluish  or  whitish 
stria-  similar  to  those  of  the  abdomen. 

In  the  centre  of  this  skin  is  the  areola  surmounted  by 
the  nipple.  The  skin  of  the  areola  is  thinner  and  more 
delicate  than  thatsurmunding  it  (Fig.  1051,  A).  It  is  pig- 
mented and  markeil  by  numerous  well-developed  sebace- 
ous glands.  Its  under  surface  is  devoid  of  fat.  but  con- 
tains  numerous    unstriped    muscle   fibres.     The  areola 


^   f  ' 


Fig.  1049. — From  a  Cross  Section  of  the  Corpus  iMammse  of  a  Woman 
who  Died  during  Childbirth,  showing  the  Cubical  Epithelium  of  the 
Tubules.    (Bardeleben,  X  lie.) 

measures  1.'5X35  mm.  in  diameter.  Its  color  in  nullipeiw 
is  a  rosy  pink,  who.se  shade  differs  with  the  complexion 
of  the  individual. 

In  the  second  month  of  pregnancy  the  areola  begins  to 
enlarge  and  darken.  This  increases  as  pregnancy  ad- 
vances and  serves  as  one  of  the  signs  of  gestation.  After 
lactation  the  color  fades,  but  seldom  entirely  disappears. 
In  dark  brunettes,  during  pregnancy,  the  pigmentation 
becomes  very  dark,  almost  black,  and  following  lactation 
considerable  pigment  remains.  In  light  blondes,  on  the 
other  hand,  the  darkening  of  the  areola  is  very  slight  and 
may  subsequently  almost  entirely  disappear.  In  the 
fifth  or  sixth  month  of  pregnancy  there  is  sometimes  seen 
around  the  areola  an  irregular  slightly  pigmented  ring,  the 
secondary  areola  (Fig.  1051,  B). 

The  ventral  surface  of  the  areola  is  roughened  by 
numerous  slight  elevations.  These  are  caused  by  well- 
developed  sebaceous  glands,  areolar  glands.  At  the  cen- 
tre of  each  a  minute  lanugo  hair  marks  its  opening. 
During  pregnancy  these  glands  enlarge  markedly,  form- 
ing hemispherical  ele\'ations  from  3  to  5  mm.  in  diameter. 
They  are  now  known  as  the  tubercles  of  Montgomery 
(Fig.  1051).  They  are  particularly  numerous  and  well 
marked  in  the  secondary  areola  (Fig.  1051,  B).  Toward 
the  end  of  gestation  they  become  very  active,  their  pecul 
iar  fatty  secretion  keeping  the  areola  moist  and  serving 
to  protect  it  during  suckling. 

The  sudoriferous  glands  of  the  areola  are  remarkable 
for  their  large  size  and  degree  of  convolution. 

Besides  the  above  there  are  from  five  to  fifteen  acces- 
sory milk  glands  below  the  areola.  They  vary  consider- 
ably in  size,  and  open  on  the  summit  of  the  nipple.  The 
areolar  muscle  proper  is  thickest  beneath  the  nipple  and 
fades  toward  the  circumference  of  the  areola  (Fig.  1044). 
It  is  composed  mostly  of  circular  fibres  among  which 
are  mi.\ed  certain  radially  disposed  bundles.  All  are  at- 
tached to  the  skin,  making  it  therefore  a  skin  muscle  an- 
alogous to  the  dartos. 

Tlie,  Nipple. — The  nipple  is  situated  a  little  meso-caudad 
of  the  centre  of  the  breast  on  a  level  with  the  fourth  rib  or 
over  the  fourth  intercostal  space  and  about  12  cm.  from 
the  midline  (Figs.  1044  and  1045).  Developed  from  the 
gland  area,  in  the  third  j'ear  it  projects  from  the  surface, 
and  soon  becomes  conical  or  cylindrical.     It  attains  its 


full  size  shortly  after  puberty.  In  some  caa^s  it  is  hemi- 
spherical, flattened,  or  discoidal,  or  with  apex  larger  than 
base,  pedunculated.  It  is  about  10  to  13  mm.  long,  with  a 
diameter  at  the  base  of  9  to  15  mm. ,  and  points  venVrad  and 
slightly  laterocephalad.  Its  tip  is  rounded  and  marked  by 
fifteen  to  twenty  minute  depressions,  milk  pores,  into 
which  the  lactiferous  ducts  open.  These  form  the  cribri- 
form area.  In  some  cases  the  nipple  is  retracted  into  a  de- 
pression and  projects  only  on  response  to  stimuli.  The 
skin  of  the  nipple  (Fig.  1051.  1),  thin  and  pigmented  like 
the  areola,  is  remarkable  for  the  number  and  size  of  its  I'ap- 
illa;.  It  possesses  neither  hair  follicles  nor  sweat  glands, 
but  near  the  base  are  a  number  of  sebaceous  glands. 

The  muscle  fibres  of  the  areola  are  continued  up  into 
the  nipple,  being  separated  from  the  skin  below  only  by 
the  sebaceous  glands.  They  form  a  layer  composed  almost 
exclusively  of  circidar  tibres.  From  the  inner  side  of 
this  layer  numerous  mu.scle  bundles  are  given  off.  These 
cross  and  recross  and  form  a  sort  of  trellis  around  the 
lactiferous  ducts.  Under  the  influence  of  cold,  emotion, 
or  touch  these  contract,  causing  circular  folds  in  the 
skin  of  the  areola,  and  causing  the  nipple  to  become 
firmer  aud  more  projecting.  Besides  causing  this  erec- 
tion of  the  nipple,  the  rhythmical  contraction  of  the 
fibres  tends  to  force  the  milk  from  the  distended  milk 
ducts  and  sinuses  into  the  area  cribrosa.  If  the  fibres  con- 
tract spasmodically,  they  act  as  a  sphincter  and  retain  the 
milk.  Another  .set  of  fibres  take  their  origin  from  the 
deep  connective  tissue  below  the  uipple  aud  end  upon  the 
uuder  surface  of  its  skin.  They  pass  in  variously-sized 
bundles  through  the  connective  tissue  which  surrounds- 
the  milk  ducts.  Contracticm  of  these  fibres  causes  the 
nipple  to  retract. 

During  pregnancy  the  nipple  becomes  larger,  more 
readily  erectile,  and  more  sensitive.  Suppression  and 
multiplication  of  the  areola  and  nipple  were  considered 
with  suppression  and  multiplication  of  the  gland  proper. 

Arteries.- — The  arteries  which  supply  the  breast  are  de- 
rived from  three  sources:  from  the  internal  mammary, 
from  the  lateral  thoracic  (long  thoracic),  and  from  the  in- 
tercostal. The  internal  mammary,  a  branch  of  the  sub- 
clavian. Is  the  principal  artery  of  the  breast.     It  gives  off 


Fig.  1050.— Transection  of  a  Tubule  of  the  Corpus  Mammae.  Ep, 
Glandular  epithelium:  in  the  liiinen  are  milk  ^'lobules  and  colos- 
trum corpuscles.    (.Bardeleben,  X  4t)0.) 

two  or  three  branches  (rami  perforautes),  which  pierce  the 
chest  wall  and  then  pass  to  the  eephalo-mesal  edge  of  the 
gland,  where  they  break  into  branches  for  both  of  its  sur- 
faces. The  lateral  thoracic,  a  branch  of  the  axillary,  gives 
two  or  three  branches  (external  mammary  rami)  to  the 
external  portion  of  the  breast.  Besides  the  above,  twigs 
from  the  pectoral  rami  of  the  acromial  thoracic  artery 
pierce  the  major  pectoral  and  supply  the  cephalic  seg 
ment  of  the  breast.     Lastly,  the  intercostal  furnishes  sev- 
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eral  small,  short  branches  to  the  caudal  segment  and 
posterior  surface.  The  above  vessels,  taking  a  sinuous 
course,  break  up  into  numerous  branches  which  anasto- 
mose freely  and  ramify  in  the  fascia  surrounding  the 
gland.  From  the  ■vvide-meshed,  irregular  network  of  the 
ventral  surface  two  sets  of  branches  are  given  ofE :  one 
very  small  to  the  skin,  the  other  much  larger  to  the 
gland  proper.  These  latter,  situated  in  the  stroma,  di- 
vide and  subdivide  on  the  connective-tissue  framework. 


.4 


A  B 

Fig.  10,51.— The  Nipple  and  Its  Areola.  A,  In  a  non-pregnant :  B,  in  a  pregnant  woman.  1,  Nipple 
2,  areola ;  3.  tubercle  of  Montgomery :  4,  sulcus  at  the  base  of  the  nipple ;  .5,  skin  of  breast ;  5',  sec^ 
ondary  areola ;  B,  venous  circle  of  Haller. 


They  finallj'  form  a  close  capillaiy  network  which  sur- 
rounds the  acini.  The  arterioles  of  the  nipple  do  not 
form  cavernous  sinuses,  and  its  erection  is  due  entirely 
to  the  muscular  tissue. 

Veins. — Prom  the  arterial  capillary  plexus  around  the 
acini  a  venous  plexus  arises.  Tliis  proceeds  toward  the 
ventral  surface  of  the  gland  and  forms  beneath  the  skin  a 
large-meshed  plexus.  During  the  period  of  lactation  these 
vessels  are  seen  through  tlie  skin  as  blue  lines.  Around 
the  nipple,  these  subcutaneous  veins  form  a  more  or  less 
complete  ring,  the  venous  circle  of  Haller  (Fig.  lOol,  B). 

The  superficial  network  communicates  freely  with  the 
superficial  veins  of  the  neck  above,  with  those  of  the 
abdomen  below,  and  with  the  thoracoepigastric  vein 
laterally.  These  carry  the  blood  into  the  subclavian,  the 
intercostal,  the  internal  mammary,  and  the  axillary  by 
branches  which  parallel  the  arteries. 

Lymphatics. — The  following  description  of  the  lym- 
phatics is  in  the  main  that  given  by  Stiles,  and  differs 
somewhat  from  that  of  other  authors.  There  are  five  sets 
of  lymphatic  vessels:  (1)  superficial  or  cutaneous,  includ- 
ing those  of  the  nipple,  areola,  and  surrounding  skin; 
(2)  subareolar  plexus  (Sappey) ;  (3)  intraraammary ;  (4) 
those  of  the  circummammary  fat:  (5)  retromammary. 

The  cutaneous  lymphatics"  are  similar  to  the  cutaneous 
lymph  vessels  elsewhere.  It  is  to  be  noted  that  those  of 
one  side  of  the  body  communicate  with  those  of  the 
other;  thus  explaining  the  occurrence  of  axillary  infec- 
tion on  one  side  from  a  tumor  of  the  opposite.  Upon  the 
skin  of  the  nipple  and  areola  the  network  formed  by  these 
vessels  is  very  close,  being  particularly  rich  upon  the 
nipple.     They  open  mainly  into  the  subareolar  group. 

The  subareolar  lymphatics  consist  of  very  large  ves- 
sels, forming  a  wide-meshed  network  running  horizon- 
tally in  the  loose  areolar  tissue  around  the  lacteal  sinuses. 
As  noted  above,  the  cutaneous  vessels  open  into  this 
plexus,  as  do  also  many  of  the  intramammary  vessels.  It 
thus  serves  as  a  means  of  communication  between  the 
two.  From  the  subareolar  plexus  of  lymphatics  Sappey 
states  that  there  are  two  and  sometimes  three  large 
trunks  which  open  into  the  axillar}'  lymph  nodes. 


The  intemiammary  lymphatics  begin  as  a  plexus  of 
small  channels  consisting  of  a  single  layer  of  endothelium 
supported  by  stroma.  Each  mesh  of  the  network  sur- 
rounds one  or  more  of  the  ultimate  lobules  of  the  gland, 
and  receives  its  lymph  from  the  interacinous  spaces. 
From  this  laj'cr  vessels  parallel  to  the  milk  ducts  proceed 
to  the  subareolar  plexus  into  which  they  empty. 

These  periductal  as  well  as  the  perilobular  lymphatics 
anastomose  with  others  which  are  closely  related  to  the 
blood-vessels.  The  larger 
blood-vessels  are  accompanied 
by  two  or  more  lymphatics 
which  occupy  their  sheaths. 
Tlie  smaller  vessels  are  usually 
accompanied  by  only  one 
lymph  channel,  which  is  larger 
than  the  ve.s.sel  and  more  or 
less  completely  surrounds  it. 

The  circummammary  set  re- 
ceives branches  from  the  skin 
and  the  ventral  surface  and  cir- 
cumference of  the  breast.  It  is 
merely  a  part  of  the  general 
lymphatic  system  of  tlie  ven- 
ti-al  chest  wall.  From  this  set 
larger  lymph  vessels  proceed 
between  the  laj-ers  of  the  deep 
fascia.  They  soon  pierce  the 
deep  layer  of  this  fascia  and 
proceed,  as  large  muscular- 
walled  lymph  vessels,  to  the 
Ijniph  glands. 

The  retromammary  lympha- 
tics include  those  of  the  pec- 
toral fascia.  They  receive 
branches  from  the  posterior 
surface  of  the  gland.  Either 
directly  or  indirectly  .some  of  the  lymph  from  all  otlier 
sets  passes  into  these  Ivmphatics  of  the  deep  fascia  which 
accompany  the  mammary  blood-vessels  and  thus  reach 
the  lj-ini)h  nodes. 

The  lymphatics  of  the  inner  part  of  the  gland  accom- 
pany the  branches  of  the  internal  mammarv  artery 
through  the  chest  wall  and  empty  into  the  sternal  lymph 
nodes  situated  along  this  artery.  A  great  many  accom- 
pany tlie  branches  of  the  axillary  artery  to  enipty  into 
tlie  axillary  Ij-mph  nodes.  The  retromammary"  lym- 
phatics of  tlie  two  breasts  communicate. 

During  the  activity  of  the  breast  the  lymphatics  are 
filled  and  the  lymph  nodes  are  red,  solid,  and  compo.sed 
almost  entirely  of  lymphoid  tissue.  During  inactivity 
the  lymph  vessels  are  but  slightly  filled  and  the  nodes 
appear  to  take  on  a  fatty  change.  This  is  particularly 
marked  in  senility. 

Xerrts. — The  nerves  of  the  breast,  excluding  those  de- 
rived from  the  sympathetic,  which  enter  the  gland  with 
the  arteries,  are  derived  from  three  sources :  first,  from  the 
second,  third,  fourth,  fifth,  and  sixth  intercostals;  second, 
from  the  cervical  plexus;  third,  from  branches  of  the 
brachial  plexus.  The  intercostals  supply  tlie  breast  by 
twigs  from  tlieir  anterior  and  lateral  cutaneous  branches. 
The  third  and  fourth  cervical  nerves  of  tlie  cervical  plex- 
us give  off  the  suprasternal,  supraclavicular,  and  .supra- 
acromial.  Twigs  from  the  middle  of  these  groups,  the 
supraclavicular,  supply  the  upper  part  of  the  breast. 
From  the  inner  and  outer  cords  of  the  brachial  plexus  the 
internal  and  external  anterior  thoracic  nerves  take  origin 
and  pass  forward  to  supply  the  pectoralis  major  and  mi- 
nor muscles.  Twigs  from  these  nerves  pierce  these  mus- 
cles to  supply  tlie  breast  on  its  under  surface.  These 
nerves  receive  their  fibres  from  the  anterior  primary  divi- 
sions of  the  sixth,  seventh,  and  eighth  cervical  and  first 
thoracic  nerves.  They  proceed  to  the  gland  proper,  to 
the  skin,  to  the  muscle  fibres  below  the  areola  as  well  as 
to  the  blood-vessels.  On  and  around  the  areola  some  of 
the  nerves  end  in  Pacinian  corpuscles,  and  in  the  nipple 
they  may  end  in  tactile  corpuscles  in  the  papillae. 
Stimulation  of  the  mammary  nerves  causes  an  erection 
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of  the  uipple,  dilatation  of  the  vessels,  aud  secretion  of 
milk.  After  section  of  the  cerebrospinal  nerves  erection 
of  the  nipple  does  not  occur,  but  the  secretion  of  milk  is 
not  interfered  with.  It  seems  probable  that  there  are  spe- 
cial nerves,  aside  from  those  of  the  lilood-vessels,  govern- 
ing secretion  ;  but  this  has  not  been  proved.  Emotional 
disturbances  (auger,  fear,  and  so  forth)  arrest  secretion. 

From  500  to  1,500  c.c.  of  milk  is  daily  secreted.  To 
remove  this  from  the  gland  there  is  not  only  the  me- 
chanical action  of  sucking,  but  also  the  activity  of  the 
gland  itself.  This  latter  consists  in  the  contraction  of 
the  muscle  fibres  beneath  the  areola.  By  these  the  nipple 
is  erected  and  by  their  rhythmical  contraction  the  milk 
ducts  and  sinuses  are  emptied.  The  sucking  not  only 
stimulates  the  muscle  to  act,  but  also  excites  the  sensory 
nerves  of  the  nipple,  thus  causing  a  reflex  stimulation  of 
the  gland  acini  aud  an  increase  of  the  secretion.  During 
activity  the  vessels  of  the  gland  are  dilated.  The  amount 
of  the  secretion  appears  to  be  influenced  by  blood  press- 
ure. Freciuent  and  rapid  emptying  of  the  gland  causes 
a  greater  flow,  possibly  tlirough  secretion  pressure  within 
the  cells.  The  oftenei-  the  breasts  are  emptied  the  richer 
the  milk  becomes  in  casein.  The  last  milk  obtained  at  any 
time  is  always  richer  in  fat,  as  it  comes  from  the  acini. 

Human  niilk  is  always  alkaline.  Cow's  milk  may  be 
alkaline,  acid,  or  neutral.  The  milk  of  carnivora  is  al- 
ways slightl}'  acid.  Various  substances,  when  eaten  by 
the  mother,  are  secreted  in  the  milk.  Such  are  anise, 
vermouth,  garlic,  etc;  chloral,  rhubarb,  opium,  iodine, 
mercury,  lead,  etc.  Some  substances,  such  as  atropine, 
arrest  the  secretion  of  milk. 

Milk  contains  large  amounts  of  casein,  lactose,  and  fat. 
also  certain  inorganic  constituents.  Neither  the  casein 
nor  the  lactose  occurs  in  the  blood,  and  fat  is  found  only 
in  small  amounts.  The  inorganic  salts  in  the  milk  are  in 
difl'erent  proportions  from  those  found  in  the  blood. 
Food  rich  in  proteids  increases  the  amount  of  milk,  but 
the  relative  amount  of  fat  is  increased  more  than  the 
other  constituents.  AVith  a  pure  flesh  diet,  the  milk 
contains  a  very  large  amount  of  fat.  Fat  added  to  the 
food,  if  not  accompanied  by  an  addition  of  proteid  ma- 
terial, rather  diminishes  than  increases  the  amount  of  fat 
in  the  milk.  It  a]ipears.  therefore,  that  the  fat  in  the 
milk  is  not  obtained  from  the  fat  taken  with  the  food, 
but  is  the  result  of  the  decomposition  of  the  proteid. 
Increasing  the  carbohydrates  of  the  food  does  not  increase 
the  amount  of  sugar  "in  the  milk.  The  greatest  part  of 
the  sugar  is  therefore  also  derived  from  the  proteids ;  so 
too  is  the  casein.  Both  the  milk  sugar  and  the  casein  are 
probably  formed  by  the  action  of  ferments  which  remain 
in  the  cells  and  do  not  pass  into  the  milk.  It  is  clear  that 
milk  is  a  chemical  product,  and  that  it  is  due  to  the  activ- 
ity of  the  cells  in  the  mammary  gland.  Concerning  the 
Bpecific  chemical  source  of  the  constituents,  nothing  is 
known  with  certainty.  The  relative  proportion  of  the 
various  constituents  of  the  milk  varies  in  the  different 
months  after  delivery.  The  cause  of  this  variation  is  not 
known,  but  by  it  those  substances  best  suited  to  the  child 
during  its  different  periods  of  growth  seem  to  be  sup- 
plied. Abram  T.  Kerr. 
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BREAST,    FEMALE,  DISEASES  OF  THE.— Amazia. 

— Entire  absence  of  mammary  glands  is  extremely  rare, 
aud  is  accompanied  by  other  deformities  usually  in- 
compatible with  life.  Absence  of  one  breast  is  more 
often  luet  with,  and  the  corresponding  ovary  is  found  to 
be  wanting  as  well  (Scanzoni),  or  the  great  pectoral 
muscle  of  the  same  side.  Probably  absence  of  one  breast 
aud  deforiTiity  of  the  other  is  tlie  nearest  approach  to 
aiuaziti  found  in  the  adult.  A  rudimentary  breast  may 
be  so  small  as  to  justify  the  term  luicromazia. 

Poly.m.^stia. — Supernumerary  mamma'  are  not  uncom- 
mon. Bruce,'  in  4,000  examinations,  found  this  deform- 
ity present  in  1..54  per  cent.,  a  ratio  greater  than  usual,  I 
believe.  He  also  finds  men  more  often  affected  than 
women,  in  tlie  proportion  of  4  to  1,  a  result  conti-ary  to 
that  obtained  by  Godfrain."  I  have  seen  the  defonuity 
more  often  in  females.  Axillary  prolongations  are  not 
infrequently  met  with,  aud  may  be  mistaken  for  lym- 
phatics. They  undergo  the  usual  development  during 
pregnancy,  the  secretion  escaping  by  the  nipple.  Super- 
numeiary  inammfe  occur  most  frequently  in  pairs,  and 
are  situated  below  the  normal  glands,  rather  nearer  to 
the  middle  line  of  the  body;  the  sitviation  lu'xt  in  fre- 
quency is  above  the  normal  glands  and  further  fi-om  the 
middle  line,  i.e..  toward  the  axilla.  When  the  defonuity 
is  unilateral,  the  left  side  is  most  often  chosen.  Super- 
nuiuerary  glands  below  the  normal  mamma'  are  larger 
and  better  supplied  with  nipple  and  areola  than  when 
situated  on  the  side  toward  the  axilla.  They  of  course 
follow  the  evolution  of  the  natural  gland,  becoming  most 
apparent  during  lactation,  and  undergoing  atrophy  after 
the  menopause.  Klob  has  recorded  an  additional  mamma, 
on  the  shoulder,  the  size  of  a  nut;  it  was  provided  with 
a  nipple.  Two  examples  have  been  noticed  on  th<'  back. 
Robert  reports  an  instance  upon  the  thigh;  Percy,  one 
upon  the  epigastrium.  Multimamma-  are  not  over 
fecund,  and  luay  or  may  not  be  provided  with  nipples 
for  the  additional  glands,  or  the  secretion  may  escape  by 
a  small  opening,  "Functionally  also  there  may  be  great 
vai-iation.  Ross  ^  reports  a  mulatto  with  a  third  breast 
beneath  the  normal  left  one.  It  was  .six  inches  in  cir- 
cumference, was  provided  with  nipple,  follicles,  and 
areola,  yielded  milk,  and  if  not  attended  to  was  painful 
from  overdisteution.  The  nipple  was  too  small  for  the 
child  to  nurse.  Lynceus-*  reports  a  woman  with  four 
breasts  in  two  vertical  lines.  All  gave  milk  abundantly. 
Gardner  ='  luentions  a  similar  ease  in  a  negress,  the  super- 
nuiuerary  glands  being  in  the  neighborhood  of  the  axill*. 
Percy  '  reports  the  case  of  a  vivandiei-e  who  had  four  mam- 
m*  in  two  vertical  lines,  and  a  fifth  five  inches  above  the 
umbilicus,  in  the  middle  line.  This  latter  resembled  the 
breast  of  an  impubic  girl;  the  other  four  secreted  milk._ 

Alexander '  records'the  case  of  a  mulatto  male  with  six 
nipples  in  two  vertical  lines,  there  being  a  distance  of 
four  inches  between  the  nipples  vertically.  The  subject 
of  the  report  stated  that  his  mother  was  malfonned  in 
like  manner,  four  of  her  nipples  giving  issue  to  milk; 
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also,  that,  of  several  brothers  and  one  sister,  all  save 
one  brother  were  provided  with  four  supernumerary 
breasts.  Unfortunately,  these  statements  could  not  be 
verified  b.v  an  examination.  Robert's*  case,  alreadj'  re- 
ferred to,  is  as  follows:  A  woman,  whose  mother  had 
three  breasts,  herself  had  a  supernumerary  mamma  upon 
the  outer  surface  of  the  left  thigh,  four  inches  below  the 
great  trochanter.  Her  own  child  sucked  the  additional 
mamma  for  twenty-three  months.  Four  foster-children 
nursed  from  it  during  six  years.  Robert  examined  this 
mamma  and  found  it  atrophic  like  the  (pectoral)  others, 
the  menopause  being  past.  Hand3'side'  reports  three 
brothers  each  witli  foiu'  mamma'.  The  parents  were 
normal.  Variations,  bolh  as  regards  nipples  and  an-nla.-, 
are  observed  to  occur,  not  only  in  connection  with  addi- 
tional breasts,  but  also  with  mammae  in  the  usual  situa- 
tion and  otherwise  normal.  G.  Honualis  saw  five  nipples 
to  one  breast.  Imperfectly  develojied  nipples,  or  indeed 
entire  absence  of  nipples,  is  more  common,  and  this  con- 
dition is  the  cause  of  much  pain  and  inconvenience, 
owing  to  the  infant  being  unable  to  nurse  properly,  and 
so  inducing  engorgement,  with  consecutive  inflammation 
of  the  corresponding  mamma.  Congenital  abnormalities 
of  the  mamma  are  hereditary.  They  have  been  seen,  ac- 
cording to  my  experience,  more  often  in  the  negro  and 
mulatto  than  in  the  white  race. 

Hypertrophy  of  the  JIamjia. — Hypertrophj-  of  the 
mamma  is  seen  in  both  sexes,  occurring  in  one  or  both 
glands.  Lymphatic  and  scrofulous  persons  are  more 
likely  to  be  so  affected.  As  a  sequel  of  mumps,  it  may 
accompany  atroph}'  of  the  corresponding  testicle.  01- 
phan  "'  quotes  from  the  records  of  the  Societe  de  Bio- 
logic the  case  of  a  man  who  lost  a  testicle  from  can- 
cer, and  subsequently  died  from  a  recurrence  of  the 
disease.  One  breast  was  enlarged,  and  .showed,  on 
microscopic  examination,  colostrum  and  milk  globules, 
Gorham "  records  the  following  case:  The  patient,  a 
soldier,  received  injuries  in  battle,  and  acquired  Pott's 
disease  of  the  upper  dorsal  and  lower  cervical  vertebra;. 
Atrophy  of  the  testes  was  observed,  and  coincidently 
progressive  enlargement  of  both  breasts  took  place. 
Sexual  desire  was  in  abeyance  after  the  spinal  injury. 
Four  and  a  half  years  subsequent  to  the  accident.  Gor- 
ham says:  "Each  breast  is  at  this  period  the  size  of  an 
orange,  glandular  to  the  touch,  and  pendulous."  Prior 
to  the  spinal  hurt,  the  jjatient  had  three  children  by  his 
wife;  subsequently,  his  ligure  and  appearance  changed, 
resembling  that  of  an  eunuch.  This  case  appears  to  be 
the  one  previously  reported  b}' Thompson.'-'  Unilateral 
hypertrophy  has  not  been  noticed  coincidently  with  non- 
descent  of  one  testicle.  Petrequin  (Labarraque:  Th^se 
de  Paris,  1873)  saw  a  man  with  a  pendulous  mamma, 
48  cm.  long ;  no  cause  discoverable.  Enlargement  of  one 
breast  in  young  boys  has  been  noted  as  occurring  without 
cause,  but  such  increase  may  be  simulated  by  retromam- 
mary lipoma,  as  in  the  instance  recorded  by  Lobker. '^ 

Hypertrophy  of  the  niannna  in  the  female  has  been 
noticed  a  number  of  times.  Inasmuch  as  there  are 
physiological  variations  in  the  size  of  the  mamma,  it  is 
not  easy  to  say  just  when  enlargement  becomes  patho- 
logical. The  breasts  have  been  found  to  weigh  many 
pounds,  constituting  enormous  tumors  pendent  from  the 
front  of  the  thorax,  sufficient,  indeed,  to  pievent  locomo- 
tion, to  any  extent,  on  the  part  of  their  unfortunate 
possessor.  In  Huston's'-'  case  the  right  breast  weighed 
twelve  pounds,  the  left  twenty  pounds.  Demarquay  " 
removed  a  left  mamma,  after  second  pregnancy,  weigh- 
ing 8  kgm.  (about  17+  lbs.).  Skuherskj^  "  records  mam- 
mae of  eighteen  poimds  and  nineteen  pounds.  Esterle," 
in  a  case  which  came  imder  his  observation,  judged  the 
breasts,  in  the  third  month  of  pregnane}',  to  weigh  from 
twenty -six  to  thirty  pounds,  confining  the  patient  to  bed. 
Chassaignac  and  Richelot  report  an  instance  of  a  breast 
wliich  weighed  thirty  pounds,  and  hung  down  as  low  as 
the  knee,  Durston  '*  made  an  autopsy  of  a  girl  whose 
right  breast  was  supposed  to  weigh  forty  pounds,  and 
whose  left  actually  did  weigh  sixty-four  pounds.  The 
skin  covering  such  enormous  masses  as  these  will,  of 


course,  be  greatly  stretched  and  somewhat  yellowish  in 
color,  usually  roughened  also.  A  certain  woman  was 
married  in  18o3.  After  two  pregnancies  the  left  l^reast 
was  so  large  that  it  reached  to  the  umbilicus,  and  was 
removed  in  1858.  After  removal  it  was  found  to  weigh 
sixteen  and  a  half  poimds.  The  following  statement^n 
regard  to  it  is  from  Schmidt's  Jahrburher.  t.  cvi.,  p.  .51, 
1800 :  About  2  litres  of  milk,  very  white,  flowed  from  the 
tumor,  showing  here  and  there  a  streak  of  blood,  without 
odor,  alkaline,  thick,  resembling  good  cream;  specific 
gravity,  0.98  to  0.99.  A  certain  quantit_y,  analyzed  by 
Professor  Schlossberger,  showed :  Water,  67,52;  fat,  28..54; 
sugar  and  extractive  matters.  0.75;  casein,  3.75;  salts,  0.41, 

The  tumor  was  examined  microscopically,  and  from 
this  examination  it  appeared  that  "the  stroma  was  made 
up  of  fibrous  connective  tissue  split  roughly,  the  cells 
communicating  with  each  other  b}'  numerous  projec- 
tions containing  here  and  there  fatty  granulations.  The 
small  vesicles  of  the  acini,  pear-shaped,  rounded,  or 
elongated,  .  .  .  were  slightly  longer  than  normal,  and 
enclosed,  as  did  the  commencing  excretory  canals,  manv 
small  bodies  having  a  well-defined  outline,  and  contain- 
ing shining  nucleoli  and  a  large  number  of  fatty  globules. 
The  larger  excretory  canals  presented  the  usual  structure. 
The  lumen  walls  were  made  up  of  compact  fibrous  con- 
nective tissue,  mixed  with  cells,  but  without  trace  of 
glandular  elements.  Epithelial  lining  was  lacking.  The 
origin  of  these  cavities  was  due  very  probably  to  a 
partial  dilatation  of  the  tissue  h\  accumulation  of  its 
contents,  which  had  brought  about,  on  the  one  hand, 
destruction  of  gland  substance,  and  on  the  other,  a  new 
formation  of  connective  tissue,"  Demarquay  s  case, 
alread}'  referred  to,  showed  on  microscopic  examination 
fibrous  degeneration.  There  existed,  in  the  extirpated 
breast,  a  central  cavity  containing  a  serous  fluid  in  which 
were  small  oil  globules,  granular  globules,  and  blood  cells. 

Cause. — Nothing  certain  is  known  as  to  the  cause  of 
this  increased  growth;  menstrual  irregularity  or  actual 
suppression  has  seemed  to  be  tlie  exciting  cause.  In- 
crease with  each  succeeding  pregnancy  is  noted.  In 
Huston's  case  the  ovaries  were  found  diseased.  If  we 
consider  how  close  are  the  relations  between  the  difl'erent 
parts  of  any  system  in  the  human  economy,  it  is  fair  to 
infer  some  general  disturbance  of  the  generative  apparatus 
prior  to  the  onset  of  mammary  hypertrophy ;  but  of  what 
character  such  disturbance  is,  we  are,  for  the  present,  in 
doubt. 

Between  the  ages  of  fourteen  and  thirty  the  affection 
under  consideration  is  most  likely  to  occur.  While  it  has 
been  established  that  both  breasts  may  become  liyper- 
trophied,  the  left  seems  to  show  a  greater  predisposition 
to  such  hypertrophy.  An  extremely  interesting  example 
of  temporary  "  increase  in  bulk, —  the  erection  of  the 
mamma. — during  a  paroxvsm  of  intermittent  fever,  is 
noted  by  Ferrus  {Gaz.  des'llup.,  1846,  No.  90,  p.  358);  it 
yielded  to  quinine.  At  the  onset  of  the  trouble  the 
mammtcare  large  and  firm;  subsequently,  however,  they 
are  pendulous,  and  thus  appear  pedunculated;  the  lobes 
are  easily  distinguished,  the  areola  is  large,  sensibility  is 
lessened,  and  perhaps  there  may  be  some  cedema  at  "the 
depending  portion.  The  beginning  of  the  disease  is 
insidious,  and  its  progress  is  characterized  by  alternations 
of  rapid  increase  and  apparent  quiet;  entire  retrocession 
is  not  observed.  Durston's  -"  case  followed  a  very  rapid 
course,  death  closing  the  scene  in  three  and  a  half  months. 
After  delivery,  should  hypertrophy  commence  during 
pregnancy,  growth  ceases.  In  Huston's  case,  gangrene 
followed  a  blow,  death  ensuing.  MacSwiney  '•'  relates  a 
case  in  which  removal  of  one  breast  made  the  other  grow 
faster. 

The  prognosis  is  not  grave,  except  when  the  mammary 
increase  is  accompanied  by  general  emaciation,  with  fre- 
quent pulse.  Esterle  --  met  with  such  a  state  of  affairs, 
and  found  opium  to  give  relief  up  to  the  time  of  confine- 
ment, when  imiirovement  took  place.  It  is  possible  that 
the  induction  of  a  miscarria.ee  would  be  necessary,  other 
means  failing,  but  this  should  be  done  only  when  the  life 
of  the  mother  is  gravely  imperilled. 
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The  indications  for  treatment  are  both  local  and  gen- 
eral. If  nicu.struation  be  absent,  induce  it;  if  it  be  too 
profuse,  diminish  it:  if  it  occur  during  lactation,  arrest 
it;  should  arrest  of  lactation  be  the  exciting  cause,  then 
re-establish  the  secretion — in  other  words,  keep  the  gen- 
erative ajijiaratus  normal.  Iodine  and  iodide  of  potas- 
sium, to  be  administered  iuternall_y  and  by  friction,  are 
indicated.  Locally,  support  and  compression  by  rubber 
bands  will  be  found  useful.  Other  means  failing,  removal 
of  the  ovaries,  or  the  ovaries  and  tubes,  might,  by  estab- 
lishing the  menopause,  bring  about  a  cure  of  the  trouble 
under  consideration.  I  am  not  aware  that  this  last  treat- 
ment has  ever  been  adopted;  it  is,  however,  physiological 
and  worthy  of  trial. 

Other  means  failing  to  arrest  growth,  amputation  is 
called  for.  Prior  to  removal  of  the  breasts  vascularity 
may  be  diminished  by  suspending  the  organs,  as  in  ele- 
phantiasis of  the  scrotum.  The  use  of  Wyeth's  pins  is 
to  be  thought  of  also. 

Diseases  of  the  Nipple. — The  nipple,  save  in  lacta- 
tion, rarely  attracts  notice;  during  the  active  life  of  the 
mamma,  however,  it  is  far  otherwise.  Its  physifilogical 
perfection  is  a  matter  of  extreme  moment,  not  for  the 
mother  only,  but  for  the  health  of  the  infant.  A  well- 
formed  nipple  of  sufticient  size,  not  buried  deeply  in  the 
areola,  but  standing  out  from  the  skin  surface,  is  to  be 
secured  before  the  end  of  pregnane}'.  Should  tliis  de- 
velopment not  occurduriug  the  last  mouths  of  gestation, 
gentle  traction  u]ion  tlie  nipple,  with  pressure  backward 
on  the  areola,  will  be  of  use  in  aiding  protrusion.  Suc- 
tion by  means  of  an  air  pump  has  also  been  tried. 

After  the  termination  of  labor,  two  causes  are  para- 
mount in  causing  nipple  disease:  (1)  Lack  of  develop- 
ment; (3)  lack  of  cleanliness.  The  first  offers  an  obstacle 
to  the  emptying  of  the  breast,  while  the  effort  of  the 
child  to  suckle  excites  the  mamma  to  active  secretion: 
as  a  result  there  will  be  retention  and  engorgement.  Tlie 
second,  lack  of  cleanliness,  conduces  to  an  unhealthy  con- 
dition, with  a  long  catalogue  of  skin  diseases,  erosions, 
fissures,  etc.  Not  only  then  is  the  protrusion  of  the  nip- 
ple to  be  assisted  in  the  manner  described  above,  but 
the  tender  skin  covering  it  and  the  areola  should  be 
hardened  by  frequent  cool  bathing  during  the  eighth 
and  uindi  months  of  gestation,  or  perhaps  by  the  em- 
ployment of  a  slightly  astringent  lotion. 

After  the  child  nurses,  tlic  nipple  and  areola  are  to  be 
gently  and  thoroughly  cleansed,  in  order  that  the  baby's 
saliva  or  a  little  milk,  etc.,  may  not  rest  in  the  natural 
ruga?  of  the  part,  and  so  induce  irritation  or  a  worse  con- 
dition. Erythema  and  eczema  present  no  symptoms  not 
seen  elsewhere;  ecchvmoses,  from  the  child's  suction  and 
chewing  while  suckling,  are  recognized  by  the  ordinary 
signs,  Paget  has  described  a  chronic  eczema  which  has 
its  starting-point  in  the  nipple;  after  destroying  the 
latter,  the  disease  gradually  extends  both  over  the  sur- 
face and  into  the  substance  of  the  mamma,  and  finally 
terminates  in  carcinoma.  Investigation  seems  to  nega- 
tive the  siiuplo  cliaracter  of  this  eczema,  and  it  is  known 
as  malignant  papillai'y  dermatitis.  The  prominent  char- 
acteristics are ;  a  bright  red  raw  surface,  slightly  raised, 
■with  a  well-defined  border;  to  the  touch,  a  certain  firm- 
ness or  parchment  induration ;  secretion  scanty;  existence 
very  chronic.  The  areola  and  nipple  are  affected;  the 
latter  disappears.  The  disease  is  recognized  as  epithe- 
lioma histologically  and  lequires  similar  treatment.  Re- 
moval of  the  nipple  only  is  useless;  complete  removal  of 
.  the  breast,  as  for  other  carcinomata.  is  called  for. 

Fissures,  erosions,  etc.,  when  first  established,  are  best 
treated  by  slightly  astringent  applications,  afterward  b_y 
emollient  washes.  Later,  after  the  child  has  nursed,  the 
breast  may  be  washed,  dried,  and  powdered  with  bis- 
mutli  subnitrate,  lycopodium,  etc,  I  have  seen  excellent 
residts  follow  the  application  of  pure  rubber  dissolved 
in  chloroform  to  the  fissures,  before  the  child  is  allowed 
to  nurse.  The  application  of  a  four-per-eent.  solution  of 
cocaine  is  reported  as  giving  excellent  results.  Shields 
and  artificial  nipples  of  one  kind  or  another  may  give 
■  good  results,  or  the  secretion  of  milk  may  require  sup- 


pression in  order  to  bring  about  healing.  Abscess  of 
the  nipple  is  infrequent,  and,  according  to  Velpeau, 
occurs  in  a  milk  channel  most  often:  under  such  condi- 
tions milk  will  escajic  after  the  discharge  of  matter. 
Rarely  more  than  a  drop  or  two  of  jnis  is  formed. 

Chancre  of  the  nipple  and  areola  is  usually  acquired 
by  inoculation  from  a  mucous  patch,  and  resembles  chan- 
cre of  the  lip.  The  amount  of  induration  is  very  marked, 
not.  however,  appearing  suddenly ;  parchme"nt-like  at 
first,  the  induration  spreads  to  sub.iacent  tissues,  and 
may  involve  an  area  eijual  to  tliat  of  a  silver  dollar.  If 
the  breast  is  being  nursed,  a  scab  is  not  allowed  to  form; 
otherwise  a  covering  crust  is  not  unusual.  The  primary 
lesion  of  syphilis  may  appear  as  an  erosion,  fissure,  or 
ulceration.  An  axillary  bubo  will  develop  in  connection 
with  it,  more  often  just  under  the  edge  of  the  great  pecto- 
ral muscle  than  deep  down  in  the  axilla.  The  progress  of 
llie  chancre  is  slow  and  painless,  changing,  with  the  advent 
of  secondary-  accidents,  into  a  mucous  patch.  During  the 
early  stage  only  of  the  disease  will  there  be  room  f i  ir  doubt ; 
absence  of  pain,  however,  and  the  presence  of  a  raw  sur- 
face are  to  be  looked  upon  with  grave  suspicion.  In  ihe 
event  of  a  nursing  woman  being  affected,  the  mouth  of  the 
infant  she  nurses  is  to  be  scrutinized  closely. 

Ilypera'sthesia  of  the  nipple,  accompanying  a  rigid 
condition  of  the  organ,  has  been  noted,  and  will  probai)ly 
depend  upon  disturbed  function  of  the  uterus  and  ap- 
pendages. 

A  similar  hypersEsthesic  condition  of  one  or  both  breasts 
may  be  met  with,  and  is  likewise  dependent  vpon  an 
artificial  mode  of  life,  inducing  defective  menstruation. 

Nevk.vloi.v  of  the  Bke.\st. — Neuralgia  of  the 
breast,  the  so-called  ii-ritable  mauuna,  is  to  be  classed 
with  the  two  preceding  affections,  and  is  the  outgrowth 
of  incomplete  or  deranged  sexual  life.  The  subjects 
are  usually  rmmarried,  but  not  always;  young,  under 
twenty-five  years,  slender,  with  pale  complexion,  of  lax 
muscular  fibre,  and  not  dependent  on  their  own  exertions 
for  a  livelihood.  They  will  show  sirong  predilection  for 
trashy  literature  and  laziness,  ra'.hcr  tlian  for  the  standard 
authors  and  exercise;  the  ism  of  the  d,-iy  will  ju-ove  a 
subject  of  absorbing  interest  to  them.  Other  hyperas- 
thesic  spots  or  lines  generally  exist  upon  the  skin  of  such 
individuals, — along  the  spine,  for  instance,  or  over  the 
intercostal  nerves, — and  certain  attitudes  or  motions  will 
be  complained  of  as  liable  io  induce  great  suffering. 
Some  sorrow  may  have  been  experienced,  and  the  subject 
of  it,  from  overmuch  thought,  gradually  develops  sym- 
pathy for  herself,  changes  her  mode  of  life,  and  generates 
a  mammary  pain.  Physical  examination  of  the  breast 
shows  no  cause  for  suffering. 

Treatment  consists  in  regulating  menstrual  life  and 
causing  the  patient  to  pursue  an  active  and  useful  exist- 
ence. In  my  hands,  far  more  sticcess  has  been  thus  at- 
tained than  by  resorting  to,  and  relying  largely  upon, 
drugs,  Minstruation.  Avhelher  excessive  or  deficieni,  is 
to  be  reudeied  normal  by  appropriate  means.  An  action 
of  the  bowels  once  daily  is  to  be  secured ;  the  diet  should 
be  simple,  nutritious,  and  not  in  excessive  quantity;  the 
clothing  should  be  warm  and  loose,  not  confining  natural 
movements;  the  function  of  the  skin  shotdd  be  assisted 
by  cold  sponging;  regular  exercise  should  be  insisted  on; 
the  patient  should  retire  to  bed  early  and  rise  early  :  dime 
novels  should  be  put  aside  and  the  classics  read,  so  that 
both  mind  and  body  may  gradually  be  led  to  a  normal 
healthy  condition; — under  which  regime  the  manunaiy 
pain  is  likely  soon  to  depart.  Briefly,  the  treatment  may- 
be stated  in  the  old  sayintr,  "Live  on  sixpence  a  day  and 
earn  it." 

CoxrrsioNs  and  Wounds. — Contusions  of  the  mamma 
are  of  interest  as  having  given  rise  to  malignant  disease 
in  a  certain  number  of  cases.  In  order  properly  to  esti- 
mate violence  as  a  factor  in  the  etiology  of  carcinoma  or 
Siircoma,  the  number  of  bruised  breasts  not  the  seat  of 
malignant  growths  should  be  known.  This  is  manifestly 
impossible,  and  with  our  present  knowledge  we  must  k- 
main  in  doubt  concerning  violence  as  a  factor  in  Ihe  etiol- 
ogy of   malignancy,      Eeehvmo.ses  without  lia.:matism 
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iave  been  observed  In  women  menstruating  with  difficul- 
ty, blood  also  oozing  from  the  nipple,  perhaps. 

Wounds  of  the  mammary  glaud  bleed  freely ;  paren- 
chymatous hemorrhage  and  much  oozing  follow.  Press- 
ure with  sponges  or  cloths  wrung  out  in  hot  water  is  the 
most  efficient  hemostatic;  healing  is  not  rapid  and  pus 
formation  is  usual. 

Mastitis. — Inflammation  of  the  breast  may  occur  at 
any  age,  but  is  found  far  more  often  during  the  early 
days  of  a  first  lactation  than  at  any  other  time.  It  is  no 
uncommon  circumstance  for  the  mammae  at  birth  to  be 
somewhat  swollen  and  to  give  exit  to  a  small  amount  of 
discharge  more  or  less  milky  in  character:  if  let  alone, 
no  harm  follows.  Injudicious  handling  on  the  nurse's 
part,  to  "work  out  the  milk,"  is  almost  always  indulged 
in  with  the  result  of  causing  an  abscess  somewhat  often. 
Up  to  and  including  early  puberty  mastitis  is  rare,  and 
when  present  is  apt  lobe  chronic  rather  than  acute.  The 
subjects  are  girls  of  feeble  muscles,  past}-  complexion, 
torpid  bowels,  etc.,  and  they  present  those  symptoms 
which  are  generally  grouped  under  the  term  strumous. 
Early  opening  of  the  abscess,  general  tonics,  and  out-of- 
door  life,  with  regular  hours,  suffice  for  a  cure.  During 
pregnancy  and  the  normal  mammary  development  conse- 
qurat  thereon,  abscess — save  from  traumatism — is  very 
rare;  but  with  labor  the  scene  changes.  The  luammarj' 
inflammation  and  abscess  which  occur  most  frequentlj' 
during  the  first  month  of  lactation  depend,  in  the  great 
majority  of  cases,  upon  a  defective  develoiiment  of,  or 
morbid  condition  of.  the  nipple.  The  nipple  is  so  small 
that  tne  child  grasps  it  with  difficulty,  suckling  is  imper- 
fect, and  the  manmia  is  not  emptied ;  or  a  cracked  and 
fissured  nipple  is  so  painful,  when  grasped  by  the  baby's 
mouth,  that  suckling  is  again  imperfect;  or,  from  the  in- 
flamed nipple  as  a  starting-point,  trouble  extends  to  a 
distance,  through  the  lymphatics.  The  inflammation  and 
abscess  met  with  in  early  lactation  are  recognized  as  oc- 
curring, first,  in  the  subcutaneous  connective  tissue  out- 
side the  gland  proper — subareolar;  second,  beneath  the 
gland  in  relation  with  the  thorax — ^submammary;  third, 
in  the  connective  tissue  of  the  mamma — interlobular.  To 
these  three  classical  situations  there  should  be  added  a 
fourth ;  in  a  lacteal  sinus.  The  latter  form  of  abscess, 
although  not  met  with  so  soon  after  birth  as  the  others, 
is  worthy  of  recognition. 

The  cause  of  mammary  abscess  is  not  difficult  to  find. 
Pregnancy  calls  into  life  a  hitherto  comparatively  rudi- 
mentary organ  for  the  performance  of  an  active  func- 
tion, and  failure  of  any  part  of  the  organ  determines  an 
accident.  The  nipple,  a  healthy  condition  of  which  is 
essential  to  proper  escape  of  the  mammary  secretion,  is 
subject  to  violence,  etc.,  from  the  infant,  and  an  infec- 
tion follows.  Lack  of  cleanliness  is  the  cause  most  fre- 
quently met  with. 

A  subareolar  abscess,  not  larger  than  a  filbert,  is  found 
in  the  connective  tissue  of  the  locality  Indicated  by  the 
name,  and  is  recognized  by  the  usual  signs.  An  early 
incision  is  indicated,  in  a  direction  radiating  from  the 
nipple  to  the  periphery.  I  have  never  been  able  to  ap- 
preciate the  humanity  of  waiting  until  a  mammary  sib- 
scess  "  points  "  ;  great  pain  is  thereby  entailed  upon  the 
unfortunate  woman,  and  the  function  of  the  breast  is 
kept  in  abeyance,  or  perhaps  permanently  impaired. 
The  many  means  for  obtunding  suffering  now  at  the 
surgeon's  command  render  procrastination  most  injudi- 
cious from  a  pain-saving  point  of  view,  if  from  no  other. 

Submammary  abscess  is  rare ;  a  collection  of  pus  forms 
in  the  connective  tissue  which  attaches  the  breast  to  the 
great  pectoral  muscle.  Inflammatory  fever  is  apt  to  run 
high,  movement  of  the  arm  and  chest  nuiscles  increases 
pain,  and  the  whole  breast  is  pushed  forward,  is  tense, 
retains  its  contour  and  imparts  to  the  examining  hand  a 
sensation  as  though  the  mamma  rested  upon  an  elastic 
cushion ;  fluctuation  at  the  periphery  of  the  breast  may 
sometimes  be  felt  late  in  the  affection.  Large  veins  will  be 
seen  wandering  through  the  skin  which  covers  the  breast. 
This  variety  of  abscess  may  be  caused  by  an  interlolnilar 
mastitis,  by  an  axillary  abscess,  by  a  carious  rib,  or  by  the 


bursting  of  an  empyema  through  the  chest  wall.  An 
opening  is  best  made,  ;'/(  the  absence  of  some  special  indica- 
tion, below  and  to  the  outer  side.  The  incision  should  be 
of  moderate  length,  and  a  director  should  be  introduced 
into  the  wound  as  a  guide  for  the  dressing  forceps,  which 
should  be  withdrawn  open  in  the  usual  manner.  The  use 
of  a  drainage  tube  is  expedient,  and,  should  free  exit  for 
inflanmiatory  discharge  not  be  afforded  by  one  opening, 
then  another  should  be  provided.  The  breast  should  be 
well  supported  and  pressed  against  the  chest  b}'  a  bandage 
or  h}'  strips  of  adhesive  plaster.  Should  an  empyema  or 
carious  rib  exist,  treatment  proper  for  it  is  to  be  instituted. 
A  carious  rib  will  generally  be  tuberculous.  Inflamma- 
tion of  the  gland  proper  or  of  the  interlobular  tissue  fol- 
lows engorgement  consequent  upon  a  cracked  or  excori- 
ated nipple,  or,  indeed,  ujion  any  cause  preventing  free 
discharge  of  milk.  A  sense  of  discomfort  is  soon  fol- 
lowed by  pain,  etc.,  and  fever  is  very  marked.  Occa- 
sionally a  chill  ushers  in  the  disease.  The  interlobular 
tissue  is  first  attacked,  and  the  inflammation  may  extend 
between  several  lobes,  or  to  the  sublobular  tissue.  The 
strong  capsule  of  the  mamma  opposes  extension  toward 
the  skin,  and  pointing  occurs  late,  pending  which  the 
glandular  tissue  may  become  involved  and  suppuration 
in  it  occur,  permanently  impairing  the  affected  lobe  or 
lobes.  Fluctuation  is  not  found  early,  and  should  not  be 
awaited;  acute  pain  somewhat  localized,  hardness,  and 
elastic  tension,  will  suffice  for  a  diagnosis,  and  will  justify 
a  puncture,  followed  by  incision  if  matter  escape.  In 
this  form  of  abscess,  as  well  as  in  others,  a  sensitive  and 
enlarged  gland  mav  be  met  with  in  the  axilla.  Should 
artificial  opening  be  deferred,  the  matter  slowly  ap 
proaches  the  surface  and  then  points  rather  suddenly. 
Successive  abscesses  may  form  in  the  mamma,  as  the  in- 
flammation slowl}-  extends  from  one  place  to  another. 

Successive  formations  of  pus  depots,  following  acute 
mastitis,  are  indications  of  a  too  limited  opening,  with 
incomplete  discharge  of  matter.  During  acute  inflam- 
mation a  niainnia  should  not  be  nursed  by  the  infant,  but 
lacteal  engorgement  must  be  carefully  prevented  by  the 
diligent  use  of  a  breast  pinup ;  it  is  usually  not  necessarj' 
entirely  to  arrest  milk  formation  by  drugs,  etc.,  unles.i 
a  discharge  of  pus  by  the  nipple  is  chronic  or  the  abscess' 
shows  no  disposition  to  heal.  Acute  infianiraation  of  a 
lacteal  sinus  is  infrequent,  occurs  usually  long  after  the 
puerperal  condition,  is  met  with  in  ana;mic  patients,  and 
follows  interlobular  mastitis,  or  more  often,  perhaps, 
obstruction  of  the  outlet  through  the  nipple.  Probably 
a  catarrhal  inflammation  of  the  mucous  membrane  i? 
present.  The  prominent  symptoms  are;  pain  over  the 
sinus,  which  increases  with  distention;  discomfort  on 
pressure  usually;  and.  during  quiescence  of  the  gland, 
pres.sure  will  cause  pus  to  exude  from  the  nipple.  The 
two  instances  in  which  I  have  recognized  this  condition 
were  treated  in  various  ways;  the  mammary  secretion 
disagreed  with  the  nurslings  and  it  became  necessary  to 
arrest  lactation  in  order  to  effect  a  cure. 

It  has  been  already  said  that  the  incision  to  evacuate 
pus  from  a  mammary  abscess  should  be  made  in  the  di- 
rection of  a  line  drawn  from  the  nipple  toward  the  per 
iphery  of  the  gland. 

Chronic  abscess  is  sometimes,  though  rarely,  met  with, 
and  is  more  apt  to  be  confounded  with  scirrhous  carci- 
noma than  with  any  other  morbid  condition.  It  begins 
deeply  in  the  gland,  and  incorporates  surrounding  parts 
by  firm  exudation;  later,  the  nipple  maybe  somewhat 
retracted,  the  skin  dimpled,  reddened,  and  adherent;  also 
the  axillary  lymphatics  mav  be  enlarged  and  tender. 
Women  whose  health  is  poor  and  nutrition  defective  are 
usually  affected.  A  local  tuberculosis  is  to  be  suspected 
and  the  bacillus  sought  for.  A  diagnosis,  differential, 
between  chronic  abscess  and  scirrhus  is  sometimes  so 
difficult  as  to  require  an  incision.  The  treatment  is  free 
incision,  generous  diet,  and  general  tonic  regimen.  Port, 
beer,  or  porter  will  assist  recovery  by  strengthening  the 
patient.  Tuberculosis  of  the  mamma,  with  our  present 
knowledge,  would  jirobably  escape  early  recognition. 
A  tumor  slowly  suppurating,  leading  to  the  formation  of 
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sinuses  with  umlermined  edges,  in  a  siibjeft  of  tubercu- 
lous teniieneics,  would  excite  suspicion  which  the  micro- 
scope would  be  called  upon  to  conlinn,  by  disclosing  the 
bacillus.  Extirpation  will  be,  of  course,  the  proper  treat- 
ment ;  sinuses sliould  be  "  spooned  "  and  iodoform  applied. 
In  a  certain  number  of  women  a  breast  whicli  has  been 
the  seat  of  abscess  becomes  the  seat  of  malignant  disease 
subsequently.  I  have  not  been  able  to  see  that  the  two 
conditions  bore  to  each  other  the  relation  of  cause  and 
effect.  For,  while  carcinoma  is  found  in  a  breast  wbicli 
has  been  the  seat  of  mastitis,  yet  many  mamma\  which 
have  been  similarly  affected,  do  not  develop  carcinoma. 
I  have  noteii  a  carcinoma  in  one  mamma  which  had  al- 
ways liecn  healthy,  the  other  breast  having  suffered  from 
intlaMiniation  after  confinement.  It  is  natural  tosuppose 
tliat,  if  inucli  induration  remains  permanently  after  mas- 
titis, malignant  disease  would  be  more  apt  to  develop 
in  it  than  if  no  such  induration  were  present. 

Mamm.vry  Tumors. — Classification. — With  our  pres- 
ent knowledge  of  mammary  tumors,  it  may  be  safely 
said  that  any  classification  is  but  provisional,  and  will 
need  modification  from  time  to  time,  as  additional  facts 
are  added  to  those  already  known.  Tumors  may  be 
considered  as  indicating  new  formations  and  cysts, 
alone  or  in  combination,  and  are  best  grouped  according 
to  their  anatomical  elements.  It  is  unfortunately  a 
fact  that  the  clinical  history  of  a  growth  cannot  be 
stated  so  soon  as  tlie  histology  is  known,  but  it  can  be 
done  far  more  accurately  now  than  was  possible  some 
time  since,  and  more  accuracy  is  daily  being  attained. 
I  submit  the  following  classification : 

I.  Cysts. 

II.  (a)  Tumors  resembling  fully  developed  connec- 
tive tissue;  fibrous  i\?,s\\e,  fibroma ;  adipose- tissue,  lijM- 
ina  ;  mucous  tissue,  my-roma^ ;  bone,  osteoma. 

(b)  Tumors  resembling  embryonic  connective  tissue. 
mrcmna. 

III.  Tumors  resembling  epithelial  (secreting)  tissue: 
mi'ciiioiiia. 

IV.  Tumors  resembling  the  more  complex  higher  tis- 
sues: gland  tissue,  adenoma;  nerve  tissue,  neuroma; 
vascular  tissue,  angioma  ;  the  two  latter  so  rare  as  to  be 
disregarded. 

Of  the  foregoing  tumors,  sarcoma  and  carcinoma  are 
classed  as  malignant,  the  others  as  non malignant  or  lie- 
nign.  Carefully  kept  clinical  records,  supplemented  by 
accurate  anatomical  research,  are  greatly  needed  in  the 
study  of  mammary  growths,  and  the  absence  of  such  lec 
ords  renders  much  experience  in  the  past  quite  useless  at 
the  present  time.  Probably  no  one  word  has  brought 
about  this  resvdt  so  much  as  the  term  "cancer,"  whicli  is 
used  either  clinically,  or  anatomically,  or  as  a  means  of 
concealing  ignorance,  by  different  observers.  Clinically 
it  means  malignant,  anatomically  it  means  carcinoma  ;  to 
avoid  misunderstanding,  the  term  will  not  be  emplo3'ed. 

Cysts  are  sacs  enclosing  fluid  more  or  less  thick.  A 
lacteal  cyst — galactocele — is  a  tumor  containing  milk, 
normal  perhaps,  but  more  often  having  undergone 
changes  during  retention.  A  sinus  or  duct  becomes 
closed,  and  is  gradually  dilated  by  milk  as  fast  as  it  is 
secreted.  The  tumor  begins,  as  a  rule,  beneath  the  are- 
ola, without  inflammation  and  with  little  pain,  and  ex- 
tends toward  the  periphery,  usually  in  a  nursing  woman. 
Should  the  occluded  duct  be  in  a  lobule,  the  tumor  will 
commence  deeply,  and  at  a  distance  from  the  nipjile. 
Increase  at  first  is  rapid;  later,  however,  if  lactation 
cease,  diminution  in  liulk  occurs,  the  cyst  parting  with 
its  fluid  and  becoming  more  solid;  its  contents  will  then 
be  curd-like,  consisting  of  epithelium  and  fatty  matters. 
Lacteal  cysts  of  enormous  size  have  been  recorded;  they 
are  usually  single,  and  do  not  involve  the  overlying  skin 
unless  inflammation  supervene.  When  subcutaneous  they 
are  darker  under  direct  illumination  than  is  the  adjacent 
skin.  In  a  case  observed  by  me,  tension  of  the  cyst  varied 
with  the  active  or  passive  state  of  the  gland.  Pain  is  very 
rare,  and  the  patient  complains  only  of  the  size  of  the 
breast.  The  general  outline  of  the  cyst  is  oval  and 
smooth,  more  rarely  lobulated.     This  latter  shape  is  due 


to  rupture  of  the  wall  at  some  point,  and  escape  of  con- 
tents which  become  enca]3sulated  in  connective  tissue. 
The  diagnosis  offers  ditficvdty  only  when,  from  long  re- 
tention, the  cyst-contents  have  become  more  or  less  solid-, 
but  even  then  the  previous  history  enables  the  surgeon 
usually  to  avoid  mistakes. 

In  a  nursing  woman,  puncture  or  aspiration  relieves 
temporarily,  but  does  not  cure,  for  the  cyst  refills  quick- 
ly; injection  with  iodine  tincture  is  equally  inetticient. 
A  free  incision,  followed  by  suppuration  of  the  .sac,  or 
extirpation  of  the  cyst,  are  "the  most  reliable  methods  of 
cure;  of  the  two,  probably  extirpation  is  the  less  pain- 
ful. In  a  non-nursing  woman  aspiration,  followed  by 
injection  of  iodine  tincture,  offers  more  chance  of  cure, 
and  should  be  tried,  luit  the  more  railieal  measures  men- 
tioned above  v>ill  probably  have  to  be  re-sorted  to. 

Non-lacteal  cysts  occur  befoi'e  and  after  the  meno- 
pause, and  result  from  the  obstruction  and  subseciuent 
dilatation  of  one  or  more  ducts.  Such  cj'sts  are  usually 
multiple,  not  large,  scattered  through  the  gland,  and 
contain  a  fluid  more  or  less  thick,  secreted  by  the  lining 
membrane  of  the  dilated  duct.  This  fluid  may  be  clear  or 
colored;  and  these  colored  cysts,  in  which  the  colors  red 
and  yellow  pretlominate.  are  found  more  often  in  advanc- 
ing years  than  at  an  earlier  period  (al)out  imberty).  In 
the  nursing  woman  the  cysts  under  consideration  are  rare : 
they  are  met  with  in  sterile  women,  or  in  those  who  have 
long  ceased  to  bear  children  and  apji roach  the  menopause. 
Pain  is  exceptional,  but  weight  and  discomfort  are  com- 
plained of.  Increase  is  slow  and  gradual;  lymphatic  im- 
plication is  never  seen.  The  diagnosis  is  made  with 
ditficulty;  and.  after  all,  that  is  a  matter  of  small  impor- 
tance, since  extirpation  alone  promises  relief,  if  nudliple 
cysts  exist.  Discharge  from  the  nipple  is  a  n(jt  infre- 
quent accompaniment  of  cy.stic  growths.  Large  single 
cysts  are  usually  found  near  the  centre  of  the  mamma; 
mvdtiple  cysts,  generally  small,  occur  more  often  near 
the  periphery.  Both  breasts  are  sometimes  affected,  but 
never  to  the  same  degree.  Obstruction  of  a  duct,  caus- 
ing the  cyst,  occurs  in  the  old,  probably  from  contraction 
of  the  fibrous  stroma,  while  in  youth  defective  evolution 
— excessive — of  an  acinus  is  invoked  as  a  cause;  hence 
the  terms  "involution  cysts  "  and  "evolution  cysts,"  as 
tliey  are  called.  The  diagnosis  rests  on  the  slow  growth, 
shape,  consistence,  and  multiplicity,  on  the  absence  of 
glandular  enlargement  in  the  axilla,  and,  in  ease  of  punc- 
ture, on  the  escape  of  contents.  When  many  cysts  exist 
removal  of  the  breast  is  the  only  procedure  that  will  afford 
relief.  In  the  case  of  a  single  cyst  the  .sac  may  be  openi'il, 
suppuration  induced,  and  a  cure  by  granidation  obtainetl. 
Hydatid  C3'sts  of  the  breast  are  extremely  rare,  and,  the 
growth  being  slow,  this  variety  will  usually  be  con- 
founded with  a  retention  cyst.  On  incision,  daughter 
cysts  may  be  seen,  or  booklets  may  be  foiuid  with  the 
microscope.  Healing  by  granulation,  after  discharge  of 
the  hydatid,  is  to  be  expected. 

Cysts  in  relation  with  tumors  will  be  found  under  the 
heading  of  the  appropriate  new  growths. 

Extravasation  of  blood,  which  may  become  encysted, 
has  already  been  referred  to.  The  ordinary  wen — seba- 
ceous cyst. — occurs  rarely  in  the  breast,  and  attains  but 
small  size. 

Tumors  ResemMing  fully  formed  Connective  Tissue — 
Fibroma,  Lipoma,  Myxoma.  Enclwndrorna. — Of  these  the 
first  named  is  much  the  most  frequently  met  with ;  in- 
deed, it  is  much  the  least  rare  of  benign  manunary 
growths.  It  is  composed  of  hyperplastic  connective 
tissue,  together  with  glandular  elements,  more  or  less 
imperfect.  It  is  this  latter  circumstance  which  has 
given  rise  to  confusion,  the  terms  adenoid,  fibro-ade- 
uoma,  adenocele,  being  used  by  various  oliservers. 
The  fibroma  may  enclose  one  or  more  cysts,  from  dilata- 
tion of  contained  ducts,  or  it  may  project  into  a  duct 
which  becomes  dilated,  thus  appearing  as  an  intracystic 
or  intracanalicular  tumor.  More  precise  information  will 
be  found  under  the  headings  Adenoma,  and  Tumors. 

Fibrous  tumors  are  observed  during  the  period  of  active 
menstrual  life,  preferably  between  the  ages  of  sixteen  and 
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thirty,  yet  instances  have  been  recorded  as  early  as  twelve 
aulas  late  as  fift^'-six  years.  An  overgrowth  existing 
in  an  active  organ  would  be  expected  to  induce  pain  and 
impair  function;  and  tlie  first  expectation  is  veritied  in 
many  cases,  for  pain  in  the  breast  during  menstruation 
and  pregnancy  is  common;  during  menstruation  and 
pi'egnauc}-,  also,  increase  in  size  of  the  tumor  may  occur, 
to  subside  as  the  gland  regains  physiological  rest.  Hered- 
itary predisposition  is  not  apparent,  and  it  is  a  singular 
fact  tliat  tlie  negro,  in  wliom  fibroma  uteri  is  very  often 
fovmd,  is  very  rarely  tlie  subject  of  circumscribetl  tibro 
ma  niammaj.  The  variety  of  growth  under  consideration 
presents  itself  as  acii'cumscribed,  roimded  mass,  firm  and 
elastic  to  the  touch,  with  here  and  there,  perliaps,  a  pro- 
truding boss,  in  which  fluctuation  may  be  apparent,  in 
dicating  cystic  association.  The  most  usual  site  is  that 
of  the  peripliery  of  tlie  lireast,  above  the  nipple,  where  tlie 
tumor  will  be  f(.iund  projecting  under  the  sliin;  when 
deeply  situated  within  the  gland  a  fibroma  is  more  apt  to 
be  intracanalicular.  Variation  in  tension  of  a  cyst,  from 
absorption  of  its  contents,  will  cause  an  apjiarent  change 
of  consistence  in  the  tumor.  A  capsule  is  usually  present, 
but  where  much  glandular  tissue  is  joined  with  the  fibrous 
— e.g.,  in  intracanalicular  growths, — the  capsule  is  not 
complete.  Neighboring  tissues  move  freel.y  over  the 
growth.  Section  shows  interlacing  bundles  of  white 
fibrous  tissue,  with  moist  surface,  and  also,  perhaps,  acini 
or  ducts  dilated  into  cysts.  While  these  fibroids  usually 
occur  singly,  several  may  exist  in  one  breast,  or  in  both 
breasts  simultaneously ;  the)'  only  exceptionally  attain 
great  size.  The  rate  of  growth  is  slow  in  solid  tumors, 
but  more  rapid  in  the  cystic  variety ;  a  sudden  and  very 
rapid  increase  is  almost  certainly  an  evidence  of  the  cystic 
character  of  the  tumor,  antl  will  cause  change  in  its 
shape;  cysts  are  more  apt  to  occur  (cysto-fibroma)  toward 
the  end  rather  than  the  beginning  of  menstrual  life,  A 
discharge  of  serous  fluid  from  the  hippie  may  occur  with 
an  intracanalicular  growth;  when  the  fluid  is  bloody,  tel- 
angiectatic formation,  or  rapid  growth  (with  increased 
vascularity),  is  probable.  Adhesion  of  the  growth  to  the 
skin,  or  surface  ulceration,  occurs  as  an  accident  only. 
The  ueighbonng  lymphatics  are  not  involved,  and 
though  a  recurrence  may  be,  and  is,  observed  in  rare 
cases,  yet  such  recurrence  is  as  a  local  growth  without 
tendency  to  infiltrate  adjacent  parts.  Fibroma  rarely 
undergoes  degenerative  change — fatty,  myxomatous, 
and  cystic  changes  being  the  most  frequent.  So  far  as 
regards  danger  to  life,  a  favorable  prognosis  is  indicated. 
The  treatment  jiroper  for  fibroma  is  removal  by  incision, 
so  directed  as  to  interfere  as  little  as  possible  with  mam- 
mary function. 

Lipoma  and  enchondroma  are  not  met  with  in  the 
mamma,  or  so  rarely  as  to  be  museum  curiosities.  Sub- 
mammary lipoma  has  been  seen,  however,  a  certain  num- 
ber of  times,  and  in  no  respect  does  it  differ  from  fatty 
tumor  elsewhere  in  the  body,  save  perhaps  that  it  has 
been  more  frequently  observed  in  early  life.  The  diag 
nosis  and  treatment  are  the  same  as  in  other  parts  of  the 
bod)'.  Myxoma  is  rare,  and  presents  itself  in  tlie  breast 
as  a  single,  rounded,  perhaps  bossed  tumor,  usually  in  the 
upper  half  of  the  breast.  On  section  it  appears  as  a  light- 
colored,  jelly-like  mass,  yielding  apparently  mucin — 
hence  the  name  myxoma.  Not  infrequeutlj'  fibrous,  vas- 
cular, or  fatty  areas  exist  in  the  growth.  The  tumor  origi- 
nates in  the  connective  tissue  between  the  lobules  and  is 
usually  encapsulated.  The  latter  half  of  menstrual  lifeis 
the  chosen  age.  Inflammation  occurs  exceptionally,  but 
may  induce  ulceration  of  skin  alread\"  infiltrated  or 
stretched,  with,  jierhaps.  protrusion  of  the  growth, 
which  is  movable  usually  in  the  mammary  tissue  and 
also  upon  the  thorax.  Increase  is  more  rapid  than  that  of 
fibroma,  and  the  consistence  is  less  firm;  a  cyst,  if  present, 
will  not  be  recognized  very  easily.  Involvement  of  both 
breasts  (simultaneously)  is  not  seen.  Retraction  of  the 
nipple  is  not  observed,  pain  is  wanting,  and  adjacent 
lymphatics  are  uninvolved.  An  incision  will  usually  be 
required  in  order  that  the  diagnosis  may  be  made.  Re 
moval  of  the  tumor  by  careful  dissection  will  sometimes 


be  followed  by  a  recurrence  in  situ  ;  removal  of  the  en- 
tire gland,  together  with  any  involved  skin,  is  therefore 
indicated. 

The  term  malignant,  applied  to  a  morbid  growth,  is 
used  to  indicate  a  tumor  difl:ering  histologically  from  the 
tissue  in  which  it  is  situated,  having  a  tendency  after  re- 
moval to  recur  //(  sitii,  and  having  also  a  tendency  to 
reproduce  itself  in  distant  parts  of  the  organism. 

Sarcoma  is  a  tumor  composed  of  cellular  elements  of 
the  connective-tissue  type,  which  do  not  develop  to  ma- 
turity but  remain  embryonic ;  an  intercellular  substance 
is  present,  though  but  in  scant  quantit}',  and  there  is  a 
new  growth  of  vessels. 

Sarcomata  are  named  according  to  the  character  of 
the  cells  of  which  they  are  mainly  composed;  spindle- 
celled,  round-celled,  myeloid,  Ij'uiphoid,  etc.  Not  infre- 
quently different  parts  of  the  same  tumor  show  varia- 
tions of  cell  growth,  and  with  some  this  is  the  rule, 
c.ff.,  with  myeloid  tumors,  in  which  the  giant  cells 
(myeloplaxes)  rest  in  a  spindle-  and  round-celled  stroma 
(for  histology  see  article  on  Tumors).  Rarely  seen  before 
the  esta,blishmeut  of  menstruation,  sarcoma  invades  the 
breast  by  preference  between  tlie  ages  of  thirty  and  forty 
years,  appearing  infrequently  after  the  cessation  of  men- 
strual life.  In  this  respect  it  differs  from  carcinoma. 
Spindle-celled  sarcoma  is  most  often  met  with  at  an  earlier 
age  than  other  varieties.  I  am  unable  to  connect  the 
sterile  or  multiparous  state  with  the  etiology  of  sarcoma, 
although  the  relation  with  menstruation  has  been  referred 
to.  Traumatism  is  the  unmistakable  starting-point  in 
certain  cases;  antecedent  inflammation,  save  in  very  ex- 
ceptional instances,  is  lacking. 

Carcinoma,  as  I  have  noted,  may  deveiop  from  an  in- 
duration left  by  puerperal  mastitis;  but  I  cannot  recall 
ever  having  liad  such  an  experience  with  sarcoma.  The 
upper  half  of  the  breast  is  more  often  affected. 

In  its  general  outlines  sarcoma  of  the  breast  is  rounded, 
oval,  etc,  in  shape,  and  there  exists  a  capsule  which  does 
not  shut  off  the  tumor  from  surrounding  parts,  so  as  to 
prevent  extension ;  the  capsule  is  formed  of  connective 
tissue  pushed  aside  by  the  increasing  tumor,  and  is  infil- 
trated by  its  proliferating  cells;  outside  of  the  capsule 
there  are  to  be  seen  (microscopically),  ]uincipally  along 
the  vessels,  numerous  cells,  which  I  believe  are  already 
impressed  with  the  character  of  the  original  tumor,  or  are 
direct  offshoots  from  it,  and  develop  into  a  similar  neo- 
plasm. The  insufficiency  of  any  operation  which  at- 
temps  to  effect  a  cure  without  destroying  such  an  area 
of  infection  is  patent.  The  shape  of  the  sarcoma  varies 
with  the  rapidity  of  its  growth,  there  being  always  a 
tendency  to  increase  in  the  direction  of  least  resistance. 
Sudden  change  in  outline  indicates  a  giving  way  of  an 
op])osing  structure,  cyst  formation,  or  else  extravasation 
of  blood  from  a  ruptured  vessel ;  a  general  rounded  out- 
line will  be  preserved,  however.  Trauma  may  give  rise 
to  extravasation  of  blood  and  consequent  change  of 
shape,  but  here  the  history  aids  the  diagnosis.  The 
growth  of  Siirconia  varies  much,  and  bears  a  certain  rela- 
tion to  its  anatomy,  the  spindle-celled  variety  being  of 
slowest  gro'ivth  and  firmest  consistence,  and  having  a 
more  perfectly  defined  capsule ;  while,  on  the  other  hand, 
around-celled  sarcoma  is  softer,  grows  rapidly,  presents 
often  rounded  outcroppiugs,  and  the  new-formed  \ascii- 
lar  channels  are  apt  to  rupture  and  permit  extravasation, 
not  in  one  only  but  in  several  places.  Cj'stic  formation 
may  cause  sudden  change  of  shape.  Variation  in  rate  of 
increase  characterizes  sarcoma ;  a  nodule  may  remain  for 
years  without  exciting  suspicion,  and  then,  from  no  known 
cause,  grow  with  extreme  rapidity.  It  is  not  usual  for 
rapid  growth  to  be  succeeded  by  slow  increase,  but  never- 
theless this  has  been  observed.  When  cystic  or  other  de- 
generation occurs,  slow  growth  is  not  to  be  expected, 
but  rather  continuous  progress;  and  the  same  is  to  be 
said  when  extravasation  occurs,  save  from  trauma.  An 
intercurrent  inflammation  is  apt  to  induce  ijuick  growth. 

Increased  temperature  is  noted  in  rapidly  growing  sar- 
comata. The  volume  sometimes  attained  is  enormous, 
tumors  of  many  pounds  in  weight  being  recorded. 
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Sarcoma  is  usually  single,  and  very  rarely  affects  liotli 
breasts  simultaneous!}". 

Adliesion  to  the  chest  wall  is  not  usual,  even  if  the 
tumor  be  of  extreme  .size;  on  the  other  hand,  implication 
of  llic  iireat  pectoral  muscle  is  seen,  but  not  so  frecjuent- 
ly  as  in  the  case  of  carcinoma.  Protrusion  through  an 
iiiterco.^tal  space  inio  the  thora.x  has  been  observed. 

Implication  of  the  chist  nuiscles  will  be  recognized  b}' 
investigating  the  mobility  of  the  tumorwhen  the  great 
pectoral  is  alt<-rnately  rendered  tense  ami  relaxed.  The 
skin,  although  greatly  stretched,  generally  remains  mov- 
able over  the  neoplasm  for  a  long  time,  and  may  be  dis- 
colored red  or  purplish.  Ulceration  of  the  skin  from 
pressure  of,  and  incorporation  with,  a  subjacent  growth  is 
much  less  often  .seen  than  in  the  case  of  a  carcinoma. 
"When,  however,  the  skin  has  given  way,  fungous  protru- 
sion is  usual;  the  nipple  is  not  affected,  and  a  serous  or 
somewhat  blood  stained  oozing,  which  has  been  observed 
in  many  cases,  indicates  involvement  of  ducts  in  or  by 
the  morbid  growth;  hence  it  occurs  with  cysts. 

Pain  is  often  complained  of;  not,  however,  in  my  ex- 
perience, until  the  tumor  had  attained  a  certain  size. 
When  ulceration  is  present,  a  certain  discomfort  is  to  be 
expected.  I  am  inclined  to  attribute  the  occurrence  of 
pain  to  pressure  and  traction  upon  nerves,  rather  than  to 
the  fact  of  their  being  involved  in  a  rapidly  growing 
tumor.     Pain  is  referred  to  the  arm  in  certain  cases. 

Lymphatic  enlargement  is  rare  in  sarcoma,  and,  when 
present,  is  due  to  irritative  rather  than  to  specilic  im- 
plication of  the  glands.  Axillarv  bubo  is  therefore  not 
often  seen,  and.  if  present,  would  raise  a  suspicion  of 
carcinoma.  The  presence  of  ulceration,  either  from  im- 
plication of  skin  in  the  morbid  growth  or  from  irritating 
applications,  is  often  followed  by  hyperplasia  of  the  ad- 
jacent lymphatic  glands. 

It  is  believed  that  sarcoma  becomes  generalized  by 
way  of  the  blood-vessels  rather  than  by  that  of  tlie  lym- 
phatics: hence  the  apparent  immunity  of  the  axilla  in  ad- 
vanced disease. 

General  infection  (sarcomatosis)  is  recognized  by  the 
formation  of  metastatic  tumors.  The  lungs,  presenting 
the  first  set  of  caiiillai'ies  which  sarcoma  elements  would 
meet  after  entering  the  circulation,  would  be  expected 
frecjueiuly  to  be  the  seat  of  secondary  growths,  and  such 
is  indeed  the  fact.  It  is  not  possible  to  say  at  what  time 
secondary  tumors  are  most  likely  to  appear,  but  it  is  al- 
ways wise  to  ([uestion  the  lungs  before  operating  upon  a 
sarconiatovis  breast,  lest  a  ijulmonary  metastasis  be  pres- 
ent, and  the  operation  do  harm  by  reducing  the  patient's 
strength.  Local  recurrence  after  operation  is  frequent, 
and  while  it  is  not  possible  to  state  the  percentage  in  which 
a  return  in  nifn  is  to  be  looked  for,  yet  it  can  be  accei^ted 
as  the  result  of  clinical  observation  that  the  softer  and 
more  rapidly  growing  a  sarcoma  is,  the  more  likelihood 
exists  of  recurrence;  conversely,  the  firmer  and  more 
slow-growing  the  tumor  is,  the  less  chance  is  there  of  a 
return.     Youth  is  more  disposed  to  recurrence  than  age. 

From  the  foregoing,  one  would  expect  a  round-celled 
sarcoma  to  j\istify  a  more  unfavorable  prognosis  than  a 
spindle-celled  one. 

Cystic  formations  are  present  in  many  sarcomata ;  they 
result  either  from  dilatation  of  ducts  or  from  fatty  or  mu- 
coid degeneration.  Calcareous,  bony,  or  cartilaginous 
formations  have  been  noted,  and  are  to  be  regarded  as 
curiosities. 

The  only  tirntiiii  nt  that  offers  anj'  pro'spectof  a  cure  is 
extirpation,  free  and  comjilete.  so  as  to  remove  not  only 
the  tumor,  but  the  area  of  infection,  already  referred  to,  as 
well.  Failvire  to  succeed  in  this  latter  condemns  a  patient 
to  early  recuirence  in  situ.  Local  recurrent  tumors  also 
arc  to  be  exci.sed,  and  immunity  from  return  is  thus 
gained.  The  removal  of  one  tumor,  when  the  disease  is 
generalized,  is  useless.  The  well-known  case  of  S.  D. 
Gross  may  be  recalled  with  advantage: — A  singlewoinan 
was  subjected  to  twenty-two  operations  in  four  j'ears: 
tlie  nuniiier  of  recurrent  tumors  removed  was  fifty -one, 
and  varieil  in  sizi'  from  an  almond  to  a  hen'segg.  Large 
portions  of  the  pectoral,  and  also  of  the  external  and  in- 


ternal intercostal  nuiscles,  w-ere  cut  away.  Ten  years 
and  nine  months  after  the  last  operation  she  was  iii  per- 
fect health. 

Melanotic  sarcoma  is  very  malignant. 

Cari'inornfi  is  an  at^-pical  new  formation  of  epithelioid 
elements:  for  the  anatomj-.  the  reader  will  consult  the 
articles  on  Carcinoma,  and  7'innt/rs. 

Carcinoma  is  the  most  conunon  and  at  the  same  time 
the  most  fatal  of  breast  tumors;  it  affects  all  classes  and 
all  social  conditions.  Scirrhus  and  encephaloid,  usually 
known  as  hard  and  soft  cancer,  are  the  varieties  most 
often  met  with,  the  former  in  far  greater  proportion  than 
the  latter,  however.  Fortj--eight  to  forty -nine  j'cars  is 
generally  accepted  as  the  average  age  of  patients  com- 
ing imder  treatment ;  but  it  is  to  be  remembered  that  the 
tumor  will  have  existed  for  a  certain  time  already  before 
being  seen  by  a  physician,  or,  what  is  occasionally  met 
with,  but  I  am  glad  to  say  rarely,  a  patient  will  have 
been  advised  liy  a  ph^-sician  to  pay  no  attention  to  the 
lump,  and  so  a  long  time  may  be  passed  in  fancied  secur- 
ity. My  personal  experience  leads  me  to  consider  forty- 
eight  j'ears  too  late  an  average  age  when  carcinoma  is 
first  observed,  forty -five  or  forty-six  being  more  exact. 
The  menopause  is  the  period  j  ust  before  or  j  ust  after  which 
carcinoma  may  be  expected  to  appear;  indeed,  the  period 
of  two  years  preceding  the  cessation  of  menstruation  is 
especially  favorable  for  its  development.  The  earliest 
age  at  which  I  have  seen  a  scirrhous  carcinoma  of  the 
breast  is  twenty-seven  years.  Before  thirtj'-flve  the  oc- 
currence of  carcinoma  is  very  rare.  Traumatism  and 
preceding  inflammation  are  occasionally  exciting  causes, 
but  not  sufficientl}-  often  to  be  considered  as  exercising  a 
potent  influence  for  evil. 

Heredity  has  long  been  held  up  as  having  causative 
power,  but  such  predisposition  can  at  most  be  traced 
to  nine  or  ten  per  cent.     Occasionally  the  opposite  is 

seen,  as  in  the  case  of  Mme.  Z and  family,'"  in  whom 

sixteen  deaths  from  cancer  occurred  in  sevent}'  years. 

While,  then,  blows,  the  remains  of  a  previous  absces.s, 
and  hereditary  peculiarit}'  may  and  do  exist  in  a  causative 
relation  with  carcinoma,  yet  the  degenerative  changes  in 
the  manuua  consequent  upon  cessation  of  function  is, 
without  doubt,  the  most  powerful  influence  in  the  de- 
velopment of  carcinoma.  Carcinoma  begins  In  one 
breast ;  its  presence  in  both  should  be  accepted  as  indica- 
tive of  general  infection;  it  is  never  encapsulated,  but  is 
infiltrated  into  the  adjacent  structures.  Thus,  the  out- 
line is  not  so  well  defined  as  in  sarcoma,  and  while  out- 
croppings  are  rounded,  the  body  of  the  tiunor  ma}'  lie  in 
shape  irregular;  this  is  especially  tlie  case  with  seir)lius. 
Soft  carcinoma  is  of  rapid  growth  as  compared  with  the 
hard  variety;  it  is  more  vascular,  more  i-omided  in  form, 
and  gives  to  the  hand  a  sense  of  fluctuation;  the  mam- 
mary gland  is  incorporated  with,  and  not  distinguishable 
from,  the  neoplasm.  Scirrhous  carcinoma,  on  the  other 
hand,  is  of  slower  growth,  of  extremely  hard  consistence 
without  nuich  elasticity,  presents  to  the  examining  hand 
firm  li\U  not  large  irregularities,  and  is  apt  to  be  flattened, 
as  indeed  the  mamma  is  flattened;  in  a  late  stage  only  is 
it  to  be  seen  as  a  projecting  tuber  elevating  the  skin. 
Scirrhus  conveys  to  the  hand  a  sense  of  weight  ratlier 
than  of  bulk.  Soft  carcinoma  may  attain  great  size. 
As  a  point  of  differential  diagnosis  it  is  to  be  noted  that 
scirrhus  commences  generally  within  the  mamma,  which 
is  felt,  in  an  early  stage,  to  surrotmd  it  on  all  sides,  ex- 
cept t(.iward  the  thorax,  of  course.  Adhesion  to  chest- 
wall  coutraindicates  an  operation,  the  rule  in  this  respect 
differing  from  that  for  sarcoma,  which  may  sometimes 
be  removed  with  advantage  under  such  circumstances, 
if  of  slow  growth.  Fixation  to  skin,  as  ■\\ell  as  to  chest, 
is  marked  in  the  scirrhus  variety,  showing  itself  by 
lessened  mobility  and  later  by  the  formation  of  dimjiles. 

Adhesion  to  che.st  is  recognized  by  lessened  mobility, 
and  is  always  preceded  by  the  tumor  becouu'ng  incor- 
p(u-ated  witli  the  great  pectoral  muscle;  axillary  swelling 
will  also  be  found  at  this  time  if  sought  for.  Retraction 
of  the  nipple  is  an  almost  constant  symptom  in  scirrhus, 
and  results  from  incorporation  of  the  large  ducts  with 
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the  tumor.  Soft  carcinoma  and  sarcoma  do  not  present 
this  pfculiarity ;  hence  its  importance  from  a  diagnostic 
view.  A  discharge  from  the  nipple  would  indicate  im- 
plication of  the  ducts ;  it  is  a  rare  symptom  and  has  no 
clinical  signiticance.  In  adeno-carcinoma  a  serous  dis- 
cliarge  from  the  nipple  is  connnon.  From  the  preceding 
it  would  be  expected  that  a  certain  fixation  of  the  nip- 
ple, the  impossibility  of  drawing  it  forward,  would  be 
present  before  retraction  took  place;  this  is  so,  and  con 
stitutes  a  valuable  diagnostic  sign  early  in  the  life  of  car- 
cinoma (scirrhus).  Besides  adhesion  and  dimpling,  in- 
fection  of  the  skin  may  be  recognized  b}'  the  appearance 
of  small,  lirm  infiltrations,  without  elevation  of  surface 
or  discoloration,  in  the  neighborhood  of  the  original 
growth.  These  indurations,  which  are  first  recognized 
!)}•  the  touch,  become  harder,  elevated,  di.scolored,  livid, 
and  then  ulcerate ;  in  atrophic  carcinoma  they  may  even 
cicatrize.  Their  presence  is  indicative  of  an  extremely 
large  infected  teriitory  around  the  primary  growtli. 

I  have  never  seen  good  results  follow  operations  upon 
such  growths;  the  resulting  wound  does  not  cicatrize, 
and  the  skin  edges  rapidh'  become  infiltrated  with  new 
growth.  Much  importance  has  been  attributed  to  the 
presence  of  large  veins  in  the  skin  of  a  breast  as  indicat- 
ing a  certain  kind  of  tumor;  I  cannot  admit  that  this  is 
quite  the  fact,  except  in  the  general  way  that  it  is  usual 
to  find  large  vascular  channels  in  the  vicinity  of  a  rapidly 
growing  neoplasm.  In  atrophic  carcinoma  enlarged 
veins  are  very  rarely  seen,  for  here  the  circulation  near 
the  surface  is  not  greatly  increased.  Ulceration  in  tlie 
skin  is  seen,  commencing  as  a  crack  or  fissure,  which 
widens  out  and  deepens,  presenting  the  appearance  of  a 
shallow  excavation  with  indurated  edges  and  base  usu- 
ally ragged,  of  pale  color;  the  discharge  is  thin  and  ill- 
smelling;  partial  healing,  with  a  thin,  unhealthy  scar, 
sometimes  takes  place.  When  softening  of  the  tumor 
occurs,  from  one  cause  or  another,  and  tlie  skin  gives 
way,  there  results  a  deep,  crater-like  pit,  with  everted 
edges,  hard,  irregular  base,  and  profuse  discharge. 
Hard  carcinoma  pursues  the  manner  of  ulcerating  first 
described,  soft  carcinoma  the  latter.  Fungous  jirotru- 
sion  I  have  not  seen  follow  carcinoma  vUceration.  As 
has  been  said  already  it  is  seen  in  the  ulceration  of  sarcoma. 

Pain  is  variable.  I  have  repeatedly  seen  carcinoma  of 
the  breast,  with  implication  of  the  skin  and  several 
glandvdar  enlargements  in  the  axilla,  and  yet  the  patient 
only  accidentally  discovered  that  the  mamma  was  in- 
volved in  any  morbid  process.  Two  such  cases  have 
come  under  my  notice  within  the  past  month:  both  pa- 
tients were  seen  within  four  days  after  the  discovers'  of 
the  mammary  swellings.  The  classical,  lancinating, 
darting,  shooting  pains  are  exceptional  in  the  incipient 
stage  of  the  tumor;  later,  however,  thej"  are  present; 
with  inflammation  and  slou.ghing  the  pain  is  great;  in 
atrophic  scirrhus,  with  ulceration  long  continued,  pain 
is  extremely  varied.  Infection  of  adjacent  lymphatic 
glands  in  carcinoma  is  a  question  of  time;  sooner  or 
later  it  will  occur,  save  in  rare  instances.  The  axillary 
glands,  substernal,  intercostal,  and  supraclavicular, 
sooner  or  later  become  involved.  Just  how  soon  glan- 
dular infection  occurs  is  not  known,  as  the  primary 
growth  exists  some  time  before  being  discovered. 

The  axillary  enlargements  result  from  the  passage  of 
elements  from  the  original  tumor  through  the  lymphatics, 
and  their  arrest  and  growth  in  the  lymph  glands,  thus 
reproducing  the  disease  in  the  armpit,  from  which,  con- 
tinuing their  journey  by  lymph  channels,  tumor  elements 
enter  the  general  circulation,  and  carcinosis  results.  It 
will  sometimes,  though  very  rarely,  be  found  that  gen- 
eral  infection  occurs  without  glandular  implication  to 
any  degree:  this  is  to  be  explained  by  direct  transmission 
through  veins.  Occasionally  also  slight  glandular  en- 
largement will  disappear  after  removal  of  the  original 
growth;  in  such  a  case  it  is  clear  that  the  glands  were 
not  carcinomatous,  and  were  probably  only  irritated, 
but  why  this  should  occur  in  one  case  and  not  in  another, 
we  do  not  yet  know.  Carcinoma  shows  a  predilection 
for  the  liver,  lungs,  and  serous  surfaces  when  it  attacks 


internal  organs.  Colloid  and  cystic  degenerations  are 
those  most  often  met  with  in  carcinoma.  Inflammation 
rimuing  into  abscess  is  rarely  seen  except  in  connection 
with  rapid  growth,  when  also  acute  sloughing  may  occur. 

The  prognosis  of  carcinoma  is  extremely  grave,  if  left 
alone  or  if  operated  upon.  S.  W.  Gross  ■■'  gives  the 
average  duration  of  life  for  patients  not  operated  upon  as 
27. 1  months,  and  for  those  who  died  after  they  had  sub- 
mitted to  an  operation,  as  thirty-nine  months:  which 
shows  that  the  operation  added  a  year  of  life  to  each  pa- 
tient. He  furthermore  computes  the  percentages  of  re- 
covery at  9.0.1.  Owin.g  to  the  fact  that  operation  for  re- 
moval of  carcinoma  is  now  extended  so  as  to  remove 
adjacent  structures  which  may  be  involved  in  the  growtli 
the  percentage  of  recovery  has  increased  enoniiously; 
probably  twent_v-seven  per  cent,  of  patients  operated 
upon  for  carcinoma  mamm^  are  now  free  from  recur- 
rence for  three  years  after  operation. 

Carcinoma  following  long-continued  ulceration  of  the 
nipple — Paget's  disease — has  already'  been  referred  to. 

\Vithin  the  past  few  years  our  knowledge  of  adenoma 
has  undergone  a  great  change.  Instead  of  being  often 
met  with  it  is  now  believed  to  be  one  of  the  growths 
most  rarely  encountered,  and  the  so  called  adenoid 
growths,  adenocele,  and  adeno-cystic  tumors  are  recog- 
nized as  composed  of  connective  tissue,  containing  de- 
formed glandular  elements — fibromata. 

It  is  doubtful  whether  it  would  be  possible  to  differ- 
entiate clinically  between  fibroma  and  adenoma,  nor  in- 
deed does  it  appear  to  be  necessaiy.  since  both  belong  to 
the  categorj-  of  benign  growths,  and  are  to  be  subjected 
to  like  treatment.  Perhaps  the  most  notable  fact  observed 
in  connection  with  adenoma  is  the  extreme  frequencj' 
with  which  cysts  occur  in  its  substance,  a  circumstance 
w  hich  is  due  of  course  to  the  presence  of  ducts  which 
have  undergone  dilatation. 

Transformation  or  change  in  a  tumor  is  met  with  and 
is  alwaj's  to  be  regarded  with  suspicion  if  characterized 
by  rapid  growth. 

Tre.\tment. — A  benign  tumor  of  the  breast  is  re 
moved  by  freely  uncovering  it;  the  incision  is  to  be 
directed  "from  the  nipple  outward  so  as  to  do  as  little 
liarm  as  possible  to  adjacent  ducts,  after  which  tjie 
growth  is  to  be  freed  from  attachment.  It  has  been 
suggested  that,  to  avoid  a  scct.  the  following  manner  of 
operating  be  adopted;  "Carry  an  incision  as  long  as 
necessary  around  the  lower  edge  of  the  breast  where  it 
joins  the  thorax,  raise  the  breast,  and  through  the  incision 
indicated  remove  the  growth  from  the  posterior  aspect 
of  the  gland,  arrest  hemorrhage,  insert  a  glass  drainage 
tube,  replace  the  breast,"  etc.  Lateral  stitches  can  be 
inserted  before  replacing  the  breast  so  as  to  give  promi 
ence  to  the  breast.  It  is  probable  that  few  tumors  re- 
quire such  an  operative  measure;  benign  growths  are 
usually  situated  in  the  upper  half  of  the  breast,  not 
beneath  it,  so  that  an  incision  through  the  skin,  and  at 
once  down  upon  the  tumor,  is  more  simple.  As  the 
mamma  is  generally  covered  save  in  exceptional  in- 
stances, the  ijresence  of  a  scar  may  be  disregarded. 

AVhen  malignant  disease  of  the  breast  is  presented  for 
treatment  it  becomes  necessary  for  the  surgeon  to  decide 
whether  an  operation  is  expedient  at  all  or  whether  the 
disease  has  spread  so  extensively  as  to  preclude  the  pos- 
sibility of  benefit  by  operative  measures.  While  it  is 
impossible  to  lay  down  hard-and-fast  rules,  it  may  be  said 
generally  that  operation  is  not  expedient  if  the  growth 
cannot  be  removed  ;  if  life  is  to  be  shortened  by  the  opera- 
tion; if  pain  and  suffering  are  not  to  be  diminished  by 
the  operation.  The  operation  is  to  be  undertfi,ken  if 
there  is  a  good  prospect  of  removing  the  growth ;  if  life 
is  to  be  prolonged ;  if  pain  and  suffering  are  to  be  dimin- 
ished. These  questions  the  surgeon  must  decide,  after 
which  the  operation  itself  must  be  considered. 

It  has  been  before  said  that  outside  and  around  a  malig- 
nant timior  there  is  an  area  of  tissue  already  sown  with 
seed  which,  if  not  removed,  will  reproduce  the  original 
growth.  An}-  operation  which  removes  the  tumor  and 
leaves  this  infected  area  will  certainly  be  followed  by 
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speedy  recurrence:  free  and  complete  extirpation  is  there 
fore  the  first  duty  of  the  surgeon.  In  carcinoma,  and 
perhaps  sometimes  in  sarcoma,  the  lymph  glands  are  in 
volved :  they  are  to  be  taken  awaj*.  If  they  are  enlarged 
and  cannot  be  removed,  no  operation  on  the  breast  is  to  be 
undertaken.  The  glands  above  the  clavicle,  under  the 
edge  of  the  sternum,  and  alongthe  ribsare  to  be  searched 
for  and  removed.  These  two  latter  groups  are  more 
apt  to  be  involved  if  the  growth  lies  to  the  sternal  side 
of  the  nipple.  Not  only  the  lymph  glands  but  the  lymph 
channels  should  be  taken  away  with  the  breast,  and  these 
channels  are  in  close  relation  with  the  pectoral  muscles 
and  a.xillary  fat:  so  that  extirpation  of  a  carcinomatous 
breast  or  a  sarcomatous  one  calls  for  i-emoval  of  the  tu 
nior  itself  together  with  the  entire  mamma  and  skin  over 
it  which  is  or  may  be  infected,  both  pectoral  muscles,  and 
axillary  contents,  consisting  of  fat,  fascia,  and  lympliat 
ics.  It"  will  be  best,  save  in  rare  cases,  to  carry  an  incision 
into  the  neck,  exposing  the  supraclavicular  space,  and  to 
remove  any  lymphatics  there  found.  It  is  diflicult  to  state 
the  lines  of  incision  which  shall  enable  the  operator  in  all 
cases  to  carry  out  the  above  recjuirements.  A  timior  in 
volving  the  skin  near  the  sternum,  and  one  involving 
the  skin  near  the  axilla,  will  call  for  different  incisions. 

Speaking  generally,  then  the  breast  is  to  be  removed 
by  an  incision  circumscribing  widely  the  skin  over  the 
centre  of  the  growth  and  passing  through  healthy  tissue. 
This  incision  is  to  be  extended  into  the  axilla  and  down 
the  arm,  and  will  be  more  or  less  racquet  shaped,  the 
handle  passing  through  the  axilla,  and  the  other  end, 
more  or  less  round,  corresponding  to  the  mamma.  From 
this  incision  a  cut  is  to  be  carried  upward  over  the 
clavicle  into  the  neck.  To  facilitate  closure  of  this  ex 
tensive  wound  I  divide  the  skin  downward  .several 
inches  along  the  anterior  axillary  line.  The  flaps  so 
marked  out,  consisting  of  skin  and  connective  tissue,  are 
very  freely  reflected,  the  incisions  are  then  deepened,  and 
the  great  pectoral  muscle  on  which  rests  tlie  mamma  is 
reflected  from  the  thorax  and  clavicle.  The  lesser  pec- 
toral may  be  sejiarated  with  the  greater  or  be  taken 
away  during  the  dissection  of  the  axilla.  The  axilla  is 
now  carefully  cleaned  by  dissection  of  all  fat  and  lym 
phatics,  during  whicli  the  lesser  pectoral  if  present  is  re 
moved.  The  supraclavicular  region,  edge  of  sternum, 
and  intercostal  spaces  are  searched  for  lymphatics,  which 
are  removed.  It  may  be  expedient  to  take  away  a  piece 
of  rib  if  suspiciously  near  the  neoplasm.  Dissection  is 
facilitated  by  removal  of  breast  and  axillary  tissue  in  (me 
piece.  Bleeding  during  the  operation  is  controlled  by 
hsmostats  or  ligature.  As  a  marked  furrow  in  the  mus- 
cle  distinguishes  the  portion  of  the  great  pectoral  which  is 
attached  to  the  sternum  from  that  which  is  attached  to  the 
clavicle,  separation  of  fibres  is  quickly  and  easily  made, 
and  the  clavicular  portion  rarely  if  ever  requires  removal. 
When  left  it  assists  motion  of  the  humerus.  So  far  as 
my  experience  goes,  splitting  the  great  pectoral  tendon 
and  dividing  the  portion  that  corresponds  to  the  removed 
muscle  can  be  accomplished  most  easily  with  scissors. 

Closure  of  the  large  woimd  resulting  from  this  opera 
tion  may  be  eilected  by  skin  grafting  or  by  forming  flaps 
as  occasion  seems  to  justify;  or  else  healing  by  granida- 
tion  may  be  permitted.  Mixter  fashions  a  large  flap 
from  the  other  side  of  the  sternum,  and  causes  the  unaf- 
fected  mamma  to  slide  imtil  it  lies  near  the  middle  line. 

When  dissecting  an  axilla  I  at  once  uncover  the  axillary 
vein  at  its  lower  (brachial)  end, and  with  this  as  my  land- 
mark the  affair  becomes  simple. 

Occasionally  ligation  of  the  axillary  veins  is  required: 
I  have  never  seen  trouble  follow  this  procedure. 

I  have  observed  that  patients  whose  wounds  do  badly, 
from  erysipelas  or  other  cruse,  suffer  speedy  recurrence; 
an  additional  reason  for  securing  early  cicatrization. 
Recovery  from  amputation  of  the  breast  is  usually  rapid, 
and  the  mortality  is  small. 

Recurrence  after  amputation  demands  extirpation  as  in 
the  first  instance,  unless  the  secondary  growth  occur  at 
a  spot  where  complete  removal  is  not  possible  By  re 
peated  operations  I  have  prolonged  life  and  given  com 


fort  for  years.  Several  years  ago  I  operated  upon  a  sin 
gle  woman,  aged  forty  eight,  for  the  tliird  time,  remov- 
ing a  small  nodule  as  large  as  a  pea,  one-fourth  inch  in 
diameter,  and  also  two  indurated  axillary  glands.  She 
was  first  operated  upon  in  1878,  and  for  the  two  recur 
rences  in  1882  and  1885  respectively.  iMicrosco]5icaI  ex. 
amination  enabled  me  to  make  a  positive  diagnosis  in  re- 
gard to  its  carcinomatous  nature.  An  operation  should  not 
be  undertaken  if  the  primary  growth  cannot  be  removed 
together  with  involved  axillary  glands,  or  when  it  is  ap- 
parent that  general  infection  has  already  taken  place. 
The  surgeon,  therefore,  nuist  not  only  examine  the  ap 
parently  affected  region,  but  also  investigate  the  integrity 
of  internal  organs  as  well.  Extirpation  of  mammary 
growths  by  means  other  than  the  knife,  e.g.,  by  caustics, 
,scarcely  requires  mention,  so  much  the  best  in.strument 
is  a  knife,  if  properly  guided.  Until  we  can  find  a 
caustic  which  will  seek  out  and  destroy  the  neoplasm, 
sparing  healthy  tissue,  the  knife  will  hold  the  first  place. 
It  may  perhaps  be  expedient,  when  the  tissue  is  very  vas- 
cular, or  when  the  ribs  are  suspiciously  near  the  base  of  a 
carcinoma,  to  apply  a  caustic  after  the  knife  lias  been  used, 
but  such  instances  are  exceptions.  When  an  operation  is 
inexpedient,  the  surgecmmust  direct  his  efforts  to  the  re 
lief  of  the  local  discomfort  by  proper  dressings,  and  to 
the  amelioration  of  the  general  condition  Ijy  appropriate 
medication.  The  condition  of  the  patient  is  most  un- 
happy, and  I  have  always  thought  it  expedient  to  allow 
opium  or  its  alkaloid,  morphine,  in  sufficient  qiiantit_y  to 
firing  about  a  state  of  comparative  relief.  I  have  ob 
served  that  in  stout  people  recurrence  of  an  extirpated 
growth  is  more  rapid  than  in  those  of  more  slender  build. 

L.  McLane  Tiffany. 
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BREATH, — air  respired  (E.)  A.  S.  brft?d,  breath,  odor. 
Perhaps  allied  to  hatin  f raff irire.  toemit  a  scent;  fragtim, 
a  strawberry;  but  this  is  uncertain.*  Thus  in  the  very 
origin  of  the  word  there  is  inherent  the  idea  of  odor. 
The  breath  consists  of  nitrogen  and  oxygen,  the  jiropor- 
tion  of  the  latter  being  less  than  that  jirescnt  in  tlie 
atmosphere;  a  little  more  than  four  per  cent  of  carbonic 
acid,  aqueous  vapor,  ammonia,  and  organic  iminirities. 
Within  the  last  quarter  of  a  century,  much  work  has 
been  done  in  investigating  the  nature  of  the  organic 
matter  of  expired  air.  Ben,  in  1893,  obtained  100  c.c.  of 
water  from  3,000  litres  of  expired  air  The  odor  of  this 
water  was  peculiar  but  not  disagreeable  Its  organic 
contents  weighed  .5  mgm.  There  were  no  alkaloids  in 
it.  but  it  gave  a  reaction  for  ammonia.  It  would  seem 
that  this  organic  matter  is  not  capable  of  producing  acute 
intoxicatioii,  but  the  untoward  effects  incident  to  breath- 
ing in  limited  spaces  are  due  to  lack  of  o,xy  gen.  There  is  no 
certain  knowledge  as  to  whether  micro  organisms  may  be 
eliminated  bv  the  breath,  although  the  laity  believe  in  this 
possibility  "Welch  states  that  the  consensus  of  authority- 
is  against  the  probability  of  such  an  occurrence.  Experi- 
ments have  shown  the  difliculty  with  which  micro-organ- 
isms are  detached  from  moist  surfaces  by  aircurrents.so 
that  it  is  likely  that  they  are  never  conveyed  to  the  outside 
air  by  ordinary  quiet  breathing  The  proportion  of  car- 

*  Skeats'  Etymological  Dictionary  of  the  English  Language. 
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bonic  acid  is  increased  in  the  early  stages  of  smallpox, 
measles,  and  scarlatina,  and  during  the  existence  of  any 
extensive  skin  disease.  It  is  diminished  in  typhus  fe 
ver.  The  temperature  varies  somewhat,  being  influenced 
slightly  b_y  that  of  the  external  air,  but  seldom  falls  be- 
low 90°  F.  When  the  temperature  of  the  inspired  air  is 
very  high,  as  in  tlie  hot  room  of  a  Turkish  bath,  the 
breath  may  appear,  by  comparison,  to  be  c-ool.  In  fevers 
its  heat  is  increased,  but  in  the  algid  stage  of  cholera  it 
is  almost  cold 

There  is  a  deplorable  lack  of  knowledge  concerning 
the  physiological  odors  of  the  breath  In  liealth  the 
breath  is  nearlj-  odorless,  but  there  is  a  sweet  odor  from 
certain  glands  about  the  cutaneous  limit  around  the 
nostrils.  Nature  has  designed  this  as  a  sexual  exeitor, 
and  together  with  other  attractions  between  the  sexes  it 
helps  to  insure  reproduction  of  the  species.  This  is  not 
characteristic  alone  of  the  female,  but  the  male  also,  if 
living  a  comparatively  normal  life,  possesses  the  same 
attraction.  The  pleasure  of  kissing  is  due  chiefly  to  this 
source.  Consequently,  in  blunted  olfactories,  osculation 
loses  its  greatest  charm.  Each  person  is  characterized 
by  his  own  peculiar  nasal  odor,  and  the  more  refined  he 
is.  and  the  higher  in  the  scale  of  civilization,  the  more 
delicate  the  odor.  On  the  contrar}',  the  coarser  the  in- 
dividual, the  more  heavy  the  odor,  e.g.,  negroes  emit  a 
musky  odor.  Intl'vidiials  who  are  not  in  good  condition 
for  reproduction,  or  who  are  lacking  in  passion,  possess 
slight  nasal  odors  It  has  been  stated  to  be  absent  or 
disagreeable  in  pregnant  women 

Among  the  curiosities  of  literature,  there  are  reported 
cases  of  lumiiious  or  bright  red  breath;  and  others  of 
inflammable  breath — in  which  there  was  a  flash  of  flame 
from  holding  a  lighted  match  near  the  mouth.  This  last 
phenonrenon  is  probably  due  to  the  formation  of  com- 
bustible carburetted  hydrogen  from  the  chemical  decom- 
position of  breath  James  Gray,  in  the  Lam-et,  speaks 
of  the  " peculiar  odor  of  the  breath  previous  to  death," 
and  cites  two  cases  in  which  was  exhaled  the  same  phos- 
phoric odor  just  before  death 

The  term  haliiosiK.  diseased  breath,  is  derived  from  the 
Latin  hnlitux,  breath,  and  the  Greek,  voanc,  disease  (How 
ard).  Offensive  breath  does  not  express  a  morbid  en 
tity.  It  is  merely  a  sj'mptom,  however  extreme  it 
may  be, — a  functional  disorder  which  may  occur  at  any 
time  of  life.  It  is  most  common  in  the  male ,  it  may  be 
due  to  various  causes,  never  produces  pain,  is  present 
under  many  different  circumstances,  is  never  dangerous, 
but  it  is  sometimes  the  most  striking  and  annoying  fea- 
ture of  a  case,  and  is  so  disgusting  and  himiiliating  that 
it  causes  misery  not  only  to  the  patient,  but  to  all  witliin 
his  environment.  Very  sliglit  causes  often  ntodify  the 
delicate  breath  of  health,  and  in  certain  morbid  condi 
tions  the  odor  is  quite  characteristic,  and  may  be  valu- 
able as  a  diagnostic  sign 

The  odor  of  the  breath  is  modified  temporarily  by 
many  causes.  Mental  emotion  often  exerts  a  power 
fu!  influence  over  the  odor  of  the  breath.  If  the  many 
well-known  phthologieal  effects  of  excessive  emotion  be 
reviewed,  this  fact  will  not  seem  strange.  For  mental 
disturbance  may  so  change  the  .secretions  of  the  aliment- 
ary tract  and  the  glaiuhdar  system  that  the  normal  elimi- 
nation of  waste  products  is  prevented,  and  an  extra 
burden  is  thrown  on  the  lungs,  with  resviltiug  foul 
breath.  Or  the  sudden  excitement  may  cause  a  greater 
destruction  of  tissue  than  normal,  so  that  before  the  in- 
testinal glands  cau  accoiumodate  themselves  to  this  in- 
crease the  burden  of  vicarious  elimination  is  thrown  on 
to  the  luu,ffs.  The  subjects  are,  as  a  rule,  conscious  of 
its  presence  There  is  generally  a  pasty  taste  in  the 
mouth,  and  this  together  with  the  di.sagreeablc  breath 
may  be  almost  instantaneous  with  the  occtn-rence  of  the 
emotion.  Such  patients  are  commonly  neurotic  and 
bigh-strnng,  and  possess  a  mercurial  tem]ierament. 
Many  volatile  substances  taken  into  the  system  through 
the  ordinary  channels  are  excreted  in  jiai-t  through  the 
lungs,  and  impart  their  odor  to  the  brealli.  Thus  tur- 
pentine, alcohol,  onions,  cheese,  spices,  and  many  other 


alimentary  and  medicinal  stibstances  taken  into  the 
stomach  are  quiclU}'  detected  bj*  their  peculiar  smell  in 
the  expired  air.  In  women  the  expired  air  frequently 
acquires  a  disagreeable  character  during  the  menstrual 
period,  said  to  be  due  to  the  nasal  and  retro-nasal  secre- 
tion of  the  mucous  membrane,  which  at  that  time  is  con- 
gested. In  feverish  conditions  the  breath  acquires  a 
sweetish,  or  sometimes  sickening,  character.  This  is 
particularly  noticeable  in  children,  and  in  them  is  often 
suggestive  of  the  odor  of  chloroform.  In  diabetes  mel- 
litus  there  is  often  a  pectdiar  sweetish  odor,  which  is 
diflncult  to  describe,  and  which  has  been  likened  to  that 
of  honey,  sweet  apples,  or  hay.  In  uraemia  the  breath  is 
said  often  to  acquire  a  strongh'  ammoniacal  odor  due  to 
the  non-elimination  of  the  urea,  which  persists  in  the 
blood  and  c<mibines  with  the  water  to  form  carbonate  of 
ammonia.  The  skin  al.-o  exhales  the  same  odor.  In 
pyicmia  also  the  breatli  i^  peculiar  and  cliaracteristic. 
Dr.  Tavignot,  a  French  writer,  described,  some  years 
ago,  a  peculiarity  of  the  breath  in  glaucoiua.  to  which 
he  gave  the  name  of  liakine  safranec  ;  and  he  maintained 
that  this  was  constantly  present  in  persons  suffering 
from  that  affection.  There  are  cases  recorded  of  exten- 
sive burns  in  which  the  breath,  formerly  sweet,  has 
assumed  the  disgusting  odor  of  bisulphate  of  carbon. 
Migraine  is  often  accompanied  Ijy  a  bail  breath.  Tuber- 
culosis cap  often  be  detected  by  a  characteristic  breath. 
Pernicious  anaemia,  pseudo-leukaMuia.  and  interstitial  ne- 
phritis frequently  have  this  symptom. 

Various  mineral  substances,  which  are  themselves 
nearly  or  ciuite  without  smell,  cause,  when  introduced 
into  the  system  in  sullicient  cpiantities  and  during  a  cer- 
tain ijcriod  of  time,  a  very  disagreeable  odor  of  the 
breath.  This  occurs  from  .stotnatitis  in  some  cases,  and 
in  others  from  the  disturbance  of  digestion,  induced  by 
the  chronic  poisoning.  The  substances  which  most  fre- 
quently are  concerned  in  the  production  of  toxic  halitosis 
are.  antimony,  arsenic,  lead,  mercury,  phosphorus,  and 
sulphur.  Suljihur  imparts  a  distinct  odor  not  onl_v  to 
the  breath,  but  also  to  the  perspiration  after  two  hours. 

In  chronic  alcoholism  the  odor  of  theexpiredair  is  very 
foul,  not  necessarily  alcoholic  unless  liquor  has  been  re- 
cently taken,  but  possessing  a  peculiarity  all  its  own, 
and  milike  anything  else.  The  excessive  use  of  tobacco 
not  infrequently  imparts  a  foul  odor  to  the  breath. 

A  permanent  foulness  of  the  breath  is  due  either  to  in- 
terference with  the  elimination  of  the  products  of  decom- 
position by  the  intestines  and  kidneys  or  to  local  causes 
existing  in  some  part  of  the  res]iiratory  tract. 

Perhaps  the  most  frequent  cause  of  a  bad  breath  is 
dyspepsia,  either  gastric  or  intestinal.  The  hurry,  ex- 
citement, and  worry  characteristic  of  our  present  cen 
tury  are  greatly  to  blame  for  these  ills.  Overwork,  ex- 
cessive application  to  Irasiness,  sedentary  habits,  and  the 
habit  of  "bolting"  food,  all  bring  in  their  train  irre 
mediable  residts.  In  this  case  the  elimination  of  the 
products  of  decomposition  and  of  the  effete  matters  of 
the  tissues  by  the  normal  channels  is  interfered  with  to  a 
greater  or  less  extent,  and  the  task  of  their  excretion  from 
the  economy  is  in  part  tlu-own  upon  the  lungs.  The  ex- 
pired air  contains  a  large  amount  of  organic  matter, 
which  is  often  very  ill-smelling  and  offensive.  In  cancer 
of  the  stomach  or  liver,  disordered  digestion  is  often 
heralded  by  a  foul  breath.  In  chronic  constipation,  es- 
pecially, the  odor  of  decomposing  organic  matte]-  is  most 
marked.  The  most  common  causes  of  constipation  are  a 
decrease  in  the  secretion  of  mucus  from  the  glands  in 
the  intestinal  walls,  or  deficient  peristalsis  of  the  mus- 
culature of  the  same.  Hepatic  disorders  always  entail 
certain  disturbances  of  digestion.  A  very  common  symp- 
tom of  intestinal  worms,  especially  ascarides  in  children, 
is  foul  breath. 

Among  local  causes  there  are  various  affections  of  the 
motith,  nose,  pharj-nx,  larynx,  and  lungs. 

Dental  caries  is  a  well-known  cause  of  foul  breath. 
This  arises  not  only  in  consequence  of  the  decay  of  the 
teeth,  but  also,  and  chiefly,  from  decomposition  of  food 
lodged  in  the  cavities  and  between  the  teeth,  also  from 
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tartar  and  the  micro-organism  leptothrix  buccalis.  These 
causes  may  give  occasion  to  a  fetid  breath  iu  persons  who 
are  careless  in  cleansing  the  mouth,  even  when  the  teeth 
are  perfectly  sound.  Gingivitis,  from  arsenical  or  mer- 
curial poisoning,  or  from  scurvy,  may  give  rise  to  a  bad 
breath,  as  may  also  syphilitic  ulcerations  of  the  buccal 
cavity  or  fauces.  Pyorrhoea  alveolaris  is  also  another 
cause.  "Spontaneous  stomatitis"  occurs  without  any 
apparent  cause.  The  entire  interior  of  the  mouth  is 
affected,  and  the  fetid  saliva  taints  the  breath.  In  many 
points  this  affection  resembles  mercurial  stomatitis.  Fol- 
licular stomatitis  occurs  at  any  age.  This  inflammation 
takes  its  origin  in  the  follicles  of  the  mucosa,  on  the  in 
side  of  the  lips,  and  on  the  sides  of  the  tongue.  In  certain 
cases  a  vesicular  eruption  (herpes)  is  the  first  manifesta- 
tion of  the  di.sease.  There  is  a  condition  known  as  ca- 
tarrh of  the  tongue,  which  is  usually  associated  witli 
dyspepsia,  Init  may  occur  independently  of  it.  Here 
again  decomposition  of  mucus,  epithelial  scales,  and  food 
particles  as  well  as  bacteria  are  the  offending  cause.  In 
necrosis  of  the  jaw  which  may  result  from  rainerai  poi- 
sons, decaj-ed  teeth,  or  syphifis,  the  odor  is  frequently 
sickening.  The  breath  of  patients  suffering  with  car- 
cinoma of  the  tongue  and  neighboring  parts  is  very  pen- 
etrating, but  that  from  cancrura  oris,  stomacace,  ornoma, 
is  almost  unbearable,  and  once  experienced  can  never  be 
forgotten. 

In  nasal  polyjii,  after  the  secretion  from  the  nose  be- 
comes mucopurulent,  the  breath  is  apt  to  be  disagreeable. 
Ozsena,  from  whatever  cause  produced,  is  frequently 
responsible  for  a  most  foul  and  repulsive  odor.  This  is 
•due,  according  to  Browne,  to  the  fact  that  "  the  crusts 
and  discharges  usually  contain  decomposing  fatty  glo- 
bules and  micro-organisms."  Mouth  breathers  with 
nasal  stenosis  are  often  afflicted  with  liad  breath. 

Like  the  odor  of  necrosis  of  the  jaw,  that  of  follicular 
tonsillitis  and  pharyngitis  is  sickening.  In  the  latter 
■case  the  odor  is  due  to  decomposition  of  the  secretion 
and  food  particles  tilling  up  the  follicles,  and  is  often 
suggestive  of  fa-cal  matters.  This  inspissated  secretion 
TDecomes  cheesy  in  consistency.  Chronic  enlargement  of 
the  tonsils  is  apt  to  occur  in  "young  ])eo]ile  wiTh  the  so 
called  scrofulous  diathesis  The  breath  in  these  ca.ses  is 
•often  foul.  In  diphtheria  there  may  be  a  disagreeable 
foetor  of  tlie  e.vpired  air  suggesti  v'c  of  putrefaction.  This 
is  especially  true  of  epidemic  diphtheria.  Putrid  sore 
throat  shares  with  diiditheria  this  s-\'mptom  of  halitosis. 
Syphilitic  and  tuberculous  ulcerations  in  the  laryn.x  often 
impart  an  unpleasant  odor  to  the  breath,  and  Ihe  fwtor  of 
some  forms  of  bronchitis,  of  bronchiectasis,  and  of  abscess 
and  gangrene  of  the  lungs  is  too  well  known  to  lequire 
any  description. 

Finally,  some  individuals  suffer  from  a  more  or  less 
fetid  breath,  the  cause  of  which  it  is  impossible  to  dis- 
cover. It  is  often  congenital;  it  is  constant,  and  not 
•dependent  upon  any  apparent  deviation  from  health, 
but  is  often  associated  with  a  strong  and  unpleasant 
-odor  of  the  sweat  ami  other  secretions." 

In  the  following  table  the  various  conditions  leading 
to  the  production  of  a  bad  breath  are  arranged  undeT 
their  several  classes  for  convenience  of  reference 

Causes  of  H.ilitosis. 

(  Mental  disturbance. 
Transient ...  ^  Various  insesta.  medicinal  and  aUmentary. 
(  The  menstrual  period, 
f  Fevers. 
Diabetes  mellitus. 
I'riemia. 
!  ry;fiiiia. 
i  lilaucoma  (?). 

Systemic -,  Burns. 

Mijrraine. 
Tuberculosis. 
Pcrnicinus  anfpraia. 
Psi-ci.l"liuka'liiia. 
I  Intci-slitiiil  nephritis. 
I  AiitiUHiny. 
_  I  Arsenic. " 

Toxic '  Lead. 

Mercury. 
L  Phosphorus. 

Vol.  II.— 31 


Toxic  . 


Digestive. 


Buccal . 


Nasal  , 


Fauclal. 


Laryngeal.. 

Pulmonary . 
Idiopathic. 


Sulphur. 

Alcohol. 

Tobacco. 

Gastritis. 

Dyspepsia. 

Cancel-  ol  stomach  or  liver. 

Constipation. 

Hepatic  disorders. 

Enteritis. 

Intestinal  worms,  particulariy  ascarides  in  children. 

Dental  caries.  u-^ou. 

I  Toxic. 
Gingivitis.    •<  Scorbutic. 

I  Syphilitic. 
Stomatitis.    \  "Sppntaneous." 

(  Follicular. 
Pyorrhoea  alveolaris. 
Lingual  catarrh. 
Necrosis  of  jaw. 

Carcinoma  o(  tongue  and  other  parts. 
Cancrum  oris. 
I  Lack  of  cleanliness. 
Polypi. 

'  Heri'etic. 
Syphilitic. 
n7Tin!i    J  ^om  foreiffn  bodies. 

Idiopathic. 
^  Osteo-necrotic. 
I  FolUcHlar  tonsillitis. 

Follicular  pharyngitis. 
<  Syphilitic  ulceration. 

Diphtlieria. 
I  Putrid  sure  throat. 
(  Carcinoma. 

1  Ulceration.  \  ^l"""!"- 
'  /  Tuberculous. 

Bronchiectasis. 

Putrid  bronchitis. 

Tuberculous  ulceration  (cavities). 

Gangrene. 

Abscess. 

Carcinoma. 


The  treatment  of  a  foul  breath  consists  essentially  in 
discovering,  and,  if  possible,  removing  the  cause.  In  by 
far  the  largest  number  of  cases  the  origin  of  the  trouble 
resides  in  digestive  disturbances,  usually  associated  with 
constipation,  or  in  carious  or  dirty  teeth.  The  first  care 
of  the  physician  should  be.  therefore,  to  regulate  the  di- 
gestive functions,  and  to  see  that  the  h/giene  of  the 
mouth  is  ]iroperly  attended  to.  If  the  guins  are  spong-y 
or  receding,  a  tooth  wash  containing  myrrh  should  be 
used.  All  cavities  should  be  plugged  with  gold  or  some 
other  suitable  filling,  as  the  denttst  may  advise,  and  the 
tartar,  which  accumulates  between  and  behind  the  teeth, 
should  be  removed  from  time  to  time.  The  teeth  should 
be  picked,  after  each  meal,  to  remove  the  jjarticles  of 
food,  or,  better  still,  they  shoidd  be  cleansed  by  means 
of  dental  floss,  and  should  then  be  brushed  with  jjlain 
water,  soap  and  water,  or  a  reliable  dentifrice.  If  the 
stomach  is  at  fault,  in  addition  to  the  remedies  suitable 
to  the  condition,  a  piece  of  charcoal  cake  or  charcoal 
powders  may  be  taken  shortly  after  meals.  An  odor 
which  cannot  be  removed  may  be  more  or  less  effect- 
ually disguised  by  oil  of  nutnieg,  cinnamon,  cardamom 
seed,  cloves,  pimenta,  lavender  water,  sweet-flag,  leaves 
of  the  common  partridge  berry,  or  allspice,  coffee,  and 
other  aromatics.  A  .solution  of  carbolic  acid  (1  to  200) 
may  be  used  as  a  mouth  wash  or  gargle  when  the  fcetor 
is  due  to  organic  destruction  of  tissue.  The  following  is 
an  agreeable  mouth  wash  which  will  often  disguise  un- 
pleasant odors:  Thymol,  0.r>0  gm.  (7i  grains):  bora.x, 
1  gm.  (15  grains);  distilled  water"y  .'500  gm.  (1  pint).  The 
mouth  is  to  to  be  rinsed  frequently  with  this  solution. 

For  persistent  foul  breath.  Howe  advises  the  following 
combination.  In  the  first  place,  the  teeth  should  be  thor- 
oughly cljaused  and  the  gums  sponged  with  a  solution 
of  myrrh  and  water;  then  one  of  the  following  wafers 
may  be  allowed  to  dissolve  in  the  mouth 

I?  Pulv.  cinnani., 

Pulv.  pimentiE, 

Pulv.  cardam aa  3  ss. 

Sacchari  all.) .   3  i. 

Mucil.  gum  acacise q.s. 

Make  fifty  pills. 

■tSl 
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In  conjunction  with  tbese  wafers,  the  following  may 
be  emplo.yed. 

I^  Pulv   canii  sem  , 

Pulv.  coriandri  sem., 

Pulv.  cinnam aa  3  ss. 

Sacch  alb H 

Jlucil   gum.  acacijB q.  s. 

Make  fifty  pills.     Dissolve  one  in  the  mouth  when 
necessary. 

All  these  deodorizers  are,  however,  of  necessity  merely 
palliative  in  their  effects,  and  the  cause  should  always, 
if  possible,  be  searched  for  and  removed. 

In  the  preparation  of  the  foregoing  article  the  present 
writer  has  made  free  use  of  the  material  ptiblished  under 
the  same  headina;  in  the  previous  edition. 

EtMiM  E.   Walker. 
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BRIDES-LES-BAINS  is  a  spa  in  Savoy,  France,  often 
calleil,  Ijfcause  of  the  composition  of  its  waters,  the 
French  Carlsbad.  Until  recently  the  place  was  practi- 
callv    inaccessible,    the    nearest     railwav    ct:ition     ln-inL'- 


20  miles  away.  Now.  however,  the  railroad  has  been 
extendeil  and  there  is  a  station  at  Moutiers,  distant  only 
3  miles.  The  village  is  most  picturesquelj'  situated,  at 
an  altitude  of  1,800  feet  above  sea  level,  in  a  valley  run- 
ning from  southeast  to  northwest,  enclosed  on  either 
side  by  almost  precipitous  mountain  slopes. 

Access. — The  station  of  Moutiers  is  on  the  Paris,  Lyons, 
Mediterranean  Railway,  672  miles,  or  13  hours,  from 
Paris ;  fare,  75  fr.  35  c.  first  class,  and  50  f r.  90  c.  second 
class. 

Analysis. — The  following  is  the  composition  of  the 
water,  according  to  an  analysis  made  by  Willm  in  1S90: 


Carbonate  of  calcium 

(Carbonate  of  magnesium 

Carbonate  of  iron 

Silica 

Chloride  of  sodium 

Sulphate  of  sodium 

Sulphate  of  potassium 

Sulphate  of  lithium 

Sulphate  of  calcium 

Sulphate  of  magnesium 

Ai^eniate  of  sodium 

Phosphates,  bromides,  iodides 

Carbonic  acid  forming  blcarbonates 
Free  carbonic  acid 


Grams, 

Grains, 

per  litre. 

per  pint. 

0.3ia3 

2.77.52 

.0112 

.0993 

.0078 

.0692 

.04t>4 

.4108 

1.8318 

16.2244 

1.1604 

10.28:36 

.0946 

.8380 

.0095 

.0840 

1.7143 

15.1940 

..5288 

4.6836 

.0008 

.0071 

Traces. 

Traces. 

.2;i:34 

2.IKI12 

.1017 

.9008 

Indications. — The  waters  of  Brides  are  in  moderate 
doses  la.xative,  in  larger  quantities  (si-\  to  eight  glasses 
daily)  purgative.  It  is  claimed  that  they  can  be  taken 
for  many  days  in  succession  without  increasing  the  dose, 
and  they  do  not  irritate  to  the  same  degree  as  do  many 
of  the  stronger  purgative  waters.  They  are  used  in 
various  disorders  of  the  abdoiuinal  viscera,  such  as  con- 
gestion of  the  liver  following  dietetic  imprudences  or  al- 
coholic excesses  or  a  prolonged  residence  in  the  tropics, 
gall-stones,  constipation,  ftmctional  disturbances  of  the 
digestive  tract,  obesity,  the  so  euUcil  uric  acid  diatliesis, 
LTiivcl.  diabetes,  an;emia  and  chlornsis,  and  chronic  con- 
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gestion  of  the  uterus  and  adnexa.  In  many  cases  treat- 
ment with  Brides  water  internally  is  combined  with  baths 
at  Salins-Moutiers,  distant  two  miles  from  Brides, 

Accornmud((ti(>ns. — There  are  four  hotels  at  Brides,  in 
addition  to  numerous  boarding  houses,  which  afford 
good  and  ample  accommodations  at  from  six  to  eight 
francs  and  u|nvard  a  day,  A  casino,  music  in  the  park, 
and  the  usual  attractions  of  the  continental  spa  are  to  be 
found  here.  There  are  two  churches,  a  Catholic  and  a 
Protestant,  the  latter  being  served  by  an  English  clergy- 
man during  the  season  The  climate  is  mild,  but  not 
enervating.  The  season  extends  from  the  middle  of  May 
to  the  middle  of  September. 

S.iLrNS-MoiJTiERS, — This  is  a  small  thermal  station  in 
Savo.v,  France,  distant  672  miles  from  Paris,  on  the  Paris, 
Lyons,  Mediterranean  Railway.  It  is  situated  in  a  narrow- 
valley  in  a  grandl\'  picturesque  country,  at  an  elevation 
of  about  1, .">(.)(.)  feet  above  the  level  of  the  sea.  It  is  2 
miles  from  Brides-les  Bains,  with  which  it  is  connected 
by  an  electric  railway. 

Analyiiis. — The  following  is  the  compo.sition  of  the 
water,  according  to  an  analysis  made  by  M.  Willm,  Pro- 
fessor of  Chemistry  at  Lille,  in  1890: 


Cart)onat«  of  calcium 

Carbonate  of  magnesium 

Carbonate  of  iron  

Silica 

Chloride  of  sodium 

Chloride  of  piitiissium  

Sulphate  of  litliium 

Sulphate  of  eakium  

Sulphate  of  umenesium  

Arseniate  of  sndium 

Phosphates,  bnimides,  iodides 

Orfranie  matters  and  losses 

Carbonic  acid  fnntniig  bicarbonates 
Free  carbonic  acid 


Grams, 

Grains, 

per  litre. 

per  pint. 

0.6488 

5,8393 

.ai89 

.0801 

,0i:j6 

.1224 

.(«« 

.2988 

12.488« 

112.3974 

.Itiai 

1.5255 

.0U4B 

.0414 

2.08.3S 

18.5742 

.81(10 

7.B140 

.0(X): 

.0063 

Traces. 

Traces. 

.0102 

.1728 

..iDtlti 

5.31.54 

.3.S.W 

3.3486 

Indications. — The  waters  of  Salins-Moutiers  are  em- 
ployed chiefly  for  bathing,  usually  in  cimuection  with 
the  internal  use  of  the  water  of  Bridcs-ks-Baius,  but  they 
are  also  taken  internally  in  special  cases.  According  to 
D.  W.  Samways,  "for  j'oung  people  with  enlarged 
glands,  amiemia,  chlorosis,  or  general  lack  of  vigor,  these 
baths  are  excellent,  especially  in  conjunction  with  the 
climatic  advantages  of  the  locality.  For  the  overworked 
or  neurasthenic,  for  those  also  in  whom  convalescence  is 
tardy,  they  are  similarly  very  reviving.  For  such  cardiac 
affections  as  can  be  relieved  or  controlled  by  baths  and 
exercises  similar  to  those  in  vogue  at  Nauheim,  and  for 
certain  congestions  and  disorders  of  the  uterus  and  its 
appendages  they  are  also  very  beneficial." 

Accommodations. — There  is  a  hotel  at  Salins-Moutiers, 
and  there  are  also  many  boarding  houses  in  the  village 
where  guests  may  find  suitable  accommodations.  Most 
of  those  who  take  the  baths,  however,  do  so  in  conjunc- 
tion with  the  internal  use  of  the  waters  of  Biides-les- 
Bains,  and  live  at  the  latter  place.  The  climate  is  mild 
but  invigorating.  The  season  lasts  from  the  middle  of 
May  to  the  middle  of  September. 

Edward  0.  Otis. 

\      BRIGHT'S  DISEASE.    See  Kidneys,  Diseases  of  t?w. 

I      BROMAL  HYDRATE.— CjHBraO.H^O.     Like  chloral, 

broinid  is  an  oily  fluid  which,  uniting  with  water,  forms 

a  crystalline  hydrate.     Bromal  hydiate  occurs  in  white 

crystalline  masses  of  a  sharp,  burning  odor  and  taste, 

fusible  at  53.5°   C.   (128,3°   F.),   and  soluble  in   water. 

I  Physiologically  the  drug  is  severely  irritant,   and,  ab- 

j  sorbed  into  the  circulation,  has  been  found  by  experiment 

I  (Steinauer)  to  cause  restlessness  followed  by  sleep,  and, 

I  if  the  dosage  be  pushed,  dyspncea,  convulsions,  and  death. 

It  may  relieve  pain,  and  has  been  thought  to  be  of  avail 

I  in  averting  threatened  epileptic  tits,  but  it  is  not  official 

;  in  the  United  States  Pharmacopoeia  and  is  little  used  in 


medicine.  It  has  been  given  in  three-grain  doses  (Stein- 
auer), but  it  is  so  disturbing  to  the  digestive  functions 
that  the  dose  must  be  given  in  great  dilution. 

Edward  Curtis. 

BROMALIN.— Hexa-methylene-tetramine-brom  ■  ethyl- 
ate:  bromethyl-formiu— (CH;),;NHC=H5Br— made  by 
acting  upon  hexamethylene  tetramine  with  ethyl  bromide. 
It  is  in  colorless  scales  or  a  white  crystalline  powder,  al- 
most tasteless  and  freely  soluble  in  water.  It  is  decom- 
posed by  heat.  Bromalin  was  introduced  to  take  the 
place  of  the  alkaline  bromides  in  epilepsy,  and  may  be 
used  in  other  conditions  in  which  bromides" are  indicated. 
The  dose  is  gr.  xv.-lx.,  and  even  large  quantities  are 
said  not  to  cause  bromism.  "U'.  ^4.  Bastedo. 

BROMAMIDE.  —  Tri  -  brom  -  aniline  -  hydrobromide  — 
C6H.>Br3.NlI«HBr — nitro-tri-benzol  is  reduced  by  nascent 
hydrogen  and  then  acted  upon  by  hydrobromic  acid  to 
form  liromtimide.  It  occurs  in  colorless  acicular  crystals 
witliout  odor  or  taste  and  is  readily  volatilized  by  heat. 
It  is  insoluble  in  cold  alcohol,  soluble  in  sixteen  parts  of 
boiling  alcohol,  and  in  chloroform,  ether,  and  fixed  oils. 
As  an  analgesic,  sedative,  and  antipyretic  it  has  been 
shown  to  act  prompfly  and  effectively  in  acute  and  chronic 
rheumatism  and  neuralgia.  Dose:  gr.  v.-xv.  in  powder 
or  capsule  several  times  a  day,  W.  A.  Bastedo. 

BROMELIACE.^. — A  family  of  some  forty  genera  and 
probably  five  himdred  species,  almost  entirely  tropical, 
in  both  hemispheres,  a  few  sub-tropical.  Thefamily,  by 
virtue  of  its  structure,  epiphytic  habits  and  relations,  is 
one  of  the  most  interesting  known  to  botanists,  and  very 
man)'  of  its  members  are  highly  ornamental.  Its  economic 
importance  is  considerable.  The  pineapple  is  its  most 
important  product.  The  leaves  of  many  species  are  im- 
portant fibre-yielders,  and  the  well-known  "Florida 
moss"  or  "black  moss"  (Tillandsia  usneoidei  L.)  has 
many  uses.  The  dissolving  power  of  pineapple  juice 
upon  albumen  has  been  utilized  in  diphtheria  to  a  slight 
extent.  Its  value  as  an  aid  to  stomach  digestion  is  prob- 
ably of  far  greater  importance,  and  the  same  property 
appears  to  exist  in  some  of  the  leaf  juices. 

Hen  ry  H.  Busby. 

BROMIDES. — 1.  General  Medicinal  Properties  of 
THE  Bitu.MiDES. — Compounds  of  bromine,  whose  basylous 
radicle  is  innocuous  enough  to  permit  of  their  medicinal 
administration  in  decided  quantity,  all  show  a  certain 
influence  over  the  animal  system,  commonly,  and  un- 
doubtedly rightly,  referred  to  the  action  of  the  bromine 
of  their  composition.  Of  the  effects,  the  most  striking 
feature  is  derangement  of  nerve  function,  which,  in 
moderate  dosage,  takes  the  form  of  a  deadening  of  reflex 
irritabilit}',  cerebral  and  spinal,  and  in  poisonous  admin- 
istration shows  itself  as  failure  of  power,  voluntarj'  as 
well  as  reflex,  in  the  cerebrospinal  centres.  Clinically, 
the  prominent  effects  are  that  the  nervous,  agitated,  and 
wakeful  subject  becomes  calm,  tranquil,  and  predisposed 
to  sleep;  that  convulsive  seizures,  the  expressions  of 
unnatural  reflex  irritability,  such  as  the  convulsions  of 
epilepsy  and  of  tetanus,  tend  to  abate  in  frequency  and 
violence;  that  a  qualmish  stomach  becomes  quieted, 
that  tickling  of  the  fauces  fails  to  provoke  gagging,  and 
that  sexual  eagerness  and  even  power  wane.  In  pro- 
founder  bromism  what  was  at  first  intellectual  laziness 
and  indifference  becomes  positive  stupidity,  with  failure 
of  memory  and  with  or  without  a  certain  grade  of 
aphasia ;  what  was  a  dulness  of  reflex  activity  passes  to 
motor  and  sensory  weakness — paresis  of  sight,  hearing, 
and  tactile  sense  and  profound  musctdar  debility,  until 
at  last,  after  apparently  total  abolition  of  all  conscious 
existence,  the  poisoned  subject  dies,  either  from  respira- 
tory or  from  cardiac  failure.  Minor  effects,  in  cases  of 
continuous  bromide  medication,  are  a  peculiar  foetor  to- 
the  breath,  a  tendency  to  an  acneiform  eruption,  most, 
pronounced  on  the  face,  arms,  back,  and  buttocks,  and 
a  tendency  to  congestion  and  even  oedema  of  the  fauces. 
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and  uvula,  and,  later,  of  the  conjunctiva  also.  All  of 
these  various  symptoms,  formidable  though  many  of 
tlicm  are,  rapidly  abate  upon  discontinuance  of  the  niedi 
eine,  and,  as  a  rule,  leave  no  permanent  morbiil  results. 
Other  effects,  notably  derangement  of  the  circulation  and 
lowering  of  body  temperature,  are  observed  in  the  opera- 
tion of  the  most  commonh'  used  bromide,  namely,  the 
potassium  salt,  and  also  in  that  of  the  closely  "allied 
lithium  bromide;  but  inasmuch  as  these  are  effects  which 
are  more  or  less  common  to  all  salts  of  potassium  and 
lithium,  it  is  an  open  ctuestion  whether  their  occurrence 
in  the  present  connection  is  not  due  rather  to  the  basj'lous 
element  of  the  bromide  than  to  the  bromine.  Bromides 
are  quick  of  absorption,  and,  generally  speaking,  fairly 
quick  of  elimination,  and  in  such  elimination  are  to  be 
found  in  all  the  secretions — urine,  faeces,  sweat,  saliva, 
and  even  in  the  pus  of  the  acne  pustules. 

The  most  interesting  effect  of  bromides,  namely,  the 
derangement  of  function  of  the  cerebrospinal  nervous 
system,  has  been  made  the  theme  of  much  experimenta- 
tion for  the  purpose  of  linding  just  where  the  bromide 
influence  strikes.  As  usual,  the  experiments  are  not 
wholly  in  accord,  but  their  general  drift  clearly  indicates, 
as  H.  C.  AVood  points  out.  that  the  deadening  of  func- 
tional activity  occurs  first  and  most  severely  in  the  per- 
ipheral ends  of  the  afferent  nerves  and  those  portions  of 
the  axis  that  have  to  do  with  the  reception  of  sensory 
impressions  and  their  transmission  as  an  impetus  for 
motor  reflex  response.  Later,  and  to  a  proportionately 
lesser  degree,  are  affected  the  motor  tract  of  the  cord  and 
the  motor  nerves.  Bj*  this  hypothesis  is  rendered  in- 
telligible the  oft-observed  occurrence  that  a  broniized 
frog,  while  profoundlj'  indifferent  to  pricks  or  searings, 
from  evident  cutaneous  antesthesia.  may  still  retain 
enough  command  of  motor  power  to  hop,  and  vigorously, 
too,  at  will. 

The  theritpeutics  of  the  bromides  consist  of  the  direct 
application,  for  clinical  ends,  of  the  bromine  influence  to 
blunt  nervous  impressibility.  Such  displaj-s  of  nervous 
excitement  as  are  the  expression  of  a  state  of  direct  mor- 
bid irritation  of  the  nervous  system,  in  whole  or  in  part, 
are  conditions  proper  for  the  action  of  a  bromide:  but, 
on  the  other  hand,  the  derangements  of  nerve  function 
caused  by  crhauslkm.  general  or  local,  are  distinctly  not 
to  be  treated  by  bromine  medication  For  in  such  latter 
case,  because  of  the  generally  depressing  character  of  the 
bromine  influence,  the  exhaustion  will  be  deepened,  and 
the  nervous  symptoms,  therefore,  intensified.  Prominent 
illustrations  of  the  conditions  in  which  bromides  may  be 
of  benefit  are  undue  restlessness  and  wakefulness,  or  men 
tal  irritability  or  morbidness  frtmi  any  emotional  cause, 
or  from  severe  intellectual  labor  under  pressure;  undue 
excitability  of  a  lusty  sexual  apparatus  from  too  free  in 
dulgence;  and,  more  notable  still,  expressions  of  reflex 
action,  such  as  the  convulsions  of  ejiilepsy,  of  tetanus, 
or  of  strychnine  poisoning;  the  convulsions  of  children, 
seasickness,  or  the  vomiting  of  pregnancy  or  of  neurotic 
poisoning.  Conditions  in  which,  on  the  other  hand,  bro 
mides  are  useless  or  harmful  are  restlessness,  wakeful- 
ness, or  mental  derangement  from  want  of  sleep,  from 
starvation,  from  loss  of  blood,  or  devitalization  from  a 
prostrating  disease,  such  as  typhoid  fever,  or,  locally, 
irritability  of  the  sexual  organs  when  associated  with 
beginning  of  failure  of  power  through  exhaustion  from 
excessive  abuse.  In  cases  for  which  bromides  are  fitting 
it  is  hardly  necessary  to  say  that  the  remedy  will  promise 
more  if  resorted  to  at  the  outset,  and  that  large  doses 
may  conquer  where  small  ones  will  utterly  fail.  In 
chronic  and  intractable  disease,  such  as  epilepsy,  two 
points,  besides  sufficiency  of  dosage,  must  be  observed, 
as  follows-  First,  the  blood  must  be  kejit  evenly  and 
continuously  charged  with  the  bromide  salt.  And,  by 
reason  of  the  rapid  elimination  of  the  salt,  this  result  can 
be  secured  only  by  giving  the  daily  allowance  in  at  least 
three  doses,  whereof  the  evening  one,  having  longer  to 
last,  should  be  larger  than  the  others.-  Secondly,  the 
medication  must  not  be  too  speedily  discontinued  after 
apparent  cure  of  the  malady,  but,  on  the  contrary,  must 


be  kept  up  for  months,  and  even  years,  thereafter.  In 
epileps_v,  it  is  singular  that  the  form  of  the  disease  called 
pi'tit  nidi  should  be,  as  it  is.  distinctly  less  amenable  to 
bromide  medication  than  the  classical  form  in  which  the 
fits  are  outspoken.  In  epilepsy,  when  the  disease  is  re- 
cent and  of  the  latter  variety,  the  curative  power  of  the 
bromides  surpasses  that  of  any  other  drug ;  but,  as  a  rule, 
the  remedy  will  have  to  be  pushed  to  the  development 
of  a  certain  grade  of  bromism  before  benefit  appears. 

3.  The  Bhomides  Used  ix  Medicine. — The  bromides 
official  in  the  United  States  Pharmacopoeia  are.  among 
bases  of  the  heavy  metals,  zinc  bromide,  and  among  those 
of  the  alkali  metals  and  metals  of  the  earth,  potamum, 
sodium,  lithium,  ammonium,  strontinm.  and  calcium  bro- 
mides. Ilydrobrmn  ic  acid  and  bromina  ted  campfior  also  may 
be  mentioned  as  being,  logically,  bromides,  and  further- 
more as  showing  in  their  action  upon  the  animal  system 
the  peculiar  bromine  influence  in  addition  to  their  other 
effects.  Lastly,  an  ethereal  bromide,  nameh',  monobro- 
methane  ("bromide  of  ethyl,"  " hydrobromic  ether"),  al- 
though not  official,  has  been  used  in  medicine  as  an 
anaesthetic.  In  the  present  article  will  be  discussed  only 
the  bromides  of  the  metals  of  the  alkalies  and  earths,  in 
which  alone  the  bromine  influence  is  the  dominant  me- 
dicinal virtue.  For  zinc  bromide,  see  Zinc  ;  for  hydro- 
bromic acid,  see  Hydrobromic  Acid  ;  for  brominated  cam- 
phor, see  Camplwr ;  and  for  ethyl  bromide,  see  Ethyl 
Bromide. 

Potassium  Bromide  :  KBr. — Potassium  bromide  is  offi- 
cial in  the  United  States  Pharmacopceia  as  Potassii  Bro- 
midum.  Potassium  Bromide.  It  occurs  in  "colorless  or 
white,  cubical  crystals  or  granules,  odorless,  and  having 
a  pungent,  saline  taste.  Permanent  in  the  air.  Soluble, 
at  15°  C.  (59°  F.),  in  about  1.6  parts  of  water,  and  in  200 
parts  of  alcohol;  in  less  than  1  part  of  boiling  water,  and 
in  16  parts  of  boiling  alcohol;  also  soluble  in  4  parts  of 
glycerin.  On  heating  the  salt  upon  platinum  foil,  it  de- 
crepitates; near  TOO'  C.  (1290°  F. )  it  fuses  without  decom- 
posing, and  at  a  bright-red  heat  it  volatilizes,  communi- 
cating a  violet  color  to  the  flame.  The  aqueous  solution 
(1  to  20)  is  neutral,  or  has  at  most  only  a  scarcely  per- 
ceptible alkaline  reaction  upon  litmus  paper"  ;U.  S.  P.). 
In  some  commercial  samples  the  alkalinity  is  said  to  .be 
decided,  sufficiently  so  to  enable  the  salt  to  precipitate  al- 
kaloids from  solutions  of  their  salts. '  Potassium  bromide 
should  be  kept  in  well-stoppered  bottles. 

Potassium  bromide  is  the  most  generally  active,  the 
best  known,  and  the  most  commonly  prescribed  bromide. 
It  is  capable  of  producing  to  the  highest  degree  the 
peculiar  bromine  effects  already  detailed,  and  also  has  a 
marked  influence  over  the  circulatory  organs,  and,  if 
pushed  to  poisoning,  a  power  distinctly  to  lower  body 
temperature.  The  circulatory  derangement  consists  first 
in  a  slowing  and  weakening  of  the  heart's  contractions, 
passing  even  to  stoppage  of  the  organ  in  diastole ;  and, 
secondly,  a  probable — but  probable  only — narrowing  of 
the  lumen  of  the  smaller  blood-vessels,  through  vaso- 
motor spasm.  Partly  because  of  the  effect  upon  the 
heart,  and  partly  also  because  of  the  presumed  effect 
upon  the  blood-vessels,  potassium  bromide  is  commonly 
held  to  induce  partial  capillary  anaemia,  especially  of  the 
nerve  centres — spinal  cord  and  brain.  And  because  of 
this  an«mia,  in  turn,  it  has  been  imagined  by  some,  and 
become  quite  a  text-book  tradition  with  many,  that  the 
action  upon  the  va.scular  organs  is  the  only  direct  one 
that  potassium  bromide  exerts,  all  the  nervous  phenomena 
being  sweepingly  accoimted  for  as  mere  secondary  con- 
sequences of  a  diminished  blood  supply  to  the  cerebro- 
spinal axis.  To  reftite  this  notion  it  seems  only  necessary 
to  cite  on  the  one  hand  the  fact  that  other  bromides  than 
the  potassic  which  have  l)ut  little  of  the  depressing  effect 
of  the  latter  salt  upon  circulation  yet  show  the  bromine 
influence  over  nerve  function,  and,  on  the  other  hand,  to 
note  that  cerebrospinal  ana?mia,  occurring  as  it  can  easily 
be  made  to  do  experimentally  by  other  methods  and  to 
any  degree,  is,  when  so  detennined,  never  followed  by 
the  peculiar  phenomena  of  bromism. 

As  the  drug  is  medicinal!}'  given,  the  clinical  effects  of 
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potassium  bromide  arc  a  sjilty  taste  in  the  mouth,  with  a 
little  iucrease  iu  the  How  of  the  saliva,  and  perhaps  also 
some  diuresis,  an  abatement  of  all  forms  of  nervousness, 
tidgets.  or  even  spasms,  with  u  tendencj'  to  mental  calm 
and  indifference,  intellectual  and  physical  sloth,  and,  if 
circumstances  favor,  drowsiness.  Along  with  these  sug 
gestive  sj'mptoms  the  pulse  falls  somewhat  in  force  and 
frequency.  If  the  dose  has  been  single  and  not  over- 
large,  little  other  than  the  foregoing  elfects  w-ill  be  de- 
clared; but,  if  the  taking  be  continuous  and  the  doses 
range  high,  the  derangement  may  be  profound,  the  sub- 
ject presenting  the  picture  of  one  mentally  dull  even  to 
idiocy,  with  perhaps  some  apha.sia.  dull  of  Jiearing, 
sight,  and  feeling;  ])hy.sically  weak  even  to  paresis, 
sexuallv  impotent,  and  with  the  peculiar  symptoms  of  a 
fu?tid  breath,  a  whispering  voice,  a  face  broken  out  in 
acne,  a  congested  or  e\en  axlematous  faucial  arch,  a  slow 
and  failing  pulse  and  respiration,  and  a  depressed  body 
temperatiu'e.  In  overwhelming  dosage,  paralysis  of 
sense  and  motion  becomes  absolute,  and  death  ensues 
quietl_y  by  failure  of  respiration  or  of  cardiac  action — the 
former  if  the  poisoning  lias  lieen  progressive  by  accumu 
lating  small  doses,  tlie  hitter  if  by  a  single  overpowering 
charge.  But,  as  usual  with  the  bromides,  so  long  as  the 
condition  is  one  short  of  death,  the  symptoms  quite  cer 
tainly  will  ameliorate — and  that,  too,  without  lasting  re 
suits — upon  stopping  the  medication.  In  case  of  serious 
poi,soning,  the  treatment  must  be  in  accordance  with 
general  principles,  consisting  in  evacuation  of  the  stom- 
ach, if  a  large  single  dose  has  been  taken,  and,  for  the 
rest,  the  employment  of  measures  addressed  to  maintain 
ing  the  action  of  the  lu'art  and  lungs. 

Potassium  bnmiide  is  used,  medicinally,  exclusively 
for  the  peculiar  pui-poses  of  the  bromides  generally,  as 
set  forth  in  the  first  section  of  this  article,  When  the 
need  is  transient  only,  as  to  quiet  a  squeamish  stomach, 
or  to  calm  a  restless  subject  and  invite  ,sleep,  the  dose 
will  range  from  1.3  to  'i  gm,,  or  thereabouts  (gr  .\.\,  to 
xlv.),  according  to  the  intensity  of  the  disturbance 
and  the  susceptibility  of  the  individual.  When,  on 
the  other  hand,  a  continuous  and  powerful  impres 
sion  is  necessary,  as  in  treating  epilepsy  or  tetanus, 
the  doses  may  have  to  be  both  large  and  frec(uent  In 
dealing  with  epilepsy,  the  daily  quantity  will  rarely  be 
less  than  6  gm.  (gr.  xc. )  and  may  need  to  reach  15 
gm.  (half  an  ounce),  given  broken  up  into  three  or  four 
doses  evenly  distributed  over  the  waking  hours,  except- 
ing as  to  the  evening  portion,  which  should  be  somewhat 
larger  than  the  others.  The  actual  dosage  in  a  given 
case  must  be  determined  by  the  effects  produced  upon 
the  fits.  A  clinical  rule  with  some  is  to  give  the  salt 
until  the  usual  reflex  gagging,  occurring  upon  tickling 
the  fauces,  is  found  to  be  abolished.  Even  with  the 
smallest  daily  ciuantity  above  named  a  certain  degree  of 
"bromism"  will  follow  the  continuous  giving,  and  such 
result  must  be  expected.  Rarely  indeed  will  any  im. 
pression  be  made  upon  the  epilepsy  until  some  bromi.sfti 
shows  itself.  In  tetanus  or  strychnine  poisoning  the 
dosage  of  bromide  reaches  its  maximum  Here  the  ex- 
traordinarily heightened  reflex  irritability  which  is  the 
essence  of  the  morbid  condition  in  the  two  affections 
makes  the  subject  comparatively  insusceptible  to  the 
benumbing  influence  of  Ijromine.  Even  so  large  a  dose 
as  1.1  gm.  (half  an  ounce)  has  been  given  at  a  single 
draught,  and  the  daily  total  should  certainly  reach  this 
figure.  Yet  in  strychnine  poisoning  it  must  be  remem- 
bered that  the  tetanus,  if  it  does  not  kill  within  a  couple 
of  hours,  then  rapidly  abates,  and  simultaneously,  of 
cour,se,  disappears  the  insusceptibility  to  bromide  influ 
ence.  Care  must  be  taken,  therefore,  to  diminish  the  bro 
mide  dosing,  as  the  morbid  irritability  fades,  else,  as  has 
actually  happened,  the  subject  may  be  saved  from  death 
by  strychnine  convulsions  only  to  be  brought  to  the  verge 
of  the  grave  by  bromide  palsy.  Potassium  liromitle  is 
administered  in  solution  either  in  simple  iced  water  or, 
what  is  pleasanter  and  in  case  of  large  doses  makes  the 
draught  less  obnoxious  to  the  stomach,  in  water  slightly 
•alkalized  by  the  addition  of  a  little  sodium  bicarbonate. 


or,  best  of  all,  in  water  both  alkaline  and  effervescent, 
such  as  Vichy  •  or  ApoUiuaris. 

Sudiuin  Bromide:  NaBr.— The  salt  is  official  in  the 
United  States  Pharmacopwia  as  Sodii  Bromidam.  Sodium 
Bromide.  It  occurs  in  "  colorless  or  white.cubical  crystals, 
or  a  white,  granular  powder,  odorless,  and  haviiiij-  a  saliue! 
slightly  bitter  taste.  From  air  the  salt  attracts  moisture 
without  deliquescing.  Soluble,  at  1.5"  C.  (.o9°  P.),  in  1.3 
parts  of  water  and  m  13  parts  of  alcohol,  in  0.5  part  of 
boiling  water  and  in  11  parts  of  boiling  alcohol.  When 
heated  to  a  bright  red  heat  the  salt  melts,  and,  at  a 
somewhat  higher  temperature,  slowly  volatilizes  without 
decomposition.  To  a  noii  luminous  flame  it  imparts  an 
intense,  yellow  color.  The  aqueous  solution  is  neutral, 
or  at  most  very  feebly  alkaline,  to  litmus  paper"  (I'.  S. 
P. ).  Sodium  bromide  is  hygroscopic,  and  should  be  kept 
iu  well-stoppered  bottles. 

Sodium  bromide  is  less  unpleasant  to  taste  than  the 
potassic  salt,  and  is  in  every  way  less  deranging  of  fuuc- 
tion.  But  yet,  despite  the  fact  that  its  innocuousness 
permits  of  its  prescription  in  larger  doses  and  for  more 
continuous  administration  than  may  be  possible  with 
potassium  bromide,  the  bulk  of  testimony  goes  to  show 
that  the  sodic  ,salt  is  of  distinctly  inferior  curative  power. 
Its  use  is,  therefore,  properly  confined  either  to  cases 
iu  which  but  a  mild  effect  is  called  for,  or  to  those  in 
which,  for  any  reason,  the  potassic  salt  cannot  be  given, 
or  having  been  given  must  be  abandoned.  The  fact  that, 
weight  for  weight,  the  sodic  bromide  contains  more 
bromine  than  the  potassic  (in  the  proportion  of  77  62 
to  67. 13)  simply  shows  the  more  forcibly  the  intrinsic 
physiological  feebleness  of  the  compound.  Sodium 
bromide  should  be  given  in  the  same  manner  as  the 
potassic  Siilt,  and  in  the  same  dose,  carefully  to  be  aug- 
mented according  to  the  effects  jiroduccd 

Lithium  Bromide:  LiBr. — The  .salt  is  official  in  the 
United  States  Pharmacoptt>ia  as  Lithii  Bromiilmn.  Lith 
ium  Bromide.  It  occurs  as  a  "white,  granular  .salt, 
odorless,  and  having  a  sharp,  slightly  bitter  taste;  very 
deliquescent.  Soluble,  at  15'  C  (.59°  F.),  in  0.6  part  (if 
water  and  in  0.3  part  of  boiling  water;  very  soluble  in 
alcohol .  also  soluble  in  ether  At  a  low  red  heat  the  salt 
fuses,  and  at  a  higher  heat  It  is  slowly  volatilized.  It 
imparts  a  crimson  color  to  a  non  luminous  flame.  The 
aqueous  solution  is  neutral  to  litmus  paper"  (U.  S.  P.). 
Being  exceedingly  deliquescent,  this  salt  should  be  kept 
in  well  stoppered  bottles. 

So  far  as  observed,  lithium  bromide  very  closely  re 
sembles  the  potassic  salt  in  its  effects,  as  the  nature  ot  its 
base  would  render  likely.  Dr.  S.  Weir  Mitchell,  of  Phila- 
delphia, who  first  advocated  this  bromide  for  use  in  the 
nerve  affections  for  which  potassium  bromide  is  com 
nionly  prescribed,  considers  the  lit  hie  ,salt  more  speedily 
and  more  powerfully  hypnotic  than  the  potassic.  It  has 
the  demerit  of  comparative  costliness.  It  contains  pro 
]iortionally  more  bromine  than  does  any  other  of  the 
alkaline  bromides,  and  has  been  recommended  in  one  half 
the  dose  of  the  potassic  salt  (Weir  Mitchell). 

Ammmiinm  Bromide:  NH4Br. — The  salt  is  official  in 
the  United  States  Pharmacopffiia  as  Amman ii  Brotnidum. 
Ammonium  Bromide.  It  occurs  as  "colorless,  transpar- 
ent, prismatic  crystals,  or  a  white,  crystalline  powder, 
odorless,  of  a  pungent,  ,saline  taste,  and  permanent  in  the 
air  Soluble,  at  15'  C  (.59°  F. ),  in  1.5  parts  of  water  and 
in  30  parts  of  alcohol ;  in  0.7  part  of  boiling  water  and  iu 
15  parts  of  boiling  alcohol.  When  heated,  the  salt  vola- 
tilizes completely  without  melting.  The  aqueous  solu- 
tion of  the  salt  has  a  slightly  acid  reaction  upon  litmus 
paper"  (U.  S.  P.), 

From  the  point  of  view  of  the  clinician,  ammonium 
bromide  maj-  be  regarded  as  substantiallj'  a  duplicate  of 
potassium  bromide  in  medicinal  virtues,  while  at  the 
same  time  more  acrid  in  taste  and  in  local  action.  It 
has  tieen  used  for  the  same  purposes  as  the  jiotassic  salt, 
and  in  the  same  dose,  and  has  been  strongly  recommended 
by  Brown-Sequard  and  others  in  epilepsy.  It  is  less  de- 
pressing than  potassium  bromide 

Strontium  Bromide  :  SrBr2,6HsO. — The  salt  is  official 
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in  the  United  States  Pharmacopoeia  as  Strontii  Bromidum, 
Strontium  Bromide.  It  is  in  "  colorless,  transparent,  hex- 
agonal crystals,  odorless,  and  having  a  bitter,  saline  taste. 
Very  deliquescent.  Soluble  in  1,05  parts  of  water  at  15' 
C.  (59°  F. )  and  in  0.5  part  of  boiling  water.  It  is  readily 
soluble  in  alcohol,  and  is  precipitated  from  this  solution 
upon  the  addition  of  an  equal  volume  of  ether,  in  which 
it  is  insoluble.  When  heated  the  crystals  at  tirst  melt 
and  then  lose  all  their  water  (30.4  per  cent.).  The  anhy- 
drous salt  fuses  at  630°  C.  (1166°  F.).  To  a  non-luminous 
flame  the  salt  communicates  an  intense,  red  color.  The 
aqueous  solution  is  neutral  to  litmus  paper"  (U.  S.  P.) 
Owing  to  the  extreme  deliquescence  of  this  salt  it  should 
be  kept  in  well  stoppered  bottles 

As  in  the  case  of  the  strontium  .salts  generally,  this  one 
closely  resembles  in  its  effects  on  the  animal  system  its 
potassic  congener  Compared  with  potassium  bromide, 
however,  strontium  bromide  is  the  better  borne,  having 
less  tendency  to  derange  digestion  or  to  bring  on  the 
special  symptoms  of  bromism.  It  may  be  prescribed  in 
the  same  doses  and  for  the  same  purposes  as  the  bro- 
mides generallj'. 

Calcium  Bromide  :  CaBr.. — The  salt  is  official  in  the 
United  States  Pharmacopoeia  as  Cnlcii  Bromidum.  Cal- 
cium Bromide.  It  is  a  "  white,  granular  salt,  odorless,  of 
a  sharp,  saline  taste,  and  very  deliquescent.  Soluble,  at 
15°  C.  (59°  F.),  in  O.T  part  of  water  and  in  1  part  of  al- 
cohol ,  much  more  soluble  at  a  boiling  temperature.  At 
680°  C,  (1256°  F.)  the  salt  fuses,  and  at  a  higher  temper- 
ature it  is  partly  decomposed,  with  loss  of  bromine.  The 
salt  is  neutral  to  litmus  paper"  (U.  S.  P.).  The  salt 
must  be  kept  in  well-stoppered  bottles. 

Calcium  bromide  does  not  seem  to  differ  materiallj-  in 
properties  from  potassium  bromide,  and  stands  in  medi- 
cine as  an  additional  and  not  over-necessary  substitute 
for  the  same,  in  the  same  range  of  application  and  in  the 
same  dosage.  It  was  originally  proposed  by  Dr.  W  A 
Hammond,  in  1871.  "  Edmtrd  Curtis 

>  U.  S.  Dispensatory.  18th  edition,  quoting  Charles  D.  Chase. 
2  Seguiu  :  .Archives  of  Medicine, 

BROMIDIA  is  a  proprietary  remedy  which  is  stated  to 
contain  in  a  fluiddrachm  Chloral  hydrate  and  potassium 
bromide,  of  each  gr  xv.,  andgr.  |  each  of  the  extracts  of 
cannabis  indica  and  hyoscyamus  Analyses  indicate  that 
it  also  contains  oil  of  orange  peel  and  extract  of  licorice 

ir.  A.  Bastedo. 

BROMIOROSIS.  —  (Bromhidrosis,     Osmidrosis:    Ger. 

Stiii/icridir  S:/i  ireiKS!.)  Bromidrosis,  as  a  disease  ;jcr  «c,  is  a 
pathological  variation  in  the  odor-producing  constituents 
of  the  sweat  as  secreted,  is  associated  as  a  rule  with  the 
functional  disorder  of  the  sweat  apparatus,  hyperidrosis, 
and,  like  it,  may  be  either  local  or  general.  This  condi- 
tion as  such,  if  it  occurs  at  all.  is  rare. 

The  condition  ordinarily  denominated  bromidrosis  is 
due.  as  was  taught  by  Hebra  to  be  the  case  in  the  ma- 
jority of  instances,  to  a  rapid  decoiuposition  of  the  sweat 
<:tfter  its  secretion,  with  the  resultant  odor,  warranting  the 
term  stinldng  applied  to  it. 

When  local,  as  is  more  commonly  the  case,  the  regions 
affected  are  those  in  which  sweating  oftenest  occurs  in 
excess  and  in  which  its  quick  evaporation  is  more  or  less 
retarded  or  prevented  by  the  nature  of  the  parts  or  their 
covering .  as  the  axilUe,  groins,  ano-genital  region,  and  the 
feet — the  last  being  by  far  the  most  frequent  situation  of 
the  affection.  Here  the  odor  is  marked  and  most  charac- 
teristic, differing  from  the  odor  of  other  parts  affected  by 
its  unmistakable,  nauseating  heaviness  when  once  recog- 
nized— and  one  whiff  is  all  sufficient. — the  foul  emanation 
rendering  the  near  neighborhood  of  the  unfortunate  vic- 
tim anything  but  pleasant,  and  sometimes  impossible. 

The  change  that  takes  place  in  the  sweat  is  claimed  to 
be  due  to  the  presence  of  a  special  micro-organism — the 
bacterium  fojlidum,  a  micrococcus  which  Thin,  of  Prague, 
recognized  in  sweat  obtained  from  the  feet.  It  has  been 
shown  by  Parkes  that  soldiers  with  luicovered  feet  do 
not  suffer  from  this  affection,  and  he  claims  that  the  only 


cause  of  the  disease,  if  such  it  can  be  called,  is  the  cover- 
ing of  the  feet,  the  absence  of  all  coverings  giving  no 
opportunity  for  the  development  in  the  secretions  of  the 
special  bacterium 

Treatment  in  general  is  linked  with  that  of  hyperidrosis. 
A  level  teaspoonful  of  the  precipitated  sulphur  in  milk 
twice  daily  has  been  highly  recommended  It  is  an  em- 
pirical remedy,  the  action  of  it  not  being  explained  by 
Crocker,  who  claims  to  have  succeeded  more  often  by 
this  than  by  any  other  procedure,  local  treatment  not 
being  necessary  with  il.  However,  dusting  finely  pow- 
dered boric  acid  well  in  between  the  toes  and  rubbing 
it  into  the  stockings  and  shoes  daily  will  be  found  as 
efficient,  cleanly,  and  convenient  a  local  method  as  any 
yet  devised,  and  some  local  treatment  will  generally 
have  to  be  resorted  to  Hot  water  applied  as  hot  as  can 
be  borne  for  a  few  minutes  before  using  the  boric  acid  is 
a  great  aid 

If  the  sulphur  treatment  purges  too  freely,  its  action 
may  be  controlled  by  astringents  In  five  to  ten  grain 
doses  salicylate  of  soda  may  be  found  useful.  This  may 
be  tried  when  patients  object  to  the  sulphur  It  has 
cured  some  cases.  Among  other  local  remedies  may  be 
mentioned  chromic  acid;  painted  on  the  feet  in  five  to 
ten  per  cent,  solution,  according  to  the  obstinacy  of  the 
case,  every  three  to  six  weeks,  it  has  been  used  success 
full}-.  Mutton  suet  with  two  percent,  salicylic  acid  is 
in  general  use  in  the  German  army  for  rubbing  on  the 
feet,  and  further  has  the  advantage  of  a  lubricant  when 
much  walking  is  to  be  done.  Formalin  in  one  to  ten  per- 
cent, strengths  in  alcohol  is  of  value  It  should  be  fol- 
lowed by  the  use  of  dusting  powders  A  one  per-cent. 
solution  of  permanganate  of  potash  has  been  well  recom- 
mended Various  other  remedies  are  extolled,  but  the 
boric  acid  will  be  found  the  best  of  all  if  preceded  by  the 
hot  water  applications.  Charles  Townshend  Dcidc. 

BROMINE. — Bromine  is  official  in  the  United  States 
Pliamiaropa'ia  as  Bromiiin.  Bromine  It  is  descrilied  as 
"a  heavy,  dark,  brownish  red.  mobile  liquid,  evolving, 
even  at  ordinaiy  temperatures,  a  yellowish-red  vapor, 
highlj-  irritating  to  the  eyes  and  lungs,  and  having  a  pe- 
culiar suffocating  odor,  resembling  that  of  chlorine.  Spe- 
cific gravity,  2.990  at  15°  C.  (59°  F  ),  soluble  in  30  partsof 
water  at  15°  C  (59°  F.),  and  readily  soluble  in  alcohol  or 
ether  (with  gradual  decomposition  of  these  liquids)  also 
in  carbon  disulphide,  and  in  chloroform.  v\ith  a  deep  red- 
dish yellow  color.  On  exposure  to  air  or  to  beat  it  is 
completely  volatilized"  (U.  S  P  ).  Bromine  has  the 
same  intense  affinity  for  hydrogen  that  has  chlorine,  and 
so,  in  similar  "lanner  to  chhirine,  determines  the  oxidation 
of  organic  matter  in  the  presence  of  moisture  by  appro- 
priating the  hydrogen  of  the  water  and  liberating  the  oxy- 
gen The  fumes  of  bromine  are  thus  deodorant,  like 
chlorine,  and  if  present  in  an  atmosphere  in  great  volume 
would  doubtless  prove  destructive  to  floating  disease 
germs  Mixed  directlj-  with  foul-smelling  or  infectious 
matter,  bromine  is  powerfully  deodorant  and  disinfectant. 
Yet  practical!)-  it  is  of  little  use  in  such  capacity,  by  rea- 
son of  its  costliness,  its  bad  smell,  its  caustic  and  bleach- 
ing tendency,  and  the  exceedinglj-  irritant  action  of  its 
vapor  upon  the  himian  air  passages.  Squibb  estimates 
that  an  ounce  of  bromine,  accidentally  spilled  in  an  ordi- 
uarv  chamber,  would  render  the  air  thereof  dangerous  to 
life" 

Locall}-  applied  to  living  animal  tissues,  pure  bromine 
is  a  very  searching  and  painful  caustic,  and  non-caustic 
dilutions  act  as  detergent  and  stiiuulant  lotions  to  foul  or 
sloughing  ulcers.  Here  again,  however,  the  cost  of  the 
remedy  and  its  offensiveness  render  it  less  practicable 
than  its  efficiency  would  suggest  For  caustic  purposes, 
bromine  is  applied  clear,  the  patient  being  etheiized,  if 
the  area  to  be  cauterized  is  at  all  extensive,  and  the  ope- 
rator taking  caie  that  his  eyes  and  nose  do  not  come  too 
near  the  fumes  of  the  very  volatile  and  jumgent  liquid. 
For  a  strong  lotion,  a  ten  percent,  solution  in  water  may 
be  employed,  wherein  the  bromine  is  made  to  dissolve  by 
the  addition  of  one  third  of  its  weight  of  potassium  bro- 
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iiiide.  For  weaker  lotions — any  percentage  less  tliau 
tliree — liromine  is  directly  soluble  in  water  without  any 
saline  addition.  Taken  internally,  bromine  is  doidjtlcss 
ab.sorbed  as  a  broinitle.  It  was  formerly  used  as  an  inter 
nal  medicine  in  the  class  of  diseases  for  which  iodine  or 
the  alkaline  iodides  are  now  so  extensively  employed 
For  the  specific  i)urposes  of  the  alkaline  bromides  (see 
Brrii/iides).  bromine  is  practically  unavailable,  because  of 
its  irritant  action  and  otTensive  tasle.  Bromine  has  been 
given  iuterually  in  the  duse  of  from  three  to  si.\  didps  of 
a  two-and-a-half-per-cent.  aqueous  solution 

Toxicology. — Bromine  is  an  intensely  irritant,  corro 
sive  poison.  The  fumes,  inhaled,  produce  extreme  irri 
tation  of  the  eyes,  the  air  passages,  and  even  the  stomacli. 
Severe  bronchitis,  pulmonary  hemorrhage  and  inHam 
niation,  and  death  may  result.  Swallowed  in  overdose, 
bromine  produces  the  usual  symptoms  of  the  corrosive 
poisons,  viz.,  intense  gastric  irritation,  collapse,  and 
death.  A  half-ounce  of  bromine,  swallowed,  produced 
death  in  seven  and  a  half  hoiu-s  In  case  of  poisoning 
by  inhalation,  the  local  irritation  should  be  treated  by 
the  breathing  of  the  atomized  spray  of  an  alkaline  solu- 
tion, such  as  Dobell's  solution.  In  poisoning  by  swal- 
lowing, the  stomach  must  be  washeil  out  and  ammonia 
given,  largely  diluted  and  mixed  with  olive  oil 

Ediranl  Cnrtis- 

BROMINE-ARSENIC  SPRINGS.— Ashe  County,  North 
Carolina 

Post-Office. — Cr\nui)ler.      llolel 

Access, — Via  Norfolk  and  ^V'('stern  Railroad  to  Chil 
howie,  Va. ,   thence   39  miles   by  stage   to   the  springs; 
also  by  private  conveyance  from  Bristol,  Tenn,.  34  miles 
west. 

This  spring  was  discovered  in  18y.5.  Since  that  time  it 
has  come  into  extensive  use,  and  its  waters  are  widely 
sold.  The  location  of  the  spring  is  in  a  mountainous 
district,  2,72.")  feet  above  the  sea  level.  There  is  a  hotel 
with  accommodations  for  about  one  hundred  persons  at 
the  resort.  The  spring  flows  about  sixty  gallons  hourly. 
The  following  analysis  was  made  by  Prof  Henry  Fioeh 
ling- 

Solids.  Grains. 

Sodium  earlmnate l.Oi 

Calcium  carbonate .03 

Magnesium  carbonate .fi2 

Lithium  carbonate .03 

Copper  carbcmate Trace. 

Zinc  ciiibunate Trace. 

Calcium  rliiMrJ.ie   Trace. 

Potassium  siil|»liate .ti2 

Potii.ssiuiii  111 !■  iride .21 

Sodium  clil' ii  itle t» 

Sodium  Mi^.iiiate Trace. 

Sodium  inilicle Trace. 

Sodunu  lin miide M 

Sodium  1)1)1  ate Trace. 

Aluminum  phosphate .12 

Iron  sulphate .1)8 

Silica l.lis 

Organic  matter *. .113 

Total 5.45 


The  water  is  unique  in  possessing  recognizable  quan. 
titles  of  copper  and  zinc.  It  also  contains  the  somewhat 
rare  ingredients  of  arseniate  of  sodium  and  the  iodide  and 
bromide  of  sodium.  We  also  find  an  appreciable  amount 
of  carbonate  of  lilhiuin  and  suljihate  of  iron.  The  water 
is  not  highly  miuei'alized.  but  it  possesses  valuable  quali- 
ties as  a  mild  antacid,  tonic,  and  alterative.  It  is  useful 
in  many  of  the  affections  benefited  by  this  class  of 
waters  J<ijius  K.  Crook. 

BROMINE  CHLORIDE.— By  direct  union  of  the  two 
elements.  Iiromiin-  aiid  cbloi'iue,  a  compound  is  formed 
appealing  as  a  ieildisli-yell<5w,  volatile,  mobile  fluid,  sol- 
uble in  water  This  compound  is  powerfully  caustic, 
but  has  never  been  used  in  regular  medicine  except  as  an 
ingredient  of  a  caustic  paste  used  by  Landolfi,  of  Naples, 
for  the  treatment  of  cancer.  Echcard  Curtis. 


BROMIPIN  is  an  addition  product  of  oil  o^sesame,  con 
taining  ten  percent,  of  bromine  It  is  a  yellow  Huid 
having  the  appearance  of  a  fixed  oil,  and  it  has  a  bland, 
oleaginous  taste  In  spite  of  the  large  amount  of  bro- 
mine which  it  contains,  the  oil  is  non  irritating  and  may 
be  given  pui'e  b}'  mouth.  It  is  readily  absorbed  and  its 
action  is  of  the  same  character  as  that  of  the  alkaliiu'  In-o- 
niides.  Losio  claims  that  it  sur]ias.ses  potassium  liromide 
in  chorea,  epilepsy,  and  trigemiiud  neuralgia.  Doiiibliith 
found  that  one  diaclim  given  at  the  evening  meal  would 
ward  off  a  night  attack  of  cardiac  palpitation  or  angina 
pectoris.  The  oily  taste  of  biomipiu  is  not  pleasant,  but 
very  soon  the  taste  is  acquired,  and  the  patients  continue 
to  take  it  for  a  long  time  without  gastric  or  intestinal 
disturbance.  The  dose  is  one  half  to  two  drachms  daily 
for  restlessness  and  nervous  initability .  for  choi-ea  or 
epilepsy,  up  lo  four  drachms  a  d;iy  It  may  be  adminis 
tered  pure  and  unmixed,  or  Avith  beer,  or  mixed  with 
cacao,  sugar,  white  of  egg,  and  oil  of  cinnamon  A  not 
unpleasant  emul.sion  is  made  by  laUing  two  ounces  of 
bromipin  and  emulsifying  it  with  half  an  ounce  of  pow- 
dered acacia,  half  an  ounce  of  syrup,  and  cinnamon  or 
peppermint  water  to  make  four  ounces,  to  be  given  in 
doses  of  from  one  to  four  drachms  11"  A   ISaxtrih: 

BROMO-ALBUMIN  is  a  ten  per-cent  bi-omine  com- 
pound of  pei>tone,  albuniose,  or  protogen.  It  is  given  in 
(loses  of  fi-om  one  half  to  two  drachins  in  eiulepsy  and 
other  nervous  conditions  Its  indications  are  the  same  as 
those  of  the  alkaline  bromides,  W  A.  BiiHcdu. 

BROMOFORM.— (Terbromide  of  formyl,  CHBr;,  )  In 
chemical  i  i)m|>osition  it  is  analogous  to  chloroform. 
CHCla,  and  iodoform,  CIII3.  It  is  formed  by  the  action 
of  brominated  lime  on  alcohol  in  the  same  way  that  chlo- 
roform is  made  from  clilorinated  lime  and  alcohol  It  is 
a  bright  clear  liciuid,  specific  gravity  2  9  taste  sweet, 
and  does  not  cause  any  irritation  to  the  mucous  niem- 
braue  of  the  mouth ,  it.  has  an  ethereal  odor  is  almost 
insoluble  in  water,  but  is  sohdde  in  alcohol  and  ether. 
It  is  very  volatile  and  is  rapidly  deconqiosed  by  light, 
bromine  fumes  being  evolveci  which  impart  a  pink  color 
to  the  li(|uid 

Bromoform  possesses  aniBsthetic  properties,  but  in  a 
less  degree  than  chlorofoini,  the  period  of  excitement 
being  less  pronounced  and  the  anaesthesia  of  shorter 
duration.     It  is  also  a  powei'ful  antiseptic 

A  new  application  of  this  drug  was  brought  to  the 
notice  of  the  profession  in  1889  by  Dr  Stepp,  of  Nurem- 
berg, who  iiilvocated  its  use  in  whooping-cough.  He 
claimed  that  the  course  of  the  disease  was  shortened  in 
every  instiince.  that  the  paroxysms  were  diminished  in 
number  and  severity,  that  complications  were  less  fre- 
quent, and  that  when  present  they  were  benefited  by 
the  treatment.  The  doses  which  he  gave  at  different 
ages  were  as  follows  From  six  months  tooncA'car,  til.  ij. 
three  times  a  day;  from  one  to  two  yeal's,  ti|  iij.  ,  from 
two  to  three,  til  iv. ;  from  three  to  four.  Tit  v  .  and  from 
four  to  seven,  tu  vi.  or  vij.  In  prescribing  the  reniedy 
its  high  specific  gravity  must  be  remembeied,  one  nuuim 
being  equal  to  five  drops. 

The  drug  is  given  in  a  teaspoonful  of  water:  it  forms 
a  "bead"  in  the  water  and  is  easily  swallowed.  It  may 
be  given  in  solution  in  water  to  which  a  small  amount 
of  alcohol  is  added,  but  should  always  be  freshly  pre- 
pared on  account  of  its  instability.  It  should  be  em- 
ployed with  soiue  caution,  as  ill  effects  have  frequently 
followed  its  use.  It  has  pi-oduccd  nau.sea,  vomiting,  and 
diarrho-a,  and  other  symptoms  of  gastro  intestinal  irri- 
tation. The  more  proiiounced  toxic  symptomsare  pallor, 
cold  perspiration,  staggering,  dilatation  of  pupils,  heart 
failure,  collapse,  and  a  tendency  to  narcosis.  Fatal  cases 
have  been  reported  (J!/(//)(7/.  tnedic.  Wochensch  ,  xlv,,  1211; 
L'lniion  iiu'd.,  September,  18011, 

Stepp's  method  of  administration  is  not  to  be  recom- 
mended, and  many  of  the  cases  of  poisoning  are  ex- 
plained by  the  uncertainty  of  this  dose.  It  is  |ireferable 
to  use  it'dissolved  in  alcohol.     Compound   tincture  of 
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cardamon  and  syrup  of  orange  may  be  added.  Another 
mixture  that  is  recommended  is  an  emulsion  of  bromo- 
form  with  oil  of  sweet  almonds,  gum  acacia,  gum  traga- 
canth,  and  s^Tup.  All  mi.xtures  in  which  the  drug  is 
not  dissolved  are  very  uncertain,  and  require  to  be  pre- 
pared with  great  care. 

How  the  drug  acts  is  uncertain;  whether  as  a  specific 
or  on  account  of  its  germicidal  properties,  has  not  been 
determined.  Dr.  Stepp  thinks  bromine  is  excreted  bj' 
the  lungs  after  the  drug  has  been  decomposed  in  the 
system.  The  reports  of  others  who  have  used  it  for  this 
purpose  corroborate  the  views  of  Dr.  Stepp  as  to  its  effi- 
cacy in  whooping-cough.  Beaumont  Small. 

BROMOL.— (Tribromophenol.)  This  is  formed  by  add- 
ing bromine  water  to  a  solution  of  phenol.  It  is  deposited 
in  white  crystals;  taste  is  sweet  and  astringent;  odor  re- 
sembles bromine ;  it  is  nearly  insoluble  in  water,  but  is 
soluble  in  alcohol,  ether,  oils,  and  glycerin 

It  has  been  introduced  as  an  antiseptic  in  the  treat- 
ment of  wounds,  iilcers,  etc.  Applied  in  its  pure  state 
it  has  a  slight  caustic  action  and  favors  the  removal  of 
sloughs.  As  a  dressing  it  is  ajiplied  in  solution  in  oil  or 
as  an  ointment,  one  part  in  thirty.  It  has  been  used  in 
diphtheria  as  a  local  application  to  disinfect  the  throat 
and  remove  the  membrane. 

When  administered  internally  it  is  not  acted  on  by 
the  gastric  secretions,  and  in  the  intestines  is  but  slowly 
decomposed  Its  action  is  therefore  slow  and  prolonged. 
It  is  given  in  doses  of  gr.  iij.  to  v.  a  day,  and  has  proved 
of  service  as  an  intestinal  antiseptic  in  cholera  infantum 
and  typhoid  fever  For  infants  gr  i  to  i  may  be  given 
at  each  dose.  Beaumont  Snmll. 

BRONCHI,  MINUTE  ANATOMY  OF.— As  a  preface 

to  the  histology  of  the  bronclii,  a  short  resume  of  the 
gross  anatomy  seems  here  desirable.  The  bronchi — more 
properly  bronchia,  l^poyxia.  meaning  swallow  or  throat — 
probably  received  the  name  through  Plato,  who  taught 
that  their  function  was  to  receive  the  liquids,  the  oesoph- 


Fi6.  10.53.— Represents  a  Transverse  Section  of  the  Bronchial  Wall  at 
the  Fifth  Bifurcation  in  the  Human  Adult,  a.  f:()itlielial  luyer  of 
mucous  membrane;  b.  hyaline  Liasement  membrane,  formed  from 
c,  internal  elastic  layer,  showing  its  varying  thickness :  d,  a.  mus- 
cular layer:  e,  muciparous  crvpts ;  /,  cartilag-inous  lamina:  g.  ex- 
ternal layer :  )i,  branch  of  bronchial  artery.  CAbout  30  diameters.) 
(Drawn  with  camera  by  Dr.  F.  Cary.) 

agus  receiving  the  solids.  Aristotle  having  supported 
this  theory,  the  name  remained  so  long  in  medical  use  as 
to  become  a  fixture. 

The  bronchia,  beginning  at  the  tracheal  bifurcation 
opposite  the  third  dorsal  vertebra  (fourth  in  female), 
terminate  in  the  pulmonary  lobules.  The  primary  tra- 
cheal branches,  from  their  distribution,  are  named  the 


right  and  left  bronchus.  The  former  is  shorter,  larger, 
and  more  horizontal  than  the  latter,  and  the  septum  bron- 
chiale  separating  them  is  placed  to  the  left  of  the  longi- 
tudinal (in  the  recumbent  posture  of  the  bod}')  axisof 
the  ti-eachea.  Hence  bodies  falling  into  the  trachea  lodge 
more  frequently  in  the  right  bronchus.  Hyrtl  teaches 
that  post-mortem  examinations  of  the  new-born,  dying 
after  a  few  respirations,  show  that  the  right  lung  re- 
spires before  the  left,  and  he  explains  the  fact  by  the 
difference  in  size  and  location  of  the  beginning  of  the 
right  bronchus.  The  general  rule  of  dichotomous  sub- 
division obtains,  but  is  not  without  exception;  e.ff.,  the 
right  bronchus  subdividing  into  three  branches,  one  for 
each  lobe.  Occasional  small  branches  are  given  off  bv 
the  main  trunk.  Having  reached  the  diameter  of  0.21 
mm.  (^5  inch),  they  enter  the  apices  of  the  pulmonary 
lobules.  Here  again  branching  at  acute  angles  they 
dilate  slightly,  becoming  funnel-shaped,  whence  the 
name  "infundibula  vesica;."     (See  article  Lungs.) 

Structcue. — The  bronchia  are  hollow,  cylindrical 
tubes,  which  retain  in  structure,  throughout  a  large  por- 
tion of  their  extent,  the  characteiistics  of  the  ti-achea. 
Like  the  latter,  they  consist  of  four  distinct  layere:  an 
external  fibrous,  a  muscular,  an  internal  elastic,  and  a 
mucous  layer. 

The  External  Fibrous  Layer  consists  of  a  dense  mesh- 
work  of  connective  tissue,  in  which  are  to  be  found  rings 
or  larainaf  of  hyaline  cartilage.  In  the  primary  bronchia 
these  are  disposed  as  in  thf  trachea,  i.e.,  in  broken  rings 
like  the  letter  C.  held  togetlier  bv  fibrous  bands.  The 
ring  is  made  complete  by  small  transverse  bundles  of 
imstriped  muscular  fibres  attached  by  microscopic  ten- 
dons to  the  ends  of  the  rings.  By  their  contraction  they 
increase  the  curvature  of  the  cartilage  and  so  diminish 
the  calibre  of  the  tube.  The  right  bronchus  contains  six 
to  eight  of  these  cartilages ;  the  left  ten  to  twelve.  Fur- 
ther i-emoved  fi-om  the  trachea  the  cartilages  gradually 
lose  their  ring-like  shape,  and  are  disposed  in  irregular 
polygonal  larainse.  Becoming  smaller  and  less  frequent, 
they  finally  disappear  in  tubes  of  less  diameter  than  0.23 
mm.  (y^  inch),  the  fibrous  layer  still  continuing  to  form 
the  external  coat. 

The  Muscular  Layer  lies  within  the  fibrous  layer  just 
described.  It  consists  of  separate  bundles  of  unstriped 
muscular  fibres,  disposed  for  the  most  part  transver.sely 
to  the  tube.  It  is  better  developed  in  the  intervals  be- 
tween the  cartilages  than  just  beneath  them.  As  the 
cartilages  disappear  this  muscidar  layer  becomes  better 
and  better  developed,  until  at  last  it  completely  surrounds 
the  bronchioles,  which,  on  section,  but  for  the  epithelial 
lining,  might  be  mistaken  for  arterioles.  The  muscular 
layer  can  be  traced  to  the  final  branching  of  the  bron- 
chiole to  form  the  alveolar  passages,  wliei'e,  according  to 
Rindfleisch,  it  becomes  again  better  developed  into  a  sort 
of  "sphincter  "  at  tlie  point  of  enti'ance  to  the  alveolar 
passages.  The  function  of  the  muscular  layer  is  to  nar- 
row the  calibre  of  the  tubes.  This  is  only  manifested  to 
any  appreciable  extent  in  the  bronchioles.  The  carti- 
lages prevent  any  decided  narrowing  where  they  exist. 
In  the  experiments  of  Dr.  C.  J.  B.  Williams  with  elec- 
trical stimulation  on  bronchioles  of  less  than  a  line  in 
diameter,  they  were  seen  to  contract  until  they  nearly 
obliterated  their  lumen.  Dr.  Gairdner  suggested  that 
the  contractility  of  the  minute  bronchioles  may  serve  to 
ex])el  collections  of  mucus  which  have  accumulated  in 
them,  aud  which  neither  ciliary  action  nor  the  ordinary" 
exj.iiratory  efforts  would  dislodge. 

The  Internal  Elastic  Layer. — Within  the  muscular 
layer,  and  beneath  the  mucous  membrane,  lie  longitudi- 
nal bundles  of  elastic  tissue  quite  regularly  disposed. 
They  project,  as  it  were,  partly  into  the  lumen  of  the 
tube,  and  so  give,  on  transverse  section,  a  wavy,  corru- 
gated appearance  to  the  lining  membrane ;  on  longitudi- 
nal section,  a  grooved  or  furrowed  one.  Piercing  this  as 
well  as  the  muscular  laj'er,  chiefly  in  the  bronchial  tubes 
containing  cartilages,  are  to  be  seen  the  muciparous 
ducts,  lined  with  epithelium,  leading  inward  to  open  on 
the  free  surface  of  the  mucous  membrane.     The  raucous 


488 


REFERENCE  HANDBOOK  OF   THE   MEDICAL  SCIENCES. 


Brourliitls. 
Broinol. 


crypts  lie  iu  the  external  fibrous  layer,  chiefly  in  the  in- 
tervals between  the  cartilages. 

The  Mufiiii.1  Meiubraiic  of  the  bronchia  and  bronchioles, 
forming  the  internal  layer,  possesses,  throughout  the 
greater  portion  of  its  extent,  the  characteristics  of  that  of 
the  tracheal  mucous  membi-ane.  Like  the  latter,  it  con 
sists  of  epithelial  cells  of  the  ciliated  columnar  variety, 


Fiii.  lllM.— o.  A  minutp  hronfliinle  splitting  into  the  ultimate 
tirancties,  whiih  tcniiiiiiitc  in  tin-  al\Tnl;ir  passages;  the  epitlielium 
has  become  of  till' sinjpli'  pavcmiMit  viirii'ly;  on  the  left  branrti  can 
be  seen  one  «>f  the  so-called  "■^annilar- dilatations":  tt,  artery:  c, 
niedinm-sizfd  bronchiole  having  no  cartilaginous  lamina.  The  re- 
maintlHrof  thi'  tlcld  is  normal  lun<r  tissue.  (About  30  diameters.) 
(Uiawn  by  Dr.  F.  (ary,  from  a  microscopical  section,  with  camera.) 

superimposed  upon  a  basement  membrane,  which  latter 
is  made  by  a  condensation  of  the  inner  jiart  of  the  inter- 
nal elastic  layer.  When  the  tube  has  reached  the  diam- 
eter of  0.'2  mm.  (jV  iueh),  these  cells  lose  their  cilia,  be- 
come shorter,  smaller,  and  rouD<lcd,  in  the  ultimate 
tubules  becoming  the  simple  pavement  cells.  Here  the 
membrane  loses  its  character  as  a  mucous  meiubrane, 
and  resembles  that  which  lines  the  alveoli  (see  article 
Lunt/s).  Here  and  there  in  the  larger  tubes  are  to  be 
found  the  cup-shaped  cells  (Tkclierzellen)  of  Schulze,  the 
function  of  which  is  yet  unknown. 

Vfisciikir  Si/pply. — Fi'om  the  thoi'acic  aorta  are  given 
off  the  bronchial  arteries,  which,  receiving  occasionally 
branches  fiom  the  first  intercostal  ami  iuternal  mammary 
arteries,  accompany  closely  the  subdivisions  of  the  bron- 
chia, supplying  their  walls,  the  walls  of  the  large  pul- 
monary vessels,  the  lymphatic  glands,  and  the  connective 
tissue  "of  the  lungs,  to  terminate  linally  iu  capillaries 
which  inosculate  freely  with  the  respiratory  plexus.  In- 
jections thrown  into  these  vessels  will  till  al.so  the  capil- 
lary plexus  of  the  arteria  pulmonalis.  The  correspond- 
ing broncliial  veins  empty  in  part  into  the  vena  azygos, 
in  pai't  into  the  vena  pulmonalis:  the  venous  radicles  from 
the  ultimate  bronchioles  emptying  into  the  'after,  those 
corresponding  to  the  arterial  branches  to  the  bronchia 
and  h'mphatics,  into  the  fonuer. 

Lymphatic  >Stippli/. — The  lymphatics  arise  in  the  alveo- 
lar septa.  Stomata  open  on  the  alveolar  walls  between 
the  epithelial  cells,  communicating  thus  directly  with 
the  alveolar  cavity.  They  form  a  plexus  in  the  sub- 
mucous tissues,  accompany  the  branches  of  the  bronchia, 
as  well  as  the  pulmonary  veins  and  arteries,  emptying 
finally  into  the  bronchial  glands  at  the  roots  of  the  lungs. 
Within  the  lungs  they  often  possess  a  gray  or  lilack 
speckled  apjiearance,  from  the  absorption  of  pigment  or 
foreign  bodies. 

j\>7Tf  Supply. — The  nerve  supply  to  the  lungs  is  de- 
rived from  the  puliuonary  plexuses  formed  from  branches 


of  the  vagus  and  sympatheticus.  The  lUftmeuts  from 
these  plexuses- situated  at  the  lung  hilum — follow  the 
ramifications  of  the  bronchia,  becoming  lost  finally  on 
them,  and  in  the  parenchyma  of  the  lungs.  When  care- 
fully stained  they  are  seen  to  possess,  in  parts  of  their 
course,  the  microscopic  ganglia  to  which  Remak  and 
SchifE  fii-st  called  attention. 

The  sensibility  of  the  brt}iichia  must  be  ver_y  slight:  at 
least  this  .seems  to  be  true  of  their  smaller  branches,  be- 
cause of  the  sliglit  complaint  made  by  consumptives  in 
whom  lai'ge  poi'tions  of  bronchial  and  lung  structure  ai'e 
being  destinyed.  Leiris  L.  ilcArthur. 

BRONCHITIS. — In  no  atTection  is  the  practical  impor- 
tance of  the  dislinctiou  between  acute  and  chi-onic  dis- 
ease better  illusti-ated  than  iu  bronchitis.  A  bronchitis 
of  recent  origin  or  of  sudden  development  is  hardly  the 
same  disease  as  a  bronchitis  of  long  standing,  because, 
aside  fi'om  the  fact  that  they  both  involve  the  same  local- 
ity, and  that  cough  is  a  leading  symptom  in  both,  the 
essential  features  in  the  course  of  each  ai-e  quite  dissim- 
ilar. ]VIoreover,  iu  acute  bronchitis  itself  the  conditions 
vary  to  such  an  extent,  according  to  the  part  of  the 
bronchial  tract  affected,  that  it  will  be  moi-e  advanta- 
geous to  consider  so-called  capillaiT  bronchitis  separatel.y. 
Hence  we  prefer,  iu  beginning  with  acute  bronchitis,  to 
restrict  the  tei'm  to  that  common  affection  known  as  an 
acute  catai'rh  of  the  larger  and  medium-sized  bronchi. 

1.  Acute  Bronchitis.  —  Si/injjUimtitoli/f/i/.  —  Nearly 
every  one  in  our  climate  has  experienced  tlie  first  stage, 
at  least,  of  an  attack  of  this  comidaiut.  When  a  catari-h 
of  the  upper  respiratory  tract  has  been  severe  enough  to 
jiass  beyond  the  larynx  and  trachea  and  becoiue  a  veri- 
table bronchitis,  though  yet  only  extending  to  the  jirimary 
divisions,  the  symptoms  are  then  readily  distinguishable 
at  .sight  from  any  othercough  producingafl'cction.  Pain 
is  .soon  comphiiued  of  and  the  patient's  gestme  iu  de- 
scribing it  is  distinctive.  Instead  of  applying  his  finger 
ends  against  one  side,  as  lie  does  to  indicate  the  stitch  or 
side  stab  of  a  pleurisy  or  a  pneumonia,  or  holding  his 
side  as  in  pleurodynia,  he  lays  his  open  hand  on  his  breast 
as  if  taking  an  oath,  and  then  passes  it  across  the  chest 
from  side  to  side  to  indicate  a  sutTocative  sense  of  pain 
and  tightness,  which  in  severe  cases  feels  as  if  the  chest 
were  transfixed  with  a  disc  of  iron.  Instead,  also,  of  a 
carefully  chosen  and  maintained  decubitus,  he  changes 
frequently  about,  or  else  sits  up  and  leans  forward,  a 
sure  sign  of  a  bilateral  cause  in  dyspnani,  and  one, 
therefore,  which  usually  would  exclude  either  a  pneu- 
monia or  a  pleurisj'  or  phthi.sis.  Although  the  patient 
may  complain  of  ditficult  breathing,  and  although  in 
active  attacks  he  may  breathe  w  ilh  both  nostrils  dilated, 
yet  it  will  be  noticed  that,  quite  differently  from  what 
takes  place  in  other  febrile  pulmonary  affections,  the 
respiration  is  but  slightly  accelerated :  and,  furthermore, 
the  thermometer  tells  the  same  story  in  this  as  in  inflam- 
mation of  other  mucous  membranes,  namely,  that  it  rarely 
causes  a  greater  rise  than  100.5°  to  101.5°  F. ,  unless  some 
other  element  is  entering  into  the  course  of  the  com- 
plaint. The  other  indications  of  a  febrile  complaint  are 
usually  present  in  a  moderate  degree  also.  The  face  is 
flushed,  the  eyes  are  watery,  the  voice  is  husky,  the 
pulse  somewhat  faster  tlian  usual,  the  tongue  furred,  and 
along  with  a  dry  skin  (not  always)  and  headache  there  is 
also  "some  chilliness,  but  not  a  distinct  rigor,  like  that 
which  ushers  in  a  pneumonia. 

The  i.iaiu  of  bronchitis  is  an  early  symptom  and  often 
a  sign  that  an  acute  catarrh,  in  its  journey  downward, 
has'just  entered  the  bronchi:  for  it  is  one  of  the  peculiar- 
ities of  the  nervous  supply  of  the  respiratory  tract  that 
its  sensitiveness  differs  iiiarkedly  in  different  portions. 
The  much  greater  irritability  of  the  larynx  over  the 
trachea  is  well  known,  but  it  "has  been  found  by  experi- 
ment that  nearly  the  same  proneness  to  cough  on  irrita- 
ticm  is  localized  "at  the  bifurcation  of  the  bronchi.  From' 
this  point  onward,  however,  the  irritability  progressively 
diminishes  until,  as  a  result,  serious  accumulations  of 
fluid  may  form  in  the  smaller  bronchi  without  occasion- 
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ing  other  symptoms  than  dyspnoea.  This  early  infiam- 
matory  irritatinn  will  prove,  on  e.xamination,  to  interfere 
with  the  breatliiug,  mainly  from  spasmodic  action  of  the 
bronchial  muscles,  conjoined  with  swelling  of  the  mu- 
cous membrane  itself,  and  consequent  narrowing  of  the 
affected  tubes,  in  mucli  the  same  manner  as  the  wide 
outlet  of  the  nasal  passage  is  closed  in  the  beginning  of 
a  coryza.  As  soon,  tlierefore,  as  a  secretion  bathes  the 
irritated  mucous  surfaces,  though  the  tubes  be  largely 
filled  with  it,  the  breathing  becomes  easier  from  relaxa- 
tion of  the  spasm  and  reduction  of  the  timiefaction, 
while  the  pain  likewise  is  mitigated,  except  just  after  a 
fit  of  coughing. 

Cough  is  a  necessary  element  in  bronchitis,  and  its 
sound  indicates  its  character,  so  that  a  practised  ear  will 
distinguish  it  as  broncliitic  without  difficulty.  With 
reference  to  this  subject  of  cough  sound,  it  may  be  said 
that  all  coughs  can  be  divided,  according  to  their  sound, 
into  two  classes,  whose  nature  and  import  may  be  recog- 
nized by  simply  hearing,  without  necessarily  seeing,  the 
patient.  The  first,  or  the  irritant  eougli,  is  the  result  of 
direct  or  retiex  irritation  alone,  and  it  neither  produces 
expectoration  nor  is  caused  by  any  need  for  expectora- 
tion. It  is  always  composed  of  separate  coughs  or  hacks, 
which,  however  frequent  and  prolonged,  or  even  though 
they  be  severe  enough  to  prevent  all  sleep,  are  yet  each 
independent  of  the  other,  like  the  blows  of  a  hammer. 
The  second,  or  the  expectorant  cough,  on  the  contrary. 
is  like  the  running  of  a  chain  over  a  pulley,  and  though 
it  may  be  deliberate  and  slow,  yet  each  cough  is  con- 
nected with  the  preceding  and  the  following  cough,  and 
when  once  begun  it  will  not  stop  until  some  expectora- 
tion has  occurred.  The  patient,  and  all  within  hearing, 
are  aware  that  the  cougli  cannot  be  arrested  until  sc^me- 
thing  is  brought  up,  though,  as  in  a  case  of  viscid  chronic 
bronchitis,  the  pellet  which  is  dislodged  at  last  seems  an 
insignificant  pmduct  for  such  a  strangling  time  as  tlie 
sufferer  has  had  of  it.  To  the  irritant  class  belongs  the 
characteristic  hack  of  acute  and  of  chronic  plevirisy.  and, 
therefore,  also  the  ominous  sliglit  cough  of  early  phthisis. 
It  becomes,  however,  very  loud  and  barking  in  hysterical 
or  uterine  cough.  One  of  the  most  violent  coughs  which 
I  have  ever  heard  was  in  a  lad}'  who  proved  to  have  a 
polypus  extruding  from  the  os  uteri,  and  as  soon  as  it 
was  removed  this  cough,  of  several  years'  standing, 
ceased.  Children  often  have  such  coughs  at  night,  from 
intestinal  irritation,  and  the  cough  of  thoracic  aneurism 
is  another  instance  of  the  kind,  and  lastly,  it  is  the  cough 
of  direct  laryngeal  irritation,  as  in  croup.  This  irritant 
cough,  if  present  at  all,  is  found  only  in  the  very  first 
stage  of  acute  bronchitis,  and  soon  gives  place  to  an  ex- 
pectorant cough,  which  is  comparatively  slow  if  moist, 
and  rapid  if  dry;  its  conclusion  in  expectoration  lieing 
always  announced  by  the  last  one  or  two  coughs  being 
more  or  less  liquid,  and  following  after  a  short  or  very 
prolonged  antecedent  series,  according  to  the  character 
of  the  secretion  expectorated. 

In  acute  bronchitis,  as  just  remarked,  all  cough  is  in 
the  beginning  painful.  As  each  paroxysm  ceases,  the 
patient  presses  his  hand  against  the  chest  with  an  ex- 
pression of  distress,  and  in  dread  of  the  next  return. 
After  a  while  he  experiences  a  good  deal  of  soreness  be- 
tween the  ribs,  with'some  tenderness  on  pressure,  which, 
however,  must  not  be  confounded  with  tlie  same  symptom 
in  eitlier  i)leiirisy  or  pleurodynia,  for  in  bronchitis  it  is 
located  at  the  attachment  of  tlie  diaphragm  and  of  the 
,  other  muscles  engaged  in  the  act  of  coughing,  and  is  but 
the  common  result  of  unwonted  muscular  exertion. 

Cough,  therefore,  is  the  chief  cause  of  the  patient's 
discomfort  in  acute  bronchitis,  and  simply  to  allay  it  is 
the  main  indication  in  treatment.  Hence  the  relief  will 
correspond  with  the  ease  of  expectoration,  and  tliis  in 
turn  depends  upon  the  character  of  the  secretioir  As  a 
rule,  the  secretion  first  formed  is  the  most  difficult  of  ex- 
'  pectoration.  owing  to  its  viscidity.  It  is  composed  of  a 
clear,  tenacious  mucus,  much  mixed  with  air  from  the 
protracted  efforts  of  coughing,  and  contains  also  a  few 
mucous  corpuscles,  and  sometimes  streaks  of  blood.     Af- 


ter a  time  the  secretion  becomes  either  more  liquid  from 
greater  watery  admixture,  or  else  more  turbid  and  yel- 
lowish, according  to  the  formation  of  a  greater  or  less 
quantit}'  of  pus.  Tliis  latter  change,  in  acute  bronchitis, 
is  a  sign  pointing  toward  recovery,  for  as  the  expectora- 
tion becomes  more  purulent  it  rolls  into  rounded  masses 
of  increasing  consistency,  but  of  less  frequent  formation, 
until  but  one  or  two  such  accumulations  are  expectorated 
in  the  morning,  and  then  they  cease  altogether  When 
that  desired  termination  will  occur  is  uncertain,  for  the 
duration  of  acute  bronchitis.  like  that  of  other  catarrhs, 
varies  indefinitely,  as  it  has  no  critical  periods  and  ends 
irregularly. 

Diagnosis. — Bronchitis  is  oftenest  confounded  with 
pneumonia,  especially  if  the  expectoration  be  bloody, 
j'rom  lobar  (croupous)  pneumonia  we  have  already  indi- 
cated some  points  of  diilerence  in  the  nature  and  bilateral 
extent  of  the  pain,  in  the  history  usually  of  an  antecedent 
nasopharyngeal  or  laryngeal  catarrh,  in  tlie  absence  of  a 
distinct  rigor  at  the  beginning,  in  tlie  moderate  rise  of 
temperature,  and  in  the  non  acceleration  of  the  respira- 
tion. Physical  exploration  of  the  cliest  now  completes 
the  demonstration.  In  acute  bronchitis  there  is  no  dul- 
ness  on  percussion  anywhere;  if  anything,  the  stroke  note 
is  increased  in  intensity  all  over  the  chest,  and  the  vocal 
fremitus  is  diminished.  In  the  earl}-  "  dry  "  stage  auscul- 
tation reveals  sibilant  asthmatic  breathing  in  both  lungs, 
varying  constantly  in  intensity,  and  usually  sufticiently 
marked  to  mask  or  extinguisli  the  vesicular  murmur  As 
soon  as  secretion  commences,  the  whistling  sounds  give 
place  to  sonorous  rhonchi  produced  in  the  larger  tubes, 
mixed  with  the  characteristic  subcrepitant  rale  proceed- 
ing from  the  lesser  bronchi.  This  nlle  is  not  as  dry  or 
sharp  as  the  crepitant  rale  of  pneumonia,  and  specifically 
differs  from  it  in  occurring  during  both  inspiration  and 
expiration,  wliile  the  pneumonic  rale  is  known  by  the 
wholly  clear  and  higli  pitched  expiration  which  follows 
it.  As  the  bronchial  rale  is  itself  often  heard  only  at  the 
end  of  inspiration,  it  should  be  watched  for  a  number 
of  resyiirations.  and  especially  after  coughing  when  its 
true  character  will  be  revealed  by  its  being  heard  also  in 
expiration;  or  else  it  is  greatly  modified  by  the  cough, 
wliile  the  pneumonic  rale  can  neitlier  be  removed  nor 
modified  by  any  respiratory  act  This  distinction  also 
separates  the  bronchial  rale  from  a  pleuritic  friction 
sound,  which  it  often  closely  resembles,  for  n  hereas  the 
friction  sound,  like  the  subcrepitant  rale,  is  heard  during 
both  inspiration  and  expiratidii,  it  cannot  be  modified  by 
a  deep  inspiration  or  ever  coughed  away 

Etiology. — Bronchitis  is  sometimes  an  accompaniment 
of  other  acute  diseases,  like  smallpox,  but  especially  of 
measles  and  pertussis,  and  then  it  is  apt  not  only  to  jiro- 
long  convalescence,  but  also  to  cause  permanent  mischief 
by  generating  a  proclivity  to  asthma  In  typhoid  fever, 
bronchitis  is  often  an  early  symptom,  and  it  then  may  be 
so  pronounced  as  to  mask  the  presence  of  that  disease. 
The  course  of  the  temperature,  however,  will  soon  sug- 
gest the  correct  diagnosis,  to  be  soon  confirmed  by  the 
development  of  the  proper  signs  of  the  infection.  The 
bronchitis  then  usuall}'  subsides  during  the  second  week. 
The  most  significant  fact,  however,  connected  with  its 
etiology  is  that  bronchitis  occurs  only  exceptionally  as  a 
direct  result  of  excitation  of  the  bronchial  mucous  mem- 
brane itself,  by  any  irritant  property  or  ingredient  of  the 
inspired  air.  The  frequency  of  bronchitis  among  work- 
ers in  dusty  air.  such  as  millers,  rope-makers,  etc.,  does 
not  militate  against  this  statement,  for  when  every  such 
instance  is  taken  account  of,  it  only  shows  that  dusty  air 
can  cause  bronchitis,  as  also  measles  does,  but  it  does  not 
explain  why  the  great  majority  of  cases  of  bronchitis 
have  not  been  in  dusty  air  at  all  Recent  researches  also 
prove  that  bronchitis  is  not  the  result  of  any  form  of  bac- 
terial invasion  through  the  air  which  enters  the  lungs. 
Its  occurrence  in  phthisis  can  always  be  attributed  to  ex- 
trabronchial  processes  and  not  to  primary  infection  of  the 
mucous  membrane,  for  no  demonstration  has  been  more 
conclusive  than  that  the  air  in  the  whole  bronchial  tract 
is  normally  sterile,  all  germs  having  been  filtered  out  of 


490 


REFERENCE   HANDBOOK  OF  THE   MEDICAL   SCIENCES. 


Broncliltls. 
Broucliills. 


it  or  destroyed  during  its  transit  through  tlic  nasal  pas- 
sages. Tills  explains,  as  Lister  pointed  out,  why  pneu- 
mothora.x  caused  by  traumatic  injuries  of  the  lungs  is  not 
followed  by  suifocative  pleurisy. 

On  the  other  IuukJ  the  one  great  fact  in  the  etiology  of 
bronchitis,  ofteuer  illustrated  by  e-\pericnce  than  any 
other,  is  its  causation  by  some  chilling  of  the  skin.  The 
peculiarity  here  is  that"  this  chill  need  be  but  very  par 
tial  and  often  of  cutaneous  areas  quite  remote  from  the 
lungs.  Sitting  with  wet  feet  in  a  cool  room  will  induce 
a  severe  attack  of  the  complaint  much  more  commonly 
than  the  breathing  of  any  kind  of  air.  however  cold  or 
hot  or  dry  or  moist  it  be.  So  a  cold  draught  upon  the 
nape  of  the  neck,  especially  if  the  skin  be  perspiring, 
always  entails  a  risk,  even  in  the  healthiest  persons,  of  an 
attack  of  bronchitis  or  of  a  catarrh  of  some  other  part  of 
the  respiratory  tract.  Such  effects  of  surface  chilling, 
however,  are  best  illustrations  of  that  most  common  dis- 
order which  is  denominated  "catching  cold."  Consider 
ing  how  frequent  this  derangement  is,  and  how  often  it 
leads  to  severe  or  fatal  internal  derangements,  it  is 
strange  that  so  little  progress  has  been  made  in  the  inves- 
tigation of  the  pathology  of  chill.  It  seems  to  me  that 
we  must  look  for  its  most  probable  e.xiilanation  in  the 
sudden  local  closing  of  the  arterial  circulation  of  an  in- 
ternal jiart  by  retie.\  vasomotor  irritation  from  the  sur- 
face. E.xperiments  on  the  kidney  Iiave  shown  that  clamp- 
ing the  renal  ai-tery  for  only  twenty  minutes  causes  such 
damage  to  the  renal  secreting  cells  that  albuminuria  last 
ing  two  weeks  may  be  set  up  by  this  brief  arrest  of  the 
arterial  How.  Now  it  is  a  general  law  of  vaso-motor  as 
soeiatioii  that  the  cutaneous  nerves  are  always  in  relation 
with  the  vascular  nerves  of  the  internal  organs  under  that 
part  of  the  skin,  so  that  the  siimc  kind  of  vascular  im- 
pression, whether  stimulant  or  sedative,  to  the  surface 
nerves  is  reflected  to  the  nerves  controlliii,g  the  circula- 
tion of  the  deeper  parts.  It  is  in  accordance  with  this 
law  that  cold  suddenly  ajiplied  to  the  alKlomen  will  con- 
tract the  internal  arteries  and  check  a  postpartum  hemor- 
rhage, or  a  warm  iioultice  to  the  chest  soothe  the  pain  of 
a  pleurisy,  etc.  But  besides  this  general  law,  there  are 
many  examples  of  s])ecial  vasoinotorassociations  between 
distant  parts.  Thus  the  nerves  of  the  feet  are  closely  as- 
sociated with  the  vasomotor  nerves  controlling  the  circu- 
lation of  the  pelvic  viscera,  so  that  cold  to  the  feet  will 
check  menstruation,  and  dry  heat  thus  is  one  of  the  most 
reliable  I'liimenogogues.  Whoever  has  an  irritable  stric- 
ture of  the  urethra  should  not  get  his  feet  wet.  The 
nerves  of  the  nape  of  the  neck  also  have  wide  relations  of 
the  same  kind.  Hence  it  seems  reasonable  to  surmise 
that  the  process  of  "catching  cold"  is  caused  by  the  irri- 
tant surface  impression  of  a  chill  reflected  by  some  cus- 
tomary nervous  association  so  as  to  shut  off  the  arterial 
blood  from  some  internal  tract  or  viscus  sufficient  to  in- 
flict an  injury  there  comparable  to  the  injurj-  to  the  kid- 
ney cells  in  tile  experiment  aliove  alluded  to,  and  the  sub- 
sequent inflamnialory  development  is  the  expression  of 
the  local  reaction  to  that  iiijuiT. 

Pdtliolorji/. — Acute  catarrh  of  the  primary  and  medium- 
sized  bronchi  is  rarely  a  dangerous  complaint,  and,  if  we 
consider  its  frequent  occurrence,  it  is  the  least  serious  of 
any  of  the  pectoral  affections,  particular!}'  when  com- 
pared either  Avith  laryngitis  on  the  one  side,  or  with 
catarrh  of  the  smaller  bronchi  on  the  other.  A  post-mor- 
tem examination,  if  it  could  be  had,  of  an  adult  who  at 
the  time  of  his  death  was  suft'ering  from  a  severe  chest 
cold  such  as  we  are  now  considering,  would  reveal  very 
little,  if  any,  departure  from  health,  owing  to  the  removal 
of  all  traces  of  hypera'inia  by  the  ein]ityiiig  action  of  the 
«lastic  fibres  which  line  the  tubes.  \Ve  can  best  judge 
of  the  morbid  changes  by  oliserving  the  traces  of  an  in- 
cipient bronchitis  in  those  who  have  ilied  from  other  dis- 
eases. The  first  step  is  a  hypenemia  of  the  vessels  of  the 
inner  fibrous  coat,  which  become  swollen  and  softened  and 
infiltrated  with  lymph  cells,  accompanied  b)'  a^deina  of 
the  basement  membrane,  from  which  are  detached  nu- 
merous ciliated  columnar  epithelial  cells,  while  new  cells 
from  the  deeper  layer  of  the  epithelium  are  successively 


cast  off  mixed  with  leucocytes  from  the  coDgested  blood- 
vessels 

Trcdtiiient. — There  is  no  disease  in  this  country  which 
so  often  brings  patients  for  a  prescription  as  I  his  form  of 
bronchitis.  This  is  due  not  only  to  its  own  exceptional 
fretiuency,  and  the  discomfort  which  it  occasions,  but 
also  to  the  just  dread  which  a  visitation  of  cough  causes 
among  most  persons.  Ordinarily,  of  course,  they  are 
mistaken  in  supposing  that  phthisis  means  a  neglected 
cou.ah,  and  therefore  that  "  it  will  never  do  to  let  a  cough 
run",  but  there  is  cause  enough  alwaj-s  for  shortening 
every  bronchial  catarrh  in  order  to  prevent  the  formation 
of  a  habit  of  the  kind,  which  is  common  to  all  iiiflamma 
tions  of  the  mucous  membranes.  The  aim,  tlierefoie, 
should  alwaj-sbe  to  prevent  an  acute  bronchitis  from  be- 
coming chronic,  either  actually  or  potentially,  and  hence, 
in  this  complaint,  the  less  trust  iu  nature,  or  in  sponta- 
neous recovery,  the  better.  When  called  to  a  patient 
who  has  not  passed  beyond  the  condition  of  hypera-mia 
and  swelling  (generally  termed  "the  dry  stage  "  of  bron- 
chitis), the  physician's  first  duty  should  lie  to  induce  se- 
cretion as  quickly  as  possible.  If  the  patient  be  not  too 
young,  or  too  old,  or  too  debilitated,  much  the  most 
effectual  proceeding  to  secure  this  end  is  to  dissolve  a 
grain  of  tartar  emetic  in  a  teacup  of  water,  and  tell  him 
to  take  a  teaspoonful  of  this  everv  ten  minutes.  As  soon 
as  he  begins  to  be  slightly  nauseated  by  it  his  pain  rapid- 
ly subsides,  owing  to  the  ana'sthetic  effect  of  antimony; 
the  spasm  of  the  bronchial  tiilies  relaxes,  and  soon  a  wa- 
tery secretion  flows  and  expectoration  begins.  It  is  not 
necessary  to  carry  the  administration  of  the  antimouial 
to  the  point  of  producing  emesis.  for  it  cannot  abort  the 
inflammation,  and  we  have;  much  better  remedies  for  the 
succeeding  stages  of  th(>  complaint. 

As  we  have  remarked  before,  cough  is  the  one  symp- 
tom to  combat  in  acute  bronchitis  (not  bronchiolitis),  for 
it  is  apt  to  do  a  great  deal  more  than  produce  expectora- 
tion. In  acute  (not  chronic)  inflammations  the  first  indi- 
cation is  to  secure  quietude  of  the  inflamed  part,  and 
every  act  of  cough  is  an  infringement  of  this  rule.  The 
severe  pain  which  each  paroxysm  causes  proves  the  mis- 
chief which  it  occasions,  and  hence,  as  .some  coughing 
must  occur  in  order  to  remove  the  secretion  formed,  the 
purpose  should  be  to  render  the  secretion  caj.iable  of  re- 
moval by  as  few  acts  of  coughing  as  possible,  and  then 
to  suppress  the  superfluous  remainder.  Hence  the  more 
watery  and  the  less  adhesive  the  mucus  can  be  made,  and 
the  less  reflex  irritation  there  be  from  the  inflamed  part, 
the  sooner  will  the  bronchitis  subside.  To  fulfil  the  first 
indication,  namely,  that  of  inducing  a  watery  flux,  the 
most  efficacious  remedies  are  oils.  To  ]irove  this,  one 
need  introduce  only  a  few  drops  of  sweet  oil  into  his  nose 
and  note  the  flow  which  will  speedily  follow.  The  ac- 
tion of  castor  oil  on  the  intestinal  mucous  membrane  is 
another  illustration  of  the  action  of  oils,  and  we  may 
mention  in  jiassing  that  castor  oil  on  this  principle  is  a 
dangerous  cathartic  to  give  to  infants  with  lironchitis. 
from  its  tendency  to  fill  their  small  tubes  with  too  much 
secretion.  Now  certain  oils  have  a  particular  aflinity  for 
the  bronchial  mucous  membrane,  and  lience  have  a  right 
to  be  classed  among  expectorants,  and  one  oil,  the  oleum 
lini,  or  linseed  oil.  has  this  property  to  such  a  remarkable 
degree  that  it  is  one  of  the  very  best  means  at  our  dispos- 
al for  painful  bronchial  coughs  of  every  kind,  including 
phthisical  bronchitis.  I  was'first  led  to  use  it  from  the 
fact  that  domestic  experience  had  long  shown  the  sooth- 
ing effects  of  flaxseed  tea  iu  bronchitis,  and  I  feel  certain 
now  that  no  other  remedy  is  so  effective  as  the  oil  itself 
in  active  inflammatory  states  of  the  bronchial  mucous 
membrane.  To  insure  a  good  emulsion  it  is  better  to 
make  it  in  some  quantity  ."thus-  Irish  moss,  3  i..  boil  in 
water  for  an  hour  and  strain,  making  O  iij.,  then  add  ol. 
lini  3  XV.,  ol.  gaultheria-,  ol.  cassiae,  aiS  3  ij.,  glycerini 
5  v.,  syr.  simpir  3  x.,  ac.  hydrocyanici  dil.  th  clx.  A  six- 
ounce  cough  mixture  of  this  emulsion  may  then  be  made 
by  the  addition  of  a  grain  of  morphine  and  a  drachm 
and  a  half  of  chloral,  of  which  the  dose  for  an  adult  is  a 
tablespoonful  taken  au  hour  after  meals.    A  firm  in  Dan- 
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bury,  Conn.,  has  made  a  proprietary  article  out  of  this 
emulsion,  and  I  am  told  sells  It  widely  under  the  name  of 
Linolin. 

When  the  bronchitis  develops  in  the  course  of  a  de- 
scending catarrh  from  the  pharynx  and  lar}'nx,  and  espe- 
cially in  those  witli  laryngeal  pain,  the  action  of  full  doses 
of  aconite  is  very  beuetieial.  A  combination  of  tincture  of 
aconite  and  camphorated  tincture  of  opium  with  spirit 
of  nitrous  ether  and  syrup  of  senega  may  be  employed 
for  the  same  purpose  as  the  linseed-oil  emulsion,  espe- 
cially in  patients  who  dislike  all  oily  mixtures.  Iodide 
of  potassium,  in  doses  of  four  grains,  also  comes  under 
the  head  of  liquef.ving  expectorants,  and  to  a  less  degree 
the  carbonate  of  ammonia. 

After  a  few  days,  in  many  persons  the  secretion  often 
increases,  especially  in  those  who  have  had  repeated  at- 
tacks, until  it  becomes  a  very  inconvenient  and  obstinate 
bronchial  tlux.  Here  the  indication  is  for  a  combination 
which  will  start  secretion  and  at  the  same  time  not  allow 
it  to  become  too  viscid.  Dr.  C.  J.  B.  Williams'  favorite 
prescription  for  phthisical  bronchitis,  with  abundant  ex- 
pectoration, is  useful  under  these  circumstances;  it  con- 
tains nitric  acid,  iodide  of  potassium,  syrup  of  senega, 
and  balsam  of  tolu.  The  addition  of  belladonna  renders 
it  still  more  certain  in  diminishing  the  flux. 

The  use  of  hot  drinks  on  going  to  bed,  especially  those 
containing  alcohol,  for  the  purpose  of  getting  up  a  per- 
spiration, should  be  reprobated.  Alcohol  is  uniforml}- 
mischievous  in  all  catarrhs,  acute  or  chronic,  and  the 
benefit  of  perspiration  can  be  much  better  obtained  by  a 
Dover's  powder  and  aconite  taken  while  tlie  patient 
wraps  himself  in  an  extra  covering  and  sits  with  his  feet 
to  a  fire  without  moving  from  it  for  some  hours  until  lie 
can  go  directly  to  bed.  This,  then,  should  not  be  too 
warm,  for  a  nocturnal  perspiration  is  always  risky. 

Counter-irritation  is  justly  reputed  among  the  laity  as 
of  much  service  in  bronchitis.  At  the  very  start,  a 
sinapism  to  the  chest,  especially  if  made  large  and  ap- 
plied for  only  a  short  time,  maj-  cut  an  attack  short. 
After  the  second  day  it  is  rarely  of  any  use,  and  further- 
more it  should  never  be  applied  in  measles,  as  the  action 
of  mustard  on  the  skin  when  inflamed  by  measles  is  apt 
to  be  very  severe,  and  I  have  known  of  "two  fatal  cases, 
in  children,  of  gangrene  of  the  surface  of  the  chest  from 
the  ignorant  use  of  mustard  in  this  exanthem.  Stimu- 
lating embrocations,  however,  such  as  the  soap  liniment, 
with  turpentine  and  aqua  ammonia?,  are  useful  both  in 
the  onset  and  decline  of  bronchitis,  if  onlj'  to  lessen  the 
cutaneous  hyperoesthesia  or  sensitiveness  to  draughts, 
which  accompanies  all  severe  catarrhs  of  the  respiratory 
mucous  membrane. 

2.  Acute  Bkonchiglitis.  ou  CAPn.L.\RY  Broxchitis. 
— This  formidable  disease,  with  a  mortality  of  from  thirty- 
five  to  fifty  per  cent,  of  all  attacked,  is  much  more  than 
a  simple  bronchitis,  for  the  accompanying  inflammation 
not  only  extends  beyond  the  terminal  bronchi  into  the 
alveoli,  but  also  affects  the  peribronchial  tissue,  and  may 
even  involve  the  pletira.  The  affected  tubes  lie  far  with- 
in the  substance  of  the  lung,  and,  having  lost  all  carti- 
lage, they  ramify  as  small  thin  membranous  channels 
between  textures  rich  in  blood-vessels  and  in  meshes  of 
connective  tissue.  An  inflammation  reaching  to  them, 
therefore,  may  thus  give  rise,  by  involving  the  surround- 
ing structures,  to  both  acute  and  chronic  changes  of 
greater  constitutional  effect  than  in  the  case  of  any  sim- 
ple mucous  catarrh.  A  ]iretty  sure  indication  of  this  fact 
is  found  in  the  sudden  rise  of  temperature  which  is  ob- 
served whenever  an  acute  bronchitis  is  passing  into  a 
bronchiolitis,  for  this  proves  that  a  profounder  reaction 
has  occurred  than  pertains  to  the  course  of  a  mucous- 
membrane  inflammation.  It  is  difficult,  indeed,  to  draw 
a  sufficiently  marked  distinction  between  the  lesions 
wliicli  are  apt  to  arise  from  the  extension  of  a  bronchio- 
litis and  the  phenomena  of  so-called  catarrhal  pneumonia. 
The  term  catarrhal  has  been  objected  to  as  applicable  to 
a  pneumonia,  because  the  air  cells  cannot  be  said  to  con- 
tain mucous  membrane,  but  the  significance  is  obvious 
enough  as  indicating  a  pulmonary  consolidation  arising 


in  a  pneumonic  process  whose  origin  really  comes  from 
the  bronchial  tubes.  While,  therefore,  capillary  bronchi- 
tis as  such  is  a  frequent  disease  of  early  childhood,  and 
often  proceeds  to  a  fatal  termination  without  general  im- 
plication of  lung  tissue,  in  adults  pneumonia,  consecu- 
tive to  diffuse  bronchitis,  is  a  common  affection,  especial- 
ly in  the  aged  or  feeble,  or  when  supervening  upon 
a  chronic  bronchitis.  In  these  patients  greater  areas  of 
consolidation  are  foimd  in  both  lungs  than  is  common  in 
children;  but  it  is  difticult  to  demonstrate  any  specific 
difference  in  the  morbid  processes  themselves,  as  the  gra- 
dations between  the  two  are  of  every  degree,  the  smaller 
bronchi  being  almost  exclusively  affected  in  some  adults, 
and  pneumonic  consolidation  being  the  most  pronounced 
lesion  in  many  children. 

The  main  reason  for  the  gravity  of  capillary  bronchitis 
is  to  be  found  in  the  comparative  weakness  of  the  bron- 
chial musclesof  patients  affected  with  this  disease.  This 
cause  pertains  equally  to  the  affection  in  children  and  in 
the  aged.  The  muscular  coat  begins  in  the  trachea  and 
in  the  primary  bronchi,  where  it  joins  together  the  free 
ends  of  the  incomplete  rings  or  C-shaped  cartilages,  and 
can  thus  on  occasion  contract  the  calibre  of  even  these 
larger  tubes.  As  the  bronchi  further  divide,  the  muscu- 
lar layer  relatively  increases,  becoming  more  or  less  a  cir- 
cular coat,  until  it  ends  at  the  alveolar  passages  as  a  tliick 
bundle  of  annular  muscle  fibre  cells,  forming  a  kind  of 
sphincter  (Rindfleisch).  Upon  the  muscular  layer  lies  tlie 
thick  layer  of  longitudinal  yellow  elastic  fibres  which  are 
continued  on  into  the  texture  of  the  air  vesicles  them- 
selves. Now,  as  the  one  function  of  muscle  is  to  pro- 
duce movement,  it  is  plain  that  these  muscles,  acting 
upon  the  recoil  of  the  elastic  fibres  at  the  moment  when 
the  external  expiratory  muscles  are  driving  the  air 
through  the  tubes  in  coughing,  could,  by  a  quick  contrac- 
tion upon  the  current  of  air,  greatly  assist  the  propulsion 
of  fluids  toward  the  larynx. 

In  children  the  bronchial  muscles  are  not  only  relative- 
ly of  much  less  development  and  power  in  proportion  to 
their  youth,  but  the.v  are  equally  weak  in  the  muscular 
apparatus  of  the  throat  and  in  the  expiratory  nuiscles  of 
the  chest,  the  latter  having  the  further  disadvantage  of 
the  yielding  nature  of  the  chest  walls  to  which  they  are 
attached.  Young  children,  therefore,  cannot  clear  "even 
their  throats  of  mucus,  but  rather  swallow  that  which  is 
brought  up,  and  in  proportion  to  their  debility,  whether 
due  to  age  or  to  imperfect  development,  will  the  danger 
increase  of  suffocative  accumulation  in  their  air  tubes. 
In  the  aged,  on  the  other  hand,  bronchial  palsy,  consecu- 
tive to  chronic  bronchitis,  is  the  commonest  condition 
which  leads  to  a  fatal  complication. 

Capillary  bronchitis  affects  children  more  commonly 
in  the  first  year  of  life;  the  frequency  then  diminishes 
progressively  up  to  the  third  or  fourth  year;  and,  finally, 
the  disease  may  develop  from  any  of  the  common  causes 
of  acute  catarrh  of  the  respiratory  tract.  It  is,  therefore, 
of  exceptional  severity  in  whooping-cough,  and  ranks  as 
the  commonest  cause  of  death  in  measles.  It  occurs  also 
during  the  winter  months,  as  one  of  the  complications  of 
dentition.  At  other  times  it  develops  upon  an  ordinary 
cold,  which  has  begun  with  sneezing,  and,  after  setting 
up  a  coryza,  goes  on  to  develop  laryngo-tracheal  symp- 
toms for  several  days,  until  finall}'  symptoms  of  a  more 
pronounced  constitutional  kind  begin  to  manifest  them- 
selves. The  child  becomes  heavy  and  drowsy,  with 
longer  and  more  severe  paroxysms  of  coughing,  followed 
by  dyspnoea,  which  is  evidently  due  to  paroxysmal  spas- 
modic action  in  the  bronchial  tubes.  After  a  time  the 
nostrils  begin  to  be  permanently  in  action,  a  constant 
restlessness  sets  in,  the  respirations  become  accelerated, 
the  head  grows  hot,  and  the  face  is  deeply  reddened  dur- 
ing the  attacks  of  coughing,  which,  though  very  hard, 
yet  do  not  bring  up  much  secretion.  The  cough  has  a 
peculiar  whistling  character,  quite  different  from  the 
brassy  sound  of  croup,  and  a  distinct  wheeze  is  audible 
in  many  cases  without  applying  the  ear  to  the  chest. 
The  thermometer  now  shows  that  a  rising  fever  is  on 
hand,  for  a  temperature  from  102°  to  103'  F.  in  a  child 
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with  a  cough  sliould  always  cause  solicitude.  Percussion 
at  this  stage  does  not  ailord  much  information,  but  later 
on  it  may  reveal  localized  areas  of  duluess,  especially  in 
the  iufrascapular  and  subaxillary  spaces.  Auscultation 
sometimes  affords  nothing  but  highly  puerile  respiration, 
but  oftener  a  great  number  of  high-pitched,  fine,  sibilant 
sounds  are  heard  accompanying  both  inspiration  and  ex- 
piration. The  presence  of  areas  of  consolidation  is  some- 
times made  out  by  localized  exaggeration  of  both  breath- 
ing and  voice  sounds,  especially  after  a  lit  of  coughing. 
It  should  be  remembered  that  a  child's  chest,  being  so 
much  smaller  relatively  than  an  adult's,  is  proportionate- 
ly more  resonant,  and  often  transmits  sounds  of  all  kinds 
over  to  the  side  opposite  to  that  on  which  they  origi- 
nated. 

Meantime,  with  the  progress  of  the  case,  both  pulse 
and  respiration  grow  more  and  more  frequent.  The  child 
can  nurse  or  drink  only  with  a  short,  hurried  effort,  and, 
as  the  respiratory  obstacle  increases,  its  chest  begins  to 
show  signs  of  disordered  breathing  which  are  very  sig- 
nificant. The  lower  ribs  and  the  epigastrium  sink  in  dur- 
ing inspiration,  indicating  widespread  obstacles  to  the 
ingress  of  air.  On  the  other  hand,  the  residual  air  in  the 
lungs  both  increases  and  becomes  rarefied,  so  that  the  su- 
pra- and  infra-clavicular  spaces  become  distended  and 
the  upper  part  of  the  chest  seems  scarcely  to  move  with 
the  breathiug.  As  the  case  progresses  the  body  tempera- 
ture varies  from  102'  or  103'  in  the  morning,  to  104°, 
105'  F.,  or  even  more,  in  the  evening.  The  pulse  rises 
from  150  to  180  or  200,  and  the  respirations  to  50,  80,  or 
100  per  minute,  while  the  constant  tossings  of  the  patient 
and  its  expression  of  terror  too  plainly  indicate  the  dread 
of  approaching  suffocation.  As  might  be  expected  from 
the  lack  of  air,  its  cry  is  low,  plaintive,  and  short.  If  re- 
lief does  not  come,  signs  of  exhaustion,  from  the  excessive 
labor  of  the  breathiug,  begin  to  appear;  the  lips  first 
turn  blue,  the  face  and  surface  generally  become  cool, 
pale,  and  livid,  the  pulse  grows  thready,  the  cough  ceases, 
and  the  stupor  of  carbonic-acid  poisoning  grows  deeper 
until  death  closes  the  scene,  with  or  without  slight  con- 
vulsions. 

The  duration  of  the  disease  is  not  very  definite.  In  fa- 
vorable cases  it  may  last  ten  dajs  and  then  occupy  a 
week  in  recovery,  with  increased  but  more  expectorant 
coughing  at  first,  and  with  a  plain  increase  of  inspiratory 
power.  In  others  who  recover,  the  febrile  stage  may 
yet  last  for  from  three  to  four  weeks.  In  a  certain  pro- 
portion of  cases  the  disease  passes  into  a  fibroid  alteration 
of  extensive  regions  in  one  or  in  both  lungs.  As  the  in- 
flammation then  becomes  chronic  the  peribronchial  con- 
nective tissue  greatly  hypertophies,  causing  more  or  less 
obliteration  of  the  air  cells,  and,  finally,  adhesions  of  the 
thickened  pleura  to  the  chest  walls.  Great  bronchial  dil- 
atation is  then  apt  to  follow  in  the  consolidated  parts, 
suiTounded  by  emphysematous  lobules,  and  a  constant 
secretion  of  muco-purulent  sputa  is  thrown  off.  These 
symptoms,  combined  with  the  great  emaciation  of  the 
patient,  seem  to  leave  nothing  wanting  for  the  diagnosis 
of  tuberculous  phthisis.  Often,  however,  so  much  im- 
provement of  a  permanent  kind  occurs,  if  the  patient 
survives  for  a  few  years,  that  the  prognosis  need  not  be 
as  hopeless  as  the  same  degree  of  wasting  would  imply 
in  an  adult. 

The  post-mortem  appearances,  after  capillary  bronchi, 
tis,  vary  according  to  the  participation  of  the  lungs  in 
the  inflammation.  If  the  case  has  been  chiefly  bronchitic, 
the  lungs  do  not  collapse  when  the  chest  is  opened,  but 
may  even  bulge  out  as  if  they  had  been  compressed  by 
the  ribs.  This  pseudo-emphysema  is  caused  by  the  oc- 
.  elusion  of  the  bronchi  by  mucus  and  other  products  of 
the  inflammatory  process.  Commonly,  however,  the  sur- 
face of  the  lungs  is  irregular  from  alternate  collapsed  and 
overdistended  lobules,  according  as  the  valve-like  action 
of  the  secretion  in  the  tubules  had  allowed  more  air  to 
pass  during  inspiration  or  more  during  expiration ;  the 
condition  of  overdistention  being  produced  when  less  air 
could  be  forced  past  the  obstacle  during  expiration  than 
during  inspiration,  and  a  condition  of  collapse  being  pro- 


duced when  the  reverse  was  true.  The  areas  of  pneu- 
monic consolidation,  on  the  other  hand,  present  just  the 
same  appearances  and  changes  that  occur  in  cases  in 
whicii  a  bronchus  has  been  plugged  by  a  foreign  body. 
The  iufiammator)-  process  then  involves  the  whole  paren- 
chyma of  the  loliule,  both  of  the  air  vesicles  and  intersti- 
tial tissue,  so  that  instead  of  complete  resolution  follow- 
ing as  in  croupous  pneumonia,  fibrous  or  caseous  changes 
are  apt  to  remain.  The  bronchi,  which  are  universally 
stuffed  with  mucus,  pus,  epithelial  cells,  etc.,  show  very 
generall}'  a  reddish  and  swollen  mucous  membrane,  this 
condition  extending  even  to  the  primary  bronchi,  if  not 
to  the  trachea;  in  which  respect  the  appearances  pre- 
sented in  this  disease  contrast  strongly  with  those  ob- 
served in  simple  bronchitis. 

Treatment. — We  scarcely  need  say  that  the  treatment 
of  capillary  bronchitis  should  be  prompt  and  decisive, 
and  hence  according  to  clearly  defined  purposes.  As 
soon  as  the  thermometric  rise  and  the  other  symptoms  in- 
dicate the  threatening  approach,  the  aim  should  be  to 
shorten  the  acute  stage  of  the  inflammation  as  quickly  as 
possible.  Fur  this  purpose  aconite  is  the  best  medicine, 
and  should  be  given  with  the  set  determination  to  make 
the  patient  feel  it.  Every  two  hours  doses  of  one,  two, 
or  three  drops  of  the  tincture  of  the  root,  in  a  solution  of 
citrate  of  potash,  should  be  given  until  the  pulse  falls  in 
frequency  and  "excitement."  Should  the  pvdse  grow 
weak  or  intermittent  under  this  course,  the  use  of  stimu- 
lants will  soon  show  that  the  acute  inflammation  is  itself 
a  guard  against  too  great  doses  of  aconite,  for  only  a  few 
teaspoonfuls  of  brandy  will  be  enough  soon  to  coiuiter- 
act  the  depression  of  aconite,  which  in  a  normal  state,  or 
in  a  chronic  disease,  would  continue  for  hours.  There  is 
no  remedy  which  can  do  as  much  as  aconite  just  at  this 
juncture :  later  on,  it  is  mischievous,  but  at  the  beginning 
it  is  much  the  best  antipyretic  and  antiphlogistic  that  can 
be  employed,  because  of  Its  specific  efl'ect  in  lessening  the 
initial  engorgement  of  the  respiratory  mucous  membiane 
when  acutely  inflamed.  We  see  this  exemplified  in  ton- 
sillitis, in  which  disease,  when  given  in  full  dose,  it  often 
cuts  short  the  otherwise  tedious  course  of  the  affection 
toward  suppuration;  and  a  like  power  to  prevent  the 
congestion  and  the  formation  of  muco-pus  may  be  fairly 
attributable  to  it  in  bronchitis,  while  its  anajsthetic  effect 
is  beneficial  both  to  relieve  the  pain  and  to  control  the 
consequent  asthmatic  spasm  of  the  bronchioles.  We  do 
not  have  the  same  reason  to  fear  cardiac  weakness  in  capil- 
lary bi-ouchitis  of  children  as  in  the  aged,  for  the  heart  of 
the  child  is  relatively  stronger  than  that  of  the  adult,  at 
least  as  regards  the  right  side,  which  has  about  the  same 
thickness  in  early  life  as  the  left. 

When  sibilant  rales  begin,  we  should  add,  and  continue 
systematically  to  give,  the  tincture  of  belladonna  in  full 
doses,  combined  with  half  a  drachm  to  two  drachms  of 
the  spirit  of  nitrous  ether,  in  sweetened  water  or  milk, 
every  three  or  four  hours.  This  combination  is  not  to  be 
omitted  until  convalescence  begins;  for  while  the  aconite 
may  be  dropped  as  soon  as  signs  of  exhaustion  appear,  or 
if  the  temperature  is  relatively  low,  the  belladonna  and 
nitre  should  be  faithfully  persisted  in  as  respiratory  stim- 
ulants, to  strengthen  the  function  most  imperilled,  and 
also  to  lessen  the  complication  of  bronchial  spasm. 

Then  when  moist  rales,  a  recurrent  dyspnoea,  and  ex- 
citing hard  cough  come  on,  we  have  a  plain  indication 
to  try  to  expel  retained  secretions.  Here  a  single  emetic, 
administered  every  twelve  hours,  is  of  true  service. 
Some  writers  condemn  emetics  on  the  ground  of  failure, 
in  their  experience,  to  afford  relief  by  their  use.  If 
wrongly  administered,  emetics  are  not  remedial  in  bron- 
chitis, but  dangerous  instead ;  still,  that  is  no  reason  for 
neglecting  the  most  efficient  method  of  expelling  mucus 
in  children.  Vomiting  is  both  natural  and  easy  to  chil- 
dren, while  expectoration  is  much  the  reverse,  and  no 
one  who  has  witnessed  the  great  reUef  following  upon 
the  effective  action  of  the  abdominal  muscles  after  an 
emetic,  in  dislodging  a  quantity  of  mucus  where  the 
hardest  coughing  of  children  had  failed  to  produce  any 
effect,  will  doubt  that  emetics  can  do  great  good  in  the 
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bands  of  those  who  know  how  to  use  them.  In  the  pres- 
ent instance,  neither  antimony,  ipecacuanha,  nor  apomor- 
phiue  should  be  employed,  because  they  excite  too  much 
bronchial  secretion,  and  hence  when  they  do  act  the}'  give 
but  the  most  evanescent  relief.  Often  also  they  fail  to 
act  as  emetics  at  all.  whereupon  their  effect  is  bad.  for 
nothing  is  so  calculated  to  fill  the  tubules  with  liquid  as 
a  prolonged  nausea.  Instead  of  these  emetics  we  would 
recommend,  lirst.  the  turpeth  mineral,  or  yellow  sulphate 
of  mercury,  in  doses  of  two  to  five  grains;  or,  second,  the 
sulphate  of  copper,  half  a  grain;  or,  third,  the  sulphate 
of  zinc,  in  a  dose  of  five  grains  combined  with  the  same 
amount  of  powdered  ahini,  in  a  tablcspoonful  of  water. 
None  of  these  emetics  operates  except  in  the  one  way  of 
irritating  the  nervous  association  with  the  gastric  nerves 
to  expel  a  gastric  irritant.  The  heart  is  not  depressed 
by  them,  nor  the  bronchial  mucous  membrane  rendered 
oedeinatous ;  and  moreover,  if  emesis  does  not  ffillow  verj' 
speedily  after  their  administration,  they  do  not  act  at  all, 
and  may  safely  be  left  alone,  as  far  as  the  bronchial  mem- 
brane is  concerned,  if  a  second  dose  has  not  been  followed 
in  ten  minutes  by  vomiting.  Tlie  case,  then,  is  not  one  in 
which  emesis  should  receive  further  trial,  at  least  for  an- 
other twelve  hours.  A  more  frequent  administration  of 
emetics  than  once  in  twelve  hours  is  useless. 

When  the  struggle  for  breath  once  begins  in  deadly 
earnest,  the  indications  change  to  the  two  purposes  of 
supplying  oxygen  and  of  sustaining  the  patient  in  the 
dread  struggle.  Why  should  the  necessary  restlessness 
of  the  patient  be  now  smothered  by  opium? 

It  is  difficult  to  see  any  reason  for  the  employment  of 
this  drug,  from  first  to  last,  in  this  critical  disease,  other 
than  that  of  securing  the  deceptive  quiet  which  this  most 
effective  paralyzer  of  respiration  may  occasion  in  bron- 
chitis preparatory  to  a  quiet  forever  pei-manent.  A 
much  better  relief  to  the  distress  and  cough  is  afforded  bj- 
a  mixture  of  chloral  and  camphor,  to  which  a  very  smail 
quantity  of  an  opiate  is  added,  as  in  the  following;  ^ 
Chloral,  3  i. ;  Magend.  sol.  of  morphia,  m,  x. ;  syr.  sinipl.. 
3  ss. ;  aq.  camphorae,  ad  3  iij.  M.  Sig. ;  Teaspoonful 
in  sweetened  milk.  In  the  mean  time,  if  pure  oxygen  gas 
can  be  procured  for  inhalation,  we  can  speak  very  favor- 
ably of  its  aid  in  battling  for  life  in  these  cases,  both  by 
assisting  the  breathing  and  by  strengthening  the  heart. 
On  this  account,  the  air  of  the  room  in  the  immediate 
neighborhood  of  the  patient  should  be  constantly  renewed, 
while  at  the  same  time  any  chilliness  noticeable  in  it 
should  be  counteracted  by  artificial  heat,  tempered  with 
steam.  Inhalations  of  steam  vapor  are  not  called  for, 
if  laryngitis  is  absent,  inasmuch  as  the  necessary  meas- 
ures for  steaming  may  interfere  with  the  free  supply  of 
oxygen. 

The  indications  to  sustain  the  patient's  powers  now  call 
for  the  most  feai'less  use  of  alcoholic  stimulants.  Of  all 
such  i)reparations  brandy  does  best  for  children,  and  may 
be  given  to  them  with  or  without  milk,  generally  best  in 
some  hot  liquid ;  in  the  suffocative  stage  of  bronchitis  it 
may  be  given  continuously  in  doses  of  one,  two,  three, 
or  even  ff)ur  drachms  every  hour  It  will  be  noted,  now, 
that  cardiac  stimulants  are  of  the  most  service,  and  hence 
crteriKil  irritants  will  of  ten  greatly  aid  the  other  measures 
adopted.  While  an  external  covering  is  of  great  value  in 
the  first  onset,  and  then  the  more  soothing  its  effect  the 
better,  exciting  ones  are  the  effective  means  at  the  last. 
We  would  recommend,  therefore,  a  jacket  of  wadding  for 
the  chest,  covered  with  oiled  silk,  during  the  earh'  stage 
of  the  complaint,  to  be  followed  later  on  by  baths  in  hot 
mustard  water.  The  latter  should  be  taken  once  in  six 
hours,  and  should  be  continued  each  time  until  the  skin 
is  reddened;  and  occasionally  a  cloth  wrung  out  of  a  hot 
infusion  of  capsicum,  3  i.  to  the  pint,  should  be  applied 
to  the  chest  for  from  five  to  ten  minutes,  and  then  the 
wadding  jacket  should  be  put  on  again  as  before.  An- 
other good  point  in  practice  is  to  give  an  infant  who  is 
struggling  for  breath  something  hot  to  swallow  every 
few  minutes.  Half  a  teaspoonful  of  hot  milk  and  lime 
water,  or  some  such  excitant  of  the  act  of  deglutition, 
powerfully  helps  expectoration,  as  I  have  had  frequent 


occasion  to  note,  as  well  as  relaxes  bronchial  spasm. 
Kroenecker  foiuul  that  every  act  of  deglutition  acts  as  a 
cardiac  stimulant,  and  raises  the  blood  pressure. 

Many  of  the  favorite  remedies  employed  by  different 
writers  in  the  treatment  of  bronchopneumonia  can  be 
mentioned  only  briefly,  because,  having  tried  them,  we  are 
too  uncertain  of  their  beneficial  effects  to  prescribe  them 
hereafter  in  cases  of  our  own.  First,  ammonia,  as  a  car- 
diac stimulant  and  expectorant,  is  largely  employed,  and 
in  older  children  may  be  beneficial,  as  it  certainly  is  in 
the  pneumonia  of  adults.  The  difficulty  with  it  in"  little 
patients  is  the  irritation  which  its  administration,  however 
disguised,  causes  in  them  compared  with  adults,  for  it 
excites  both  coughing  and  crying.  Quinine  is  given  in 
pulmonary  inflammations  with  the  same  regularity  at 
present  as  blood-letting  was  resorted  to  half" a  century 
ago,  atd  with  no  better  reason  Aconite  is  a  far  more 
certain  antipyretic  than  quinine  in  this  complaint;  while 
the  depi'ession  produced  by  quinine  upon  the  heart  in 
children  is  decidedlv  more  permanent  than  that  of  aco- 
nite, and  at  the  same  time  there  are  no  compensations  to 
warrant  its  administration. 

3.  CnudNic  BKoxcurns. — This  common  disease,  tmlike 
the  preceding,  is  usually  a  complaint  of  middle  or  of  de- 
clining life,  and  fully  illustrates  in  its  course  the  invete- 
racy and  proneness  to  relapse  of  all  chi-onic  disorders  of 
mucous  membranes.  Although  the  structural  changes 
which  chronic  bronchitis  induces  may  become  very  exten- 
sive and  may  involve  secondarily  the  most  distant  paits 
of  the  bod.v,  producing  changes  in  the  abdominal  viscera 
and  in  the  entire  circulatory  system,  yet  it  always  remains 
essentially  a  local  and  not  a  constitutional  disease.  This 
is  a  matter  of  practical  importance  to  the  physician,  and 
is  well  shown  by  a  comparison  between  chronic  bronchitis 
and  pulmonary  phthisis,  the  disease  with  which  it  is 
most  apt  to  be  confounded,  on  accotmt  of  the  most  prom- 
inent symptoms  of  each  being  cough  and  profuse  expec- 
toration. Thus,  a  significant  difference  meets  us  at  the 
outset  in  the  personal  appearance  of  patients,  even  in  the 
advanced  stages  of  these  two  complaints,  and  one  which 
indicates  a  difference  of  both  nature  and  origin.  Phthisis 
from  the  beginning  is  a  wasring  constitutional  disease, 
frequently  manifesting  a  loss  of  bulk  in  every  structure 
which  is  related  in  any  way  to  the  function  of  respiration, 
before  any  respiratory  changes  can  be  detected,  except 
perhaps  quickened  breathing.  The  early  contraction  or 
want  of  action  of  the  lung  apices  produces  a  ciiaracteris- 
tic  elongation  of  the  neck  from  sinking  down  of  the  clav- 
icles, which  causes  the  patient  to  carry  his  chin  forward 
beyond  the  line  of  the  chest  and  abdomen.  The  muscles 
of  the  neck  al.so  appear  thin  and  ribbon  like,  although  the 
imperfect  respiration  causes  these  auxiliary  muscles  to 
stand  out  more  plainly  under  the  skin  in  forced  inspira- 
tion than  they  do  in  health  Following  upon  tliis  change 
in  the  neck,  there  is  a  peculiar  retraction  of  the  cheek  tow- 
ard the  angle  of  the  jaw,  while  the  early  emaciation 
appears  in  the  pinched  features,  the  sharply  defined  nos- 
trils and  ears,  and  the  too  clear  conjunctiva,  which  shows 
the  sclerotic  through  it  like  a  polished  glass  ball.  The 
hands,  which  in  all  cases  show  emaciation  better  than  the 
face,  look  bony,  and  have  a  bird-claw  contour,  from 
wasting  of  both  dorsal  and  palmar  muscles:  wliile  .he 
bones  generally,  like  the  mu.scles,  have  a  tendency  to  be 
narrow  and  thin.  The  skin  of  the  consumptive  is  of  silk}' 
smoothness,  with  long  blue  veins,  and,  except  at  the  on- 
set of  the  daily  fever,  is  moist  as  well  as  soft.  In  con- 
trast to  all  these  characters,  a  case  of  severe  bronchitis 
presents  us  with  a  round  and  much  distended  chest  in  the 
very  region  where  it  is  flattened  or  sunk  in  phthisis. 
The  clavicles,  therefore,  are  elevated  instead  of  depressed, 
and  the  neck  is  directly  shortened.  The  chin,  instead  of 
being  carried  forward,  is  drawn  back,  and  the  neck  mus- 
cles are  large,  broad,  and  massive,  being  much  hypertro- 
phied  by  the  labor  which  they  are  called  upon  to  undergo 
in  lifting  the  chest,  because  in  chronic  bronchitis  the  ver- 
tical movement  of  the  chest  walls  is  increased  in  propor- 
tion as  the  lateral  and  the  antero-posterior  movements  are 
decreased.     Chronic  bronchitis,  moreover,  being  a  non- 
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febrile  disease,  does  not  cause  atiopliy  of  the  muscles, 
and  hence  the  powerful  array  which  may  be  seen  under 
the  skin  of  the  neck  w-henevcr  ciiusliing  begins.  Owing 
to  the  same  cause,  the  supraclaviculai-  depression,  which 
is  nearly  obliterated  in  phthisis,  is  much  deepened  in 
bronchitis,  in  some  instances  sufficiently  so  to  admit  of 
several  lingers  being  laid  in  tlie  cavity;  and  if  emphy- 
sema also  be  present,  quite  notalile  tumors  rise  from  the 
bottom  of  the  depression  during  coiigliing.  which  are 
caused  by  the  distended  subclavian  and  innominate  veins. 
The  face"  is  turgid,  the  complexion  is  often  suffused,  the 
nose  and  ears  are  thickened,  the  conjunctiva  has  an  tt'de- 
matous  appearance  and  is  traversed  by  tortuous  veins, 
while  the  skin,  particularly  if  emphysema  and  consecutive 
chronic  hepatic  congestion  be  present,  is  dry  and  leathery, 
and  can  be  drawn  into  wide,  non-elastic  folds.  Every- 
where under  this  tliickened  skin  the  veins  appear  en- 
larged, tortuous,  and  dark-colored. 

t<yinptomatol(i;i!i. — The  most  common  history  of  a 
chronic  bronchitis  is  that  the  patient  was  at  first  subject 
to  frequent  attacks  of  acute  bronchitis,  especially  in  the 
last  weeks  of  winter  or  in  a  belated  spring.  His  cough, 
he  tells  us.  hung  on  by  his  taking  a  fresh  cold  ever\'  time 
he  went  out  or  the  weather  changed:  and  he  tells  his 
story  correctly,  because  he  had  reached  that  state  of  sus- 
ceptibility to  relapse  on  slight  provocations  which  is  the 
penalty  of  leaving  an  intlammalion  of  a  mucous  mem- 
brane "only  partially  healed.  Just  as  an  old  gleet  will 
return  after  some  trifling  error  of  diet,  so  does  a  bron- 
chitis revisit  its  victims  upon  the  slightest  chill  or  expo 
sure  to  a  draught  of  air.  So  soon,  however,  as  milder 
weather  comes,  when  the  skin  is  kept  iu  a  state  of  gentle 
perspiration,  tlie  broncliitis  is  displaced  and  the  cough 
ceases  until  the  chilly  season  comes  round  again,  when 
the  same  experience  is  repeated,  with  an  increase,  each 
year,  of  the  severity  or  the  duration,  or  both,  of  the  bron- 
chitic  at  tacks.  Aftcran  indefinite  length  of  time,  accord- 
ing to  the  individual  case,  the  cough  becomes  permanent, 
and  merely  decreases  in  severity  during  the  favorable  sea- 
son. But"  meantime  it  is  worthy  of  note  that  not  until 
long  after  the  bronchitis  has  become  continuous,  so  to 
speak,  does  the  patient's  general  health  seem  to  suffer 
materially;  for.  in  great  contrast  with  a  true  consump- 
tive after"  tlie  same  lapse  of  time,  he  loses  but  little  iu  flesh 
or  color,  and  in  summer  often  seems  quite  well.  Pro- 
longed cough,  however,  at  last  begins  to  tell,  and  the  first 
sign  of  injury  is  usually  breathlessuess  upon  muscidar 
exertion.  Tliis  is  mainly  due  at  first  to  weakening  of  the 
air  vesicles  by  overstraiu,  and  may  be  entirely  recovered 
from.  Another  complication  is  soon  added,  which  in 
some  individuals  comes  on  much  earlier,  namely,  asth- 
matic breathing.  This  is  a  most  unwelcome  addition  to 
a  bronchitis,  for  it  rarely  parts  company  with  it  thereaf- 
ter, and  meantime  greath'  increases  the  textural  mischief 
wrought  by  the  primary  disease.  In  time  dyspna>a  be- 
comes habitual,  whether  the  patient  has  been  coughing 
or  not.  and  ere  long  signs  of  embarrassment  of  the  pul- 
monary circulation  develop  from  weakness  of  the  right 
ventricle,  the  far-reaching  results  of  which  are  now  to  be 
detailed. 

The  cough  of  chronic  bronchitis  is  varied  in  character 
according  to  the  quantity  and  quality  of  the  secretions 
expectorated.  One  kind  has  been  graphically  termed 
"  dry  "  catarrh,  from  the  small  amount  but  great  viscidity 
of  the  discharge.  This  secretion  can  scarcely  be  ))ro- 
pelled  along  the  bronchial  walls,  and  when  it  reaches  the 
bifurcation^of  the  trachea  the  most  violent  and  rapid  par- 
oxysms of  coughing  commence,  in  which  rette.x  laryngeal 
spasm  participates,  causiug  the  sound  to  become  like  a 
whistling  squeak.  The  patient  has  to  use  every  expira- 
tory muscle  to  the  utmost,  and  doubles  himself  up  with 
the  effort,  while  his  face  grows  purple  and  his  eyes  and 
nostrils  water,  luitil  the  tenacious  streak  of  mucus  is 
finally  dislodged  Avith  much  gagging  or  even  vomiting. 
This  severe  cotighing  naturally  produces  injury  of  the 
small  bronchi  and  of  the  air  ve-sicles  from  mere  mechani- 
cal violence,  so  that  emphysema  is  more  likely  to  occur 
in  this  than  in  any  other  form  of  bronchitis. 


The  other  and  more  common  form  is  that  in  which  the 
secretion  is  abundant  and  liquid.  The  amoiuit  and  con- 
sistency of  this,  however,  vary  greatly.  Some  are  able 
to  get  rid  of  the  most  of  it  at  one  fit  of  coughing,  and  then 
remain  measurably  free  for  hours;  others  liave  a  steady 
flu.x,  which  rarely  allows  them  any  prolonged  intermis- 
sion in  their  efforts  at  expectoration.  This  bronchorrhoea 
is  apt  to  be  particularly  harassing  at  night,  and  is  the  tor- 
ment of  many  olil  jiersons,  who  can  rarely  lie  down  after 
midnight.  In  the  majority  of  cases  this  condition  is  de- 
pendent upon  cardiac  weakness,  and  hence,  even  in  the 
best  summer  weather,  when  the  cough  is  much  mitigated 
although  still  moist,  rales  will  be  found  to  prevail  at  the 
bases  of  both  lungs  iiosteriorly. 

The  character  of  the  expectoration  of  these  patients 
varies  also  in  other  respects.  In  some  the  watery  flow 
is  markedly  predominant,  and.  when  expectoratcil  into  a 
vessel  containing  water,  the  muco-pus  floats  in  irregular 
masses  on  the  surface,  owing  to  the  air  which  is  entan- 
gled in  its  meshes.  In  others  pus  itself  is  raised  in  great 
quantities  and  in  rounded  masses.  In  still  other  cases, 
however,  which  are  usually  of  long  standing,  the  expec- 
toration is  very  liquid  in  parts,  and  of  a  brownish  tinge 
("prune  juice"),  with  masses  of  fetid,  purulent,  and 
rather  adliesive  secretion  which  siidvs  to  the  bottom  of  the 
cup.  This  factor  has  been  interpreted  as  a  sign  of  pro- 
longed retention  in  some  cavity  on  the  way.  ami  there- 
fore an  evidence  of  sacculated  cnlargemeut  of  the  bron- 
chi. While  this  is  doubtless  true  of  most  cases,  yet  it  is- 
not  so  of  all,  and  the  fetid  secretion  may  then  be  caused 
by  some  special  putrefactive  ferment  in  the  bronchial 
wall  itself.  This  is  rendered  possible  by  the  ctirious  fact 
that  the  factor  is  so  much  greater  in  many  instances  than 
is  found  in  the  largest  phthisical  vomicoe,  and,  moreover, 
is  so  much  less  easy  to  disinfect.  It  is  sometimes  difficult 
to  distinguish  it  from  the  odor  of  gangrene  of  the  lungs, 
and  the  diagnosis  has  to  be  ba.sed  upon  the  different  ante- 
cedent history  and  subsequent  course.  The  breath  also 
often  remains  offensive  after  the  expectoration  has  cliiefly 
lost  its  odor;  at  other  times,  the  fostor  comes  and  goes 
without  any  assignable  reason.  Neither  is  it  necessarily 
a  dangerous  complication,  for  the  worst  case,  as  regards 
odor,  that  I  have  ever  seen  was  in  a  young  man  who  had 
it  for  several  years,  while  his  general  appearance  contin- 
ued extremely  good. 

Acute  Broncho- Pneumonia  SujKnening  upon  Chronic 
Bronchitiit. — Chronic  bronchitis  may  terminate  rather 
suddenlj'  b.y  the  supervention  of  an  acute  diffuse  bronchi- 
tis with  consecutive  pueiunonia.  There  is  reason  to  fear 
an  access  of  this  kind  if  a  jiatient,  who  has  suffered  from 
this  complaint  for  a  long  time,  begins  to  feel  chilly  and 
feverish.  A  development  of  fever  iu  a  comparatively 
non-febrile  complaint  like  this  is  always  of  serious  sig- 
nificance, as  it  is  in  the  bronchitis  of  children.  The  cough 
becomes  much  more  severe  and  exhausting,  and  the  im- 
plication of  the  smaller  bronchi  is  rendered  probable  by 
the  characteristic  appearance  in  tlie  sputa  of  long  threads 
of  mucus  hanging  down  from  the  larger  masses  as  they 
float  iu  tlie  more  liquid  portion.  These  mucus-strings 
are  derived  from  the  smaller  bronchi,  which  they  nearly 
occlude  until  expelled  by  great  effort,  and,  if  the  patient's 
strength  fails,  the  symptoms  rapidly  assume  a  grave  con- 
stitutional charactei-.  The  cough  "grows  more  and  more 
ineft'ectual,  the  fever  increases,  and  a  low  delirium  sets 
in,  with  much  subsultus  tendinum,  a  diy  tongue,  and 
often  free  sweating.  It  is  an  unfavorable  sign  when  the 
patient  no  longer"attempts  to  sit  up.  or  to  turn  on  his 
side,  or  when  the  cough  ceases.  Physical  exploration 
shows  the  ordinary  signs  of  broncho-pneumonia,  and 
w'hile  the  prognosis  is  always  serious,  it  is  worst  when 
among  the  antecedents  there  has  been  a  weak,  dilated 
heart,  emphysema,  bronchiectasis,  or  old  age. 

PATHOLO(iic.\r>  An.^tomy. — There  is  no  disease  the 
general  course  of  which  is  better  explained  by  its  morbid 
anatomv  than  chronic  bronchitis.  The  changes  that  are 
found  after  death  are  so  luauifestly  explanatory  of  the 
ante-mortem  history  that  both  the  symptoms  and  the  se- 
quela' of  chronic  bronchitis  are  best  "understood  by  keep- 
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ing  in  mind  the  organic  alterations  which  produce  them. 
After  chronic  bronchitis,  tliere  is  usually  found  consider- 
able discoloration  of  the  lining  mucous  membrane  of  the 
bronchi,  either  brownish  and  generally  diffused,  especial- 
ly if  the  case  has  been  complicated  b_y  cardiac  disorder, 
or  else  in  scattered  red  points,  which  increase  to  patches 
about  tlie  bifurcation  of  each  bronchus.  Of  greater  sig- 
nificancp.  however,  than  these  vascular  signs  is  the  hy- 
pertroph}'  of  the  mucous  membrane  itself,  which  shows 
also  a  very  irregular  surface  from  slill  greater  thickening 
of  the  subjacent  longitudinal  clastic  fibres  and  hypertro- 
phy of  the  muscular  coat.  Like  all  h_vpertrophied  un- 
striped  muscular  fibre,  the  muscles  are  frequently  found 
in  a  state  of  fatty  degeneration,  and  evidently  possess  but 
little  of  their  normal  contractile  power.  This  is  es]iecial- 
ly  the  case  in  the  sodden  tissues  found  in  bronchorrhoea. 
The  bronchi  themselves  appear  to  be  passively  dilated, 
and  on  section  of  the  lung  multitudes  of  the  tubules  are 
found  to  resemble  the  primary  divisions  in  calibre,  until 
further  examination  shows  that  they  spiing  from  smaller 
bronchi  than  themselves.  The  secretion  found  differs 
according  to  the  form  of  the  disease  in  life,  being  highly 
purulent  and  tenacious  in  the  so-called  dry  catarrh,  and 
filling  all  the  smaller  divisions  with  watery  mucus  in 
those  chaiacterized  by  more  flux.  It  is,  however,  as  we 
proceed  further  into  the  adjoining  tissues  that  the  most 
instructive  lesions  are  found.  Emphysema,  as  might  be 
expected,  is  always  present  to  a  lesser  or  greater  extent, 
sometimes  occupying  mainly  the  edges  of  the  lung,  at 
other  times  spreading  out  in  every  direction.  Interspersed 
with  bands  of  fibrous  tissue  whicli  strikingly  assimilate 
the  appearance  of  the  viscus  to  that  of  a  case  of  fibroid 
phthisis.  The  rec-ent  demonstration,  however,  of  the 
specific  nature  of  tuberculosis  and  its  dependence  upon  a 
parasitic  organism,  renders  it  as  incorrect  to  speak  of  a 
bronchitis  turning  into  phthisis  as  of  a  urethritis  chang- 
ing into  syphilis:  while,  of  course,  it  is  not  denied  that  a 
peribronchial  inflammation,  due  originally  to  a  chronic 
bronchitis,  may  afford  a  good  nidus  for  the  reception  and 
development  of  the  phthisical  virus.  The  common  ac- 
companiment of  fibroid  thickening  from  any  cause, 
namely,  the  development  of  bronchiectatic  cavities,  leads 
to  a  still  further  resemblance  to  phthisis,  and  one  which 
in  some  cases  makes  it  difficult  to  settle  the  diagnosis 
without  a  full  historj'  of  the  beginning  and  course  of  the 
disease. 

Besides  the  production  of  emphysema,  one  of  the  com- 
mon results  of  chronic  bronchitis  is  a  slow  imjilication  of 
the  surroimding  connective  tissue,  which,  as  we  have 
seen  in  capillary  bronchitis,  occurs  with  great  rapidity. 
Peribronchitis  is  distinguished  by  a  tendency  to  pass 
from  lobule  to  lobule  outward,  until  it  involves  the  pleu- 
ra and  produces  thickening  of  that  membrane.  This 
effect  has  been  ascribed  by  some  to  an  extension  of  the 
inflammatory  changes  along  the  nutrient  channels,  which 
belong  to  the  bronchial  arterial  system,  rather  than  to 
those  of  the  pulmonary  vessels.  One  result  is  a  great 
fettering  of  the  expansion  of  the  lungs  in  this  complaint, 
so  that  on  inspection  of  old  cases  we  often  find  the  lower 
ribs  contracted,  and  either  wholly  immovable  or  else  fall- 
ing in  with  each  inspiration,  the  only  well-marked  tho- 
racic movement  being  vertical,  and  carried  on  mainly 
by  the  neck  and  shoulder  muscles. 

The  results  of  such  changes  upon  the  circulation  now 
remain  to  be  brieflj'  considered.  It  is  inevitable  that  the 
right  ventiicle  should  sooner  or  later  become  enlarged  and 
dilated  by  the  prolonged  obstruction  caused  by  the  dis- 
ease in  the  pulmonary  circulation.  L'niversal  venous 
congestion,  therefore,  is  a  common  result  of  a  bronchitis 
which  has  lasted  long  enough  to  embarrass  the  outflow 
Into  the  lungs.  Brown  induration  of  the  liver,  with 
gastro-intestinal  derangement,  follows.  The  marasmus 
of  chronic  hepatic  disease  shows  itself  over  the  body  in 
the  dry,  thickened,  and  wrinkled  skin,  in  general  arte- 
rial rigidity  and  muscular  atrophy,  and  in  a  tendency  to 
inter.stitial  mcrease  of  connective  tissue  throughout  all  the 
organs.  Hence  old  bronehitic  cases,  instead  of  resem- 
bling the  soft,  white,  emaciated  forms  of  the  phthisical. 


much  oftener  look  like  the  withered  and  dusky  sufferers 
from  cirrhosis  of  the  liver.  The  portal  congestion  in- 
duced by  the  hepatic  obstruction  produces  gastric  catarrh, 
constipation,  and  hemorrhoids,  and  later  the  kidneys  par- 
take in  the  venous  stasis,  so  that  the  urine  becomes  "scanty 
and  high-colored.  As  the  return  current  of  blood  be- 
comes more  and  more  impeded,  ascending  cedeina  from 
the  feet  develojis  on  to  general  anasarca,  in  the  usual 
fashion  characteristic  of  cardiac  dropsies. 

Etiolofii/. — The  causation  of  chronic  bronchitis  is  de- 
pendent, in  the  majority  of  cases,  upon  recurrent  acute  at- 
tacks, as  just  described.  The  original  proclivity  to  such 
attacks,  however,  undoubtedly  varies  in  nature  "in  differ- 
ent cases.  Some  persons  seem  to  have  a  hereditary  dia- 
thetic tendency  to  bronchial  catarrh,  beginning  generally 
with  a  chronic" sensitiveness  of  the  pharynx.  These  cases 
are  characterized  by  imperfect  circulation  of  the  feet. 
There  are  a  number  of  individuals,  however,  who  are 
prone  to  chronic  hyperemia  of  all  mucous  membranes, 
which  shows  itself  in  swollen  and  reddened  eyelids,  and 
in  chronic  nasal,  pharyngeal,  or  aural  inflammations;  they 
also  have  disoiders  of  the  abdominal  viscera,  accompanied 
by  sediments  in  the  urine,  etc.,  allof  which  ailmentsseem 
connected  with  some  irritant  in  the  blood  from  malassim- 
iiation:  and  when  persons  of  this  class  contract  a  bron- 
chitis they  seem  never  to  get  rid  of  it.  That  the  gouty 
diathesis  disposes  to  chrouic  bronchitis  is  well  known, 
but  so  also  do  all  sclerosing  disorders,  such  as  chronic 
alcoholism,  with  or  without  cirrhotic  changes  in  liver  or 
kidneys,  and  particularly  when  arterial  degeneration  is 
added.  Lastly,  mitral  valvular  disease  leads  to  bronchial 
stasis  and  flux,  the  more  so  on  account  of  the  peculiarity 
of  the  bronchial  arteiies  which  communicate  freely  not 
only  with  the  general  systemic  veins,  Init  also  with  the 
pulmonary  veins — vessels,  therefore,  which  lie  in  the  di- 
rect track  of  a  mitral  obstruction. 

Diagnosis. — The  diagnosis  of  chronic  bronchitis  is  diffi- 
cult only  when  the  discrimination  has  to  be  made  be- 
tween it  and  fibroid  phthisis  or  chronic  pleurisy.  The 
points  in  which  it  differs  from  phthisis  have  already  been 
reviewed.  Fibroid  changes  in  the  hmg.  howeyer  consec- 
utive to  chronic  pleuritic  adhesions,  are  very  analogous 
to  those  in  many  cases  of  chronic  bronchitis;  but  the  ini- 
tial history  of  the  former  is  very  different,  as  it  begins 
with  pleuritic  jiaius  and  contiuues  frequently  to  repeat 
this  symptom  to  the  last.  Similar  pains  also  characterize 
the  course  of  fibroid  ]ihthisis  to  a  much  greater  degree 
than  they  do  bronchitis.  Physical  exploration  of  the 
chest  is  not  very  satisfactory  in  chronic  bronchitis,  from 
the  too  great  number  of  signs.  Aside  from  a  few  cases 
with  pleuritic  adhesions,  the  sounds  obtained  by  percus- 
sion aie  usually  not  uuich  altered  from  the  normal  except 
in  the  direction  of  increased  resonance.  Auscultation, 
however,  meets  with  nearly  every  sound  which  can  be 
generated  in  the  chest.  "When  we  reflect  that  in  a  well- 
marked  old  case  we  may  lia\e  a  nuich  greater  than  the 
usual  number  of  large  tubes,  filled  in  varying  degree  with 
various  kinds  of  secretions,  in  close  proximity  to  asth- 
matically  narrowed  bronchi,  and  these  again  near  cavities 
as  large  as  ordinary  vomica>.  surrounded  by  filiroid  bands, 
emphj'sematous  lobules,  and  lastly,  pleuritic  thickenings, 
we  should  not  be  surprised  if  we  meet  simultaneously 
noises  belonging  to  each  of  these  conditions,  interspersed 
with  certain  areas  in  which  we  would  find  diminution  or 
absence  of  all  sound,  whether  normal  or  adventitious. 
This  is  the  case  to  such  an  extent  that  a  differential  diag- 
nosis, based  upon  ph3sical  signs  alone,  is  not  to  be 
trusted. 

Treatment. — One  of  the  first  indications  in  the  treat- 
ment of  any  chronic  discharge  from  a  mucous  membrane 
is  to  disinfect  it.  for  experience  proves  that  in  so  doing 
we  remove  a  leading  cause  of  the  inveteracy  of  the  com- 
plaint, viz.,  local  irritation  of  the  membrane  by  its  own 
perverted  secretion  It  has  been  pithily  said  that  it  is  no 
business  of  a  mucous  membrane  to  secrete  mucus,  but 
rather  only  an  aqueous,  slightly  Siiline  fluid,  with  but  a 
trace  of  mucus  to  diffuse  it  equally  over  the  surface.  The 
presence  of  a  layer  of  mucus,  therefore,  is  a  sure  sign  of 
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something  wrong,  and  we  may  add  that  the  longer  that 
layer  is  aTlowed  to  remain,  the" more  it  acts  as  an  irritant 
In"  its  fermentative  operation  upon  the  subjacent  mem- 
brane, lu  practice,  there  can  be  no  doubt  that  the  sooner 
mucus  is  removed,  the  sooner  will  an  infiaraed  membrane 
recover,  as  we  see  illustrated  by  washing  the  bladder  in 
cystitis.  But  washing  is  only  a  mode  of  disinfectiiui,  and 
hence  illustrates  the  same  general  principle.  In  the  ali- 
mentary canal,  the  natural  gastrointestinal  secretions  are 
eacli  strongly  antiseptic,  and  tlierefore  the  presence  of  a 
gastric  or  of  an  intestinal  catairh  is  evidence  of  the  ab- 
sence of  those  preservative,  as  well  as  digestive,  juices. 
The  best  remedy  for  catarrhs  of  that  mucous  membrane, 
therefore,  is  the  restoration  of  those  secretions.  On  the 
other  hand,  where  those  secretions  cannot  reach,  as  in 
chronic  dysentery,  I  have  repeatedly  succeeded  in  ar- 
resting, without  any  internal  medication,  the  muco 
purulent  discharge  from  old  rectal  ulcers  simply  by 
ordering  the  rectum  to  be  thoroughly  washed  out  after 
each  passage  by  an  enema  of  hot  water,  made  disinfect- 
ant by  the  addition  of  twenty  drops  of  the  oil  of  pepper- 
mint. 

I  refer  thus  generally  to  the  suljject  only  to  emphasize 
the  more  that  prime  indication  in  managing  so  intract- 
able a  disorder  as  chronic  bronchitis,  for  ue.xt  to  the  lesser 
exposure  of  the  skin  to  chill,  it  is  plain  that  the  mitiga- 
tion of  a  bronchitis  during  the  sununer  season  is  owing 
to  the  fact  that  the  patients  are  at  that  time  able  to  inhale 
the  open  air  so  much  more  continuously  than  when  they 
are  jealously  housed  in  winter.  The  open  air  is  "  bland," 
not  because  it  contains  some  soothing  ingredient  charac- 
teristic of  a  given  locality,  but  simply  because  the  oxygen 
which  it  contains  is  the  natural  disinfectant  for  the  respi- 
ratory passages.  The  best,  indeed  the  only  cui-atiir  pre- 
scription for  a  settled  case  of  chronic  bronchitis,  is  a  place 
where  the  patient  ma)'  spend  two  or  more  years  in  con- 
tinuous outdoor  life,  preferably  in  a  tent,  and  sleeping 
in  a  hammock,  because  all  catarrh  will  cease  when  the  air 
tubes  have  become  thoroughly  disinfected.  The  choice 
of  climate,  therefore,  is  not  to  be  regulated  by  its  heat  or 
its  moisture,  or  the  reverse,  but  rather  by  the  number  of 
days  in  which  it  is  comfortable  to  remain  outdoors  with 
out  exposure  to  chill. 

Another  prime  indication  subserved  by  open-air  life  is 
the  toning  up  of  the  weakened  bronchial  muscles  and  of 
the  heart.  Throughout  the  whole  animal  kingdom,  the 
muscular  power  is  directly  proportioned  to  the  activity 
of  the  respiration,  that  is.  to  the  amount  of  oxygen  taken 
into  the  system  It  is  the  wonderful  breathing  capacity 
of  insects  which  explains  their  wonderf id  muscidar  en- 
ergy, and  so  soon  as  muscular  tissue  begins  to  weaken, 
or  is  prone  to  fatty  degeneration,  the  greater  is  the  need 
to  afl'ord  it  the  freest  supply  of  oxygen  This  principle, 
therefore,  illustrates  the  clinical  fact  that  one  of  the  most 
efficacious  remedies  in  chronic  bronchitis,  and  especially 
in  the  bronchorrlKca  of  the  aged  who  have  enfeebled 
hearts,  is  iron.  As  the  only  role  of  iron  in  the  system  is 
to  carry  oxygen,  so  I  have  been  accustomed  to  prescribe 
the  tincture  of  the  cidoride  of  iron,  with  excess  of  hydro- 
chloric acid,  in  every  case  of  lieart  disease  and  of  chronic 
bronchitis,  as  a  propliylactic  against  dilatation  or  muscle 
failure,  with  the  result  of  greatly  diminishing  the  expec 
toration  in  the  bronchial  trouble  and  enabling  the  pa- 
tients to  sleep  much  more  continuously  at  night.  In  dis- 
tinction from  its  effects  in  phthisis,  iron  is  alwa.ys  well 
borne  in  cnronic  bronchitis,  partly,  no  doubt,  from  the 
more  febiile  character  of  the  former  disease.  As  adju 
vants  to  iron,  we  may  recommend  tlie  ethers,  such  as  the 
compound  spirit  of  ether,  the  spirit  of  nitrous  ether,  dulc, 
and,  in  cases  in  which  there  is  cardiac  complication,  dig 
italis. 

A  certain  class  of  remedies  maj-  also  be  chosen  for  their 
antiseptic  powers,  such  as  the  balsams  and  terebinthinates 
hke  copaiba,  buchu,  tolu,  etc.  The  objection  to  them, 
however,  is  that  they  are  apt  to  disorder  the  stomach, 
and  hence  can  be  employed  advantageously  only  now 
.and  then,  especially  en  some  exacerbation  of  the  chronic 
disease  w  ith  pain  and  increased  coughing  Carbolic  acid 
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itself,  made  up  into  pills  and  taken  in  doses  of  about 
twelve  grains  a  da)',  is  more  effective  and  better  borne. 
A  drink  composed  of  twelve  grains  of  carbolic  acid,  half 
an  ounce  of  glycerin,  and  half  an  ounce  of  paregoric  in  a 
pint  of  water,  to  be  taken  through  the  day,  is  a  frequent 
prescription  when  the  cough  is  severe  and"  the  expectora- 
tion at  all  offensive.  One  of  the  best  remedies  of  this 
class  is  the  carbonate  of  creosote  or  creosotal,  on  account 
of  its  agreeing  so  well  with  the  stomach,  as  it  often  im- 
proves the  appetite  and  digestion.  An  emulsion  of  it  can 
be  made  readily  with  a  small  quantity  of  glycerin  so  that 
a  tablespoonful  will  contain  twenty  grains  of  creosotal, 
the  ordinary  dose,  to  be  taken  three  or  four  times  a  day. 
On  the  same  iiriuci]ile  we  would  recommend  the  daily 
use  of  inhalations  of  carbolized  sieam,  described  in  the 
article  on  Ait/iuiii.  The  use  of  quinine,  also,  as  an  anti- 
septic, in  moderate  daily  dose,  however,  is  to  be  recom- 
mended on  general  principles,  particularly  when  there  is 
free  secretion  of  pus.  The  nitric  acid,  in  combination 
with  the  i<idide  of  potassium,  is  sometimes  of  great 
service  in  profuse  expectoration,  especially  when  there 
is  reason  to  diagnose  the  presence  of  sacculated  bron- 
chial cavities  In  some  of  these  cases  the  oxide  of 
zinc,  with  belladonna,  has  seemed  to  diminish  secretion, 
as  it  does  in  phthisical  cavities  with  profuse  expecto- 
ration. 

In  tliose  cases  in  which  the  expectoration  is  very  vis- 
cid, and  the  cough  correspondingly  severe,  I  have  found 
no  remedy  equal  to  the  enuilsion  of  linseed  oil,  already 
referred  to.  It  soon  renders  the  sputa  less  tenacious.  an"d 
similarly  lessens  the  violent  coughing,  while  it  seems  to 
promote  a  restoration  to  a  more  healthy  circulation  by 
lessening  the  congestive  tumefaction  through  the  specitic 
action  of  oils  on  such  conditions  in  nuicous  membranes. 
The  aid  of  chloral  and  morphine  is  also  valuable  liere  in 
checking  the  irritability  of  the  bronchial  nerves.  In  this 
class  of  cases  a  good  deal  of  benefit  may  be  derived  from 
a  prolonged  course  of  mineral  waters;  those  containing 
the  largest  proportion  of  common  salt  are  to  be  preferred. 
Such  a  course  is  also  to  be  reconuiiended  in  those  cases, 
above  described,  of  lithannic  or  of  gouty  tendencies,  and 
in  the  bronchitis  of  chronic  alcoholism.  If  there  be  much 
asthmatic  wheezing,  the  administration  of  iodide  of  po- 
tassium with  belladonna,  and  occasionally  a  course  of  ar- 
senic, will  prove  of  service.  In  all  cases  of  difficult  ex- 
pectoration, it  is  well  to  remember  the  help  which  may 
be  obtained  from  .sipping  hot  drinks  A  cup  of  hot  coffee 
taken  thus,  before  rising  in  the  morning,  may  enable  a 
patient  to  rid  himself  of  an  accumulation  of  mucus  which 
otherwise  would  be  voided  only  b)'  repeated  and  exhaust- 
ing efforts. 

The  importance  of  protecting  the  skin  of  persons 
affected  with  bronchitis,  in  such  a  climate  as  ours,  cannot 
be  overrated.  They  should  be  dressed  in  buckskin  un- 
derwear from  head  to  foot  throughout  the  whole  autumn, 
winter,  and  siuing  months.  The  suit  shoidd  be  worn 
over  a  light  llannel,  which  may  be  changed  to  thicker 
material  in  midwinter.  Ail  chest  protectors  .should  be 
discarded  because  they  are  altogether  inadequate  for  a 
condition  in  which  a  chill  to  any  jiart  of  the  surface,  and 
especially  to  the  feet  is  quite  enough  to  set  up  a  fresh 
access  of  inflammation  When  such  exacerbations  occur, 
one  of  the  best  measures  is  to  resort  to  free  diaphoresis 
by  the  hot-water  and  blanket  pack.  The  patient  should 
g"o  to  bed  and  undergo  this  thorcuighly.  three  or  more 
times  a  day,  and  by  so  doing  he  may  effectually  cut  short 
a  severe  visitation  "of  his  enemy  During  tlie  sununer,  it 
is  very  desirable  that  the  patient  take  daily  cold  salt- 
water" sponge  baths,  followed  by  active  friction.  This 
measure  certainly  lessens  tlie  tendency  to  catching  cold, 
and  the  same  may  be  said  of  the  use  of  oil  inunctions  for 
the  whole  body,"  to  be  practised  every  morning  in  the 
winter,  with  tlie  precaution  of  exposing  the  body  only 
in  a  warm  room. 

The  treatment  of  acute  diffuse  bronchitis,  supervening 
upcm  the  chronic  form  of  the  disease,  belongs  more  prop- 
erly to  the  subject  of  broncho-pneumonia. 

Williant  II.  Thoinmn. 
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BROOM.  SCOPARIUS.— J5/w;/i-to;)«.  "Tlie  tops  of 
Cytixiift  Snipariux  (L.)  Liuk.  (fam.  Leginmnos(e)"  (U.S. 
P.).  This  is  a  densel}'  growing,  erect,  yellow-flowered 
shrub  of  Europe  and  adjacent  Asia,  two  to  live  feet  high, 
its  branches  terminating  in  thick  masses  of  long,  exceed- 
ingly slender  twigs,  which  are  used  like  brooms,  whence 
the  popular  name.  These  twigs  constitute  the  drug  of 
commerce.  They  are  two  to  three  feet  long,  one  eighth 
to  one-fourth  inch  thick,  sharply  fire-angled,  of  a  ver^' 
dark  green,  and  exhaling  a  peculiar  odor  when  bruised. 
This  odor  largely  disappears  with  time,  when  the  drug 
becomes  inferior.  The  leaves,  which  are  rarely  present, 
are  sub  sessile,  trifoliolate  or  reduced  to  one  leaflet,  the 
latter  oblong  or  oval  or  obovate,  somewhat  hairj'.  Yel- 
low papilionaceous  flowers  are  often  present,  and  perhaps 
some  flat  pods,  looking  like  undeveloped  pea  pods. 

Composition. — Broom  contains  tannin,  fixed  and  vola- 
tile oil,  wax,  and  the  two  peculiar  bodies  scoparin  and 
sparteine.  The  volatile  oil  slightly  assists  the  diuretic 
action  of  the  scoparin.  The  latter  is  an  amaroid 
(CoiH.joO,o),  amorphous  or  in  yellowish  crystals,  soluble 
in  alcohol  or  hot  water,  and  diuretic  by  directly  stimulat- 
ing tlie  renal  secretion.  It  is  occasionally  given  in  doses 
of  0.5  to  1.0  gm.  (gr.  vii.-xv.),  but  is  a  very  expensive 
remedy.  Sparteine  (CisH^cNs)  is  a  yellow,  syrup-like, 
aromatic,  volatile  alkaloid,  soluble  in  alcohol  and  water, 
and  yielding  crystalline  salts.  It  is  a  powerful  poison. 
It  has  a  primary  circulatory  stimulant  action,  contract- 
iug  the  arterioles  and  increasing  blood  pressure,  thus  as- 
sisting the  diuretic  action  of  the  scopaiin  and  volatile 
oil.  The  secoudarj'  action,  which  is  very  prompt,  is  to 
weaken  the  heart  muscle  and  partly  or  whoUj'  to  over- 
come the  vase  motor  contraction.  The  drug  is  thus  a 
cardiac  sedative  and  in  over-doses  a  paralyzing  cardiac 
poison.  It  is  also  sedative  to  other  muscles,  and  may  act 
as  a  mild  anodj-ne.  It  was  originally  used  as  a  cardiac 
stimulant,  l)ut  was  found  disappointing,  and  is  now  little 
used,  mostlv  in  the  form  of  the  ofticial  sulphate,  in  doses 
of  0.01  to  0"02  gm.  (gr.  \  to  i). 

Broom  is  very  considerably  employed  as  a  diuretic. 
The  fluid  extract  is  official  and  is  given  in  doses  of  1  to 
4  c.c.  (i  to  1  fl.  dr.).  The  five-percent,  infusion  is  a 
better  form  of  preparation,  in  doses  of  one-half  to  one 
ounce  Henry  H.  Rusby. 

BROWNSVILLE,  Texas,  a  town  of  6,130  inhabitants, 
is  situated  on  the  north  bank  of  the  Rio  Grande  River, 
opposite  JIatamoras.  in  the  extreme  southeastern  corner 
of  the  State.  It  is  a  port  of  eutiy,  and  hasa  warm,  moist 
climate  It  is  not  a  health  resort,  and  is  mentioned  here 
simply  to  indicate  the  climatic  conditions  which  exist  in 
this  section  of  the  country. 

Climate  of  Brownsville,  Texas,  Latitude,  2.5°  53':  LoxGi- 
TCDE,  97°  2i'i'.  Period  of  Observation.  Seven  and  One-Half 
Years.  Elevation  of  Place  of  Observation  Above  Sea 
Level,  Twexty-Eioht  Feet. 


Data. 

Tempi-rauire  (Fahrenheit  scale)— 

Avt-raffH  mt^an .».  — 

AviTai^t'  ninjre 

Mt'Mii  I'f  warmest 

Meall.if  nikiest 

Hijrliest  or  maximum 

Lowest  or  minimum 

Humidity  - 
Average  relative  (per  cent.) 

Precipitation— 
Average  iu  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  In  miles 

Weather- 
Average  numtier  clear  days 

Average  number  fair  days 

Average  number  fair  and  clear  days 


January. 

July. 

59.5° 

84.4° 

17.3° 

15.2° 

66.9° 

93° 

49.7° 

76.8° 

83° 

98° 

18° 

68° 

79.6 

71.9 

2,10 

2.63 

N. 

S.E. 

7 

6.9 

8.1 

13.3 

8.1 

14.2 

16.2 

37.5 

73.1° 


76.3 

32.03 

S.E. 
6.9 

116.3 
148.9 
265.2 


Note.— If  the  above  chart  is  not  self-explanatory  to  the  reader,  he 
Is  referred  to  the  article  upon  Baltimoi-e.  where  in  a  similar  table 
some  of  the  terms  are  commented  upon. 

Edward  0    Otis. 


BROWN'S  WELLS.— Copiah  County,  Mississippi. 

I'osT  (jFKic  E. — Brown's  Wells.     Hotel  and  cottages. 

Access. — Via  Illinois  Central  Railroad  to  Hazelhurst, 
thence  five  miles  by  stage  line  to  springs. 

Brown's  Wells  are  situated  near  the  central  part  of 
Mississippi,  40  miles  south  of  Jackson  and  150  miles  north- 
east of  New  Orleans.  The  location  is  among  the  pine 
hills  of  Mississippi,  though  hickory,  oak,  and  other 
growths  abound.  The  climate  here  is  verj'  salubrious, 
and  extremes  of  either  heat  or  cold  are  seldom  observed. 
The  temperature  rarely  falls  lower  than  20'  P.  in  the 
winter  or  rises  above  98°  F.  in  the  summer.  The  eleva- 
tion above  the  sea  level  is  quite  considerable.  The  resort 
is  open  for  the  reception  of  visitors  all  the  year.  Four 
springs  are  found  in  the  neighborhood,  but  only  two  have 
been  analyzed.  Examination  of  Spring  No.  1  was  made 
by  Prof.  John  R.  Chilton,  of  New  York,  with  the  follow- 
ing result- 

Spring  No.  1, 

One  United  States  Gallon  Contains  : 

Solids.  Grains. 

Sodium  sulphate 17.76 

Magiiesium  sulphate 45 

Calcium  sulphate W.fiO 

Aluminum  sulphate 8.11 

Iron  protosulphate 36.S3  (?) 

Calcium  chloride lt).44 

Organic  matter 93 

Free  sulphuric  acid 40.88  (?) 

Total 263.23 

This  analysis  shows  a  very  potent  mineral  water.  It  is 
probable,  however,  that  the  chemist's  report  has  been 
misread  in  some  of  the  findings,  and  a  new  analysis  is 
consequently  desirable.  According  to  a  quantitative 
analysis  by  State  Geologist  George  Little,  Spring  No.  2 
contains 


Calcium  carbonate. 
Magnesium  carbonate. 
Sodium  carbonate. 
Iron  sulphate. 


.Alumina. 
Organic  matter. 
Carbonic  acid  gas. 
Sulphureted  hydrogen  gas. 


The  proprietor  of  the  springs,  Mr.  31.  L.  Morehead, 
presents  many  testimonials  from  well-known  physicians 
certifying  to  the  value  of  the  waters.  They  are  said  to 
be  very  useful  in  rheumatic  and  gouty  disorders,  in  ob- 
stinate disturbances  of  the  alimentary  tract,  in  functional 
liver  complaints,  in  dropsiciil  affections  due  to  nephritis, 
and  in  anaemia  and  allied  disorders.      Jaines  K.  Crook. 

BRYONY.  BRYONIA.— "The  root  of  S;;y«;,i-,M/tt-(  L. 
and  lirynui  dicica  L.  (fam.  Ciicurbitacece)"  (U.S.  P.). 
Thers  are  eight  species  of  Bryonia,  natives  of  the  Medi- 
terranean region.  The  B.  divica  grows  as  far  north  as 
England,  'f  hey  are  tendril-bearing,  cucumber-like  vines, 
witli  very  large,  starchy  roots,  growing  mostly  in  sandy 
si«l.  Their  bitter  and  active  constituents  are  doubtless 
for  the  protection  of  their  nutritious  roots  against  forag- 
ing animals. 

The  roots  are  sliced,  mostly  transversely,  to  facilitate 
drying.  These  conuuercial  slices  are  white  discs  (becom- 
ing gray  with  age),  from  one  to  four  inches  in  diameter 
and  one-fourth  to  nearlj-  one-half  inch  iu  thickness. 
They  are  not  appreciably  thinner  at  the  centre,  though 
the  bark  is  sUghtly  broader  than  the  fleshy  portion. 
There  are  several  concentric  circles  of  short  wood  bun- 
dles. The  surface  is  granular  aud  slightly  harsh  to  the 
touch.  The  fracture  is  short  and  sharp.  There  is  a 
characteristic,  though  faint  odor,  and  a  powerful  and 
disagreeable  bitter  taste.     It  is  not  adulterated 

Composition. — With  much  starch  and  gum,  and  some 
sugar,  the  active  constituents  are  the  two  bitter  gluco- 
sides  bryonin  and  hryonidin. 

Action  and  Usea. — Bryony  is  a  hydragogue  cathartic, 
practically  identical  with  coloeynth  and  elaterium.  Like 
these,  also,  it  is  a  stimulating  or  irritating  diuretic,  and 
thus  emiuenagogue,  for  which  latter  purpose  it  has 
been  much  employed.     It  is  poisonous  in  overdoses.     A 
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ten  percent,  tincture  is  official,  the  dose  being  8  to  15  c.c. 
(2  to  4  fi.  drs.).  The  extract,  dose  0.3  to  0.4  gm.  (gr. 
iii.-vi.),  is  a  preferable  form  of  administration 

H  H  Rushy- 

BUBO  (from  jiov,3uv,  the  groin;  Ger  ,  Leutcnlxide ; 
Fr.,  hiihiiii).  a  term  originally  used  b_v  medical  writers  of 
antiquity  to  designate  glandular  tumors  of  the  groin, 
was  applied  by  authors  of  the  period  of  the  Reformation 
to  glandular  inflammations  of  every  part  of  the  bod.v  irre- 
spective of  their  nature.  ^Modern  writers  have  again 
reserved  the  term  for  inflammatory  attections  of  the  lym- 
phatic glands  of  the  groin  While  buboes  are  alluded  to 
in  the  earliest  medical  treatises  of  which  we  have  any 
knowledge,  and  the  pathogenetic  importance  of  the  geni- 
talia in  their  causation  was  apijarently  familiar  e\en  to 
Hippocrates,  the  distinctive  t\-pes  of  the  affection  which 
are  now  generally  recognized  were,  of  course,  unknown 
until  long  after  the  general  outbreak  of  syphilis,  which 
appeared  at  the  close  of  the  fifteenth  century.  Then, 
besides  the  adenitis,  which  suppurates  and  often  leaves 
an  ideer,  there  presented  itself  a  bubo  which  from  its  in- 
ception is  indolent,  unattended  by  ])ain,  and  rarely  the 
seat  of  sup]iurative  change.  Gaspard  Torella.  Fallopius, 
Nieolaus  JIassa,  Paracelsus,  and  other  writers  of  that 
memorable  epoch  in  the  history  of  venereal  diseases  speed- 
ily recognized  and  described  with  sufficient  accuracy  this 
earliest  systemic  manifestatiou  of  syphilis.  Nevertheless, 
the  nature  of  buboes  was  so  little  comprehended  that 
they  w^ere  regarded  as  sympathetic  in  character,  or  as 
unsuccessful  endeavors  of  nature  to  cheek  through  them 
the  invasion  of  the  system  by  the  disease  That  the  ma- 
jority of  buboes  result  from  the  deposit  in  the  lymphatic 
glands  of  a  poison  conveyed  to  them  from  a  distance 
could  not  have  been  known  prior  to  the  discovery  in  10.51, 
by  Oliius  Rudlieck,  of  lymphatic  vessels  situated  in  differ- 
ent jiarts  of  the  Ijody  and  possessing  a  function  of  absorp- 
tion like  that  of  the  lacteals  previously  described  by  A.sseli. 
E\'eu  tlien  jireeise  knowledge  of  the  subject  was  slowly 
developed,  and  it  remained  for  the  observations  of  Hunter, 
Swediaur,  Benjamin  Bell,  and  Ricord  to  depict  the  clini- 
cal symptoms  and  finally  establish  the  etiological  relations 
of  tiie  different  varieties  of  the  disease  under  considera- 
tion. 

An.\tomical  and  P.athological  — The  subcutaneous 
cellular  tissue  of  the  groin  encloses,  together  with  the 
superficial  blood  and  lymphatic  vessels,  a  varying  num- 
ber (eight  to  twelve)  of  lymphatic  glands,  which  receive 
their  lymph  from  the  subumbilical  segment  of  the  ante- 
rior abdominal  wall,  from  th--  external  genitalia,  urethra, 
perineum,  vagina,  cervix  uteri,  anus,  and  inferior  ex- 
tremity The  .size  of  the  inguinal,  as  of  other  lymphatic 
glands,  in  their  normal  state  is  so  small  that  in  persons 
with  a  [laiiiikiilns  adiposus  of  ordinary  thickness  they 
cannot  be  felt  through  the  skin.  Oval  or  elongated  in 
form,  the  glands  of  the  groin  are  arranged  in  t-wo  quite 
distinct  groups,  the  larger  of  which  follows  the  course  of 
Poupart's  ligament,  while  the  smaller  forms  part  of  the 
cribriform  fascia  covering  the  saphenous  opening.  The 
individual  glands  of  these  groups,  when  naturally  large 
or  enlarged  from  disease,  present  distinctive  directions. 
Those  which  overlie  the  ligament  have  their  axes  parallel 
to  the  inguinal  fold,  while  those  of  the  lower  group  have 
their  axes  parallel  to  that  of  the  lower  extremity  This 
factor  is  of  considerable  importance,  in  tliat  it  often  gives 
a  clue  to  the  source  of  the  ganglionic  complication,  since 
the  l_vmph  from  the  external  genitalia  is  convej'ed  to  the 
upper,  while  that  from  the  lower  extremity  passes  to 
the  lower  chain.  It  must  not  be  forgotten,  however, 
that  these  groups  communicate  very  freely  with  each 
other  by  numerous  lymphatic  vessels,  in  which  the  circu- 
lation is  from  the  upper  to  the  lower  glands.  Indeed,  it 
is  through  the  glands  over  the  saphenous  orifice  and 
through  one  or  two  glands  (Rosenmiiller's)  deeply  seated 
underneath  the  fnnciii  InUi.  that  the  lymph  iruist  ])ass 
from  both  lower  extremity  and  genital  area  before  it  can 
'enter  the  general  lymph  receptacle  in  the  abdoiuen.  This 
anatomical  factor  will  account  for  the  not  very  infrequent 


occurrence  of  two  suppurating  glands  on  the  same  side 
of  the  body,  of  which  one  belongs  to  the  upper  and  the 
other  to  the  lower  chain,  the  inguinal  fold  lying  between 
them. 

Formed  of  a  capsule  embedded  in  the  iieriglaudular  adi- 
pose tissue,  containing  within  it  lymph  .sinuses  networks 
of  reticular  connective-tissue  and  lymph  cells,  the  lym- 
phatic gland,  when  the  seat  of  inflammatory  changes, 
presents  appearances  which  vary  greatly  with  the  degree 
of  the  inflammatory  process  and  the  nature  of  the  primary 
cause.  The  acute  adenitis  which  may  follow-  in  the  wake 
of  any  traumatic  or  specific  infection  of  the  skin  or  mu- 
cous membrane,  and  which  manifests  itself  clinically  by 
moderate  swelling  and  tenderness  of  the  affected  gland, 
is  associated  with  dilatation  of  its  blood  vessels  am!  pro- 
liferation of  the  lymph  corpuscles  contained  in  the  meshes 
of  the  reticular  network  or  stroma.'  ^Vhen  this  cellular 
infiltration  becomes  excessive  the  reticular  network  suffers 
from  compression  ;  it  becomes  rarefied .  the  capillaries  are 
obstructed  or  completely  torn.  When  dejirived  of  their 
nutrition  the  infiltrating  cell  masses  are  s]ieedily  con  verted 
into  pus  foci.  Through  the  confluence  of  these  the  gland 
capsule,  already  distended  from  the  ince]ition  of  the  proc- 
ess, becomes  an  irritant  to  the  surrounding  jiarts;  the 
subcutaneous  cellular  layer  and  the  skin  more  or  less  rap- 
idly particiinite  in  the  morbid  changes,  and  soon  the  sup- 
purating bubo,  having  attained  twenty  fold  the  .size  of 
the  normal  gland,  is  emptied  spontaneously  or  by  the 
knife  of  the  surgeon.  After  the  evacuation  of  the  pus 
the  abscess  cavity  speedily  contracts,  and  cicatrization 
ensues  with  svich  rapidity  at  times  that  the  wound  is 
closed  in  a  week  from  the  oiiening  of  the  bubo.  Not 
always  does  this  process  of  rejiair  follow  so  quickly  the 
elimination  of  the  pus.  The  behavior  of  the  periglandu- 
lar tissue  is  a  most  important  factor  in  the  events  tliat  are 
to  follow.  This  is  often  the  seat  of  more  extensive  in- 
flammation than  the  gland  itself  Minute  abscesses  form 
around  the  inflaiued  gland  from  obstruction  of  its  afferent 
vessels,  so  that  after  the  elimination  from  the  gland  itself 
this  remains  embedded  in  a  secondary  abscess  cavity 
formed  about  it.  Covered  by  granulations  it  ma}'  in 
time  appear  as  a  foreign  body  in  the  floor  of  an  ulcer,  or 
it  may  remain  for  months  covered  by  integument  yet  sur- 
rounded by  indolent  sinuses  Nor  is  the  pathological 
process  that  ends  in  suppuration  necessarily,  limited  to 
one  gland  alone.  The  infection  may  be  conveyed  from 
the  gland  originally  involved  to  (me  or  more  in  the  vicin- 
ity, until  a  number  of  them  are  bound  together  in  one 
large  inflammatory  nidus,  the  sujjpuration  of  wliich  usu- 
ally entails  the  destruction  of  a  considerable  extent  of 
skin.  To  a  large  extent,  the  termination  of  an  adenitis 
dejjends  tipon  the  nature  and  gravity  of  the  jirimaiy  dis- 
ease. If  the  irritation  in  the  lymph  radicles  of  the  affect- 
ed gland  is  mild  or  evanescent,  as  in  herpes  balanitis, 
erysipelas,  or  gonorrha?a,  the  consecutive  adenitis  rarely 
proceeds  to  suppuration.  Absorption  of  the  infiltrating 
cellular  elements  may  supervene  in  a  few  days  oi  even 
hours.  On  the  other  hand,  long  continuance  of  the  local 
irritation,  whatever  its  cliaracter.  will  at  times  completely 
change  the  results  of  the  glandular  inflammation  in  that 
the  cellular  infiltration,  being  insufficient  in  extent  to  in- 
duce suppuration,  yet  not  disappearing  by  absorption, 
leads  to  organization.  Here  it  is  not  thi;  exuded  lympli 
corpuscles  that  are  converted  into  a  durable  tissue,  but 
the  reticular  substance  which  forms  the  framework  of  the 
gland.  In  the  suppurating  adenitis  this  disajipears;  in 
subacute  adenitis  it  undergoes  a  reactive  hypertrophy. 
In  the  course  of  time  the  septa  of  the  gland  increase  so 
greatly  in  thickness  that  the  lymph  corpviscies  between 
tliem  are  seriously  encroached  upon  Hence  the  firm 
fibrous  appearance  of  the  section  of  a  lymphatic  gland 
that  has  been  the  seat  of  a  chronic  inflaiumatiou 

Etiology  and  Vakieties  — The  inguinal  glands  differ 
in  no  way  from  those  of  other  parts  of  the  body  and  the 
morbid  processes  to  which  they  are  subjected  can  be  du- 
plicated in  those  of  the  groin  Hence  a  priori  reasoning 
as  to  the  venereal  origin  (using  the  term  in  its  widest  sig- 
nificance) of  an  adenitis  here  situated  must  be  strenuously 
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deprecated.  Violent  exercise,  strains  while  lifting  or  while 
mounting  a  horse,  direct  trauma,  herpes,  furuncles,  eeze 
ma  genitalium.  and  scabies  ma}'  all  be  the  source  of  an 
inguinal  adenitis.  Some  time  ago  there  appeared  at 
my  clinic  a  lad  of  seven  jears,  with  two  suppurating 
glands,  the  one  above,  the  other  below  the  ligament. 
The  most  careful  inspection  of  genitalia  and  lower  ex- 
tremity failed  to  reveal  anything  abnormal.  The  cervi- 
cal glands  were  not  enlarged,  nor  were  there  traces  of 
tuberculosis  or  syphilis  discernible.  The  only  adducible 
cause  of  the  bubo  was  a  severe  fall  from  a  sand  bank, 
which  the  boy  had  sustained  one  week  before  aggravated 
symptoms  supervened.  Buboes  such  as  these,  which  in 
no  way  depend  upon  an  inoculable,  undiscoverable  jiri- 
mary  disease,  and  which  stanil  neither  immediatelv  nor 
remotely  in  connection  with  the  sexual  act.  I  have  been 
in  the  habit  of  designating  non-renereal  buboes. 

Each  of  the  three  typical  venereal  affections,  viz..  gon- 
orrhoea, the  chancroid,  and  the  initial  lesion  of  syphilis, 
mav  be  attended  by  complications  of  the  inguinal  glands, 
which  are  known  as  reiiem/l  buboes,  and  are  subdivided 
into,  1,  the  simple  or  inflammatory :  2.  the  virulent,  and 
3,  the  syphilitic  varieties.  Thev  are  produced  respectively 
(1)  by  the  irritation  of  a  gonorrhcra  and  chancroidal  or 
syphilitic  ulcer;  (2)  by  the  chancroid  solely,  and  (3)  by 
the  presence  of  the  initial  lesion  alone. 

1.  Buboes  are  rarely  produced  by  gonorrha?a.  While 
a  slight  tenderness  of  the  neighboring  glands  not  infre- 
quently attends  a  urethral  discharge,  it  is  very  exception- 
al to  witness  in  them  an  inflammation  that  ends  in  sup- 
pnration.  Ferry  states  that  in  the  United  States  Marine 
Hospital  Service  two  and  one-half  percent,  of  gonorrha-as 
are  followed  by  suppurating  buboes  (J'/iir.  Anier.  Med. 
Sc.,  112,  p.  .571).  In  three  hundred  and  twenty-seven 
cases  of  gonorrhoea  seen  by  Sigmund,  suppurating  buboes 
developed  in  nineteen.  Yet  buboes  of  considerable  size, 
with  extensive  destruction  of  tissue,  are  occasionally  en- 
coimtered  as  complications  of  gonorrhoea.  They  have 
been  met  mostly  in  very  yotmg  subjects,  in  persons  of 
tuberculous  habit,  or  in  sulijects  debilitated  b}'  a  previous 
attack  of  syphilis.  Again,  it  is  not  imusual  to  find  a 
chronic  hyperplasia  of  one  or  more  of  the  inguinal  glands 
after  lepeated  and  prolonged  urethral  discharges,  a  con- 
dition analogous  to  that  of  the  cervical  glands  in  persons 
prone  to  catarrhal  affections  of  the  throat.  The  term 
"sympathetic  bubo,"  formerly  applied  by  preference  to 
gland  complications  of  gonorrhoea,  is  graduallj-  being 
discarded.  Whether  Wu:  bubo  results  from  purulent  pre- 
putial catarrh,  gonorrha'a.  or  chancroid,  instances  are  not 
rare  in  which  tliere  can  be  detected  that  cord-like  swell- 
ing along  the  dorsum  of  the  penis  which  is  but  the  evi- 
dence of  a  lymphangitis  developed  by  direct  prfipagatiou 
of  the  disease  from  its  first  seat.  Still,  the  morbid  proc- 
ess in  the  lymphatic  vessels  does  not  usually  manifest  it- 
self by  perceptible  symptoms.  Like  i\\c  vu.'i  drferenn  in 
epididymitis,  the  lymphatic  vessel  conveys  the  irritant  to 
the  gland  without  being  often  scriou.sly  airected  by  it. 

2.  The  chancroid  is  by  far  the  most  coniinou  precursor 
of  the  bubo.  From  its  very  inception  to  the  period  of  its 
rejiair.  and  even  for  months  after  its  complete  closure, 
the  chancroid  may  be  the  cause  of  an  iufiamniatory  bubo. 
This  the  soft  sore  may  accomplish  in  its  dual  capacity  of 
harboring  the  ordinary  pus-formers  and  the  special  bacil- 
lus of  Ducrey  and  Unua.  Ricord  formulated  the  law 
that  when  the  chancroidal  virus  is  absorbed  into  a  lym- 
phatic gland  there  must  inevitably  be  a  suppurating 
bubo,  the  pus  from  which,  in  turn,  will  reproduce  a 
chancroid.  When  the  pus  from  a  bubo  of  chancroidal 
origin  is  not  inocidable.  it  is  presumed  that  the  fluid  ab- 
sorbed from  the  chancroid  did  not  possess  the  characteris- 
tic ciualities  of  chancroidal  virus.  This  is  the  distin- 
guishing feature  between  the  simple  and  virulent  buboes 
originating  in  chancroids.  Still,  it  is  difficult  to  com- 
prehend wh}-  a  large,  suppurating,  yet  non-virulent 
bubo  should  follow  from  the  irritation  of  so  small  an  area 
as  is  usually  covered  by  a  chancroid,  when  it  so  rarely 
follows  the  inflnitel}'  more  extensive  irritation  of  the 
urethra  from  gonorrhoea.     It  has  been  estimated  that  the 


proportion  of  simple  to  virulent  buboes  (following  chan- 
croids) is  nearly  equal;  it  being  149  simple  to  138  viru- 
lent.'- These  figures  are  far  from  conclusive,  since  every 
case  should  be  made  the  subject  of  most  careful  inoctda- 
tion  before  being  utilized  in  statistics.  The  relative  fre- 
quency of  buboes  in  general  as  a  complication  of  chan- 
croids has  been  more  aecuratelj-  determined.  Fournier* 
has  observed  207  chancroids  of  which  Co  were  compli- 
cated by  suppurating  buboes. 

In  146  cases  of  chancroid  observed  at  my  dispensjirj-  in 
the  Jledical  College  of  Ohio,  during  a  period  of  two 
years,  suppurating  buboes  were  recorded  in  40.  Thus  it 
appears  that  in  about  28  per  cent,  of  th<'  total  number 
of  chancroids  buboes  appear.  In  private  practice  the 
proportion  is  not  so  large,  since  with  proper  treatment 
of  the  primary  idcer  ganglionic  infection  can  generally 
be  averted.  It  is  a  remarkable  fact  that  in  women  bu- 
boes are  not  so  prone  to  develop  as  in  men.  owing  piob- 
ably  to  the  fact  that  the  latter  cannot  abstain  from  work 
for  a  trivial  si>ft  chancre.  The  size  of  the  original  sore 
does  not  appear  to  influence,  in  any  manner,  the  action 
of  the  inguinal  glands,  since  it  is  not  unusual  to  find  de- 
structive buboes  following  small  and  superficial  idcers, 
while  destructive  chancroids  remain  uncomplicated. 
The  retention  of  the  discharge  from  the  chancroid  is.  no 
doubt,  an  important  element  in  the  production  of  bu- 
boes, since  those  of  the  fra-num  and  those  associated  with 
phimosis  are  relatively  most  often  followed  by  them. 
With  few  exceptions  the  chancroidal  bubo  develops  in 
the  groin  of  the  same  side  occupied  by  the  first  sore. 
When  this  is  situated  in  the  median  line,  and  particularly 
when  it  involves  the  frjenum,  bilateral  buboes  are  apt  to 
supervene.  Only  in  very  exceptional  cases  is  the  irrita- 
tion or  virus  conveyed  across  the  median  line,  to  the 
glands  of  the  opposite  side,  through  the  anastomosis  of 
the  lymphatic  vessels.  Occasionally  a  bubo  will  form  in 
the  median  line  at  the  root  of  the  penis,  or  in  the  pubic 
region,  where  a  small  lymphatic  gland  is  often  found  at 
the  confluence  of  the  lymphatic  vessels  of  the  two  sides. 
Pubic  buboes  were  encountered  in  3  out  of  298  cases.'' 

The  [lus  from  chancroidal  buboes  is  ordinarily  sterile 
and  free  of  micro-organisms.  Inoculation  with  it  as  a  rule 
fails.  This  has  been  sho-wn  by  Strauss.  Spitscka.  and 
others.  The  most  extensive  investigations  relative  to 
this  question  have  recently  been  made  by  Deutsch.' 
He  examined  the  pus  from  66  bulioes.  Thirty-seven  oc- 
curred with  the  soft  sore.  29  with  the  hard  or  mixed 
ulcers.  Bacteriological  experiments  were  made  'with 
a  view  to  establish  auto-inoculability,  and  to  determine 
the  length  of  time  required  for  the  bubo  to  heal.  Of 
the  37  cases  occurring  with  the  chancroid,  inoculation 
upon  the  abdomen  with  the  pro<luction  of  a  typical 
chancroid  was  successful  in  only  3  cases.  In  these 
3  cases  the  pus  from  the  bubo  showed  the  Ducrey 
bacillus.  The  pus  from  chancroidal  buboes  could  be 
classified  under  three  categories;  («)  Sterile  pus;  (h) 
pus  containing  ordinary  pus  formers ;  (c)  pus  containing 
the  Ducrey  bacillus  with  or  without  the  admixture  of 
other  microbes.  In  the  29  cases  occurring  with  the 
hard  or  mixed  sore,  auto-inoculation  was  successful  in 
only  3  cases,  and  in  only  1  was  a  typical  hard  sore  pro- 
duced. It  may  safely  be  stated,  therefore,  that  in  the 
great  majority  of  cases  suppuration  in  buboes  is  the  re- 
sult of  toxic  absorption,  and  is  not  due  to  the  entrance  of 
micro-organisms  themselves  into  the  Ijraph  channels  and 
nodes. 

3.  Syphilis.  The  initial  lesion  of  syphilis  is  almost  in- 
variably followed  by  a  sclerosis  of  the  upper  chain  of  the 
inguinal  lymphatic  glands,  of  which  the  innermost  is  first 
involved  duiing  the  first  fortnight  after  the  primary  sore 
manifests  itself.  In  the  course  of  a  few  weeks  the  other 
glands  of  this  region  (Pleiades  gangllonnaires),  and  sub.se- 
queutly  the  glands  in  general,  become  affected.  Foumier 
failed  to  find  imluration  of  the  inguinal  lymphatics  5 
times  in  26.5  cases;  Berkeley  Hill  *•  3  times  in  176  cases; 
whereas  Bumstead  •  has  never  "  met  with  a  chancre  which 
was  not  attended  by  induration  of  the  neighboring  lym- 
phatic gangUa."     It  is  a  characteristic  of  the  syphilitic 
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bubo  that  it  involves  the  entire  chain  of  lymphatic  glands, 
and  that  its  progress  is  not  attended  by  acute  symptoms. 
Hence  this  form  of  bubo  is  often  termed  indolent.  In  its 
morbid  anatomy  nothing  of  an  inflammatory  nature  is 
apparent.  The  small-celled  intiltratiou  which  takes  place 
in  the  initial  lesion  of  syphilis  is  reproduced  in  the  ingui- 
nal glands.  Every  mesh  of  the  reticulum  is  fully  dis- 
tended by  cells.  The  induration  resulting  therefrom  con- 
tinues for  months,  and  even  for  years,  without  termi- 
nating in  inflammation  or  necrosis  of  the  gland.  As  in 
the  case  of  the  primary  induration,  after  continuing  for  a 
varying  length  of  time,  a  fatty  metamorphosis  of  the 
cells  ensues;  the  detritus  is  absorbed,  and  the  gland  re- 
turns to  it?  normal  condition  (Rindflei.sch).*  In  gallop- 
ing syphilis  and  in  that  of  l^'mphatic  subjects,  the  ingui- 
nal glands  at  times  undergo  extensive  suppui-ation. 
Even  then  it  will  be  found  that  the  immediate  cause  of 
the  inflammation  is  a  secondary  pus  infection  of  the  pri- 
mary ulcer,  with  the  develojiment  in  it  of  phagedena. 
This  suppuration  of  an  indolent  bubo,  therefore,  has 
neither  a  favorable  nor  a  contrary  influence  on  the  subse- 
quent course  of  the  syphilis.  While  the  suppurating 
adenitis  is,  as  a  rule,  a  sequel  of  the  soft  chancre,  its  pres- 
ence does  not  infallibly  demonstrate  the  non-infecting 
(chancroidal)  character  of  the  primary  sore. 

Biibon  d'Enihlee. — The  buboes  which  have  been  thus  far 
considered  are  ascribable  to  plainlj-  discernible  lesions  in 
the  area  of  origin  of  the  lymphatic  radicles  of  the  affected 
gland.  Therefore  they  are  secondary  in  character.  The 
question  has  for  a  long  time  been  discussed  whether, 
without  the  development  of  a  lesion  at  the  point  where 
the  virus  entered  the  body,  this  could  be  directly  absorbed 
and  conve3'ed  to  the  glands  and  produce  in  them  its  pecul- 
iar pathological  effects.  Authorities  of  great  weight 
(V'idal,  Reynaud,  Benjamin  Bell)  have  cited  numerous 
instances  in  which  such  absorption  without  local  reaction 
Is  supposed  to  have  taken  place.  To  designate  this  par- 
ticular fonn  of  ganglionic  disease  the  terms  "  jirimary 
bubo,"  "idiopathic  bubo,"  and  "bubon  d'emblee  "  have 
been  used  as  .synonyms.  It  has  already  been  observed 
that  primary  buboes  could  arise  from  direct  trauma,  ex- 
cessive exercise,  strumous  habit,  and  other  like  causes. 
Aside  from  these  etiological  factors,  it  is  at  present  deemed 
impossible  for  a  venereal  bubo  to  develop  without  pre- 
existing primary  trouble.  It  is  within  the  experience  of 
every  one  that  this  primary  affection  may  be  very  trivial 
in  extent  and  of  remarkably  short  duration,  therefore  es- 
caping the  attention  of  the  patient.  Here,  as  in  the  case 
of  the  minute  dissecting  wound  that  may  lead  to  suppu- 
rating lymphadenitis,  and  even  to  death,  the  original  le- 
sion, or  some  trace  of  it,  can  always  be  found.  Until  it 
can  be  demonstrated  that  chancroidal  pus  or  syphilitic 
virus  can  be  made  to  permeate  the  unbroken  skin,  there 
is  no  good  cause  for  believing  in  the  bubon  d'emblee.  It 
is  particularly  through  the  efforts  of  Ricord,  Langlebert, 
Fournier,  and  others  that  the  "  idiopathic  bubo,  "  for  so 
long  a  period  the  subject  of  most  ardent  polemics,  is  now 
generally  believed  to  have  no  actual  existence. 

Symptomatology. — Simple  Bubo. — The  appearance  of 
an  inguinal  bubo  is  ordinarily  announced  by  a  feeling  of 
discomfort  while  walking.  A  passing  sense  of  fulness 
causes  the  patient  to  examine  the  part,  when  he  tinds  one 
or  more  tender  glands  in  the  groin.  Palpation  at  this 
time  reveals  the  presence  of  a  resistant,  movable  swelling, 
tender  to  the  touch,  and  varying  in  size  from  a  bean  to  a 
cherry.  Within  a  few  days  the  symptoms  rapidly  in- 
crease in  severity.  The  tumefaction,  increasing  in  ex- 
tent, is  oblong  in  form  with  the  long  axis  parallel  to  the 
groin  when  a  gland  of  the  upper  chain  is  affected,  and 
parallel  to  the  axis  of  the  thigh  when  one  of  the  lower 
group  is  involved.  A  decided  elevation  of  the  skin  be- 
comes apparent  before  its  implication  in  the  process  oc- 
curs. Pain  is  usually  complained  of,  and  it  is  either 
sharp  and  spasmodic  in  character  or  dull  and  constant. 
Hence  follow  disturbed  sleep  and  impeded  progression. 
Witli  the  extension  of  the  inllammation  to  the  periglandu- 
lar tissue,  the  mobility  of  the  swelling  disappears,  the 
•tumor  loses  its  well-defined  outline,  the  skin  itself  be- 


comes adherent  and  the  seat  of  more  or  li?ss  redness. 
Even  when  sj'mptoms  so  pronounced  as  these  have  con- 
tinued for  a  week  or  riiore,  resolution  may  supervene  in 
the  course  of  two  or  three  days.  Such  a  fortunate  ter- 
mination is  more  likely  to  ensue  when  the  primary  alfec 
tion  was  a  gonorrhoea,  balano-posthitis,  or  herpes.  But 
in  undoubted  cases  of  chancroid  a  gradual  resolution  of 
the  acute  inflammation,  or  its  termination  in  a  chronic 
induration,  is  not  at  all  infrequently  observed.  These 
terminations  are  quite  as  likely  to  follow  in  the  buboes 
which  supervene  during  the  early  stages  of  the  chancroid 
as  in  those  that  attend  the  reparative  process  of  the  sore 
or  that  follow  its  cicatrization. 

When  the  inflammation  passes  to  the  suppurative  .stage 
the  indurated  mass  generally  presents  a  .softer  spot,  which 
is  as  often  situated  out  of,  as  in,  the  centre  of  the  swelling. 
With  the  increase  of  the  area  of  softening  the  skin  changes 
to  a  dusky  hue.  An  examination,  while  the  skin  is  si  ill 
intact,  reveals  distinct  fluctuation,  and  when  the  attenu- 
ated integument  is  indented  by  the  finger  the  indurated 
wall  of  the  abscess  can  ordinarily  be  distinguished.  It  is 
at  this  time,  from  ten  days  to  two  weeks  after  the  begin- 
ning of  the  bubo,  that  the  pus  is  usually  evacuated  by 
incision.  In  quantity  this  does  not  often  exceed  an  ounce. 
If  left  to  itself,  weeks  will  often  elapse  before  the  skin 
yields  to  the  ulcerative  process,  during  which  time  the 
abscess  increases  in  its  dimensions  iintil  it  contains  at 
times  from  foiu'  to  six  ounces  of  thick,  creamj-  pus. 
When  permitted  to  open  spontaneously,  the  abscess  usu- 
ally opens  at  one  point  only,  although  two  or  three  aper- 
tures are  often  formed.  This  feature  of  inguinal  suppu- 
rating buboes  requires  especial  mention.  When  the 
swelling  has  attained  the  size  of  a  Avalnut  or  small  peach, 
it  will  often  appear  to  be  subdivided  b,v  a  deep  furrow 
into  two  quite  distinct  growths,  of  which  the  smaller  is 
usually  situated  below  and  nearer  the  median  line. 
Whi'usuppuration  is  finally  established,  a  separate  open- 
ing will  lie  formed  or  made  neces.sary  for  each  division 
of  the  swelling,  irrespective  of  the  question  as  to  whether 
more  tlian  one  gland  is  involved.  Not  always  does  the 
suppurating  bubo  run  so  acute  a  course.  Instances  are 
not  at  all  infrequent  in  which  the  inflammatory  symp- 
toms develop  in  successive  stages  with  intervals  of  quies- 
cence. Such  buboes  often  require  several  months  before 
maturing,  and  for  these  cases  the  term  "subacute"  is 
occasionally  I'eserved.  The  pus  contained  in  them  is  usu- 
ally watery  in  character,  and  ordinarily  not  very  abun- 
dant. 

The  clinical  course  of  a  simple  bubo,  after  it  has  dis- 
charged, docs  not  differ  materially  from  that  of  an  abscess 
from  other  causes.  In  about  thirty  per  cent,  of  all  cases, 
and  particularly  in  those  in  which  an  early  incision  was 
made,  the  walls  of  the  abscess  become  agglutinated,  and 
suppuration  rapidly  ceases.  Generally,  however,  the 
discharge  continues  for  from  one  week  to  many  mouths 
before  the  abscess  cavity  is  obliterated.  Chronicity  of  dis- 
charge characterizes  particularly  those  abscesses  in  which 
more  openings  than  one  have  formed,  and  in  which  si 
nuses  lined  with  ex\iberaut  granulations  undermine  the 
skin.  In  many  of  these  cases,  the  force  of  the  inflamma 
tion  having  been  spent  on  the  periglandular  tissue,  these 
sinuses  lead  down  to  one  or  more  glands.  When  the  in- 
tegument covering  the  sinuses  finally  yields  to  the  sup- 
purative process,  or  is  divided  by  the  knife,  the  gland 
covered  by  granulations  will  appear  in  the  floor  of  the 
ulcer  or  in  the  wound  thus  produced. 

Virulent  Bubo. — With  the  conveyance  of  the  ptoma'ins 
or  of  the  specific  microbes  from  the  chancroid  to  the  lym 
phatic  gland,  suppuration  in  the  latter  is  inevitable. 
The  bubo  of  absorption.  Avhich  results  from  this,  in  its 
inception  presents  symjitoms  precisely  like  those  that 
belong  to  the  simple  bubo.  The  rapidity  of  development 
of  the  symptoms  alone  might  arouse  suspicions  as  to  the 
virulent  form  of  adenitis,  "it  is  only  after  the  evacuation 
of  the  abscess  that  the  differential  diagnosis  becomes 
practicable.  Inoculation  with  the  pus  of  the  virulent 
bubo  invariably  produces  a  chancroid;  inoculation  with 
the  pus  from  a' simple  bubo  yields  negative  results  save 
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in  syphilitic  subjects  {vide  supm).  But  the  inoculation 
test  is  sujiertluous,  since  the  progress  of  the  virulent  bubo 
after  it  is  opened  is  usually  sufficiently  ijronouueeil.  The 
margins  of  the  wound  which  gave  passage  to  the  pus 
become  inoculated  with  the  chancroidal  virus.  As  in  the 
chancroid,  during  its  period  of  progress  the  integument 
covering  the  virulent  bubo  is  rapidly  destroj'ed  until  a 
true  chancroidal  ulcer,  \'aryiug  much  in  area  and  depth, 
presents  itself  in  the  groin.  When  fvdly  expo.sed  to 
view,  the  floor  of  the  bubo,  from  absorption,  presents  the 
yellowish-gray,  irregular,  and  worm-eaten  appearance  of 
the  chancroid.  The  margin  of  the  ulcer,  tumefied  at 
one  part,  appears  attenuated  or  undermined  at  anothei'. 
From  the  entire  surface  there  is  exuded  a  water\'  pus 
which  is  often  tinged  with  blood.  Capillary  hemorrhages 
from  the  bubonic  ulcer  are  often  encoiuitered  as  in  the 
chancroid.  Indeed,  the  clinical  history  which  belongs 
to  the  chancroid  is  on  a  larger  basis  duplicated  in  the  case 
of  tlie  bubo.  Healing  in  rare  instances  in  a  few  weeks, 
in  less  fortunate  cases  it  continues  in  its  destructive 
course  for  months,  and  occasionally  even  for  years. 
When  thus  protracted,  the  ulceration  usually  assumes  the 
serpiginous  type,  healing  in  one  portion  and  extending  in 
another.  Thus  the  ulcer  gradually  spreads  over  abdo- 
men, thigh,  pubes,  or  gluteal  region,  leaving  frequently 
ungainly  cicatrices.  In  these  cases  the  ulcerative  action 
is  often  so  .sluggish  that,  as  in  lupus  or  rodent  ulcer,  it  is 
almost  imperceptible.  Continuous  auto-inoculation  of 
the  skin  in  the  vicinitj'  of  the  ulcer  is  the  only  plausible 
explanation  of  these  protracted  forms  of  bubo.  Phage- 
dsena.  that  most  terrible  complication  of  the  venereal 
sore,  occasionally  attacks  the  virulent  bubo.  Under  its 
influence  the  bubo  may  in  a  few  weeks  become  convert- 
ed into  an  ulcer  the  size  of  the  palm.  Superficial  in 
some  cases,  in  others  the  ulcer  under  its  influence  dips 
down  into  the  tissues,  producing  extensive  sloughs. 
Progressing  among  the  blood-vessels,  it  has  been  known 
to  open  them  and  induce  fatal  hemorrhage  Fatal  results 
have  likewise  been  induced  by  the  excessiveness  of  dis- 
charge and  from  pyamiia. 

SyphHUic  Bubo. — The  inguinal  adenopathy  of  syphilis 
is  but  the  reproduction  on  a  larger  scale  of  the  indurating 
process  manifested  in  the  primary  lesion.  Appearing 
early  and  affecting  an  entire  group  of  glands,  the  syphi- 
litic adenopathy  yields  a  row  of  larger  and  smaller  tu- 
mors, freely  movable  and  easily  felt,  except  in  very  obese 
subjects.  These  tumors  are  hard,  resistant,  not  tender  to 
the  touch,  and  usually  largest  on  the  side  of  the  primary 
sore.  Oftener  than  in  the  other  forms  of  bubo,  the  dor- 
sal lymphatics  of  the  penis  participate  in  the  morbid  proc- 
ess and  appear  in  tlie  form  of  indurated  cords  with  ir- 
regular nodosities.  Like  the  enlarged  lymphatic  glands, 
these  lymphatic  cords  are  freely  movable.  It  has  already 
been  observed  that  indolence  characterizes  the  s.yphilitic 
bubo.  Only  in  persons  of  scrofulous  taint,  and  in  cases 
of  great  malignancy  of  the  s_yphilitic  virus  (galloping 
syphilis),  does  suppuration  ensue.  With  or  without  treat- 
ment, the  syphilitic  bubo  continues  while  the  primary 
and  many  of  the  secondary  manifestations  remain.  It  is 
rare  to  find  these  buboes  subside  completely,  even  under 
treatment,  in  less  than  two  or  three  months,  and  in  manj- 
instances  thej'  survive  all  other  syphilitic  lesions,  when 
they  assume  great  diagnostic  imjjortance  in  determining 
the  presence  or  absence  of  a  S3'philitic  taint.  After  con- 
tinuing sometimes  in  an  unaltered  st«te  for  two  or  three 
years,  they  finally  subside  spontaneoush*. 

TRE.^TjrENT. — The  treatment  of  biiboes  must  necessa 
rily  vary  with  the  nature  of  the  primary  trouble.  In  a 
prophylactic  way  nothing  can  be  done  to  prevent  the 
syphilitic  bubo,  while  much  can  be  accomplished  in  the 
prevention  of  simple  glandular  infiannnations  as  compli- 
cations of  the  chancroid  and  gonorrhcea.  In  both  these 
affections  violent  exercise  and  excessive  walking  and  rid- 
ing shoidd  be  strictly  interdicted.  Irritant  applications 
to  the  primary  disease  should  be  strictly  avoided,  since 
too  astringent  urethral  injections  and  irritating  ointments 
applied  to  chancroids  are  often  the  immediate  causes  of 
gland  complications.     What  influence  has  the  cauteriza- 


tion of  the  chancroid  upon  the  development  of  buboes? 
If  statistics  be  carefully  examined,  it  will  be  found  that 
in  about  thirty  per  cent,  of  all  cases  buboes  supervene, 
and  that  their  development  is  uninfluenced  by  the  use  of, 
or  abstention  from,  cauterization.  For  this  leason  the 
application  of  violent  caustics  to  chancroids  is  being  more 
and  more  discarded.  Of  much  greater  importance  as  a 
prophylactic  is  cleanliness  and  the  securing  of  a  free  es- 
cape for  all  discharges.  It  is  for  this  reason  that  chan- 
croids treated  in  private  practice  are  much  less  often 
complicated  liy  buboes  (according  to  my  experience,  one 
to  eight)  than  those  of  hospitals,  and  particularly  of  dis- 
pensaries. 

When  the  evidences  of  an  adenitis  become  unmistak- 
able, every  effort  must  be  made  to  bring  about  resolution 
of  the  inflammation,  since  this  favorable  termination  is 
possible  in  every  instance  save  those  in  which  the  chan- 
croidal virus  has  been  observed.  As  in  other  inflamma- 
tions, rest  in  bed  is  the  chief  antiphlogistic  measure,  and 
its  importance  must  be  fully  explained  to  the  patient. 
Applications  of  very  cold  cloths  will  at  this  time  prove 
serviceable.  A  rubber  bag  is  preferable,  since  it  acts  at 
the  same  time  as  a  compressor.  Ijocal  applications  of  the 
liquor 2)lumbi  subacetat is.  with  cold  compresses,  have  been 
highly  recommended  by  Hamilton  and  Zeissl.  and  are 
doubtless  often  beneficial.  It  is  at  this  period  of  the  in- 
flammation that  repeated  applications  of  the  tinrture  of 
iodine  are  so  frequently  resorted  to.  Although  this  prac- 
tice has  stood  the  test  of  time,  and  has  the  sanction  of 
eminent  authorities,  it  seems  to  me  devoid  of  benefit  and 
often  pernicious  in  its  results,  since  it  not  infrequently  is 
followed  by  violent  inflammation  of  the  skin  and  hair 
follicles,  even  to  the  extent  of  vesication.  Another  im- 
portant objection  to  the  tincture  of  iodine  is  the  fact  that 
the  artificial  condition  of  the  skin  produced  hy  it  fre- 
quently prevents  the  early  detection  of  suppuration. 
When,  for  the  purposes  of  absorption,  iodine  seems  in- 
dicated, I  have  lately  employed  the  iodide  of  lead  quite 
extensively,  using  in  connection  with  it  veratrin.  bella- 
donna, or  opium  to  allay  pain.  Inunction  with  iodine- 
vasogen,  six  per  cent.,  likewise  serves  a  good  purpose. 
Since  compression,  where  it  is  practicable,  plays  an  im- 
portant role  in  the  treatment  of  inflammations,  it  should 
be  used  here.  It  can  be  best  applied  by  means  of  a  bag 
half-filled  with  small  shot.  If  the  patient  cannot  be  re- 
tained in  bed,  collodion  applications  and  a  compress, 
held  in  position  with  a  s]iica  bandage,  should  be  resorted 
to.  Ilappilj-  for  the  patients,  a  number  of  methods  of 
aborting  the  inflammation  which  were  formerly  practised 
have  been  entirely  abandoned.  Among  them  may  be 
mentioned  methodical  compression  by  instruments,  re- 
peated blistering  with  the  subsequent  apjilication  of 
mercurials,  the  forcible  rujjfure  of  the  gland  capsule,  and 
the  use  of  the  seton.  To  these  may  be  added  the  subcu- 
taneous incision  of  the  gland  and  the  somewhat  analo- 
gous procedure  of  Auspitz.  The  latter  observer  punc- 
tures the  inflamed  gland  even  before  suppuration  can  lie 
detected.  A  probe  is  introduced  through  the  opening 
and  the  glandular  septa  are  torn,  the  substance  of  the 
gland  is  thus  broken  up  and  discharges  through  the  exer- 
ternal  wound.  This  practice  of  Auspitz  has  not  found 
and  does  not  deserve  many  followers.  Nevertheless,  it 
has  been  most  highlj'  indorsed  by  Bimistead.  Intra- 
glandular  injections  of  iodoform  emulsion,  carbolic  acid, 
and  corrosive  sublimate  have  been  used  to  avert  .sup))ura 
tion.  Welander  (Arch.  f.  Derniat.  v.  SypJi..  1891,  H.  3) 
advocated  the  injection  of  a  one-per-cent  solution  of  ben- 
zoate  of  mercury.  Of  78  cases  reported,  56  were  cured 
without  suppuration.  Perry  (loc.  cit.)  employs  it  in  all 
non-suppurating  buboes,  injecting  twenty  to  thirty  min- 
ims of  the  solution.  Jlore  than  two  injections  are  rarely 
necessary  and  the  time  required  to  effect  a  cure  is  four- 
teen days. 

When  suppuration  has  been  established,  the  treatment 
of  the  bubo  must  not  vary  from  that  of  abscesses  in  other 
easil)'  accessible  portions  of  the  bodj'.  Ubiptis,  tibiind- 
sio  is  a  rule  that  should  be  adhered  to  in  the  disease 
under  consideration.     The  ways  in  which  the  pus  is  to  be 
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evacuated  are  numerous.  Within  the  last  fifteen  years 
•  aspiration  has  often  been  resorted  to,  and  has  been  highly 
recomnieudcd  by  a  number  of  Frencli  and  German  ob- 
servers. Wlien  it  is  evident  that  the  purulent  accumu- 
lation is  small,  and  that  a  suppurative  periadenitis  has 
not  yet  developed,  aspiration  cannot  be  too  often  prac- 
tised. Attended  by  little  pain,  it  can  do  no  harm,  and 
is  sometimes  followed  by  permanent  agglutiuatiou  of  the 
abscess  walls.  Among  recent  writers  R.  Hahn  speaks 
most  favorably  of  it.  In  a  series  of  two  hundred  cases, 
seventy  iier  cent,  were  cured  by  aspiration  alone.  In 
three-fourths  of  the  cases  one  aspiration  sufficed  ( Jlitthcil. 
aus  der  Hamburg.  Krauk.  Anstalt,  1898).  AVheu  the 
abscess  is  large  and  the  skin  attenuated,  the  only  hope 
for  a  speedy  recovery  lies  in  the  prompt  and  complete 
evacuation  of  the  pus.  The  use  of  the  Vienna  paste, 
blisters,  and  multiple  iucisions  to  effect  this  liave  been 
properly  abandoned.  The  last-named  method,  particu- 
larly recommended  by  Vidal,  Zeissl,  and  Langston  Park- 
er, and  still  practised  by  man}-  older  practitioners,  is 
prone  to  result  in  the  formation  of  a  number  of  ulcers  in 
the  groin.  In  the  great  majority  of  cases,  a  single  inci- 
sion, with  a  narrow  blade,  is  all  the  operative  interference 
called  for.  Until  two  decades  ago  the  incision  usual!}' 
made  was  parallel  to  the  inguinal  fold  and  extended  the 
■entire  length  of  the  swelling.  The  result  of  sucli  an  in- 
cisiou  is  almost  invaiiably  a  wound  the  edges  of  winch 
are  in  apposition  except  when  the  patient  is  lying  down. 
Again,  when  ulceration  of  the  margins  of  the  wound  en- 
sues, the  skin  is  very  apt  to  become  undermined  or  invert- 
ed. Hence  very  ungainly  cicatrices  result  that  might 
ordinarily  be  a\oided  by  making  the  iueision  in  a  differ- 
ent manner.  A  gooil  procedure  is  the  following :  The 
field  of  operation  being  prepared  in  the  usual  way.  local 
anaesthesia  is  produced  by  the  ether  spray  or  preferably 
by  the  Schleich  method  (see  Aiursthe.nii ,  Local  (Surgi- 
cal), in  V^ol.  I.).  The  long  and  narrow  knife,  while  held 
perpendicularly  to  the  surface  of  the  body,  is  then 
gently  forced  into  the  centre  of  the  fluctuating  area. 
The  skin  and  capsule  of  the  gland  resist  slightly  the  in- 
trusion of  the  blade.  When  this  resistance  has  been 
overcome,  the  cutting  edge  of  the  knife  is  turned  about 
ninety  degrees  and  then  withdrawn.  With  a  little  press- 
ure, or  by  inserting  a  grooved  director  into  the  cut,  the 
accumulated  pus  rapidly  escapes.  To  prevent  a  too 
speedy  closure  of  the  opening,  it  is  advissible  to  insert  a 
strip  of  iodoform  gauze  or  carbolized  gauze,  which  also 
insures  tlie  ready  drainage  of  the  abscess  cavity.  When 
this  is  removed,  after  remaining  twenty-four  hours,  it 
will  invariably  be  seen  that  the  aperture,  measuring 
from  one-eighth  to  one-fourth  of  an  inch  in  diameter, 
is  circular  in  outline,  and  sufficiently  large  to  permit  the 
escape  of  the  pus  as  rapidly  as  it  is  formed.  The  after 
treatment  consists  of  the  application  of  bichloride  gauze 
fomentations,  or  the  use  of  the  balsam  of  Peru  10,  and 
castor  oil  100,  mixture.  For  cleansing  the  abscess  cavi- 
ty, injections  of  of  hydrogen  dioxide  may  lie  called  for 
from  time  to  time.  Thus  treated  the  bubo  usually  heals 
in  from  ten  days  to  two  weeks.  As  alread}'  remarked, 
tlie  bubo  often  has  a  tendency  to  point  at  a  number  of 
places,  when  it  of  course  becomes  imperative  to  use  the 
knife  repeatedly.  The  practice  of  Jlilton,  who  uses  a 
very  large  needle  for  this  purpose,  might  profitably  be 
imitated  in  timid  patients  and  by  practitioners  unaccus- 
tomed to  the  use  of  the  knife.  Not  so.  however,  in  case 
■of  extensive  periadenitis  and  of  vindent  bubo.  When 
the  abscess  is  very  large,  a  somewhat  freer  incision  is 
necessary.  Even  here  it  seems  to  me  better  to  make  it 
parallel  to  the  axis  of  the  limb,  irrespective  of  the  direc- 
tion of  the  bubo.  The  wound  thus  made  is  more  easily 
maintained  patent,  and  in  making  it  there  is  manifestly 
less  danger  of  wounding  the  deep-seated  vessels  than 
from  the  incision  as  generally  made.  Almost  immediately 
after  opening  a  large  bubo  there  will  be  a  sinking  in  of 
the  integument.  In  the  course  of  a  week,  or  even  less, 
this  skin  becomes  discolored,  curled  upon  itself,  or  under- 
mined. Under  these  circiunstances  it  is  always  best  to 
remove  the  cutaneous  flaps  with  a  few  strokes  of  the 


curved  scissors,  thus  converting  the  abscess  into  an  open 
ulcer.  In  other  cases  fistulse  in  the  groiu-'continue  to 
discharge  indefinitely.  They  should  be  freely  laid  open 
with  the  knife  or  elastic  ligature,  and  the  exuberant  gran- 
idations  removed  with  the  sharp  spoon.  When  once  the 
bubo  has  been  converted  into  an  open  ulcer  its  treatment 
is  ordinarily  successful,  no  matter  what  applications  be 
made,  although  at  times  stimulating  medicaments  are 
called  for  to  overcome  the  sluggishness  of  the  granula- 
tions. Among  the  large  number  of  agents  specially  rec- 
ommended for  this  purpose  there  should  be  mentioned 
iodoform,  tincture  of  iodine,  tanuin,  iiermauganate  and 
chlorate  of  potash,  preparations  of  iron,  andboric  acid. 
Iodoform  usually  acts  so  satisfactorily  as  almost  to  merit 
being  called  a  specific  in  the  treatment  of  the  open  bubo. 
Applied  in  the  form  of  ointment  alone,  or  with  tannic 
acid,  or  in  ethereal  solution  (iodoform.  8:  ether,  fort., 
30),  it  soon  causes  the  floor  of  the  ulcer  to  be  covered 
with  small  and  healthy  granulations  which  rapidly  lead 
to  its  permanent  closure.  When  tlie  odor  of  iodoform  is 
an  insurmountable  objection  to  its  use,  the  jiermauganate 
of  potash  (0,5  to  30.(5).  in  aqueous  solution,  is  anexcel- 
lent  substitute.  The  balsam  of  Peru  dressing  already 
referred  to  also  forms  an  excellent  application.  When 
the  reparative  process  is  exceptionally  protracted,  from 
the  size  of  surface  involved,  skin-grafting  has  been  used 
with  as  much  success  as  in  other  portions  of  the  body. 

Attention  has  already  been  directed  to  the  fact- that 
the  lymphatic  gland  covered  by  granulations  often  pre- 
sents itself  in  the  floor  of  the  bubonic  ulcer,  or  is  hidden 
in  the  depths  of  a  sintis.  The  gland  then  acts  as  a  for- 
eign body.  It  should  therefore  be  removed  as  soon  as  it 
is  discovered.  Whether  this  is  to  be  accomplislied  with 
scissors,  ligature,  or  Volkmann's  spoon  must  be  deter- 
mined by  the  circumstances  of  the  case  aud  the  predilec- 
tions of  the  surgeon  in  charge. 

Excision. — AVith  the  development  of  modern  methods 
of  wound  treatment  excision  of  buboes.whichif  left  alone 
would  probably  suppurate,  has  become  a  favorite  method 
of  treatment.  It  is  not  to  be  recommended  as  a  routine 
procedure,  because  of  the  extent  of  operation  necessary 
to  remove  all  glands  and  of  the  danger  of  wound  infec- 
tion from  the  primary  ulcer.  Fiu-thermore,  the  time  re- 
quired for  cure,  averaging  thirty  days,  exceeds  that 
which  is  needed  when  conservative  measures  alone  are 
adopted. 

Excision  is  indicated  when  infection  has  taken  place  in 
a  number  of  glands  and  when  it  is  evident  that  the  proc- 
ess of  suppuration  will  be  long  continued.  By  free  ex- 
cision in  these  cases  the  healing  process  can  be  curtailed 
as  to  time.  Primary  union  should  not  be  sought  for;  in 
most  cases  it  will  fail. 

It  is  self-evident  that  the  systemic  treatment  of  pa- 
tients afflicted  with  buboes  must  not  be  neglected.  Nu- 
tritious diet  and  tonics  are  always  indicated  after  the 
process  of  suppuration  has  become  somewhat  protracted. 
This  is  particularly  true  if  the  ulcer  shows  any  tendency 
to  phageda'ua.  It  is  then  that  cod-liver  oil,  qinnine.  and 
alcoholic  stimulants  are  indicated,  and  that  the  most 
effective  local  measures  must  be  resorted  to.  Blisters, 
fuming  nitric  acid,  the  carbo-sulphuric  paste,  bromine, 
and  even  the  actual  cautery  must  at  tinK.^s  be  employed 
before  the  tendency  of  the  tdcer  to  spread  is  permanently 
overcome  and  the  process  of  cicatrization  is  well  estab- 
lished. Fortunately,  this  class  of  cases  is  becoming  rarer 
from  year  to  year. 

Syphilitic  buboes,  as  a  rule,  require  no  local  treatment. 
As  the  secondary  manifestations  of  the  di.sease  disappear 
under  treatment,  the  enlargement  of  the  inguinal  glands 
also  subsides.  When  the  induration  in  them  persists 
after  other  symptoms  have  yielded  to  treatment,  inunc- 
tions with  the  mercurial  ointment  or  the  oleate  of  mer- 
cury over  the  ganglia  will  often  cause  their  reduction  in 
size.  Compression  might  also  be  resorted  to  in  these  cases 
with  marked  benefit.  Joseph  Raii^ohoff. 

■  Rindflelsch  :  Pathol.  Gewebeletire.  p.  139. 

^  Jullien  :  Traite  pratique  de  mal.  v^nt^r.,  1879.  p.  429. 

*  Diet,  nouveau  des  sc.  m^dicales,  vol.  v.,  p.  764. 
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<  Grunfeld  :  Real-Eiicyrtop..  Bd.  li.,  p.  613. 

'  Centrdlblatt  f.  Harnk.,  1897,  p.  354. 

'  Art.  Bubo,  Quain's  Diet. 

'  Ven.  Dis.,  p.  478  (fourth  edition). 

*  Rindtleisch :  Luc.  cit.,  p.  172. 

BUBO  PLAGUE.— (Synonyms:  The  Pestilence,  or  Pest; 
the  Black  Death;  the  Plague  of  Egypt:  the  Oriental,  Le- 
vantine, Indian,  or  Pali  Plague  [Mahamari]  :  Adeno-Ner- 
voiis  Fever,  Typhus  Pestilentialis,  Malignant  Polyade- 
nitis, Pestis  Bubonica,  etc.) 

Definition. — The  bubo  plague,  or  more  briefly,  the 
plague,  is  a  disease  which  at  times  is  widelj-  dissemi- 
nated, and  •nhich  consists  of  a  single  paro.xysm  of  acute, 
infectious,  and  contagious,  febrile  disorder.  It  is  charac- 
terized cliuically  by  a  sudden  onset,  short  course,  great 
mortality,  and,  specifically,  b}'  the  occurrence  of  carbim- 
cles,  ecchymoses,  and  petechia  upon  the  general  surface, 
and  occasionally  by  gangrenous  inflammation  of  the 
lungs,  more  commonly  by  the  development  of  glandular 
swellings,  tending  to  suppurate,  in  the  inguinal  and  a.xil- 
lary  regions  and  exceptionally  elsewhere  in  the  bodj-. 
The  plague  is  endemic  in  certain  localities,  notably  those 
bordering  on  the  eastern  shore  of  the  Jlediterranean  Sea 
and  in  the  Oriental  countries  adjacent  thereto.  Occasion- 
ally it  extends  widely  as  an  epidemic,  especially  along 
the  great  paths  of  commerce  to  other  parts  of  the  world, 
even. to  the  Arctic  zone,  thus  becoming  pandemic.  It  is 
apt  to  prevail  particularly  during  certain  seasons  of  the 
year. 

Discotery  of  the  Specific  Cause  in  the  Bacillus  Pettis. — 
The  plague  bacillus  was  discovered  b\'  Kitasato  in  an 
investigation  of  an  outbreak  at  Hong-Kong  made  by 
direction  of  the  Japanese  Government  and  published  in 
1894  under  the  auspices  of  the  University  of  Tokio. 
Yersin  and  Roux,  by  independent  research,  which  was 
made  almost  coincidently  with  that  of  Kitasato,  also  dis- 
covered the  same  micro-organism.  The  plague  bacillus 
is  a  short  bacterium  or  coccobacillus,  almost  as  broad  as 
long,  measuring  about  2  //  in  its  greatest  diameter.  As 
the  bacteriological  characters  of  the  plague  micro-organ- 
ism have  been  discussed  in  the  article  on  Bacteria,  in  Vol. 
I.,  it  will  be  necessary  here  merely  to  call  attention  to  a 
few  facts  of  especial  interest  from  the  clinical  standjioint. 
This  bacillus  pestis  enters  the  human  body  with  great  fa- 
cility, and  rapidly  multiplies  after  its  introduction.  It  is 
found  generally  in  the  contents  of  the  alimentary  canal,  in 
the  blood,  in  the  inteiior  of  organs,  and  especially  in  lym- 
phatic glands,  and  in  the  discharges  from  buboes.  While 
possessing  extreme  virulence  in  its  action  upon  the  ani- 
mal organization,  its  own  resisting  power  to  chemical  dis- 
infectants is  feeble.  Carbolic  acid  in  weak  solution  (one 
per  cent.),  or  even  lime  water,  will  render  it  innocuous. 
Experiments  made  recently  in  the  laboratory  of  the  United 
States  Marine  Hospital  Service  at  Wa.shington,  D.  C, 
have  demonstrated  the  fact  that  it  is  easily  destroyed  by 
all  of  the  ordinary  disinfectants.  It  dies  in  four  days,  if 
kept  at  a  dry  heat  of  60°  C.  (140°  F.),  or  in  half  an  hour 
if  subjected  to  a  temperature  of  80°  C.  (176"  F. ),  and  in  a 
few  minutes  if  subjected  to  a  heat  of  100°  C.  (213°  F.). 
On  the  other  hand,  it  develops  easily  in  many  culture 
media  at  the  ordinary  temperature — 18°  to  23°  C.  (64.4°  to 
71.6°  F.).  It  loses  its  virulence  by  drying,  and  retains 
its  virulence  only  when  subject  to  the  action  of  mode- 
rate heat  and  moisture.  Dr.  Walter  Wyman,  Surgeon- 
General  of  the  Jlariue  Hospital  Service,  iu  a  recent  ofii- 
cial  report  on  the  bubonic  plague,  from  which  this  state- 
ment is  taken,  gives  a  succinct  account  of  the  disease  as 
■  it  has  come  under  the  notice  of  his  department.  As  re- 
gards its  causation,  he  says:  "The  presence  of  organic 
matter,  animal  or  vegetable,  and  in  a  state  of  decomposi- 
tion, would  seem  to  furnish  the  most  favorable  nidus  for 
its  growth,  which  will  account  for  its  more  prolonged 
existence  in  Oriental  countries  and  the  comparative  rainty 
of  its  appearance  in  Europe  since  the  existence  of  mod- 
ern and  improved  hygienic  conditions.  This  does  not 
mean,  however,  as  was  maintained  b3'  some  at  the  Venice 
conference,  that  filth  and  crowding  are  alone  responsible 
for  the  disease.     The  malady  is  pre-eminently  of  bacterial 


origin,  and  wherever  the  microbe  is  found,  there  the 
plague  is  likely  to  develop.  The  length  of  its  Hfe,  when 
exposed  to  favorable  conditions  outside  of  the  human 
body,  has  an  important  bearing  upon  the  quarantine  meas- 
ures necessary  to  be  enforced,  particularly  with  regard 
to  merchandise  from  an  infected  port."  From  a  number 
of  experiments  made  to  determine  the  temperature  and 
time  required  to  kill  the  bacillus  outside  of  the  human 
bodv  (according  to  the  report  of  the  German  Plague 
Commission  as  quoted  by  Bowhill),  "the  longest  time 
that  infected  material  as  lint,  wadding,  earthy  etc.,  re- 
mained active  was  eight  days.  Sputum,  from  patients 
afCected  with  the  pneumonic  form,  kept  in  a  vessel 
plugged  with  cotton  wool,  was  no  longer  virulent  in  sis- 
teen  days.  In  ordinary  drinking  water  the  bacilli  die  in 
three  days,  in  steiilizetl  water  in  eight  days,  and  in  ster- 
ilized bilge  water  in  five  days.  The  bacilli  are  killed  by 
drying  at  ordinary  room  temperatures  in  four  days,  ac- 
cording to  Bowhill.  The  bacillus  of  plague  is  found  in 
the  dust  of  infected  houses  and  in  the  soil,  which  has 
been  contaminated  by  discharges  from  the  body.  It  is 
also  found  in  the  bodies  of  domestic  animals  and  vermin 
which  dwell  in  infected  houses  and  which  die  in  great 
numbers  during  an  epidemic.  It  is  beheved  that  mice, 
rats,  dogs,  beetles,  flies  are  important  factors  in  commu- 
nicating contagion.  The  results  of  the  study  of  the  fla- 
gellate parasite  of  the  rat's  blood,  the  trypanosoma,  by 
Rabinowitsch  and  Kempuer,*  establish  the  fact  that  fleas 
are  the  active  agents  of  communication  of  this  form  of 
hiematozoon  infection.  It  is  probable,  in  a  similar  man- 
ner, that  fleas,  especially  in  the  Orient,  convey  the  plague 
bacillus,  especially  as  dogs  and  rats  are  so  commonly 
infected  at  an  early  stage  of  the  epidemic.  In  a  recent 
paper.  Professor  Galli-Valerio,  of  the  L'niversity  of  Lu- 
sonne,  combats  the  idea  that  the  particular  flea,  which  is 
parasitic  in  the  rat,  can  be  instrumentid  in  conveying  the 
infection  of  bubonic  plague  directly  to  man.  In  experi- 
ments made  upon  himself,  he  was  unable  to  obtain  any 
evidence  that  this  flea  (Ti/pA/o/isyWrt  miisculi)v;i\\  remain 
upon  the  body  of  a  man  unless  under  compulsion,  or  that 
it  will  pimcture  the  skin  of  man.  Surgeon-General 
Sternberg,  U.  S.  Army,  in  a  recent  article  in  which  this  ref- 
erence is  found,  says  that  "he  admits,  however,  the 
possibility  that  plague  might  be  transmitted  from  man  to 
man  by  the  well-known  domestic  flea  (Pulex  irritans)." 
As  plague  bacilli  have  been  found  in  the  intestinal  con- 
tents of  the  rat's  flea,  it  is  possible  that  this  parasite  may 
after  all  play  an  active  and  important  part  in  disseminat- 
ing the  plague  among  the  rats  and  other  inferior  animals, 
and  also  contribute  its  quota  toward  causing  infection  of 
house  dust  which  mingles  with  food  and  drink  of  man. 

Xosohgy  and  Clinical  Fiyrms. — The  terms  plague,  pest, 
pestilence,  the  Black  Death,  la  Grande  Mortalite.  and 
similar  popular  names  have  in  the  past  been  apphed 
without  discrimination  to  every  form  of  epidemic  disease 
attended  by  great  mortality.  In  early  times,  therefore, 
epidemics  of  erysipelas,  hemorrhagic  or  black  measles, 
cerebrospinal  fever,  typhus,  and  other  infectious  diseases, 
even  leprosy,  have  been  confused  in  the  public  mind  and 
in  the  medical  records  with  the  bubo  plague,  and  it  is- 
difficult,  if  not  impossible,  to  declare  at  this  late  day,  in 
some  instances,  exactly  what  form  of  infectious  disease 
was  responsible  for  the  epidemic  in  question.  By  degrees, 
however,  as  knowledge  of  pathology  and  diagnosis  in- 
creased, the  term  plague  has,  by  exclusion,  come  to  be 
understood  as  applying  solely  and  only  to  the  disease  now 
under  discussion.  Therefore,  whenever  the  word  plague 
is  used  in  this  article  it  means  the  bubo  plague,  or  malig- 
nant polyadenitis. 

It  has  been  observed  and  should  be  borne  in  mind  that 
the  clinical  manifestations  following  infection  with  the 
plague  bacillus  may  he  modified  to  a  certain  extent  by 
natural  causes  or  attending  circumstances,  social  as  well 
as  meteorological,  so  tha^  the  symptoms  may  not  be 
identical  in  form  in  different   countries  or  in  different 


*  Zeit.  fur  Hvgiene  u.  Infektitmslirank., 
nal  Amer.  Med.  Assn.,  April  28th,  1900. 
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epidemics.  Thus  the  blacl<  death,  wliich  ravaged  Europe 
in  the  fourteeutli  century,  presented  features  -niiich,  in 
the  minds  of  some  nosologists,  create  a  doubt  as  to  its 
really  being  an  instance  of  the  bubo  plague.  When  we 
recall  the  sanitary,  or  rather  lioi'ribly  unsanitarj'  condi- 
tion of  most  European  countries  at  that  time,  and  the 
mode  of  living  which  then  prevailed,  we  may  lind  suffi- 
cient reason  for  some  modification  of  the  symptoms  of 
the  plague  as  known  at  the  present  day.  Dr.  J.  C.  Wil- 
son.* from  whose  able  summary  of  the  literature  of  the 
plague  this  remark  was  extracted,  also  states  that  a  like 
difference  of  opinion  exists  in  regard  to  the  relationship 
between  the  Indian  or  Pali  plague,  which  has  from  time 
to  time  prevailed  in  Nortliwestern  India  during  the  pres- 
ent centurj'.  and  the  true  plague.  The  black  death  of 
the  fourteenth  century  and  the  Pali  plague,  though  pre- 
senting many  of  the  characteristics  of  bubo  plague,  differ 
from  it.  while  they  resemble  each  other  in  one  important 
particular.  Among  tiie  earlier  and  more  common  symp- 
toms of  note  are  those  dependent  upon  gangrenous  in- 
flanmiation  of  the  lungs,  a  lesion,  according  to  Hirsch, 
extremely  rare  in  bubo  plague.  This  author  informs  us 
that  recent  observations  luive  fullv  confirmed  the  early 
opinion  that  the  Pali  plague  differs  from  that  of  the  Le- 
vant chiefly  in  this  modification,  and  cites  Pearson  and 
Francis  as  saj'ing  of  the  former  disease  that  "  the  collec- 
tive symptoms  are  more  like  those  of  plague  than  of  any 
otiier  known  disease.  .  .  .  We  believe  it  to  be  in  all  es- 
sential particulars  identical  with  the  plague  of  Egypt." 

Clinically,  the  cases  of  plague  have  been  grouped  ac- 
cording to  their  severity  into  three  classes:  (1)  The  typi- 
cal, ordinarj',  or  grave  cases.  (2)  The  fulminating  cases. 
(3)  The  abortive,  or  larval.  case.g. 

Adopting  the  usual  basis  of  classification  by  systematic 
writers,  which  is  more  in  accordance  with  the  seraeiol- 
ogy  and  pathology,  we  have:  1.  The  bubonic  or  gangli- 
onic form.  2.  The  pneumonic  form.  3.  The  septicai'mic 
form. 

"Of  these  forms,"  says  Wytnan,  "the  bubonic  is  the 
most  common,  the  pneumonic  the  most  fatal.  The  meth- 
od of  infection — that  is  to  say.  the  point  of  entrance  of 
the  specific  microbe — is  a  point  still  under  active  discus- 
sion, and  is  different  not  only  for  the  various  types  and 
forms  given,  but  also  varies  in  different  countries  and  in 
different  sections  of  the  same  country.  For  example,  in 
Hong-Kong,  where  the  natives  as  a  rule  go  barefooted, 
infection,  iu  a  large  numlier  of  cases,  has  been  traced  to 
abrasions  and  wounds  of  the  lower  extremities.  In  India, 
some  covering  or  jirotection  foi  the  foot  is  usually  worn, 
but  the  natives  suffer  from  tlie  bites  of  insects  and  vermin: 
consequently  the  point  of  entrance  of  the  infection  has 
been  largely  upon  the  hands  and  arms.  Infection  through 
the  intestinal  tract,  -while  admitted,  is  as  yet  largely  un- 
explained; for  in  spite  of  the  assertions  of  Wilm,  some 
breach  of  contiuuit}-  would  seem  to  be  necessary  for  the 
entrance  of  the  micro-organism.  As  a  rule,  a  small  red 
spot  marks  the  point  of  infection;  this  becomes  succes- 
sively a  vesicle  and  a  pustule,  and  in  the  ganglionic  form, 
and  in  a  large  proportion  of  cases,  a  general  redness,  or 
a  series  of  vesicles,  marks  the  passage  of  tlie  infection 
along  a  lymphatic  tract  or  cliannel.  These  vesicles  have 
been  of  very  frequent  occurrence  in  the  Bombay  epi- 
demic." 

Essential  Character  of  tlie  Disease. — At  the  present  day, 
plague  is  classed  as  a  contagious  miasmatic  disease  (Lie- 
bermeister)  in  a  group  with  enteric  fever,  cholera,  epi- 
demic dysentery,  etc.  Up  to  the  seventeenth  century, 
the  plague  was  commonly  ascribed  to  moral  causes,  as  a 
visitation  of  the  wrath  of  an  offended  higher  power  upon 
the  people  for  their  sins,  or  to  some  evil  combination  of 
the  stars,  which  were  supposed  to  preside  over  the  health 
of  man.  It  was  Sydenham  who  first  clearlv  pointed  out 
the  true  nature  of  the  disease  and  showed  that  it  was  like 
other  disorders  and  therefore  due  to  purely  natural  causes. 
In  opposition  to  the  ancient  belief  that  the  epidemic  was 

*  '■  The  Plague."  Pepper's  "  System  of  Practical  Medicine,"  by 
American  Autlinrs,  Philadelphia.  188.5.  p.  771. 


produced  liy  some  atmospheric  or  meteorolegieal  condi- 
tion, or  hypothetical  "epi<lcmic  constitution  of  the  at- 
mosphere," S^denliam  acutely  observed  that  infection 
either  from  a  sick  person  or  some  fomites  or  infected 
clothing  is  an  essential  prerequisite  to  the  outbreak. 
While  maintaining  the  teachings  of  experience  that 
changes  of  the  atmosphere  and  the  season  of  the  year  do 
affect  the  prevalence  of  epidemic  diseases,  and  "that,  in 
point  of  fact,  the  plague  itself  is  more  apt  to  prevail  iu 
summer  and  tlie  early  fall  iu  the  temperate  zone,  and  to 
diminish  to  a  minimum  iu  the  winter,  he  insists  that  still 
somethiug  more  is  necessary.  In  bis  medical  observa- 
tions (chap,  ii.i  on  the  "  Pestilential  Fever  and  tlie  Plague 
of  tlie  Years  16G5  and  1G66  as  it  Appeared  in  London." 
he  remarks:*  "I  am  far  from  denying  that  a  statement 
made  by  several  authors,  as  to  the  plague  having  origi- 
nated during  periods  of  the  year  other  than  that  men- 
tioned above,  may  be  possible.  The  fact,  however,  is  a 
rare  one.  and  when  it  takes  place,  tlie  ravages  of  the  dis- 
ease are  less.  .  .  .  On  the  other  hand.  I  have  grave  suspi- 
cions that  the  mere  atmospheric  condition,  howevermueh 
Aoifiuih/c  {loimodes,  Gr.,  from  loimn,  the  plague),  is  b)'  no 
means  sufiicient  in  and  of  itself  to  originate  plague. 
Either  the  disease  itself  must  continue  to  survive  in  some 
secret  quarter,  or  else,  either  from  sonie,/""'<'''.  or  from 
tlie  introduction  from  pestilential  localities  of  an  infected 
person,  it  must  have  become  extended.  And.  even  in 
these  cases,  it  cannot  become  epidemic,  except  with  tl;e 
conditions  of  a  favorable  atmospheric  diatliesis.  Except 
upon  this  principle,  I  cannot  comprehend  how,  of  two 
towns  near  each  other,  and  under  the  same  conditions  of 
climate,  the  one  shall  be  grievously  afllictcd  with  the 
plague,  the  otlier  be  wholly  free,  and  that  b_v  merely  cut- 
ting off  all  communication  between  itself  and  the  place 
infected.  Yet  this  was  done  not  many  yearsago,  througli 
the  care  and  foresight  of  the  Grand  Duke  Ferdinand  II., 
who  effectually  stopped  on  the  borders  of  Tuscany  a 
plague  that  devastated  nearly  the  whole  of  the  remaining 
parts  of  Italy." 

Former  Epidemics.  — It  is  jjrobable  that  epidemics  of 
plague  raged  prior  to  the  dawn  of  history,  since  as  far 
back  as  our  records  extend  we  meet  with  references  to 
pestilences,  which  recall  the  features  of  this  form  of  epi- 
demic disease.  JIanetho,  an  Egyptian  historian,  who 
lived  at  the  beginning  of  the  third  centuiy  n.c,  described 
pestilences,  resembling  the  plague,  which  ravaged  tlie 
valley  of  the  Nile  during  the  reign  of  the  most  ancient 
Egyptian  kings.  The  early  Jewish  writers  of  the  Bible 
refer  repeatedly  to  the  plague  as  a  visitation  upon  the 
people  for  various  acts  of  disobedience.  Zechariali  (xiv. 
12-1 S)  refers,  about  487  B.C..  to  a  plague  that  shall  "smite 
all  the  peo])le  who  have  fought  against  Jerusalem." 
and  "the  heathen  that  come  not  up  to  keep  the  Feast  of 
Tabernacles";  bat  the  description  given  does  not  asrree 
with  the  clinical  features  of  bubonic  plague.  "Their 
flesh  shall  consume  away  while  they  stand  upon  their 
feet,  and  their  eyes  shall  consume  away  in  their  l:o!es. 
and  their  tongue  shall  cimsume  away  in  their  mouths," 
wliich  rather  applies  to  an  affection  like  leprosy  than  to 
an  epidemic  disease  such  as  the  plague.  In  fact,  iu  Le- 
viticus, the  "  plague  of  leprosy  "  receives  a  great  deal  of 
attention.  So:r.e  confusion  has  arisen  from  the  fact  that 
the  Hebrew  word  translated  plague  means  "a  smiting." 
and  was  applied  to  various  kinds  of  disease  without  much 
discriminatio:i,  with  either  moral  or  medical  signification. 
It  has  been  recenth"  stated,}  with  much  appearance  of 
probability,  however,  that  the  bubo  plague  is  referred  to 
in  the  Bible  at  a  date  more  than  eight  hundred  years  pre- 
vious to  the  hitherto  accepted  record,  which  has  generally 
been  dated  300  n.c.  Drs.  F.  Tidswell  and  J.  A.  Dick,  ia 
a  communication  presented  to  the  Royal  Society  of  New 
South  Wales,  have  furnished  evidence  to  show  that  the 
plague  of  1141  n.c,  described  in  the  First  Book  of  Samiiel 
(chaps,  iv.-vi.),  was  true  bubo  plague.  After  the  Philis- 
tines had  captured  the  Ark  of  the  Covenant,  and  taken 

*  Sydenham  Society's  edition  of  the  works  of  Thomas  Sydenham, 
M.D.,  London,  1848,  p.  101. 
+  Nature.  March  Kd,  IflOO. 


505 


I 


Bubo  Plague, 
Bubo  Plague. 


REFERENCE  HANDBOOK  OF  THE  IVEEDICAL   SCIENCES. 


it  to  Ashdod,  severe  illness  broke  out  among  the  people. 
"The  baud  of  the  Lord  was  heavy  upon  them  of  Ashdod, 
and  he  destroyed  them  and  smote  them  with  emerods." 
The  Ark  ^vas  afterward  taken  to  Ekron,  and  here  again 
■we  are  told,  "  There  was  a  deadly  destruction  throughout 
all  the  city,  .  .  .  and  the  men  that  died  not  were  smitten 
with  the  emerods,  and  the  cry  of  the  city  went  up  to 
heaven."  The  word  "emerod,"  on  account  of  similarity 
of  spelling  and  sound,  has  usualh*  been  taken  to  mean 
hemorrhoids,  but  in  the  Revised  Version  of  the  Old  Testa- 
ment it  is  stated  to  mean  "tumor,"  or  "plague  boil." 
The  epidemic  in  Philistia  occurred  at  the  time  of  the  reg- 
ular plague  season,  and  mice  are  mentioned  in  connection 
with  it,  which  fvirnishes  additional  evidence  that  the  epi- 
demic was  plague,  for  a  connection  has  been  clearly  es- 
tablished between  the  death  of  rats  and  the  plague,  at 
Bondjay  and  elsewhere,  as  has  been  already  mentioned. 

Thueydides  described  a  plague  which  prevailed  in 
Athens  from  439  to  432  B.C.,  and  reappeared  again  eigh- 
teen months  later.  Acron  of  Crotona  is  said  to  have  dis- 
sipated the  cause  of  this  plague  by  means  of  fires  kept 
burning  in  the  streets.  During  this  epidemic,  Athens 
lost  more  than  one-third  of  its  popidation.  Thueydides 
himself  suffered  with  the  disease,  and  Hippocrates  noted 
it,  in  the  aphorism,  "All  fevers  complicated  with  buboes 
are  bad,  except  ephemerals. "  Dr.  Adams,  the  translator 
of  the  Sydenham  Societ3''s  English  edition  of  Hippocrates, 
mentions  the  curious  omission  of  all  allusion  to  the  conta- 
giousness of  certain  diseases  by  Hippocrates,  although 
his  contemporary,  Thueydides,  in  describing  the  plague, 
expresses  himself  in  such  terms  as  put  it  beyond  doubt 
that  he  regarded  the  disease  as  being  of  a  contagious  na 
ture.  Not  the  least  reference  to  contagion,  in  any  shape. 
Is  to  be  found  in  any  of  the  Hippocratic  treatises. 

Plague  was  epidemic  in  Libya,  according  to  Rufus  of 
Ephesus,  in  the  third  century  B.C.  The  great  plague  re- 
ported by  Livy,  who  died  221  B.C.,  is  said  to  have  de- 
stroyed a  million  persons  in  Africa;  no  records  remain, 
however,  of  its  extension  to  Europe.  The  earliest  account 
in  the  Christian  era  of  a  great  epidemic  of  the  plague  is 
furnished  by  Procopius.  This  outbreak  began  in  the 
year  542  in  Egypt,  from  whence  it  extended  to  Palestine, 
Syria,  and  Persia;  it  then  passed  from  Asia  Jlinor  into 
Europe,  at  Constantinople,  where  it  carried  off  ten  thou- 
sand victims  in  one  day  (543  a.d.).  From  this  as  a  centre 
the  plague,  becoming  pandemic,  spread  in  all  directions, 
carrying  death  and  destruction  in  its  train.  It  is  estimat- 
ed that  shortly  before  the  close  of  the  sixth  century  fifty 
per  cent,  of  the  inhabitants  of  the  Eastern  empire  had 
perished,  either  directly  from  the  plague  or  indirectly 
from  the  destitution  and  disturbance  of  society  incident 
upon  the  plague.  This  epidemic,  known  as  the  Justinian 
plague,  is  of  historical  importance,  as  the  disease  at  this 
time  established  itself  in  Europe,  where  it  maintained  a 
foothold  for  moie  than  a  thousand  years.  In  the  seventh 
century  it  appeared  in  England.  The  fourteenth  cen- 
tury again  witnessed  the  spread  of  the  plague  from  the 
East,  whence  it  extended  throughout  Armenia,  Asia 
Iilinor,  Egypt,  Northern  Africa,  and  nearly  the  whole  of 
Europe.  In  all  the  epidemics  of  this  century,  Hecker 
calculates  that  one-fourth  of  the  entire  population  of 
Europe,  or  35,000,000  persons,  perished.  R.  B.  Anderson 
("America  Not  Discovered  by  Columbus")  says  that 
"the  black  plague  reduced  the  ]5opulation  of  Norway 
alone  from  2,000.000  to  300,000."  It  was  during  this 
period  that  Venice  took  measures  to  check  the  spread  of 
the  plague  and  appointed  three  guardians  of  the  public 
health  charged  with  this  duty.  In  1403  there  was  opened 
the  first  quarantine  establishment  on  a  small  island  adja- 
cent to  Venice.  In  the  fifteenth  century  the  plague  re- 
curred frequently  in  nearly  every  part  of  Europe,  the  mor- 
tality being  not  "less  than  40,000.  During  the  sixteenth 
century  the  epidemic  continued.  In  1572  50,000  died  at 
Lyons,  in  1576  Venice  lost  70.000.  In  the  seventeenth 
century  occurred  the  great  plague  of  London  (1664  and 
1665)  of  which  Sydenham,  Defoe,  and  Mr.  Pepys  wrote. 
It  is  said  to  have  proved  fatal  to  one-third  of  the  popula- 
tion, or  more  than  68,000  inhabitants  of  this  metropolis. 


In  1656  it  raged  for  five  months  in  Naples,  causing  the 
death  of  300,000  people.  This,  however,  was  the  last  ex 
tensive  outlireak  of  the  plague  in  Italy,  as  the  great  epi- 
demic in  London  in  1665  was  its  final  appearance  in  Eng- 
land previovis  to  the  occurrence  of  some  isolated  cases  last 
year.  In  France,  it  still  lingered  in  the  provinces  until 
1668,  although  malignant  epidemics  had  ceased  several 
years  before.  In  the  early  part  of  the  eighteenth  century 
two  outljreaks  occurred  in  Europe.  The  first  spread  from 
Turkey,  through  Hungary,  to  Russia,  Norway,  and  Swe- 
den, and  thence  along  the  Baltic  to  the  Netherlands,  com- 
ing to  an  end  in  1714.  Six  years  later,  the  last  great  out- 
break on  the  European  continent  took  place.  It  prevailed 
in  ^Marseilles  in  virulent  form,  costing  the  lives  of  from 
40,000  to  60,000  people  in  this  one  city  alone.  In  1721 
it  appeared  in  Toulon  and  spread  over  Provence,  carrying 
off  '87,000  out  of  a  population  of  less  than  three  times  that 
number.  In  1743  Sicily  was  attacked,  the  mortality  at 
Messina  being  between  40,000  and  50,000.  In  i771 
nearly  a  quai'ter  of  the  population  of  5Ioscow  died  of  it, 
or  more  than  50,000  people.  In  the  century  just  ended  the 
plague  has  been  confined  principally  to  the  East,  although 
during  the  second  and  third  decades  repeated  outbreaks 
occurred  in  the  Balkan  jieninsida  and  the  regions  border- 
ing on  the  lower  Danube  and  the  Black  Sea.  In  1815  it 
appeared  on  the  Eastern  coast  of  Italy,  but  was  restricted 
to  a  small  district.  This  was  its  final  appearance  in  that 
country.  A  small  epidemic  was  observed  in  Greece  in 
1828.  "The  plague  appeared  in  Malta  in  1813,  and  in  1816 
it  extended  to  certain  of  the  Ionian  islands.  Again,  in 
1820,  the  plague  appeared  at  Majorca,  whither  it  had 
been  brought  from  the  Barbary  coast.  Owing  to  favor- 
able conditions  on  the  coast  of  Northern  Africa  the  plague 
has  repeatedly  appeared  at  Tunis  and  Algiers,  and  has 
generally  shown  a  tendenc}'  to  linger.  The  plague  of 
1784  lasted  for  fifteen  years.  Between  the  years  1816  and 
1821  the  disease  again  manifested  itself  in  these  cities,  and 
again  in  epidemic  form  in  1836  and  1837.  In  1835  there 
was  an  outbreak  of  such  degree  of  severity  in  Cairo  that 
the  deaths  equalled  in  number  the  entire  adult  popula- 
tion. Subsequent  to  this  it  ceased  to  prevail  to  any  ex- 
tent in  Africa.  It  disappeared  from  Asia  Jlinor,  Syria, 
and  Palestine  in  1843,  and  from  Egypt  in  1844.  Reports 
of  the  presence  of  the  plague  from  time  to  time  wer« 
made  from  Dalmatia  (1840),  Constantinople  (1841),  Cana- 
ry Islands  (1852).  Since  1850  the  disease  has  oscillated 
now  east,  now  west,  between  the  Red  Sea  and  the  Pacific, 
in  China.  India,  Arabia,  Persia,  Jlesopotamia,  Russia,  Cas- 
pian Sea,  Afghanistan,  Tripoli.  There  have  been  since 
1850  but  nineteen  years  when  it  was  not  recorded  in  one 
or  the  other  of  these  countries. 

For  a  short  period,  near  the  middle  of  the  last  century, 
nothing  was  heard  of  the  plague,  and  it  seemed  \mlikely 
that  there  would  be  any  repetition  of  the  periods  of  ex- 
tensive prevalence,  or  pandemics,  which  had  character- 
ized the  disease  in  former  times.  It  is  true  that  after 
a  season  of  great  scarcitj'  of  food  in  the  northwestern 
provinces  of  India,  the  plague  appeared  in  1815  and  con- 
tinued imtil  1821,  reappearing  in  1836,  and  again  in  1887 
in  Pali,  and  that,  according  to  Hirsch,  it  has  never  dis- 
appeared entirely  from  the  southern  slopes  of  the  Hima- 
layas since  1823,  where  it  has  raged  at  an  altitude  of 
16,300  feet.  Its  ravages  in  these  mountain  districts  have 
been  so  great  that  some  settlements  have  been  wholly 
destroyed.  The  last  outbreak  to  occur  on  European  soil 
was  tliat  of  1878  and  1879,  upon  the  banks  of  the  Volga. 
Tropical  Africa  has  never  suffered  from  the  plague. 

The  Pnaent  Epidemic. — In  1892  the  Chinese  Govem- 
ment.  in  the  course  of  some  military  operations,  moved 
certain  stores  and  materials  by  caravan,  from  Yunnan, 
which  was  the  endemic  focus  of  the  disease,  to  Longtcheu. 
The  disease  made  its  appearance  in  the  lattei'  place  in 
1893,  and  was  thence  conveyed  by  trading  junks  to  Can- 
ton and  Hong-Kong,  in  which  cities  it  was  reoognized  as 
epidemic  plague  in  1894.  From  Hong-Kong  it  was  con- 
veyed by  sea  to  Bombay,  Kerachee,  and  Poonah.  Wy- 
man  estimates  that  as  a  result  of  this  epidemic  outbreak 
there  were  220, 907  cases  in  Bombay  presidency  alone,  with 
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the  enormous  niortalit.v  of  164,083.  It  also  prevailed  in 
Calcutta,  Amoy,  Forniosa,  Ale.xandria,  and  the  port  of 
Kobe  in  Japaii.  In  1899,  Nieuchwang,  in  China,  was 
invaded,  and  the  epidemic  soon  gained  a  foothold,  the 
domestic  animals  dying  in  great  numbers  and  infecting 
the  surroundings  and  the  "soil.  It  again  made  its  ap- 
pearance in  Europe  in  Oporto,  Portugal,  in  August, 
1899.  Some  not  well-authenticated  cases  at  Plymouth 
and  Southampton,  England,  have  been  reported  witliin 
the  past  few  months  by  the  public  press  as  having  oc- 
curred, but  through  the  vigilance  of  the  sanitary  authori- 
ties the  disease  has  not  been  able  to  extend  its  influence 
outside  of  the  small  area  directlj'  connected  with  the  ship- 
ping. There  has  been  noticed,  however,  at  Southampton 
an  epidemic  among  dogs  which  was  so  fatal  and  infec- 
tious that  in  a  short  time  the  town  was  nearly  cleared  of 
its  canine  popidation.  From  this  source  the  disease  has 
since  spread  to  many  other  parts  of  England,  and  the 
epidemic  is  receiving  much  attentiou  from  the  veterinary 
physicians.*  In  October,  1899,  the  plague  appeared 
at  "Santos,  Brazil.  This  outbreak,  as  noted  by  Wyman, 
marks  an  important  epoch  in  plague  literature,  as  fur- 
nishing the  tirst  recorded  instance  of  the  occurrence  of 
the  disease  in  the  AVesteru  hemisphere.  The  outbreak 
occurred  after  the  arrival  of  a  ship  from  the  infected  port 
of  Oporto,  which  lay  alongside  the  dock  in  Santos,  and 
within  a  short  time  there  was  an  extensive  mortality  in 
July  and  September  among  rats,  preceding  the  appear- 
ance of  cases  among  human  beings.  On  the  18th  of  No- 
vember, 1899,  the  British  steamship  J.  IF.  Tuylor,  from 
Santos,  arrived  at  the  cjuarantine  station,  New  York, 
with  two  cases  of  bubo  plague  on  board,  and  reported 
having  lost  one  man  at  sea  from  the  same  disease.  Ow- 
ing to  the  prompt  and  effective  action  of  the  United 
States  quarantine  officials  in  disinfecting  the  ship  and 
cargo,  no  spread  of  the  disease  occurred.  A  few  suspi- 
cious cases  in  the  Chinese  quarter  have  occurred  at  San 
Francisco,  Cal.,  but  as  the  sanitary  authorities  were  alert 
and  took  the  necessary  steps  to  control  the  disease,  no 
communication  from  these  cases  has  been  observed. f 

The  recent  acquisition  of  the  Hawaiian  Islands  and  the 
Philippines  by  the  United  States,  among  other  advan- 
tages, has  given  us  the  rather  (]uestionable  one  of  having 
the  first  veritable  epidemic  of  plague  in  territory  under 
our  flag.  In  the  latter  part  of  December,  1899,  plague 
broke  out  in  the  Chinese  quarter  of  the  city  of  Honolulu. 
As  a  result  of  the  most  vigorous  measures  for  its  extinc- 
tion, including  the  application  of  the  torch  (with  the  un- 
expected result  of  the  destruction  of  a  lai'ge  portion  of 
the  city),  the  deportation  of  the  population  from  the  in- 
fected quarter,  and  the  establishment  of  a  cordon  prevent- 
ing all  communication  between  them  and  those  outside, 
the  epidemic  has  not  spread,  and  as  a  result  of  thorough 
disinfection  comparatively  few  cases  have  since  occurred. 
The  plague  subsequently  broke  out  with  decided  viru- 
lence among  the  filthy  huts  of  the  Chinese  quarter  of 
Manila.  The  military  authorities,  however,  at  once 
adopted  active  measures  to  prevent  its  spreading  and  to 
limit  its  course.  The  St.  Petersburg  plague  board  reports 
recently  that  bubo  plague  is  prevalent  in  Assyr,  JNIecca, 
and  Jeddah,  and  that,  accordingly,  last  year's  JIussul- 
-  man  pilgrimage  to  Jlesopotamia  was  prohibited.  A  re- 
port from  Major  Blair  D.  Ta3'lor,  United  States  Army,  iu 
regard  to  the  progress  of  plague  in  Honolulu,  dated  Jan- 
uary loth,  1900,  states  that  up  to  that  date  there  had  been 
34  cases,  with  27  deaths.  The  following  week  there  were 
12  new  cases  and  6  deaths.  Plague  has  disappeared  from 
Kobe,  Japan,  bvit  is  active  in  Osaka,  taking  the  form  of 
a  lung  disease  which  proves  very  fatal.  At  the  present 
time  the  epidemic  of  1899-1900  seems  to  be  on  the  decline 
in  the  East  and  has  gained  no  foothold  in  Europe  or 
America.  General  Wyman  believes  that,  with  the  rigid 
application  of  the  ordinary  princi]iles  of  sanitary  science 
and  with  the  means  now  at  our  disposal  for  tlie  prophy- 
laxis and  cure  of  the  malady,  it  seems  extremely  doubt- 


*  Journal  of  the  Amer.  Med.  Assn.,  March  3d,  1900,  p.  568. 
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ful  if  the  plague  will  ever  secure  a  decidejJ  foothold  in 
the  United  States. 

Accidental  Propngcition. — Incidental  to  the  recent  out- 
breaks of  the  plague  was  the  unfortunate  conrmunication 
of  the  disease  to  several  physicians  who  were  engaged  in 
making  bacteriological  investigations.  The  .Japanese 
Commissioner  Aoyama,  who  accompanied  Kitasato  to 
Hong-Kong  in  1894  by  direction  of  the  Japanese  Govern- 
ment, contracted  the  disease  by  inoculation  incurred  dur- 
ing a  post-mortem  examination,  but  fortunately  recov- 
ered, although  one  of  his  assistants  died  of  disease 
contracted  in  the  same  manner.  More  recently,  in  1898, 
the  disease  appeared  in  Vienna,  in  Professor  AVeichsel- 
baum's  institute,  in  which  inoculation  experiments  were 
carried  on  upon  guinea-pigs  with  material  obtained  from 
Bombay  by  a  commission  appointed  by  the  Ini|ierial 
Academy  of  Sciences  of  Vienna.  Dr.  iliiUer.  who  was  a 
member  of  the  commission,  unfortunatelv  fell  a  victim 
to  his  zeal  for  science,  and  a  laboratory  attendant  named 
Barisch  also  died;  two  nurses  were  also  attacked  liy  the 
disease.  The  commission  was  successful  in  restricting 
the  spread  of  the  disease  by  adopting  extremely  active 
measures.  The  Liincct  for  October  29th,  1898,  states  that 
"  as  soon  as  the  first  case  of  plague  was  clearly  recog- 
nized, the  plague  commission  permanentl_v  closed  Profes- 
sor Weichselbaum's  institute.  All  the  animals  used  for 
experiments  were  killed  and  cremated,  and  the  drains 
of  the  institute  were  disinfected.  Dr.  Nothnagel's  clinic 
was  cleared  and  disinfected,  and  the  medical  men  and 
nurses  belonging  to  it  were  isolated;  the  iniblic  were 
refused  access  to  the  General  Hospital ;  all  the  medical 
men  and  the  nursing  staff  were  kept  indoors,  and  some 
supposed  febrile  cases  were  transferred,  from  the  institute 
and  Professor  Nothnagel's  clinic,  to  the  Infectious  Hos- 
pital. Barisch's  wife  and  brother  were  also  admitted  to 
the  Infectious  Hospital  and  received  prophylactic  treat- 
ment." These  measures  were  completely  successful,  and 
abruptly  terminated  an  outbreak  that  had  startled  the 
entire  civilized  world. 

The  Disease  in  Lower  Animals,  and  their  Af/ency  in 
Spreading  the  Plague. — Concerning  the  matter  of  the  part 
played  by  the  lower  animals  in  spreading  the  epidemic, 
our"  knowledge  is  still  incomplete.  Dr.  Sticker,  of  the 
Vienna  Conuuission,  states  that  rats  and  mice  are  active 
carriers  of  the  contagion.  Preliminary  experiments  have 
shown  that  pigeons,  hens,  geese,  and  swine  are  insuscep- 
tible to  the  disease,  while  dogs,  cats,  sheep,  goats,  cows, 
and  horses  react  to  the  infection  by  at  least  a  transitory 
morbid  state  that  ends  in  recovery.  Monkeys  are  highly 
susceptible,  especially  the  so-called  sacred  ape,  and  they 
may  Jilay  an  important  part  iu  the  epidemics  of  India. 
Surgeon-General  Sternberg,  in  reference  to  this  subject, 
says :  "  We  have  learned  that  certain  of  the  lower  animals, 
including  rats  and  mice,  are  very  susceptible  to  infection, 
and  that  they  play  an  important  part  in  the  propagation 
of  the  disease,  also  that  the  germs  are  found  not  onh'  in 
the  blood  and  in  pus  from  suppurating  bulioes,  but  also 
in  the  discharges  from  the  bowels  of  infected  individuals. 
This  being  the  case,  it  can  readily  be  seen  how  important 
a  strict  sanitary  police  is  iu  arresting  the  spread  of  an 
epidemic.  As  in  other  filth  diseases  in  which  the  germ 
is  present  in  the  excreta  of  the  sick,  insects,  and  especially 
fleas  and  house  flies,  probably  play  an  important  part  in 
the  spread  of  the  disease."  * 

Modifying  and  Predisposing  Agencies. — Povert_y,  filth, 
physical  and  social  wretchedness  have  become  so  gener- 
ally recognized  as  predisposing  causes  to  the  plague  that 
Ca"biadis  termed  it  miseria  morbus,  thus  perpetuatiug  a 
name  given  to  the  plague  of  1665,  in  London,  which  was 
called  "the  poor's  plague"  (Wilson).  The  bad  hygiene 
observed  in.  the  poorer  class  of  dwellings,  especially  in 
tropical  countries,  not  only  favors  the  propagation  of  the 
epidemic  by  vermin,  as  already  mentioned,  but  it  also 
lowers  the  vital  resistance  of  the  individual  and  renders 
him  more  liable  to  infection  than  if  he  belonged  to  a  grade 

*  "  History  and  Etiology  of  the  Bubonic  Plague,"  Philadelphia  Med. 
Joum.,  April  7th,  1900. 
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higher  in  the  social  scale.  The  season  of  the  year  has 
some  influence  upon  the  development  and  course  of  the 
plague,  but  it  has  been  remarked  that  the  influence  is 
not  the  same  in  different  countries.  The  epidemics  in 
London  reached  their  height  in  midsummer  and  declined 
in  the  fall  months.  In  Constantinople  also  the  disease 
becomes  dormant  in  winter  and  becomes  active  as  the 
summer  heat  increases.  In  the  epidemics  of  extreme 
Northern  Europe,  the  disease  has  been  equally  prevalent 
in  winter  and  in  summer,  while  they  lasted.  Egypt  and 
Mesopotamia,  however,  follow  a  different  coui'se;  in 
Cairo  the  epidemics  have  always  ceased  upon  the  recur- 
rence of  the  hot  weather  of  June. 

A  marsh}'  soil  is  favorable  to  the  spread  of  plague,  re- 
peated outbreaks  having  occurred  in  the  valley  of  the 
Nile,  the  marshy  regions  of  the  lower  Euphrates  and 
along  the  Caspian  and  Black  seas  ;  but  dampness  and  low 
elevation  are  not  essential,  since  it  has  flourished  in  the 
mountainous  districts  of  Ai'abia  and  on  the  slopes  of  the 
Himalayas,  at  a  great  elevation.  Bolli  sexes  and  all 
ages  are  liable  to  the  infection,  although  young  adults 
furnish  the  greater  munber  of  victims.  Depressing  influ- 
ences, especially  debilitating  diseases,  increase  the  indi- 
vidual susceptibility.  Occupation  has  little  influence, 
although  it  has  been  observed  that  oil  carriers,  dealers  in 
oils  and  fats,  and,  to  a  less  degree,  water  carriers  and  bath 
attendants  are  less  liable  to  contract  the  disease  than  oth- 
ers. It  is  noted  by  Dr.  N.  F.  Arnold,  U.  S.  N.,  that 
those  inhabitants  of  Chinese  cities  in  which  ejndemics  are 
in  progress  who  live  in  boats  sufl'er  little.  This  is  proba- 
bly due  to  the  fact  that  communication  between  the  rats 
and  other  animals  inhabiting  tliem  and  those  of  the  land 
is  not  easy  (PldUuklpMa  Med.  Journ.,  April  7th,  1900,  p. 
789).  The  plague  is  to  a  certain  extent  self-protective; 
second  attacks,  if  they  occur,  are  of  less  severity  than 
were  the  lirst. 

Ine.iibdtion  Period. — The  period  of  time  which  elapses 
between  exposure  to  infection  and  the  development  of 
the  disease  is  comparatively  short.  Prus,  in  a  report 
drawn  up  for  the  French  Academy  of  Medicine  in  1844, 
declared  that  the  plague  had  never  shown  itself  among 
compromised  persons  after  an  isolation  of  eight  days.  It 
appears  that  from  tlu'ce  to  six  daj'S  is  about  the  rule. 
Cabiadis  sets  the  incubation  stage  at  three  days,  but  occa- 
sionall}"  it  lasts  onl_y  twenty-four  hours.  Hirsch,  fi'om  ob- 
servations on  the  Astrakhan  epidemic,  concluded  that  the 
average  period  was  five  days,  very  short  or  vcrv  long 
periods  being  seldom  observetl.  Recent  observations  by 
Haffkiue  and  Simond  agree  in  showing  that  the  incuba- 
tor}' period  ma}'  be  as  short  as  twelve  hours,  but,  on  the 
other  hand,  that,  in  a  number  of  cases  observed  in  a  de- 
tention camp,  over  six  per  cent,  occurred  as  late  as  the 
ninth  day.  and  1.73  per  cent,  as  late  as  the  eleventh  day. 
Wyman  justly  remarks  that  this  point  has  an  important 
bearing  on  quarantine  measures  at  ports  of  arrival,  for  it 
does  not  bear  out  the  theory  that  the  period  of  incubation 
is  such  that  all  cases  which  are  to  occur  will  occur  on 
the  voyage,  since  a  fair  proportion  of  the  cases  developed 
in  a  period  which  exceeds  the  average  duration  of  a  trans- 
Atlantic  passage  in  these  days  of  fast  ships. 

Relative  Danger  of  Propagation  by  Fomites  and  Mer- 
chandise.— -With  regard  to  the  transmission  of  the  disease 
by  fomites  and  the  dangers  of  spreading  an  epidemic  by 
merchandise  from  an  infected  locality  or  from  a  ship  hav- 
ing plague  on  board,  it  is  fortunate  that  the  vitality  of 
the  bacillus,  apart  from  the  animal  body,  is  limited,  its 
virulence  being  rapidly  lost  imder  conditions  of  heat, 
light,  exposure  to  sun  and  to  the  air.  In  fact,  this  is  in 
accord  with  every-day  laboratory  experience,  where  the 
greatest  difliculty  is  found  in  keeping  cultures  of  the 
plague  bacillus  in  virulent  condition.  Wyman  further 
says  that  "under  ordinary  conditions  of  laboratory 
growth,  in  the  presence  of  uniform  temperature,  on  fa- 
vorable nutrient  media,  and  kept  from  the  influence  of 
strong  light,  a  culture  of  the  plague  bacillus,  virulent  to 
rabbits,  will  in  two  or  three  days  so  deteriorate  that  it  is 
no  longer  pathogenic  for  the  very  susceptible  mouse. 
Passage  through  the  bodies  of  animals,  repeated  at  short 


intervals,  seems  to  be  necessary  to  preserve  the  virulence 
of  the  bacillus.  These  conditions  removed,  its  viability 
is  short,  and  it  either  perishes  altogether  or  becomes  a 
saprophytic  organism.  It  therefore  would  seem  justifi- 
able, in  the  present  state  of  our  knowledge,  to  assert  that 
the  relative  danger  from  merchandise  as  a  carrier  of  in- 
fection is  slight,  and  that  the  greatest  danger  is  to  be  ap- 
prehended from  mild  cases  of  the  disease,  unrecognized, 
little  dangerous  in  themselves  to  the  person  having  it, 
but  as  capable  of  spreading  virulent  contagion  as  is  mild 
varioloid  of  communicating  and  imparting  a  virulent, 
fatal  type  of  smallpox." 

Symptoms. — Oi  the  three  varieties  or  clinical  forms  of 
the  plague  which  are  usually  recognized,  (1)  the  bubon- 
ic, (2)  the  pneumonic,  and  (8)  the  septica:>mic,  the  former 
is  the  most  frequent  and  may  be  considered  as  the  type. 
In  cases  of  this  ordinary  grave  or  bubonic  form  we  have 
present  a  highly  contagious  fever,  setting  in  suddenly, 
attended  with  constipation,  with  a  rapid,  feeble  pulse, 
with  dizziness  and  delirium,  with  injected  eyes,  with  a 
dry  tongue,  with  noises  in  the  eai-s  and  deafness,  with 
defective  urinary  secretion,  with  starting  of  the  tendons, 
with  watchfulness  or  stupor,  and  with  red  patches  and 
purple  spots  scattered  over  the  surface  of  the  body. 
Such  is  the  graphic  language  used  in  describing  the  dis- 
ease by  Da  Costa,  to  which  he  adds  (as  distinguishing  it 
from  typhus),  nausea  and  vomiting,  a  pale  face,  an 
alarmed  despairing  look  of  the  countenance,  hemoptysis, 
and,  above  all,  the  buboes  and  carbuncles  in  different 
parts  of  the  body,  and  the  clearing  mind  when  they  mani- 
fest themselves.  Moreover,  the  disease  is  of  much  shorter 
duration  than  typhus.  Death  generally  takes  place  be- 
tween the  third  and  the  fifth  day,  or  convalescence  sets 
in  on  the  sixth  or  the  seventh  day,  or  early  in  the  second 
week.  It  may,  however,  be  protracted  by  a  long-continu- 
ing suppuration  of  buboes. 

J.  C.  Wilson  divides  the  course  of  the  attack  into  four 
stages:  (1)  invasion,  (2)  intense  fever,  (3)  fully  developed 
localizations,  (4)  convalescence.  The  first  stage  is  ushered 
in  by  a  feeling  of  lassitude  with  pains  in  the  loins  and  ex- 
tremities. Extreme  bodil}'  debility,  fulness  and  throb- 
bing pain  in  the  head,  with  dizziness  and  mental  weakness, 
are  complained  of.  The  patient's  expression  is  dull  and 
stupid,  and  he  responds  but  slowly  or  awkwardly  to 
questions.  His  face  is  pale,  eyes  languid,  his  gait  weak 
and  staggering,  as  if  inebriated.  No  distinct  rigor  is 
noticed,  but  shivering  occurs,  and  nausea,  vomiting,  and 
diarrhoea  may  appear  early.  This  stage  begins  suddenly 
and  may  last  from  a  few  hours  to  a  day  or  more.  It  is 
followe<l  by  the  febrile  stage,  which  may  be  ushered  in 
by  a  chill,  more  or  less  severe  but  commonly  the  latter. 
The  lassitude  and  headache  now  become  more  marked. 
The  temperature  rises  to  102°-104'  F.,  or,  exceptionally, 
to  107.6"  F.  The  pulse  is  rapid,  120  to  130,  the  .skin  hot 
and  dry,  and  the  patient  complains  of  fever  and  thirst. 
The  eyes  become  sunken  and  injected  as  the  ca.se  con- 
tinues, the  tongue  is  coated  with  a  grayish  pasty  mass, 
the  teeth  and  lips  are  covered  with  sordes,  the  \omiting 
often  continues.  Active  and  noisy  delirium,  with  great 
restlessness,  or  mild  delirium,  tending  to  stupor  or  coma, 
now  appears.  Bloody  crusts  collect  on  lips  and  nostrils. 
The  pulse  grows  feeble,  small,  often  very  irregular,  the 
lips  become  bluish,  the  extremities  cold,  and  there  is  im- 
pending collapse.  The  enlargement  of  glands  may  now 
be  noticed,  with  tenderness  and  swelling  of  the  superficial 
lymphatic  vessels.  A  sudden  fall  of  temperature,  often 
to  several  degrees  below  the  normal,  now  occurs,  fre- 
quently attended  by  a  profuse,  strong-smelling  sweat. 
The  pulse  falls  to  100  or  below,  and  the  mind  clears. 

The  third  stage  is  characterized  by  suppuration  and 
great  enlargement  of  the  glands  of  the  groin,  or  upper 
part  of  the  thighs,  less  frequently  in  the  axilla  or  near 
the  angle  of  the  jaw.  As  this  usually  does  not  occur 
in  fatal  cases,  suppuration  is  looked  upon  as  favorable. 
The  buboes  may  appear  as  early  as  the  second  day,  some- 
times as  late  as  the  fifth  day,  exceptionally  they  are  ab- 
sent altogether.  Carbuncles,  though  less  common  than 
buboes,  are  also  likely  to  appear  at  this  stage,  especially 
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on  the  legs,  buttocks,  or  tlie  back  of  the  neck,  but  they 
are  not  necessarily  fatal,  as  tlie  slougli  may  soon  .sepa- 
rate, the  gaugreiie  being  of  limited  extent.  Boils  also 
are  occasionally  sesn.  The  appearance  of  petechia;  is 
regarded  as  unfavorable;  they  may  be  delected  only  in 
tile  neighboi-liood  of  the  buboes,  or  ma_v  appear  in  great 
numbers  all  over  the  bod.y,  giving  the  cadaver  a  livid  hue 
(from  wliich  cliaracter  tlie  name  black  death  probably 
was  derived).  Extensive  ecchymoses  maj'  also  appear 
just  before  death. 

The  fourth  stage,  that  of  convalescence,  begins  about 
from  the  sixth  to  the  tenth  day,  and  may  be  delayed  by 
prolonged  suppuration  or  by  relapses.  Among  special 
features  to  be  noted  among  this  class  of  cases  is  the  mat- 
ter rejected  from  the  stomach,  which  at  first  is  simplj- 
gastric  mucus  with  bile  or  later  a  coffee-colored  fluid: 
lurmatemesis  may  occur.  Bleedings  from  the  nose,  lungs, 
bowels,  vagina,  and  bladder  have  also  been  observed. 
Such  cases  generallj'  terminate  fatally.  The  urine  may 
contain  albumin  and  blood,  hyaline  and  granular  casts  are 
commonly  found ;  it  also  frequently  contains  indican ;  the 
quantity"  voided  is  diminished  or  suppressed  in  grave 
cases.  The  temperature  record  is  not  characteristic:  it 
remains  at  103-103. .5'  F.  for  about  three  days;  it  then 
becomes  nearly  normal  or  subnormal,  and  may  rise  again, 
if  septic  processes  supervene.  The  blood  becomes  leuco- 
cythiemic,  but  the  red  cells  are  not  diminished  in  number. 
The  blood  contains  the  plague  bacillus,  in  the  great  major- 
ity of  cases.  In  some,  especially  early  in  the  epidemic, 
tlie  disease  progresses  with  such  intensity  and  rapidity 
that  the  characteristic  .symptoms  have  not  time  to  develop ; 
the  whole  duration  of  the  attack  is  only  a  few  hours.  In 
this,  which  is  called  tlie  fulminant  form,  convulsions  and 
coma,  with  the  rapid  formation  of  petechitie  and  vibices, 
precede  the  fatal  termination.  -This  form  is  most  likely 
to  occur  in  the  aged. 

The  pneinruiiiic  form  of  plague  occurs  principally  in 
India.  Whereas,  in  the  ordinary  bubonic  form,  the  in- 
fection a]iparently  enters  the  body  by  means  of  some 
wound,  abrasion,  or  bite  of  an  insect,  in  this  form  the 
lungs  appear  to  be  the  door  of  entrance.  Pneumonic 
plague  cases  occurring  dining  an  ordinary  epidemic,  ac- 
cording to  Harris  and  Arnold,*  are  all  fatal,  usually 
within  llie  first  four  days,  and  witliout  any  other  symp- 
toms than  fever,  cough,  bloody  expectoration,  pain  in 
the  chest,  and  the  symptoms  of  the  digestive  and  circula- 
tory disturbance  noted  above. 

The  piioimonic  foi-m  WHS  prominent  in  the  epidemic 
known  as  the  black  death.  Dr.  Calmette  reports  that  he 
has  observed  it  in  the  recent  epidemic  in  the  city  of 
Oporto.  Portugal,  and  that  in  pulmonary  plague  there 
are  no  buboes,  but  the  cases  are  marked  at  the  outset  by 
a  profound  depression  of  the  vital  powers,  by  violent 
vomiting,  cadaveric  paleness,  a  rapidl}'  failing  pulse,  and 
death  within  a  few  hours.  W.  C.  Hossack,  in  the  Britifih 
Medical. Totiriiiil.  February  10th,  1900,  described  a  peculiar 
form  of  plague  pneumonia.  Its  onset  is  insidious,  and  at 
the  end  of  five  or  ten  days  the  symptoms  may  be  very  little 
marked,  while  the  physical  signs  are  scarcely  recognizable. 
Intelligence  is  unaffected,  head  symptoms  are  wanting, 
and  death,  when  it  comes,  is  apt  to  be  quite'unexpected. 
The  pulse  is  the  most  important  diagnostic  point ;  it  is 
disproportionately  quick  and  feeble.  As  a  rule,  there  are 
no  enlarged  glands,  unless  late  in  the  disease,  and  every 
case  proves  fatal.  They  are  recognized,  b_y  Hossack,  as 
a  form  of  pneumonic  plague.  What  has  been  termed  the 
septicamic  form  is  regarded,  by  Sternberg  and  others,  as 
a  secondary  phenomenon,  which  occurs  only  in  verj-  se- 
vere anil  usually  fatal  cases.  Arnold  says  that  a  bare  ten 
per  cent,  of  all  cases  will  reach  the  septicajmic  stage. 
Such  cases  as  present  no  buboes  have  probably  received 
infection  either  through  the  respiratory,  genito-urinary, 
or  digestive  passages.  The  same  observer  reports  having 
seen  several  cases  that  presented  conclusive  evidence  of 
the  last  mode  of  inoculation. 


*  "  Bubonic  Plague  with  Clinical  Notes," 
April  7th,  19(10. 
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In  cases  of  the  ordinary  type  an  early  symptom  is  the 
presence  of  pain  and  tenderness  on  pressure  in  the  ingui- 
nal region.  The  onset  is  often  marked  bj'  convulsive 
tremor  or  shivering,  without  sensation  of  cold,  a  stagger- 
ing gait,  ccmfusion  of  mind,  dizziness  and  headache, 
with  a  dull  expression  of  countenance,  great  prostration, 
and  rapid  appearance  of  typhoid  state.  In  children,  cer- 
vical adenitis  is  more  common  than  inguinal. 

From  personal  observation  of  the  plague  in  London  in 
1665  and  16C6,  Dr.  Sydenham  furnished  the  following 
clinical  description : 

"  The  first  attack  is  almost  invariably  ushered  in  by 
chills  and  rigors  (.such  being  also  the  accession  of  inter- 
mittent fevers),  which  are  followed  b}"  violent  vomiting, 
by  pain  in  the  region  of  the  stomach,  like  that  of  the 
pressure  of  a  screw,  burning  fever,  and  its  usual  crowd 
of  concurrent  symptoms.  These  affect  the  patient  with- 
out intermission,  until  either  death  itself  or  else  the  fa- 
vorable breaking  out  of  buboes  or  of  parotid  abscesses. 
Hereby  the  morbific  matter  becomes  eliminated,  and  re- 
lieves them  from  the  appalling  crises. 

"Occasionally  it  happens  that  the  disease  lights  upon 
the  patient  without  any  premonitory  signs  of  fever 
whatsoever,  so  that,  even  whilst  engaged  in  his  common 
business,  a  man  may  be  suddenly  struck  down. — an 
eruption  of  crimson  blotches  being  the  only  forerunner  of 
his  quickly  coming  death.  It  is  important,  however,  to 
remark  that  death,  thus  sudden,  rarely  happens,  except 
during  the  beginning  of  epidemics  of  more  than  ordinary 
severit}'.  In  years  when  the  disease  has  been  sporadic, 
and  during  its  remissions  and  decline,  they  have  never 
been  observed.  It  happens  also  that  at  times  tumors 
may  break  out  without  either  fever  or  an\'  other  impor- 
tant symptom  as  their  precursors ;  although  I  suspect,  for 
my  own  part,  that  chills  or  shivers,  in  some  slight  de- 
gree or  other,  and  more  or  less  perceptible,  invariably 
precede.  Those  to  whom  this  happens  may  walk  about 
in  public  as  usual,  and  attend  to  the  common  duties  of 
life  like  healthy  men,  taking  no  thought  of  regimen." 

The  German" National  Board  of  Health  has  issued  re- 
cently a  circular  to  physicians,  containing  official  in.struc- 
tions"  regarding  the  plague,  from  which  the  following 
graphic  description  is  extracted:* 

The  outbreak  of  the  disea.se  proper  is  preceded  by  las- 
situde, depression,  pains  in  the  lumbar  region,  increased 
thirst,  and  diminished  appetite.  It  freiiuently  begins 
quite  suddenly.  Stinging,  burning,  or  dull  pains  at  the 
point  which  corresponds  then  or  later  to  the  bulio,  the 
inflammation  of  the  glands  or  the  pneumonia,  may  be  the 
first  manifestations  of  the  disease,  soon  accompanied  by 
chilliness  amounting  to  a  rigor,  and  consecutive  fever. 
The  latter  may  exist  for  several  hours  or  days  before  the 
local  manifestations  develop.  The  commencement  of  the 
disease  is  almost  invariably  accompanied  by  a  sensation 
of  vertigo  in  the  head,  which  may  increase  to  resemlile 
a  severe  intoxication,  with  the  external  indications  of  ex- 
treme stupor,  and  loss  of  control  over  the  limbs,  ami  then 
pass  away.  Nausea  or  vomiting  frequently  accompanies 
the  vertigo.  When  the  patient  reaches  the  physician  the 
clinical  picture  in  severe  cases  is  usually  fully  developed. 
The  patient  produces  the  impression  of  a  drunken  man : 
the  vacant  stare;  the  face  bloated,  flabby,  expressionless; 
the  extremely  bloodshot  eyes;  the  thick,  stammering 
speech,  and  uncertain,  staggering  gait.  This  impression 
is  enhanced  bv  the  abrasions  and  bumps  caused  by  the 
stumbles  and  falls  of  the  patient.  The  tongue  looks  as  if 
it  were  whitewashed  with  lime,  or  is  occasionally  red  and 
knobby  like  a  raspberry.  The  skin  is  dry  over  the  entire 
body  and  burning  hot, "or  it  is  merely  hot  on  the  face  and 
truiik.  while  the  pulseless  limbs  are  already  cold  and  cov- 
ered with  a  sticky  sweat.  The  respiration  is  labored  or 
sighing;  the  heart  beat  is  much  accelerated;  the  arteries 
are  relaxed;  the  radial  pulse  is  dicrotic,  full  or  already 
threadv,  near  extinction,  while  the  heart  beat  is  still  vigor- 
ous.    Put  to  bed,  the  patient  lies  dormant  in  extreme  ex- 

*  Miinchener  med.  Woch.,  January  2d,  and  Journal  Am.  Med,  Assn., 
February  3d,  1900. 
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baustion,  whispers  low  or  talks  confusedly  to  himself  or 
tosses  restlessly  on  the  bed  with  loud  delirious  ravings,  or, 
if  he  is  not  prevented  by  the  attendant  or  fastened  to  the 
bed.  gets  up  and  wanders  restlessly  about  in  a  wild  frenzy, 
and  makes  efforts  to  escape.  With  careful  scrutiny  it  is 
possible  to  detect  the  local  disease  focus  even  in  the  first 
hours,  and  thus  approach  the  correct  diagnosis.  A 
freshh'  swollen  gland  and  a  pustule  on  the  skin  are  the 
indications  of  commencing  inflammation  of  the  lungs,  and 
belong  to  the  developed  clinical  picture  of  the  plague, 
which  can  thus  appear  as  gland  plague,  skin  plague,  or 
lung  plague.  Plague  of  tlie  alimentary  canal  has  hither- 
to been  established  only  in  animals.  The  gland  plague 
or  buljo  usually  appears  in  the  inguinal  region,  but  also 
fre(|uently  in  the  a.xilla  and  in  the  neck,  especially  with 
childreu.  In  a  few  cases  it  has  been  noted  on  the  back  of 
the  head,  on  the  elbow,  the  popliteal  space,  the  anterior 
or  posterior  ear  glands,  the  hyoid  glands,  etc.  Frequent- 
ly the  superficial  glands  are  only  slightl_y  inflamed ;  the 
disease  process  seems  to  have  jumped  them  and  affected 
the  deeper  glands,  the  second  or  third  class  glands,  which 
develop  into  buboes.  For  instance,  the  femoral  glands 
may  be  unaffected,  while  a  large  iliac  or  lumbar  bubo 
may  lie  palpated  like  an  appendicular  tumor  through  the 
abdominal  wall ;  or  a  cervical  gland  may  be  only  slightly 
swollen,  wliile  an  area  of  dulncss  in  the  clavicular  region 
and  symptoms  of  comjiression  in  the  cervical  organs  may 
reveal  the  formation  of  a  bubo  in  tlic  ujiper  portion  of 
the  thoracic  cavity.  The  separate  enlarged  glands  can 
be  distinctly  palpated  in  the  bubo,  or  the  inflammation  of 
the  interstitial  tissue  may  have  bound  them  into  a  thick 
bunch  which  can  only  be  vaguely  distinguished  from  the 
surroimding  tissues,  and  is  frequently  suri-ounded  by 
dougliy  a>dema  extending  far  around  and  involving  the 
skin^  The  sensibility  of  the  bubo  to  pressure  is  usually 
much  more  than  the  spontaneous  pain,  so  that  the  pa- 
tient, by  favoring  the  bubo  by  tlie  position  of  tlie  limb, 
experiences  no  pain.  A  small  bubo  is  frequently  not 
even  noticed  by  the  patient  and  his  attendants,  so  that 
every  gland  tliat  can  be  reached  should  be  carefully  and 
repeatedly  investigated  by  the  pliy.sician.  Plague  iius- 
tule  and  "carbiuicle  are  rare  in  comparison  to  the  bubo. 
They  begin  witli  a  small  spot  like  a  flea's  bite  anywhere 
on  the  body.  The  spot  smarts  sharply  and  soon  develops 
into  a  larger  or  smaller  blister  witli  a  cloudy  fliiid.  Tlie 
pustule  either  stops  at  this  stage,  or  the  subjacent  tissues 
harden  and  soon  become  transformed  into  a  deep  carbun- 
cle, progressing  to  a  gangrenous  ulcer.  Inflamed  lympli 
vessels  frequently  lead  from  the  piistule  to  the  nearest 
cluster  of  glands,  and  a  bubo  may  then  develop  in  them. 
A  bubo  may  also  dc\elop  in  the  vicinity  of  a  carbuncle. 
Buboes,  pustules,  and  pneumonia  may  appear  from  the 
first,  at  the  commencement  of  the  disease,  sometimes  be 
fore  the  fever,  or  they  may  become  evident  a  few  hours 
or  days  afterward,  seldom  later  than  the  third  day.  In 
all  forms  of  the  plague  the  early  weakness  of  the  heart 
is  noticeable.  In  all.  symptoms  of  irritation  in  the  ali- 
mentary canal  are  evident  at  fii-st,  with  sensitiveness  to 
pressure  in  the  upper  abdomen  and  ca'cal  region,  violent 
vomiting,  later  also  the  passage  of  black  fa-cal  masses. 
"With  considerable  regularity  there  have  also  been  observed 
a  slight  degree  of  tympanites:  a  soft,  palpable,  or  percus- 
sionable  swelling  of  the  spleen,  and  traces  of  nucleo-albu- 
min  and  serum-albumin  in  the  urine.  Vomiting  of  blood 
or  blood  in  the  urine  is  rarer.  A  diphtheritic  affection  of 
the  tonsils  is  frequently  noted  earlv.  There  is  almost 
constantly  more  or  less  conjunctivitis,  which  is  frequently 
and  rapidly  complicated  with  keratitis  and  may  lead  to 
the  complete  suppuration  of  the  eye.  Punctated  or 
striped  hemorrhages  in  the  skin  and  mucous  membranes 
have  been  noted  with  varying  frequency  in  different  epi- 
demics. In  the  course  of  the  disease  the  lymph  vessels 
beneath  the  buboes  may  become  involved  in  the  inflam- 
mation, and  new  buboes  may  develop  elsewhere  in  the 
body. 

^ioRT.\i,iTY  .Ji-ND  Progxosts. — There  is  no  other  epi- 
demic disease  which  owns  a  mortality  rate  so  high  as 
this.     It  has  been  already  intimated  that  the  virulence 


and  prognosis  of  the  plague  are  influenced  by  social  and 
especially  sanitary  conditions  in  the  community  visited, 
and  are  also  affected  by  the  season  of  the  year.  As  in 
other  infectious  diseases,  cases  exceptionajly  occur  of 
veiT  mild  form,  and  in  which  the  incubation  stage  mav 
be  unduly  prolonged,  these  cases  being  important  factors 
in  disseminating  the  epidemic,  although  scarcely  sick 
themselves.  Others  occur  which  are  overwhelmed  with 
the  poison  and  die  in  a  few  hours.  The  mortality  of  the 
recent  epidemic  in  China  has  been  stated  to  be  as  high  as 
98  per  cent. ;  that  in  India  is  75  per  cent,  among  natives; 
among  Europeans  it  is  said  by  Arnold  to  have  never  ex- 
ceeded 60  per  cent.,  and  is  usually  much  less.  The  Ma- 
rine Hospital  Service's  issue  for  December  2'2d  of  its 
Public  Health  Reports  gives  some  startling  figures  of  the 
mortality  of  the  present  outbreak  up  to  August  11th,  1899; 
namely,  to  mention  only  a  few,  that  there  had  been  in 
the  Be'lgaum  district  29,300  eases,  with  22,043  deaths;  in 
the  Dharwar  district  38,754  cases,  with  31,307  deaths; 
and  in  the  Nassik  district  20,162  cases,  with  15,480  deaths. 
The  septicamiic  and  pneumonic  forms  are  most  fatal.  If 
the  necrotic  material  in  the  buboes  makes  its  way  through 
the  overlying  tissues  and  skin  and  evacuates  itself,  the 
patient's  chances  of  recovery  are  generally  admitted  to 
be  improved.  If.  on  the  otlicr  hand,  the  material  in  the 
buboes  becomes  diffused  into  the  tissues,  and  is  not  evacu- 
ated, death  from  septica'mia  quickly  follows.  The  prog- 
nosis is  greatly  improved  if  modern  sanitary  and  thera- 
peutic measures  are  available  and  are  early  insritutcd. 

Di.\GNosis. — The  clinical  features  which  distinguish 
the  plague  have  just  been  considered.  Althougb.  typical, 
fully  developed  cases  could  scarcely  escape  recognition, 
it  is  important  for  the  protection  of  the  commtniity  that 
the  diagnosis  shovdd  be  made  at  the  earliest  pi>ssible  mo- 
ment. Suspicion  of  impending  danger  may  be  aroused 
by  the  occurrence  of  a  great  mortality  among  rats  and 
mice ;  it  has  been  observed  that  rats  sometimes  leave  a 
locality  in  great  numbers  before  the  plague  maaifests 
itself  in  man.  There  may  also  be  unusual  mortality 
among  domestic  animals.  A  bacteriologic  examination 
of  these  animals  might  thus  give  early  information  of  the 
presence  of  the  plague  bacillus  and  anticipate  the  out- 
break in  man.  In  the  human  suljject  errors  may  be 
made  in  the  milder  cases  of  the  bubonic  form  and  in  the 
pulmonic  and  septicamiic  forms,  but  a  bacteriologic  ex- 
amination properly  carried  out  will  clear  up  the  diagno- 
sis. The  method  pursued  by  Harris  and  Arnold  is,  in 
the  bubonic  form,  to  open  a  gland  involved,  under  due 
antiseptic  precautions,  and  plant  some  of  the  contents  on 
any  ordinary  culture  medium.  Cover-slip  preparations 
arc  also  at  once  made,  stained,  and  subjected  to  micro- 
scopic exiMnination.  In  most  cases,  the  latter  procedure 
will  at  once  determine  the  true  nature  of  the  case,  as  in 
addition  to  the  morphologic  characters  of  the  bacilli 
their  very  nmnber  serves  to  distinguish  them,  for  in  no- 
other  disease  are  so  many  bacteria  present.  In  the  septi- 
Ciemic  form  the  blood  should  be  examined  in  the  same 
manner,  and,  if  the  bacilli  are  not  found  in  the  cover-slip 
preparations,  they  will  develop  in  the  culture.  An  ex- 
amination of  the  sputum  in  plague  pneumonia  is  at  once 
suflicieut  to  place  the  diagnosis  beyond  all  doubt,  as  this 
material  always  contains  the  bacilli  in  great  numbers — 
oftentimes  in  pure  culture. 

Morbid  Anatomy  .\nd  Histology.  —  Post-mortem 
rigidity  and  lividity  appear  early.  The  temperature 
often  increases  after  death  (108'  F.  in  some  instances). 
PetechiiE  usually,  and  carbuncles  occasionally,  are  ob- 
served. In  about  half  the  cases,  the  lymph  nodes  of  the 
groin  first  show  the  disease :  in  the  remaining  half,  the  ax- 
illa is  atTccted  in  about  fifty  per  cent.  The  superficial 
nodes  appear  to  be  first  affected,  but  the  disease  quickly 
extends  to  the  entire  chain  of  glands  to  which  the  one  first 
affected  belongs.  All  the  other  lymph  nodes  of  the  body 
may  be  invaded,  but  especially  those  of  the  mouth, 
throat,  intestines,  and  mesentery."  The  tissues  around  the 
nodes  are  softer  and  may  show  hemorrhagic  foci.  The 
nodes,  or  lymph  glands,  are  very  much  increased  in  size. 
On  section"  the  node  substance  is  quite  firm  if  the  proc- 
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ess  is  recent,  or  the  couteuts  may  be  semi-fluid  and  muci- 
laginous, the  material  resembling  lard.  The  cut  surfaces 
often  present  a  grayish,  red  color,  with  darker  areas  of 
hemorrhage,  or  the  entire  contents  are  of  a  dark  red  color. 
Other  glands  in  distant  portions  of  the  body  are  enlarged, 
but  do  not  present  any  hemorrhagic  foci,  except  in  cases 
of  relapse.  Around  the  nodes  the  tissues  are  swollen, 
the  blood-vessels  are  engorged  and  contain  pest  bacilli; 
these  are  not  found,  however,  in  the  tissues  or  lymphat- 
ics, although  the  latter  are  distended  with  lymphoid  cells. 
Unless  the  necrotic  process  extends  through  the  capsule, 
the  tissues  show  no  other  change.  Harris  and  Arnold 
found  that  in  those  instances  in  which  the  node  has  just 
been  attacked,  or  in  which  the  disease  is  of  a  mild  charac- 
ter, there  is  evident  increase  in  the  number  of  cells  within 
them,  the  vessels  are  dilated,  and  the  lymphatic  channels 
contain  many  bacilli.  In  advanced  cases,  no  differentia- 
tion is  possible;  all  the  gland  contents  now  consist  of  a 
finely  granular  material,  which  is  colored  pink  ^\•hen 
stained  by  htiematin  and  eosin,  or  by  the  method  of  Van 
Gieson.  Intermingled  with  this  granalar  material  there 
are  quite  a  number  of  cells  and  some  cellidar  debris.  If 
the  section  be  stained  by  the  toluidin  blue  and  glycerin- 
ether  method,  or  by  toluidin  blue  followed  by  cosin.  this 
granidar  material  is  found  to  cousist  of  countless  myriads 
of  pest  bacilli,  they  constituting,  in  many  instances,  more 
than  one-half  of  the  entire  contents  of  the  node.  The 
same  authors  insist  upon  the  importance  of  the  presence 
of  mast  cells,  as  they  have  never  .seen  them  in  any  other 
lesions  of  the  l_ym])h  nodes.  It  is  suggested  that  their 
function  is  to  elaborate  an  antitoxin,  as  they  never  ap- 
pear to  be  phagocytic,  like  the  hyaline  cells,  but  it  was 
observed  that  around  many  of  the  mast  cells  there  is 
a  zone  in  which  no  bacilli  are  .seen.  There  are  also  a 
few  plasma  cells  and  a  few  polymorphonuclear  leuco- 
cytes. When  the  glaud  softens  and  Ijreaks  down,  it  is 
due  to  a  process  analogous  to  cheesy  degeneration  of  tu- 
bercles; therefore  it  is  obviously  wrong  to  speak  of  the 
process  as  a  primarily  suppurative  one.  If,  however, 
any  of  the  organisms  of  suppuration  subsequently  reach 
the  diseased  area,  or  a  mixed  infection  occtirs,  a  true 
suppuration  will  ensue.  Lympli  nodes,  in  parts  of  the 
body  at  a  distance  from  the  original  foci  of  the  disease, 
show  only  macroscopic  swelling  and  a  somewhat  darker 
color  than  is  normal.  On  microscopic  examination,  the 
cells  of  which  the  nodes  are  composed  are  found  to  be 
apparently  somewhat  increased  and  the  blood-vessels 
dilated.  In  severer  cases,  and  in  relapses,  these  vessels 
usually  contain  bacilli,  but  the_y  are  not  found  in  the 
gland  substance  ordinarily. 

Liingti. — The  plague  causes  broncho-pneumonia,  but 
more  of  the  lung  tissue  is  involved  than  is  commonly  the 
case  in  the  ordinary  forms  of  this  disease.  There  is  occa- 
sionally observed  a  fibrinous  pleuritis  with  the  pneumonia. 

Spleen. — The  spleen  is  large,  dark  colored,  and  soft. 
There  are  numerous  hemorrhagic  areas  in  its  substance. 
Its  vessels  are  greatly  dilated.  Many  of  the  cells  show 
degenerative  changes.  This  organ  alwaj^s  contains  the 
bacilli,  often  in  great  numbers. 

The  Kidneji/*  may  be  either  somewhat  enlarged  or  nor- 
mal in  size.  There  is  hypera?niia,  with  areas  of  hemor- 
rhage ;  especially  between  the  ilalpighian  pyramids.  The 
capsule  is  easily  removed  and  the  cortex  is  thickened  and 
quite  friarljle.  The  cortical  cells  are  granular  and  many 
have  degenerated  and  lost  their  niiclei.  Hyaline  substance 
resembling  that  found  in  the  normal  thyroid  tubules  is 
found  in  the  uriniferous  tuliules.  Areas  of  hemorrhage 
are  occasionally  seen  between  the  collecting  tubules,  but 
there  is  no  evidence  of  nephritis.  In  all  the  blood-vessels 
(which  are  enormously  dilated),  both  in  the  Malpighian 
bodies  and  elsewhere,  are  found  numerous  pest  bacilli. 

The  Lirer  is  somewhat  darker  in  color  than  normal, 
owing  to  hypera-mia  and  dilatation  of  capillaries.  The 
liver  cells  show  signs  of  degeneration  and  ai'e  irregular 
in  form  and  swollen,  with  disappearance  of  the  nuclei  in 
many. 

Intestines  and  StomneJi  show  hemorrhagic  foci  and  the 
lymph  nodes  are  enlarged. 


The  Brain  iind  its  membranes  are  congested,  and,  rarely, 
fibrinous  meningitis,  or  meningoencephalitis,  is  met 
with.  This  condition  of  the  Inain  is  more  often  found  in 
cases  of  the  fulminant  form  in  which  death  occurs  within 
a  few  lioiu's  after  inoculation. 

The  fiemnrr/uiges  found  in  the  various  organs,  according 
to  the  same  authorities,  are  not  caused  bythe  mere  pres- 
ence of  the  bacilli,  but  they  are  the  effects  of  a  poison  or 
poisons  produced  by  bacilli.  The  instance  is  given, 
which  was  reported  by  the  German  Pest  Commission,  of 
a  woman  suffering  with  the  pest  who  gave  birth  to  a 
dead  child,  and  although  its  body  was  entirely  free  of 
the  bacilli,  the  hemorrhages  were  very  numerous  in  its 
organs.  The  leucocytosis,  which  is  so  constant  in  the 
plague,  may  be  frequently  made  out  by  sections  of  the 
tissues — the  white  cells  being  cvidently'increased  in  the 
blood  that  is  present  in  the  blood-vessels.  A  mixed  infec- 
tion frequently  occurs:  streptococci,  diplococci,  and  dif- 
ferent varieties  of  staphylococci  may  be  founil  iu  various 
lesions  or  structures;  generally,  however,  they  appear 
late,  or  in  the  agonal  period,  and  in  such  cases  do  not 
influence  the  result  to  any  material  extent.  It  is  proba- 
ble, however,  that  when  recover}-  takes  place  thev  are 
active  in  causing  eruptive  diseases  of  the  skin  and  pro- 
longed suppurations  of  glands  and  carbuncles.  Paraly- 
ses of  certain  muscles  lesult  from  the  occurrence  of 
hemorrhages  into  the  meninges  and  spinal  cord. 

Treat.ment. — At  the  present  day  attention  is  particu- 
larly concentrated  upon  the  use  of  Haffkine's  prophylac- 
tic and  Yersin's  anti-pest  serums.  The  best  recent 
authorities  appear  to  be  agreed  as  to  the  great  value  of 
these  agents.  It  is  understood  that,  as  Wymau  insists,  it 
is  necessary  to  draw  a  sharply  defined  line  between  the 
serum  therap_v  and  serum  ])ropliyIaxis  of  a  disease.  In 
the  case  of  ])lague  the  difference  is  not  merely  one  of 
degree  but  of  kind.  The  serum  which  may  be  successful 
in  protecting  against  the  plague  may  be  powerless  to 
cure  it  when  once  the  disease  has  manifested  itself.  For 
the  cure  of  ])lague,  according  to  Wyman,  there  is  at  pres- 
ent but  one  accredited  remedy,  viz. :  the  curative  or  anti- 
toxic "anti-pest"  .serum  of  Yersiu  and  Rous. 

The  jireparation  of  the  Yersiu  serum  is,  in  brief,  as  fol- 
lows; Horses  are  treated  with  progressively  increasing 
doses  of  the  toxins  of  plague,  prepared  by  subjecting 
virulent  bouillon  cultures  of  the  B.  pestis  to  a  degree  of 
heat  which  instires  their  sterilization.  These  injections 
at  first  have  a  very  profound  effect  upon  the  horse,  but 
in  time  a  certain  immunity  is  conferred,  and  his  blood  se- 
rum is  found  to  have  a  very  decided  effect  in  preventing 
the  infection  of  animals  when  these  are  subjected  to  inoc- 
ulations of  cultures  of  the  organism  after  the  usual  labor- 
ator}'  methods.  Usually  the  process  does  not  stop  here, 
but  is  carried  on  to  the  production  of  true  anti-pest  serum, 
preventive  and  curative,  whose  further  preparation  is  as 
follows:  When  reaction  to  the  increasing  doses  of  toxin 
has  practically  ceased,  toxins  of  the  same  nature  are 
administered  intraperitoneally  and  intravenously,  and 
these  are  supplemented  by  the  intravenous  injection  of 
toxins  prepared  with  a  special  view  to  rendering  soluble 
the  toxin  which  is  enveloped  in  the  dead  bacterial  body. 
If  necessary,  this  is  supplemented  by  the  intravenous 
injection  of  live  bouillon  cultures,  and  bleedings  are  prac- 
tised and  experiments  made  with  the  serum  both  against 
living,  virulent  cultures  and  against  the  precipitated  tox- 
ins of  the  organism.  When  the  serum  has  reached  a 
point  of  strengtli  when  a  do.se  of  -^  c.c.  will  protect  a 
mouse  of  2.5  gm.  weight  against  living  cultures  and  a 
three  times  mortal  dose  of  toxin,  the  serum  is  considered 
to  have  acquired  full  antitoxic  power,  and  is  not  only 
protective  or  prophylactic,  but  also  antitoxic  or  curative. 

A  French  commission,  after  an  investigation  made 
upon  mice,  monkeys,  and  human  beings,  during  the  epi- 
demic in  Oporto,  rej^orted  that  the  value  of  the  anti-pest 
serum  is  incontestable.  In  cases  treated  with  it  the  mor- 
tality was  onlj'  fourteen  per  cent.,  while  in  those  uot  so 
treated  it  was  at  least  seventy  per  cent.  These  cases 
were  of  the  pneumonic  form.  When  exposure  to  the 
plague  infection  continues,  it  is  recommended  by  Rous 
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that  these  inoculations  sliuuld  be  repeated  everj'  thirty- 
five  to  forty  days,  but  the  reports  of  Simond  show  that 
they  should  be  practised  more  frequently,  viz.,  every 
fourteen  or  twenty-one  days.  It  should  always  be  borne 
in  mind  that  these  inoculations  do  not  iu  any  way  take 
the  place  of  general  hygienic  measures.  The  technique 
is  thus  given  bj-  Wymau: 

General  Teelitiiqve. — The  injection  should  be  adminis- 
tered in  the  subctitaneous  connective  tissue  of  the  flank, 
the  abdomen,  or  the  back,  and  should  be  pi'actised  tmder 
the  usual  antiseptic  precautions.  The  region  where  the 
remedy  is  to  be  injected  should  be  washed  with  a  solu- 
tion of  carbolic  acid  (five  per  cent, )  or  solution  of  mercu- 
ric chloride  (1  to  l.UOO).  A  large  an tito.xin  syringe  should, 
if  possible,  be  emplo}'ed.  and  before  use  it  should  be 
nearly  filled  with  cold  water  and  then  submerged  in 
water  wliich  should  be  brought  to  a  full  boil  and  main- 
tained at  that  temperature  for  fifteen  minutes.  Having 
been  emptied,  it  should  be  allowed  to  cool  before  being 
filled  with  the  serum,  as  heat  has  an  injiu'ious  action  on 
the  remcdj',  and  the  syringe  iriay  be  clogged  by  the  co- 
agulation of  albumen.  In  the  absence  of  an  antitoxin 
syringe,  an  ordinary  hypodermic  syringe  may  be  em- 
ployed in  its  stead,  care  being  taken  as  to  the  steriliza- 
tioii  as  above,  and,  the  .syringe  having  been  filled  and 
emptied,  the  remainder  of  the  dose  determined  upon  may 
be  administered  without  removing  the  needle  by  detach- 
ing-the  .syringe  and  filling  its  barrel  the  requisite  number 
of  times,  the  syringe  being  screwed  or  otherwise  joined 
to  the  needle  in  situ.  This  obviates  the  necessity  for 
midtiple  punctures,  always  disagreeable,  and  is  an  impor- 
tant point  in  the  treatment  of  children. 

(ii)  Adininistration  for  Prop/ii/liictic  Purposes. — When 
a  case  of  plague  manifests  itself  in  a  house  or  on  board 
.ship,  10  c.c.  of  the  serum  may  be  administered  to  all 
persons  exposed  to  the  contagion.  The  injection  is 
not  accompanied  by  any  inconvenient  or  disagreea- 
ble afti'r-efEects,  It  should  be  repeated  in  ten  days 
in  order  to  prolon.g  the  immunity,  and  in  a  badly  in- 
fected locality  the  injections  should  be  repeated  several 
times. 

(h)  AdministraHon  for  Curatire  Purposes. — The  cura- 
tive action  of  the  serum  is  the  more  efficient  the  earlier  in 
the  disease  the  injection  is  practised.  Large  doses  should 
be  administered,  30  to  50  c.c,  rather  than  smaller  doses 
successively  administered.  Under  the  influence  of  the 
serum  the  fever  decreases  and  the  swelling  of  the  glands 
(the  buboes)  rapidly  diminishes.  If  this  amelioration  is 
not  produced  promptly,  a  second  and  even  a  third  dose 
should  be  administered  until  the  fever  and  the  gen- 
eral and  local  symptoms  disappear.  This  is  important, 
for  so  long  as  the  bubo  remains,  especially  if  suppura- 
tion supervenes,  the  patient  is  liable  to  secondary  in- 
fections. 

The  Haffkine prophylactic  is  intended  solely  for  projih- 
ylactic  purposes,  and  is  not  to  be  used  after  a  per- 
son has  already  been  exposed  to  the  infection.  Under 
antiseptic  measures,  the  dose  of  1  c.c.  is  administered  hy- 
poilcrmically,  and,  wlien  the  constitutional  reaction  has 
subsided,  the  dose  may  be  rc]ieated.  A  slight  fever  for 
two  days  with  temporar\'  enlargement  of  neighl)oring 
glands  is  observed  following  the  inoculation.  The  im- 
munity does  not  continue  long  over  thirty  days  and  inoc- 
ulations may  be  repeated. 

The  inoculations  made  by  Haffkine  in  Bombay  were 
quite  successful.  In  the  first  experiment  8. 143  persons 
were  inoculated.  Of  these  only  18  sub.sequently  con- 
tracted the  di.sease  and  2  died.  Among  4.920  persons  in- 
oculated a  single  time  at  Dharwar  45  were  subsequently 
attacked  and  15  died,  while  among  3.;iS7  persons  in 
whom  a  second  inoculation  was  made  only  2  were  at- 
tacked. At  the  same  period,  the  rate  of  mortalit}'  among 
those  who  held  back  from  the  inoculation  rose  to  an  un- 
paralleled height,  the  deaths  being  657  to  1,000  per  week. 
The  results  elsewhere  were  equally  good.  The  follow- 
ing table  is  excerpted  from  Surgeon  Captain  Leumann's 
report.  The  conclusions  to  be  drawn  from  it  are  self- 
evident. 


Dates. 

Census 
ol  HubU. 

Number  of 

non- 
inoculated 
Inhabitants. 

i|l 

in 

£     ■- 
•a 

11 

Five  weeks,  from  Mav 
11th   to  June    14th, 
isys 

Fell  Irom 
50,000-47,427 

47,082 
47,485 
46,r)37 
46,518 
45,340 
43,.S09 
43,7W 
42,71)8 
40.441 
39.4bO 
38,210 
38,383 
38,408 
39.142 
39,315 

44,r)73 

41,494 

,■39.042 

36,020 

33.255 

29,716 

24,112 

21.(J31 

15,584 

10,685 

6,367 

4,094 

2,731 

1,116 

937 

603 

2,854 

5,588 
8,443 
10,517 
13,263 
15,.5a4 
19,697 
22,676 
27,184 
29,7.t6 

3;io;33 

34,116 
35,469 
37,293 
38,2a> 
38,712 

47 

22 

29 
55 
34 
82 
100 
140 
272 

a«o 

371 
328 
227 
138 
108 
58 

1 

Weeli  ending  (1898) : 
June  21st 

3 

June2.sth 

1 

July  5ch 

July  12th    

6 
g 

July  19th 

7 

July  26th 

15 

16 

August  9th 

19 

August  Itith 

August  23tl 

August  30th 

septeuiber  fifli 

Septfiiibt-r  \'.M\\ 

SeptfinlK-r  ^'iilh 

September  27 th 

61 
41 
28 
.34 
47 
55 
20 

The  government  of  India  is  now  making  a  prophylac- 
tic from  a  vegetable  culture  medium  which  appears  to  be 
equally  successful.  The  Lancet's  Calcutta  correspondent 
wrote  "(January  27th;  1900): 

"In  order  to  meet  the  religious  scruples  o^  a  large  sec- 
tion of  the  natives,  experiments  have  for  some  time  past 
been  conducted  iu  order  to  ascertain  whether  or  not  the 
plague  prophylactic  obtained  by  growing  the  bacilli  of 
plague  in  a  medium  manufacttired  from  wheat  was  as 
effective  as  that  made  in  the'  ordinary  manner  from  meat. 
For  rabbits  at  least,  the  wheat-peptone  vaccine  is  as  effec- 
tive as  that  prepared  from  meat  peptone.  Only  one  ex- 
periment has  been  made,  but  there  is  no  reason  to  sup- 
pose that  human  beings  will  react  differently.  It  is 
suggested  that  publicity  be  given  to  this  experiment,  so 
that  those  communities  which  have  religious  scruples 
against  the  use  of  vaccine  jjrepared  from  goats'  flesh  may 
be  made  aware  that  they  can  now  be  protected  b_v  the 
use  of  the  wheat  jjcptone  i)rophylactic.  The  new  mate'- 
rial  is  ready  for  distribution." 

In  some  experiments  made  to  determine  the  efficacy  of 
the  different  constituents  of  Haffkine's  prophylactic,  C, 
Balfour  Stewart  found  that  the  sediment  contains  bacte- 
ricidal properties,  and  that  the  filtrate  alone  is  capable  of 
conferring  immunitj'  or  of  modifying  the  attack. 

Pretention  of  Epidemical. — The  observations  of  sani'ary 
authorities  all  over  the  woild  agree  in  one  respect,  and 
that  is  that  the  plague  is  a  thoroughly  preventable  disease 
under  conditions  imposed  by  modern  medical  science, 
and  that  if  these  precautions  can  be  freely  carried  out  an 
epidemic  will  be  impossible.  As  recommended  by  Roux, 
the  attention  of  the  sanitary  aulhoiities  is  devoted  at  the 
outset  to  the  lower  animals,  the  entire  destruction  of  rats 
and  mice  being  advised,  and  the  cremation  of  their  bodies. 
It  is  suiggested  that  since  the  discharges  from  the  nasal 
chamljers  of  infected  rats  contain  the  plague  bacilli  in 
nearly  pure  culture,  this  may  be  one  method  of  the  ex- 
tension of  the  disease.  Since  dogs  and  cats  eat  rats  and 
mice,  the  propriety  or  necessity  of  quarantining  or  de- 
stroying these  also  must  be  considered.  In  the  human 
subject,  besides  attention  to  ordiiiaiy  hygiene,  the  use  of 
Haffkine's  prophylactic  on  a  large  scale  is  advised. 

Lord  Curzon.  the  Viceroy  of  India,  recently  before 
starting  for  a  thorough  inspection  of  the  sanitary  arrange- 
ments of  the  infected  districts,  took  the  precaution  of 
having  himself  and  entire  party  inoculated  with  the 
prophylactic  serum.  "A  measure."  he  said,  "which 
changes  the  death  rate  of  from  70  to  80  per  cent,  into  rine 
of  from  15  to  20.  even  in  those  who  are  attacked  after 
submitting  to  it,  to  say  nothing  of  the  large  propoition 
who  are  completely  protected  b\-  it,  is  one  wliich  no  sen- 
sible man  can  afford  to  neglect.'' 

The  value  of  the  anti-plague  inoculation  has  just 
been  investigated  by  a  government  commission  in  India, 
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-  -which  has  carefully  reviewed  the  entire  subject  and  has 
reported  that  under  the  safeguards  and  conditions  of  ac- 
curate standardization  and  sterilization  of  the  vaccine, 
together  with  the  precaution  of  sterilizing  the  sj'ringe  in 
each  case,  the  inoculations  should  be  encouraged  wher- 
ever possible  and  in  particular  among  disinfecting  stails 
and  the  attendants  of  plague  hospitals.*  Lustig  and 
Galeotti  have  used  a  nucleo-proteid  as  an  immunizing 
substance,  which  they  claim  has  marked  advantages  over 
Haffkine's  prophylactic  serum.  Its  efficacy  has  been 
proved  by  experiments  upon  animals.  It  is  innocuous  as 
regards  man,  being  free  from  the  toxic  substances  found 
in  all  cultural  liquids  used  in  their  entirct}-.  They  make 
the  specific  charge  against  Ilalfkine's  liquid  that  it  easily 
becomes  contaminated  and  there  is  no  guaranty  of  the 
sterility  of  each  separate  bottle,  f 

Experience  has  shown  that  the  doses  laid  down  in  the 
instructions  for  the  use  of  the  plague  prophylactic  by  M. 
Haffkine  require  revision.  This  fact  has  been  taken  ac- 
count of  by  the  sanitary  authorities  in  India,  and  an  offi- 
cial order  has  been  made  in  relation  thereto.  The  Lanctt's 
special  correspondent  .says  (February  3d,  1900,  p.  345): 
"  It  has  been  found  that  cliildren  are  less  affected  by  inocu- 
lation than  adidts  and  can  be  given  proportionately  larger 
doses.  Accordingly  new  rules  have  been  promulgated 
and  official  instructions  for  the  use  of  the  plague  prophy- 
lactic have  been  sent  out.  Considerable  improvement  has 
been  effected  in  the  matter  of  packing  and  fitting  up  the 
bottles.  At  one  time  this  appears  to  have  been  carried 
out  very  insecurely'  and  many  bottles  of  the  fluid  were 
found  to  have  \mdergone  decomposition.  The  following 
dosage  is  now  ordered: 


If  the  Dose  Marked  ox  the 
Bottle  is— 

2..5  c.c. 
then  give — 

5.0  c.c. 
then  give— 

O-.l  c.c. 

1  •■ 
1..5  " 

2  " 
2.5  " 

From   2-  .5  years    

2      '* 

"     6-U     "                        

3      " 

"    12-15     "      

4      " 

"    16-SO     "        

It  is  thought  that  persons  over  fifty  years  of  age  should  get  0.25  c.c. 
less  for  each  decade  above  that  age. 

"  The  official  instructions  contain  the  following  para- 
graph indicating  the  usual  symptoms  of  plague  inocula- 
tion: '  The  symptoms  commence,  as  a  rule,  three  to  five 
hours  after  inoculation  and  consist  chiefly  of  swelling 
and  pain  at  tlie  seat  of  inoculation  and  of  a  rise  of  tem- 
perature. The  pain  is  felt  particularly  on  movement  of 
the  part.  The  fever  is  accompanied  by  general  discom- 
fort usual  to  this  condition.  No  treatment  of  the  symp- 
toms is  required  beyond  applying  ice  for  the  relief  of 
headache,  if  any  is  felt,  and  enjoining  some  rest.  Gen- 
eral symptoms  subside  after  twenty-four  to  thirty-six 
hours;  the  pain  at  the  seat  of  inoculation  lasts  for  three 
or  four  days,  disappearing  gradually;  a  painless  indura- 
tion remains  for  some  time  longer.  It  is  desirable  to 
produce  a  rise  of  temperature  to  at  least  102'  F.  If  the 
reaction  is  le.ss  marked  the  operation  may  be  repeated 
three  or  four  days  later  with  the  same  or  an  increased 
dose,  according  to  the  result  of  the  first  inoculation. 
There  is  no  harm  in  leaving  a  longer  interval  between 
the  two  inocvdations.  No  changes  in  diet  or  occupation 
are  necessary,  bej'ond  if  possible  insuring  some  rest. 
Bathing  in  the  open  air  should  be  avoided  for  some  days. 
A  simple  purgative  may  be  given  twenty-four  hours 
after  the  inoculation. '  " 

Both  the  anti-pest  serum  of  Yersin  and  Roux  and  the 
Haffkine  prophylactic  are  now  prepared  in  the  hygienic 
laboratory  of  the  United  States  Marine  Hospital  service 
at  Washington,  D.  C. 

In  India  investigations  have  also  been  made  in  the 
treatment  of  plague  with  the  poison  of  the  cobra,  admin- 

*Brlt.  Med.  Journ..  Febniary  24th,  1900,  p.  461. 
+  Brit.  Med.  .louni..  No.  2041,  p.  311. 
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istered  hypodermically,  and  diluted  with  glycerin.  A 
dose  of  1  ragm.  was  given,  afterward  increased  to  2  mgm. 
Experiments  upon  monkeys  were  said  to  have  given 
good  results.  Deane  reports  a  mortality  of  .'i-l  per'cent. 
in  500  cases  treated  in  this  manner  as  compared  with  the 
average  mortality  of  70  to  80  per  cent.  (Lancet.  .lulv  8th, 
1899,  p.  121). 

Turning  now  to  the  materia  medica,  the  drugs  to  which 
we  naturally  look  for  assistance  in  treating  such  a  typically 
infectious  disease  are  the  antiseptic  and  bactericidal 
agents.  In  fact  J.  M.  Alkinson  reported  (in  the  Lnncet, 
December  9th,  1899)  a  case  of  bubonic  plague  treated  with 
large  doses  of  carbolic  acid  with  the  recovery  of  the  pa- 
tient. Dr.  Alkinson  was  induced  to  use  carbolic  acid  in 
plague  by  the  successful  employment  of  large  doses  in  the 
treatment  of  influenza  and  tetanus.  The  patient,  a  man 
of  thirty-eight  years,  was  admitted  to  the  Government 
Civil  Hospital,  Hong-Kong,  June  9th,  1899.  Three  days 
previously  he  had  been  exposed  to  contagion  and  the 
fever  appeared  two  days  later,  or  the  evening  before  ad- 
mission. After  a  preliminary  calomel  purge,  gr.  iij. 
(0.3  gm.)  of  carbolic  acid  were  given  every  few  hours, 
but  this  not  being  sufficient  he  was  given  a  mixture 
of  pure  carbolic  acid  gr.  xij.  (0.75  gm.),  syrup  of  ginger 
3  i.  (or  4  c.c),  and  chloroform  water  3  vi.  (180  c.c).  Of 
this  one  ounce  (30  c.c.)  was  given  four  times  the  same 
evening.  On  the  following  day  the  headache  was  much 
better,  theie  was  no  evidence  of  toxic  action,  the  urine 
was  not  blackened  by  the  acid.  A  bubo  was  now  found 
in  the  groin.  The  medicine  was  continued  every  two 
hours  during  the  dav.  The  patient's  pulse  and  tempera- 
ture had  fallen  on  the  13th  to  72  and  99.8°  respectively. 
On  the  15th  the  dose  was  reduced  to  gr.  ij.  (0.13  gm.) 
twice  daily,  and  on  the  appearance  of  urinaiy  symptoms 
was  finally  discontinued  June  26th.  During  the  acute 
stage,  six  ounces  of  brandy  were  given  in  twenty-four 
hours  and  the  diet  was  liquid.  The  patient  in  thre6  days, 
from  June  10th  to  12th,  took  over  two  hundred  grains 
(13.33  gm.)  with  the  result  of  lowering  temperature,  al- 
laying vomiting,'  and  relieving  nervous  symptoms. 

There  are  other  antiseptics  less  toxic  than  phenol  to 
the  human  system,  which  can  be  given  in  larger  doses, 
such  as  creosote,  creosotal,  guaiacol  (and  its  benzoate  or 
carbonate),  betanaphtol,  iodoform,  resorcin,  sodium  hy- 
posulphite, etc.  The  affected  glands  may  be  painted  with 
]Hire  guaiacol,  or  anointed  with  iodoform  ointment  or 
iodol  dissolved  in  oil  (gr.  xx.  to  cod-liver  oil,  3  i.).  If  the 
glands  are  accessible,  they  maj'  be  extirpated  or  de- 
stroj-ed  with  the  galvano-cautery.* 

The  imperative  necessity  of  scrupulous  anti.sepsi3 
should  be  impressed  upon  the  patient  and  all  his  attend- 
ants; the  sputum,  the  oedema  fluids,  the  urine,  and  all 
other  discharges  should  be  promptly  mixed  with  chloride 
of  lime  solution,  and,  with  all  dressings,  clothing,  etc., 
destroyed  by  fire  with  the  least  possible  handling  or  delay. 

In  order  to  guard  a  community  against  the  introduc- 
tion of  an  epidemic  it  was  well  said  by  Prof.  Max  von 
Pettenkofer  that  three  things  are  essential  to  success.  1. 
A  rigidly  enforced  quarantine  to  exclude  the  fomites  or 
mateiies  morbi.  2.  By  means  of  improved  hygiene,  per- 
sonal cleanliness,  diet,  and  other  precautions,  the  indi- 
vidual should  so  far  as  possible  be  rendered  immune  from 
or  less  liable  to  the  infection.  3.  The  locality  should  be 
purified  from  sewage  and  all  filth  that  may  form  disease- 

*  "  Encouraging  results  have  followed  surgical  treatment  in  cases  of 
bubonic  plague.  In  a  report  to  the  Surgeon-General  of  the  Marine 
Hospital  service.  Acting  Assistant  Surgeon  W.  Havelburg  states  that 
the  clinical  registry  of  the  Paulo  Candido  Hospital,  Rio  Janeiro, 
Brazil,  during  the  period  from  June  1st  to  August  31st,  19(X),  shows 
that  there  were  221  plague  patients  treated  by  extin>atinn  of  the  in- 
fected glands,  of  whom  45  died,  giving  a  death  rate  of  about  20..S  per 
cent.  And  of  143  patients  with  solitary  infected  hnlnM-s.  treated  in 
the  same  manner,  23  died,  showing  a  deutti  mle  <tf  about  Hi  jut  cent. 
The  diagnosis  in  all  the  above  cases  w:is  niTitlrmed  by  two  liacterio- 
logii-al  examinations,  one  before  removal  to  tlif  liospital.  and  the 
other  afti-r  admission  to  the  wards.  Sero-tlierapeiitie  tieatiiient  was 
instituted  in  a  uiunber  of  other  cases.  Iiut  the  eiTect  of  operating  dis- 
played such  favorable  results  that  iniectl'Hi  of  serum  in  tlie  ntliers 
was  deemed  unnecessary.  The  necropsy  reports  in  the  cases  liiat 
died  showed  buboes  that  were  inaccessible  to  operations,  lieing  scat- 
tered in  the  mesentery,  or  deeply  situated  in  other  tissues."— Journ. 
Am.  Med.  A.ssn.,  January  19th,  1901,  p.  Ibo. 
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breeding  centres,  pure  water  only  should  be  used  for 
drinking  by  the  community  and  various  similar  precau- 
tions should  be  taken.  Not  only  should  the  sick-room 
be  disinfected,  but  the  house  should  be  similarly  cleansed 
and  the  whole  neighborhood  made  as  clean  as  possible  by 
the  sanitary  authorities.  The  free  use  of  disinfectants  to 
the  discharges  from  the  patient  and  to  the  surroundings  is 
now  regarded  as  an  imperative  duty  and  the  directions 
given  by  the  sanitary  authorities  are  most  explicit  and 
comprehensive.  The  methods  followed  by  the  United 
States  Marine  Hospital  service,  and  by  the  French  and 
German  governments  are  summarized  in  the  report  of 
General  Wyman,  already  freely  quoted  from. 

A  few  words  may  be  permitted  to  correct  a  popular 
error  to  which  attention  has  been  called  by  Dr.  James 
Edmunds*  of  London.  The  impression  prevails  among 
a  rather  large  proportion  of  the  profession  and  the  com- 
munity that  alcohol  has  a  certain  antidotal  power  against 
infection,  and  that,  if  when  epidemic  disease  prevails,  it 
will  act  as  a  prophylactic  and  confer  a  certain  degree  of 
immimity  upon  those  who  are  under  its  influence.  Alco- 
liolic  drinks,  therefore,  are  often  publicly  recommended, 
when  a  community  is  threatened  with  an  epidemic. 

Whatever  may  lie  the  result  of  such  a  course  in  other 
infectious  diseases,  experience  does  not  warrant  the  view 
that  it  would  be  of  any  avail  when  plague  is  imminent. 
On  the  contrary,  intemperance  is  now  generally  recog- 
nized as  constituting  or  favoiing  a  predisposition  to  the 
disease.  Sydenham's  observation  is  here  very  much  to  the 
point.  "  Certain  it  is, "  he  says.  "  that  the  free  use  of  wine, 
and  other  strong  preservatives,  taken  at  stated  hours  and 
in  the  wa}'  of  regimen,  has  brought  the  disease  upon 
many  persons  who  in  all  probabilitj'  would  have  remained 
safe  and  sound  otherwise." 

As  the  therapeutic  and  prophylactic  problems  relating 
to  the  plague  are  at  the  present  day  taken  out  of  the 
province  of  the  private  medical  practitioner,  on  account 
of  the  very  important  interests  that  are  involved,  and  as 
the  problems  are  now  being  studied  seriously  by  the 
sanitary  authorities  of  the  various  governments  of  the 
civilized  world,  they  can  have  only  an  academic  interest 
to  the  members  of  the  profession  in  general  and  need  not 
be  dwelt  upon  further.  The  reader  is  referred  to  the 
jiublications  of  the  national  dejiartments,  and  particularly 
to  those  of  the  United  States  Marine  Hospital  service,  for 
detailed  information  on  these  topics. 

John  V.  Shfiemaker. 

BMCWM. —Hliort  Budiu.  "The  leaves  of  Barosmn 
betuUnii  (Thuuberg)  Bartling  et  Wendland.  and  Biirosnia 
crenukUa  (L.)  Hooker  (fain.  Rnlaceo')"  (U.  S.  P.).  A 
third  species.  B.  serratifoUa 
AVilld.,  "Long  Buchu,"  was 
also  once  official,  but  was 
dropped  because  of  its  in- 
feriority. The  British  Phar- 
macopoMa  rejects  also  the 
s  c  c  o  n  d  -  n  a  m  e  d  siiecies. 
which  is  greatly  lacking  in 
uniformit}-  and  which  is 
now  but  little  collected. 
There  are  about  fifteen 
species  of  this  genus,  aU 
natives  of  South  Africa. 
The  drug  was  in  use  by  the 
Hottentots  at  the  time  of  settlement  liy  the  whites.  Its 
introduction  to  America  was  in  the  form  of  a  notorious 
quack  medicine,  and  was  afterward  adopted  upon  its 
merits  by  the  profession. 

The  leaves  of  B.  betuUnn.  the  best  variety,  are  mostly 
one-half  to  three-quarters  of  an  inch  long  and  two-thirds 
as  broad  or  more,  occasionally  broader  than  long.  They 
are  abruptly  contracted  into  a  short,  narrow  basal  por- 
tion, ;he  broad  upper  portion  being  irregularly  sub-ro- 
tund, the  apex  blunt,  often  recurved,  the  margin  sharply 

*  "  Alcohol  and  the  Plague."  The  Indian  Lancet,  December  1st,  1899, 
p.  473. 


FIG.  l(i.V>.— Biichu  Leaves,  a.  B. 
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and  finely  dentate.  They  are  very  thick,  brittle  when 
dry,  smooth  and  somewhat  shining,  slightly  papillose,  and 
of  a  yellowish-green  color.  Against  the"  light  they  are 
pellucid-glandular-dotted,  with  larger  marginal  glands. 
They  have  a  strong  mint-like  odor  and  a  warm,  aromatic, 
and  mucilaginous  taste. 

B.  creiuilnta  varies  from  oblong  to  oval  or  obovate, 
usually  a  little  broader  than  our  figure,  and  is  often 
twice  as  long  as  the  other,  and  less  blunt.  The  margin 
is  crenidate.  It  is  alsf)  thick  and  greenish-yellow,  and 
has  similar  pellucid  glands. 

B.  serratifvlia  is  markedly  different  from  the  others, 
being  of  a  bright  green  color,  thin,  sub-three-nerved  by 
the  elongated  basal  pair  of  veins,  narrowiy  oblong  or 
lance-linear,  sharply  serrate,  the  teeth  and  sinuses  curved. 
The  leaf  is  about  as  long  as  the/?,  crcnulata.  There  is 
a  very  large  gland  at  the  obtuse  apex. 

There  is  no  adulterant  of  the  official  buchu,  but  when 
long  buchu  was  official,  the  leaves  of  Empleurum  »erni- 
Intiim  Ait.  were  used  for  that  purpose.  They  are  distin- 
guished by  the  very  acute  apex  and  the  straight,  incised, 
salient,  longer  toothing. 

Composition. — Ofticial  buchu  contains  1  to  1..5  percent, 
of  volatile  oil,  long  buchu  half  as  much.  There  are  also 
resin,  gum,  and  a  little  of  the  bitter  glucoside  barosmin. 
believed  to  be  the  same  as  ln'.ipeiidin.  The  oil  contains 
a  camphor-like  body,  often  called  buchu  camphor  (dio- 
sphenin  C,oH,60jV"  There  is  but  little  of  this  in  oil  of 
long  buchu.  but  that  contains  much  of  a  body  to  which 
the  peppermint-like  odor  is  due. 

Action  and  Uses. — Buchu  acts  locally  as  a  mild  stom- 
achic. Absorbed,  it  possesses  the  ordinary  ditfusive 
stimulant  properties  of  volatile  oils,  its  special  point  of 
action  being  the  kidneys.  l)y  which  it  is  excreted.  Its- 
diuretic  properties  are  mild,  but  it  is  distinctly  sedative 
and  astringent  to  the  urinary  organs,  as  well  as  slightly 
antiseptic.  Henbane  is  often  combined  to  increase  the 
sedative  effect.  It  is  a  mild  expectorant.  The  fluid  ex- 
tract is  official,  and  the  dose  is  1  to  2  c.c.  (fl.  3  i  to  i). 

Henry  II.  linsby. 

BUCKBEAN.— SojJfon.  Menyanthes.  The  herb  of 
Ml  iii/ii/il/iix  tiif'i/idfa  L.  (fam.  Gciitiiinaee(F).  A  widely 
distributed  bog  herb,  with  a  creeping  perennial  rhizome, 
and  thickish  bright-green  leaves,  but  which  become  very 
thin  in  drying.  They  arise  from  long,  sheathing  peti- 
oles. These  leaflets  are  nearly  entire,  oblong  or  ovate, 
blunt,  about  8  em.  long  and  half  as  wide  (one  and  one-half 
by  three  inches).  The}'  have  a  disagreeable  odor  when 
fresh,  which  disappears  upon  drying :  the  taste  is  bitter 
and  nauseous.  The  white  or  pinkish  flowers  are  borne  in 
an  upright,  sjiike-like  raceme  at  the  end  of  the  rhizome, 
and  are  very  Ijcautiful. 

Buckbean  grows  in  cold  swamps  and  moist  places  in 
Europe,  Asia,  and  America,  and  has  naturally  been  long 
known  and  used  in  medicine,  but  is  now  very  little  called 
for.  Its  bitter  principle,  meityanthin.  was  separated  in 
18(i0  by  Kromayer  as  a  white,  amorphous,  bitter  powder, 
and  shown  to  be  a  glucoside — sugar  and  a  liquid  oil, 
"menyanthol,"  being  the  result  of  its  decomposition. 

In  moderate  doses  it  is  a  simple  bitter  tonic,  similar  to, 
but  less  agreeable  than,  the  other  GentianaceiE.  In  large 
doses  it  is  cathartic,  and  sometimes  emetic.  Dose,  as  a 
tonic,  1  or  2  gm.  (1.5  to  30  grains).  W.  P.  Bolles. 

BUCKEYE.  /f.SC\}\.\}S,.  —  HorgeclifHtiiiit  (fam.  Hip- 
piicnstiiiiaceiT).  A  genus  of  about  a  dozen  species,  of 
America  and  Asia,  growing  mostly  north  of  the  Equator. 
The  bark  and  seeds  of  ^i'.  Hippocastanum  L.,  native  of 
Asia,  but  largely  cultivated  for  ornament  in  all  temper- 
ate countries,  have  been  much  used  in  domestic  practice 
in  the  treatment  of  malaria  and  rheumatism.  Both  con- 
tain considerable  tannin,  but  the  activity  appears  to  re- 
side in  the  bitter  glucoside  esculin  (CsHhOb+I''' HjO) 
which  is  crystalline,  white,  soluble  in  water  and  alcohol, 
and  antiperiodic  in  fifteen-grain  doses. 

The  seeds  <if  the  red  buckeye.  ^E.  Paria  L..  of  the 
southern  United  States,  are  reported  to  have  caused  fatal 
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cases  of  poisoning  in  children,  the  sj-mptoms  being  those 
of  poisoning  by  saponin.  It  is  even  said  that  the  former 
species  has  acted  similarly.  H.  E.  Busby. 

BUCKTHORN.— F;'a;i^!/?rt.  "The  bark  of  Rluimnus 
Friikijiiht  L.  (fam.  R/iiiiiiiiace<e),  collected  at  least  one 
}-ear  before  being  used  "  (U.  S.  P.).  This  is  a  very  large 
shrub  or  small  tree,  growing  throughout  Europe  and  in 
adjacent  Asia  and  Africa,  and  sparingly  naturalized  near 
New  York  City.  The  wood  is  very  hne-grained,  and  its 
charcoal  is  largely  utilized  for  powder-making,  for  which 
the  bark  must  be  first  removed.  The  latter  thus  results 
as  a  by  product.  It  is  largely  employed  in  domestic 
veterinary  practice,  in  the  fresh  or  recentlj'  dried  condi- 
tion. It  is  then  a  sharply  irritating  cathartic  or  even 
emetic,  but  its  griping  properties  are  greatly  mitigated 
by  being  kept.  It  occurs  in  strongly  curved  quills, 
which  are  commonly  more  or  less  flattened  by  pressure. 
The  bark  is  very  thin  for  the  size  of  the  quill  (about  1 
mm.  =5^5  inch).  The  outer  surface  presents  two  form.s, 
the  one  nearly  black,  the  other  dark-gray.  Both  are 
commonly  marked  by  numerous  transversely  elongated 
white  dots,  and  are  somewhat  warty-roughened,  but 
never  fissured  or  scaly.  The  inner  surface,  bright  yel- 
low when  first  collected,  becomes  successively  dark  yel- 
low, brown,  reddish,  and  nearlv  black  with  keeping,  this 
being  a  fairly  good  way  of  recognizing  its  age.  Its  frac- 
ture is  weak  but  not  brittle,  and  is  slightly  fibrous.  It 
has  a  slight  characteristic  odor  and  a  bitter  taste. 

Composition. — With  resin  and  a  small  amount  of  tannin, 
the  important  constituent  of  frangula  is  the  j'ellow 
glucoside //•««(/«;*«,  or  rhamno.xanthin  (CiiH~oOs)  and 
its  products  emodiri  (CisHmOs)  and  isoemodin  (CitHtO,). 
The  development  of  all  three  of  these  substances  proceeds 
as  the  dried  bark  ages,  and  coincideutly  the  drug  be- 
comes a  milder  cathartic  or  laxative.  Emodin  and  Iso- 
emodin belong  to  the  class  oi  Anthragvinvnes,  some  one 
of  which  appears  to  give  the  properties  to  one  large  class 
of  laxative  drugs.  Emodin.  derived  both  from  rhubarb 
and  from  frangula,  is  on  the  market.  It  is  insoluble  in 
water,  little  soluble  in  alcohol,  but  dissolves  readily  in 
alkaline  solutions.  It  is  not  used  medicinally  in  its  own 
form. 

Properties  and  Uses. — Frangula  can  be  used  as  a  ca- 
thartic in  doses  of  4  to  8  gm.  (  3  i.-ij.).  but,  like  cascara 
sagrada,  it  acts  much  better  as  a  laxative  in  doses  of 
one-fourth  or  one-third  these  amounts.  The  fluid  ex- 
tract is  official.  Owing  to  its  less  mild  and  imiform  ac- 
tion, frangula  has  almost  entirel)-  given  way  to  cascara 
sagrada  as  a  laxative. 

The  genus  contains  some  seventy -five  species,  mostly 
in  the  north  teiuperate  zone,  and  gradually  decreasing 
southward,  in  the  mountains,  a  few  in  the  south  temper- 
ate zone.  Many  of  them  have  a  similar  compositit)n 
and  action  to  that  here  described.  R.  Cathartiea  L.  has 
especially  been  so  used,  both  the  bark  and  the  fruits 
(buckthorn  berries)  having  been  used  as  cathartics  from 
ancient  times.  The  bark  of  at  least  one  species,  R. 
Wightii.  of  India,  is  a  strong  astringent. 

Henry  II.  Rushy. 

BUDDING. — One  of  the  methods  of  asexual  reproduc- 
tion in  the  animal  kingdom  as  well  as  in  the  vegetable 
world. 

It  differs  from  fission  (q.  v.)  in  that  the  offspring  pro- 
duced from  the  bud  has  never  formed  an  integral  part  of 
the  parent  organism,  but  arises  as  an  outgrowth  of  some 
part  of  the  parent. 

In  its  simplest  form,  as  in  the  case  of  the  fresh-water 
hydra  (Fig.  1056),  the  process  is  as  follows:  Certain  cells 
of  the  wall  of  the  hydra  grow  and  multiply,  forming  a 
hollow  outgrowth  on  the  side  of  the  parent  "(o).  As  this 
enlarges  and  develops,  tentacles  appear  at  the  outer  end, 
and  a  mouth  is  formed  {a).  Later,  communication  with 
the  digestive  cavity  of  the  parent  is  cut  off,  and  the 
young  hydra  feeds  itself,  and  at  a  still  later  stage  be- 
comes separate  from  the  parent. 

In  other  cases  the  buds  remain  permanently  attached, 


and  thus  are  formed  colonies,  or  stocks  of  greater  or 
smaller  size  and  complexity,  often  supported  by  a  skele- 
ton. Such  are  the  coral  stocks  and  many  others.  One 
example  from  the  protozoa  is  shown 
in  Fig.  1057,  and  one  from  the  polyzoa 
in  Fig.  1058. 

Buds  may  be  formed  at  various 
places  on  the  par- 
ent or  colony.  Very 
frequently  they 
gro'n'  from  the  side 
of  the  |)arent — lat- 
eral budding,  as  in 
hydra  and  most  cor- 
als ;  or  on  the  top — 
apical  budding 
(Fig.  1057).  Some- 
times b  u  d  s  are 
formed  from  stol- 
ons developed  fnmi 
the  coenosarc  of  the 
colony  (Fig.  1058,  /-) 
or  from  the  cceno- 
sarc  directly. 

A  variety  of  apical  budding,  called  axial,  consists  in 
the  production  of  new  segments,  which  may  remain  per- 
manently united,  as  in  most  worms,  or  become  detached, 
as  in  the  tape-worm. 

In  some  cases  internal  buds  are  produced,  as  in  echino- 
coccus  (q.  ».),  and  in  the  redia  of  the  fluke-worms. 

Closelj'  united  with  this  last  method  is  the  formation 
of  germs,  or  unfertilized  eggs,  from  organs  correspond- 
ing-to  the  ovary  (parthenogenesis, 
q.  ■>'.),  which  develop  into  animals 
like  the  parent,  as  m  the  produc- 
tion of  drone  bees,  plant  lice,  etc. 


Fig.  1056.  —  Hydra 
(enlarged).  Show- 
ing buds,  a,  a'. 


Fig.  1057.— Din  o- 
bryon,  an  Infu- 
sorian  (greatly  en- 
larged). ShowlnK 
apical  budding. 


Fig.  1058.  -  Fredericella, 
a  Polyzoan  (mucb  en- 
larged). Showing  adult 
bud,  «,  and  stoUin,  h. 


Fig.  1059.— Syncoryne,  a  hydroid.  A 
nutnlive  zo5id  with  medusa  (repro- 
ductive) buds  (a,  a',  a")  in  various 
stages  of  development. 


A  variety  of  this  method,  psedogenesis,  consisting  of 
the  production  of  germs  from  animals  still  in  the  larval 
form,  is  exemplified  in  certain  flies,  as  Cecidomyia, 
Miastor. 

In  some  cases  the  buds  of  a  colonj-  are  of  different 
forms  and  functions.  This  is  best  seen  in  the  hydroids, 
in  which  the  feeding  zooids  are  of  a  different  form  from 
the  reproductive  zooids  (Fig.  1059,  a,  a',  a").  This 
method  of  budding  leads  to  colonial  division  of  labor. 

JS.  A.  Birge. 

BUENA  VISTA  SPRINGS.— Logan  County,  Kentucky. 

Post-Office. — Russellvillc.  Springs  Hotel.  Accessi- 
ble via  Louisville  and  Nashville  Railroad  (Memphis 
branch)  and  Owensboro  and  Nashville  branch  to  Russell- 
villc, thence  bj'  stage  six  miles  to  springs.  The  stage 
meets  the  train  ■which  leaves  Russell ville  for  the  springs  at 

8  A.M. 

This  resort  is  located  in  a  beautiful  and  picturesque 
region,  interspersed  with  lofty  hills,  deep  gorges,  beau- 
tiful dells,  and  majestic  native  forests.  The  hotel  has 
been  rebuilt,  and  the  guests  will  now  find  a  large  and 
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commodious  building,  which  will  meet  all  the  require- 
ments of  modern  cultivated  tastes.  The  springs,  two  in 
number,  are  situated  in  the  lawn  in  front  of  the  hotel, 
where  they  rise  from  their  subterranean  recesses,  and 
flowing  forty  feet,  empty  into  the  creek.  The  following 
qualitative  analysis  of  Spring  No.  1  was  made  by  Dr.  L. 
P.  Yandell,  professor  of  chemistry  aud  physiologj'  in 
the  Universitj' of  Louisville: 


Magmesiuni  sulphate. 
Calcium  sulpliate. 
CaU-iuin  (•arl>nnate. 
Magnesium  carbonate. 


.Sulphureted  hydrogen  gas  (abun- 
dant). 
Carbonic-acid  gas. 


Dr.  H.  A.  Utley's  analysis  of  Spring  No.  2: 


Magnesium  sulphate. 
Magnt'sium  carbunate. 
Magncsluiii  ith'isphate. 
Potassium  carlinnate. 
Potassium  phosphate. 
Sodium  carbonate. 


Sodium  phosphate. 
Intn  ith'isjthate,         ) 
linii  rhinri.ic,  Vtrace. 

Calcium  carlKtnate,  ) 
Free  carbonic-acid  gas. 


The  waters  have  been  highly  recommended  by  Ken- 
tucky physicians  in  liver  disorders,  malarial  affections, 
rheumatism,  skin  diseases,  anaemia,  general  debility,  and 
other  conditions.  Various  amusements,  in  the  wa.y  of  a 
tennis  court,  croquet  grounds,  billiard  tables,  swings,  and 
walks  over  the  hills  and  through  the  gorges  are  at  the 
option  of  the  visitor.  James  K.  Crook. 

BUFFALO  LITHIA  SPRINGS.— Mecklenburg  County, 
Virginia. 

Post-Office. — Buffalo  Lithia  Springs.     Hotel. 

Access. — Via  Soiithern  Railroad  to  C'larksville,  thence 
eight  miles  by  private  conveyance  to  springs.  Also  via 
Atlantic  and  Danville  (branch  line),  which  delivers  pas- 
sengers immediately  at  the  springs. 

These  celebrated  springs  occupy  a  central  position  in 
the  section  of  country  known  as  the  Buffalo  Hills,  a 
broken,  rolling  district,  having  an  average  elevation  of 
five  himdred  feet  above  the  sea  level.  The  hotel  is  open 
from  June  15th  to  October  1st.  The  buildings  are  on  the 
cottage  plan  and  sufficient  for  the  accommodation  of  two 
hundred  and  fifty  guests.  Among  the  attractions  of  the 
place  is  a  well-appointed  bathing  establishment,  afford- 
ing amjile  facilities  to  visitors  for  mineral-water  baths. 
The  springs  are  three  in  number,  and  are  designated  re- 
spectively 1,  2,  and  3. 

They  have  been  analyzed  by  Prof.  William  P.  Joury, 
of  the  Jlaryland  Institute,  Baltimore.  We  append  the 
analysis  of  Spring  No.  2,  which  is  richest  in  mineral 
Ingredients : 

One  U-\ited  States  Gallo.n  Ccstains  : 

Solids.  Grains. 

Magnesium  sulphate 0.88 

Aluminum  sulphate 9.07 

Ciiii'iuiii  suipiiiitt* as.oe 

Piitii,s>imii  liirhuiiate 29..30 

<'alriu!n  I'icail innate 14.96 

Litliiuui  bicarbonate 2.2-5 

Iron  bicarbonate .30 

Baryta  liicarbonatt? 1.7.5 

S.i.liiiiii  .blonde 4.92 

Silica  cblorlile  1.87 

Pbospln  >i'ic  acid Traces. 

Iodine 

Organic  matter Small  amount. 


Total 98.36 

Gases.  Cubic  inches. 

Sulphureted  hydrogen 8.30 

Carlionic  acid 59.20 

This  analysis  shows  what  might  be  termed  an  alkaline- 
carbonated-aluiuinous-lithic-caicic  mineral  water.  It 
possesses  sufficient  iron  to  give  it  ferruginous  properties, 
but  hardly  enough  to  class  it  as  a  chalybeate.  The  water 
undoubtedly  possesses  valuable  medicinal  properties. 
The  analysis  would  .show  it  to  be  antacid,  diuretic,  and 
tonic.  It  has  gained  a  wide  reputation,  especially  in  the 
treatment  of  the  uric-acid  diathesis,  gout,  rheumatism, 
renal  calculus,  stone  in  the  bladder,  and  nervous  and 
gastrointestinal  disorders.  Spring  No.  3  is  a  decided 
chalybeate,  containing  3.77  grains  of  bicarbonate  of  iron 
to  the  standard  gallon.     It  is  also  somewhat  purgative  in 


its  action.  On  account  of  a  heavy  precipitate  it  is  not 
offered  for  shipment,  as  are  the  waters  of  Nos.  1  and  2. 
These  latter  have  an  extensive  sale  throughout  the 
country.  James  K.  Crook. 

BUGLE. — Ajuga  reptans  L.  (fam.  LaUatm).  A  hairy 
European  annual,  with  a  rosette  of  spatulate,  finely  ser- 
rate leaves  near  the  ground,  and  an  upright,  slightly 
leafy  stem.  The  flowers  are  small  and  blue,  labiate,  but 
with  very  small  upper  and  larger  lower  lips.  Stamens 
four,  didynamous,  with  divergent  anthers.  The  leaves 
are  official  in  France;  they  have  a  slightly  bitter  and 
astringent  taste,  but  little  odor,  and  no  valuable  medical 
properties.     Dose  indefinite. 

The  genus  contains  about  thirty  species,  a  number  of 
which  have  had  their  day  as  medicines.  Ajiiga  Chamce- 
pitys  Linn,  (ground  \Vme)  grows  also  in  this  coimtry.  It 
is  more  aromatic  than  bugle,  and  reputed  to  be  "stimu- 
lant, diuretic,  etc."  Tt'.  P.  Bolles. 

BULPISS. — An  affection  of  the  skin  occurring  in  the 
northeastern  part  of  Nicaragua  and  calle'd  by  the  natives 
"bulpiss. "  The  word  is  derived  from  "buluy,"  in  the 
language  of  the  Mosquito  Indians  meaning  spotted,  and 
"  piss  "  meaning  gray — terms  that  appropriately  describe 
the  indivdual  affected.  The  disease  was  first  "described 
in  notes  sent  by  Dr.  Otto  Lerch  from  Central  America  to 
Dr.  Isadore  Dyer  of  New  Orleans  asking  for  a  diagnosis 
of  this  unusual  affection.  The  notes  were  published  in 
the  New  Orleans  Medical  Journal.  189-1-95.  Bulpiss  ap- 
pears to  be  an  endemic  disease  affecting  every  tribe  in- 
habiting this  part  of  Central  America,  attacking  any  in- 
dividual irrespective  of  age,  sex,  or  general  condition. 
Cases  in  very  early  infancy  are,  however,  rare.  It  causes 
no  disturbance  of  the  general  functions  of  the  body. 
There  appear  to  be  several  varieties,  two  distinct:  (1) 
Black  bulpiss;  (2)  white  bulpLss. 

The  disease  commonly  starts  on  the  hands  and  feet, 
spreading  gradually  and  becoming  more  marked  on  the 
knees,  abdomen,  neck,  and  face. 

The  lesion  is  a  minute  reddish  papule  appearing  in 
crops;  they  break  up  gradually,  disappear,  and  leave'dis- 
colored  spots,  the  pigment  of  which  finally  disappearing 
too,  leaves  liehind  a  dirty,  whitish,  dry,  scaly  patch  with 
a  partly  discolored  and  slightly  elevated  broad  margin — 
the  white  bulpiss.  These  patches  are  round  or  o\-al  in 
shape  with  irregular  border.  In  the  black  bulpiss  the 
lesions  are  of  a  greasy  black  color,  the  affected  skin  hav- 
ing the  appearance  of  being  painted,  the  patches  grad- 
ually drying  aud  shrivelling.  The  only  and  common  sub- 
jective symptom  in  both  forms  is  that  of  itching,  which 
occurs  as  the  disease  comes  out  and  after  bathing  and  at 
night.  The  disease  is  not  hereditary.  It  is  contagious 
and  the  duration  seems  indefinite.  It  is  more  than  prob- 
able that  it  is  parasitic  in  nature,  as  might  be  inferred 
from  the  remedy  commonly  employed — the  red  oxide  of 
mercury  ointment.  Charles  Townshend  Dade. 

BURDETT  MINERAL  WELLS.— Caldwell  County, 
Te.\as. 

Post-Office. — Luling.     Hotel. 

Access. — ^Via  San  Antonio  and  Arkansas  Pass  Railroad 
to  Burdett  Switch,  where  carriages  meet  ti'ains  for  the 
springs  during  the  summer  season.  The  location  is  seven 
miles  north  of  Luling,  on  the  Galveston,  Harrisburg  and 
San  Antonio  Railroad. 

Only  one  well  is  in  use.  The  water  has  been  employed 
for  medicinal  purposes  for  thirty  years.  According  to  a 
qualitative  analysis  made  in  1877"  by  H.  W.  Johnson,  of 
Boston,  Mass.,  it  contains  the  following  acids  and  bases: 


ACIDS. 

Bases 

Sulphuric  acid. 

Calcium. 

Carbonic  acid. 

Magnesium. 

Sihcic  acid. 

Aluminum. 

Hydrochloric  acid. 

Manganese. 

Boric  acid. 

Strontium. 

Phosphoric  acid. 

Iron. 

Potassium. 

Sodium. 
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We  caunot  positively  classify  this  water  from  tlie 
above  ingredients,  but  it  appears  to  belong  to  the  class 
of  alkaline-chalybeate  waters.  J.  K.  C. 

BURDOCK.  LAPPA.—"  The  root  of  Arctium  Lappa  L. 
and  of  some  other  species  of  ^-l/'rf/^m  (fam.  Compasiife)," 
U.  S.  P.  Burdock  is  a  native  of  Europe,  but  is  common 
everywhere  as  a  garden  weed.  It  is  a  rank-growing, 
bitter,  disagreeable  plant,  from  1  to  2  metres  (three 
to  six  feet)  in  height,  with  a  stout,  branching  stem,  and 
great,  coarse,  heart-shaped  leaves.  The  fiower  heads 
are  clustered  along  the  stem  and  branches:  they  are 
rather  small,  and  look  like  miniature  thistles.  The  in- 
volucre is  ovoid  and  green;  its  scales  are  numerous, 
imbricated  in  several  rows,  with  spreading,  sharp,  stiff, 
inwardly  hooked  tips.  Flowers  are  tubular  and  perfect, 
rose-purple. 

The  root  is  the  official  portion,  and  should  be  gathered 
at  the  end  of  the  first  season,  or  the  beginning  of  the 
second;  it  is  biennial,  fleshy,  and  usually  simple.  When 
dried,  it  is  in  gray-brown,  wrinkled  pieces,  as  large  as 
the  thumb,  and  20  or  30  cm.  long  (eight  to  twelve  inches), 
often  split,  to  facilitate  drying.  The  hair}'  bases  of  leaf 
stalks  may  remain  attached  to  its  upper  eud.  or  there 
may  be  a  cottony  or  woolly  bud  at  the  crown.  Internally 
it  is  light  brown,  with  a  rather  thick  bark,  a  distinctly 
radiated  woody  zone,  and  a  white,  often  broken  or 
missing  pith.  Odor  slight;  taste  mucilaginous  and 
slowly  bitter. 

Burdock  contains  ini/lin,  mucilage,  nine  per  cent,  of 
fat,  a  slight  amount  of  amaroid,  lappin,  and  a  little 
tannin.  Its  inulin,  which  is  in  large  amount,  up  to  forty- 
five  per  cent.,  and  its  fat  well  adapt  it  to  use  as  a  food, 
and  it  is  said  that  many  cultivated  varieties  of  it  exist 
in  Japan  for  this  use.  It  is  an  old  medicine,  whose 
reputation  depends  upon  pure  empiricism.  As  an  altera- 
tive and  an  anti.syphilitic  it  is  still  occasionally  used,  but 
is  more  called  for  as  an  ingredient  in  proprietary  medi- 
cines than  in  .serious  medication.     Dose  from  2  to  4  gm. 

A  fluid  extract  is  otticiul.  Burdock  fn/it.  a  small, 
black,  curved,  rough,  .seed-hke  akcne,  is  much  less  used, 
but  much  more  efficient.  It  contains  a  considerable 
amount  of  bitter  glucoside  and  pungent  resin.  Its  ac- 
tion appears  worthy  of  investigation.  The  dose  is  1  to  2 
gm.  (gr.  XV.  to  XXX.).  W.  P.  Bolles. 

BURLINGTON.— Vemiont,  a  city  of  14,590  (census  of 
189U)  inhabitants,  is  situated  in  the  northern  part  of  Ver- 
mont, upon  Lake  Champlain,  at  an  elevation  of  377  feet 
above  sea  level.  On  the  east  are  the  Green  Mountains,  on 
the  west  is  the  Lake,  and  beyond  this  are  the  Adirondack 
Mountains.  The  climate  is  salubrious,  not  excessively 
cold  in  winter,  nor  excessively  hot  in  summer.  The  mean 
relative  humidity  for  the  year  is  68.2  per  cent.  There 
are  frequent  high  winds,  but  no  fogs.  The  proportion 
of  bright  and  sunny  days  is  said  to  be  large.  The  mor- 
tality is  16.38  per  thousand.  The  soil  is  generally  dry 
and  sandy. 

The  outdoor  attractions  are,  in  summer,  yachting, 
rowing,  canoeing,  swimming,  riding,  driving,  bicycling; 
in  winter,  sleighing,  coasting,  tobogganing,  snow-shoe- 
ing, skating,  and  ice-boating.  The  University  of  Ver- 
mont is  situated  here.  The  accommodations  are  good, 
there  being  first-class  boarding-houses  and  two  fair 
hotels. 

The  annexed  tiible  shows  the  various  climatic  condi- 
tions of  this  place. 

Climate  of  Burlington,  Vt.     Latitude,  44°  29' ;   Longitude. 
tS""  1.5'.    Period  of  Observation,  Ten  Years. 


Temperature  (Fahrenheit  scale) 

Average  or  normal 

Average  dailv  ranee 

Averasf  of  warmest 

Averacf  of  ii.iili-st 

Maximum  or  hlRhest 

Minimum  or  lowest 


January. 

July. 

18.9° 

70.9° 

18.5 

19.0 

27.4 

80.1 

8.6 

61.1 

.51.0 

96.0 

-24.8 

47.0 

Humidity- 
Average  mean  relative 

Precipitation — 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  number  of  clear  days 

Average  number  of  fair  days 

Average  number  of  fair  and  clear  days 


January. 


72.3« 
1.90 

s. 

S.3 

3.2 
12.7 
15.9 


July. 


66.W 
3.76 

s. 

5.7 

7.1 
16.2 
23.3 


68.2!< 


63.3 
1.53.4 
216.7 


Note. — If  the  above  table  is  not  understood,  the  reader  is  referred 
to  an  explanation  of  the  terms  under  the  article  Baltimore. 

Edward  0.  Otis. 

BURNET. — Radix  Pimpinellce.  This  name  is  applied 
to  the  roots  of  Pimpinella  saxifraga  L.  and  Pimpinella 
magna  L.  (fam.  Umbelliferce).  both  of  which  are  wild  as 
well  as  cultivated  in  Europe.  They  are  small  tapering 
roots  similar  to  and  of  the  size  of  small  carrots.  They 
contain  the  ordinary  constituents  of  the  roots  of  this 
family,  volatile  oil,  resin,  gum,  and  a  bitter  principle,  and 
are  used  like  the  related  aromatics,  the  dose  being  0.5  to 
2.0  gm.  (gr.  viij.  to  xxx.).  H.  H.  Busby. 

BURNS  AND  SCALDS.— Burns  are  injuries  produced 
by  tire  or  dry  heat  and  scalds  are  the  results  of  the  ap- 
plication of  hot  fluids  or  moist  heat.  Clinically  the  results 
of  these  forms  of  injury  are  very  much  the  same.  The 
degree  or  severity  of  the  burn  varies  according  to  the 
degree  and  diiratiou  of  the  heat  and  the  capability  of  the 
solid  or  liquid  for  retaining  caloric.  Burns  or  scalds 
may  be  caused  by  the  rays  of  the  sun  or  b.v  contact  with 
fire,  boiling  water,  oils,  heated  or  molten  solids,  caustic 
alkalies,  or  concentrated  acids;  the  amount  of  injury 
caused  varying  from  a  simple  erythematous  blush  to  the 
charring  of  a  limb  or  part.  Tlie  effect  also  varies  ac- 
cording to  the  mode  of  application  of  the  heat.  To 
quote  Wilson:  "In  degree,  heat  may  be  feeble  but  pro- 
longed, or  it  may  be  strong  and  instantaneous,  strong 
and  continued  for  a  brief  period,  or  strong  and  continued 
for  a  long  period.  " 

The  flame  of  burning  ether  or  alcohol,  if  momentarily 
brought  into  contact  with  the  living  skin,  causes  a 
superficial  burn,  while  the  contact  of  burning  sealing 
wax  or  boiling  oil,  the  capacity  of  which  to  retain  caloric 
is  greater  than  that  of  water,  because  of  its  greater 
density,  gives  rise  to  much  more  serious  injur}'.  Molten 
metal  when  it  simply  strikes  the  skin  causes  vesication; 
but  if  it  gains  access  to  and  surrounds  a  limb,  complete 
charring  and  destruction  of  tissue  occur. 

A  scald,  even  if  severe,  may  leave  the  hairs  uninjured, 
and  from  this  circumstance  it  may  often  be  diagnosticated 
from  a  burn;  but  when  tlie  liquid  is  hot  and  dense  the 
hairs  are  often  destroyed  as  in  burns. 

Concentrated  acids  and  caustic  alkalies,  either  in  solid 
or  in  liquid  form,  act  with  great  power  on  the  soft  tissues, 
and  so  cause  injuries  of  the  most  serious  character. 
Burns  from  this  cause  may  be  distinguished  by  the 
absence  of  vesication  and  other  symptoms  which  are 
present  when  lire  has  been  the  cause. 

Phosphorus  acts  energetically,  causing  deep  and  rapid 
burns  and  inflammation  of  surrounding  tissues,  and  fatal 
results  have  attended  its  improper  handling.  Surface 
burns  from  lightning  stroke  present  about  the  same  ap- 
pearances as  bums  from  other  sources.  The  skin  is  red- 
dened and  blistered,  and  the  hair  is  singed  or  entirely 
destroyed. 

Burns  from  nitric  acid  produce  3-ellowish  stains  or 
patches,  while  sulphuric  acid  and  caustics  generally 
cause  reddish  or  red-brown  discoloration. 

Sunburns  are  generally  so  slight  as  to  require  only  a 
brief  notice,  yet  occasionally  a  person  having  a  tender 
skin  may  suffer  severely  from  only  a  brief  exposure  to 
the  sun.  This  burn  is  characterized  by  diffuse  redness 
of  the  exposed  part,  with  more  or  less  smarting  pain. 
The  face,  neck,  forearms,  and  hands  are  usually  affected. 
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Grave  symptoms  sometimes  arise  when  a  large  surface 
(two-thirds)  is  implicated,  and  a  case  has  been  reported 
in  which  death  occurred  from  violent  dermatitis,  with 
gangrene,  following  sunburn. 

Burns  are  usually  classified  as  of  the  first,  second,  or 
third  grade.  Dupuytren's  division  into  si.x  degrees  is 
too  complicated,  and,  though  it  was  for  a  long  time  in 
vogue,  it  has  been  generally  discarded  by  modern  writers. 
The  following  classification  is  that  of  Thomas  George 
Morton,  and  is  the  one  generally  accepted : 

Burns  of  the  First  Degree. — Characterized  by 
erythema,  irritation,  and  inflammation  of  the  skin  with- 
out vesicles. 

Burns  op  tite  Second  Degree. — Vesication,  inflam- 
mation of  the  skin,  and  formation  of  vesicles  and  bullse. 

Burns  op  the  Third  Degree. — Eschars;  gangrene, 
superficial  or  deep,  involving  the  skin  or  the  subcutane- 
ous tissues;  carbonization  of  a  part  or  of  the  entire  body. 

Prognosis. — The  prognosis  depends  upon  the  depth 
of  the  injury  and  its  extent,  upon  the  susceptibility  of 
the  skiu  to  "the  action  of  heat,  and  upon  the  general 
characteristics  and  physical  condition  of  the  patient. 
Burns  of  the  first  and"  second  degrees  generally  result 
favorably,  the  patient  recovering  rapidly;  in  those  of  the 
highest  "degree,  however,  when  the  surface  involved  is 
very  extensive,  the  prognosis  is  more  grave ;  and  even 
■burns  of  the  first  degree  may  prove  fatal  when  a  great 
extent  of  surface  is  involved.  It  is  generally  accepted 
that,  if  one-half  or  even  one-third  of  the  surface  has  been 
hurned  or  scalded,  death,  from  some  physiological  cause 
as  yet  not  clearly  explained,  will  be  inevitable:  and  this 
usually  happens  during  the  first  twenty-four  or  forty- 
eight  hours.  I  think,  however,  that  nuich  depends  upon 
the  patient's  previous  physical  condition  and  mental 
equilibrium.  In  two  cases  which  came  under  observa- 
tion during  my  service  in  Bellevue  Hospital,  the  burns 
involved  more  than  half  of  the  entire  surface  of  the  body, 
in  varying  degree  at  different  points;  but  these  patients 
Tjoth  recovered.  One  of  them  was  a  strong  and  healthy 
engineer,  the  othera  robust  Italian  laborer.  On  the  other 
hand,  even  slight  burns,  in  aged  and  eiifeeliled  subjects, 
are  sometimes  a  cause  of  death  through  shock.  In  all 
these  cases,  therefore,  a  guarded  prognosis  should  be 
given.  In  burns  of  the  third  degree,  which  result  from 
the  application  of  intense  heat,  the  prognosis  will  depend 
not  merely  upon  the  depth  of  the  burn,  but  also  upon 
the  part  of  the  body  involved,  and  upon  the  age,  sex, 
and  temperament  of  the  patient. 

Symptoms. — lit.  buinis  of  t/ie  first  degree  there  is  more 
or  less  redness  of  the  skin,  which  disappears  on  pressure, 
and  which  is  accompanied  by  swelling  and  pain.  This 
continues  for  a  longer  or  shorter  period,  and  then  the  epi- 
dermis is  exfoliated  and  the  natural  conditions  are  re- 
stored. Recovery  generall.y  ensues  in  a  few  days  and  no 
permanent  injury  results.  The  constitutional  symptoms 
are  usually  slight.  Sometimes  there  is,  however,  an 
irritative  fever,  and  if  a  great  extent  of  surface  has  been 
injured,  and  if  the  patient  is  very  susceptible,  shock  may 
be  quite  marked  and  even  death  may  result. 

In  /itinif!  of  the  second  degree  the  pain,  redness,  and 
swelling  are  more  marked  than  in  the  first  degree,  and, 
the  hyperemia  being  greater,  there  is  a  tendency  to  exu- 
dation, and  vesicles  are  formed.  These,  when  large  in 
size,  are  called  bulla?.  They  either  come  on  at  once  or 
form  in  a  few  hours.  The  scrtmi  is  usually  transparent, 
though  sometimes  it  may  be  discolored  by  blood.  Usu- 
,illy,  along  with  the  formation  of  the  vesicles,  the  skin 
proper  receives  no  damage,  but  sometimes  suppuration 
and  ulceration  may  take  jjlace.  The  constitutional 
symptoms  vary  according  to  the  extent  'and  severity  of 
the  injury.  Shock  is  almost  always  present,  and  death 
results  in  some  cases  simply  from  this  cause.  Sometimes 
there  is  found  a  coogestion  of  all  the  viscera,  and  death 
may  result  from  cerebral  effusion  with  delirium.  With 
the  rise  in  temperature,  albumin  is  commonly  found  in 
the  urine,  and  during  the  period  of  reaction  ulceration  of 
some  portion  of  the  mucous  membrane  of  the  bowel  fre- 
quently occurs. 


Burns  of  the  Third  Degree. — In  this  group  are  classed 
all  cases  of  gangrene  resulting  from  burns  affecting  the 
skin  or  subcutaneous  tissue.  Now,  according  to  the  in- 
tensity and  duration  of  the  heat,  the  skin  alone,  or  the 
muscles,  nerves,  blood-vessels,  and  bones  also,  may  be 
destroyed  even  to  carbonization.  This  latter  is,  fortu- 
nately, a  rare  occurrence,  but  it  sometimes  happens  that 
portions  of  limbs  are  entirely  burned  off  while  the  indi- 
vidual is  in  a  drunken  stupor  or  is  suffering  from  epileptic 
coma.  The  constitutional  symptoms  are,  as  may  be 
supposed,  severe.  If  reaction  occur  at  all,  the  symptoms 
liecome  at  once  quite  grave,  in  proportion  to  tlie  extent 
of  the  injiuy.  In  some  cases  death  soon  takes  place  from 
coma,  due  io  cerebral  congestion.  The  lungs,  kidneys, 
and  other  organs  are  intensely  congested,  and  this  period 
of  inflammation,  so  called,  extends  from  the  period  of 
reaction  to  the  beginning  of  exhaustion,  during  which 
time  the  dead  tissues  are  being  thrown  off  by  suppura- 
tion. This  exhaustion  is  sometimes  increased  by  hemor- 
rhages from  the  necrotic  tissues.  In  all  cases  of  burns  of 
the  third  degree  renal  congestion  is  constant  and  gives 
rise  to  albuminuria. 

The  complications  of  burns  may  involve  either  the 
brain,  or  the  respiratory  tract,  or  the  intestines.  Cerebral 
irritation  often  appears  quite  earl}-,  and  inflannuation 
may  follow  and  be  accompanied  by  violent  delirium. 
Convulsions  and  coma  may  occur  in  a  fatal  case. 

Laryngitis,  bronchitis,  or  pneumonia  may  occur  from 
burns  or  scalds,  the  first  frequently  following  the  inhala- 
tion of  hot  steam,  ffidema  may  lie  excessive,  requiring 
tracheotomy  in  order  to  avert  impending  death  from 
dyspna'a.  Bronchitis  and  pneumonia  are  frequently  ob- 
served to  follow  burns  of  the  chest  and  neck. 

Intestinal  ulceration  is  one  of  the  peculiar  results  of 
severe  burns,  and  follows  the  intense  congestion  of  the 
digestive  tract  that  sometimes  takes  place.  The  intes- 
tinal lesions  are  present  in  varying  degrees,  from  the 
simplest  gastiic  irritation  and  diarrhoea  to  severe  inflam- 
mation of  the  stomach  and  intestines,  going  on  to  duo- 
denal ulcer.  pcrforati(in.  and  death. 

Tre-\T-Ment. — This  varies  in  accordance  with  the 
severity  of  the  injury.  The  indications  are:  First,  to  re- 
lieve the  pain  and  overcome  the  shock ;  secondly,  to 
guard  against  congestion  and  inflammation  of  the  internal 
organs;  and  thirdly,  to  counteract  the  exhaustion  incident 
to  sloughing  and  suppuration. 

Loriil  Treiitment. — In  l)urns  of  the  first  degree  there  are 
usually  no  marked  constitutional  symptoms,  but  the 
local  ones  may  be  quite  severe.  These  may  be  relieved 
by  local  applications  of  olive  oil,  vaseline,  oxide  of  zinc, 
or  other  ointments  of  a  soothing  nature.  Powdered  bicar- 
bonate of  sodium  is  a  most  excellent  application,  and  in 
simple  burns  it  often  affords  great  relief  when  freely 
dusted  over  the  affected  surface.  Other  alkaline  applica- 
tions may  be  used,  among  which  a  mixtiue  of  linseed  oil 
and  lime  water,  called  "carron  oil,"  may  be  mentioned 
as  having  long  been  popular.  Flour,  starch,  white 
lead,  paint,  or  any  substance  that  excludes  the  air  and 
makes  a  coating  for  the  nerve  filaments  that  have  been 
irritated  or  uncovered  will  relieve  the  pain.  Molasses 
has  been  used  when  nothing  better  could  be  found  at 
hand  in  a  case  of  emergency.  The  addition  of  carbolic 
acid  to  any  of  the  ointments,  or  vaseline,  or  oil,  is  of 
much  advantage,  as  it  relieves  pain  and  thoroughly  dis- 
infects any  discharge  that  may  occur.  It  produces  a 
certain  amount  of  surface  anassthesia,  and,  as  carbolic 
acid  is  ab.sorbed  but  feebly  from  any  mixture  with  an  oil, 
the  danger  of  poisoning  is  not  great.  The  urine  should, 
however,  be  watched  for  any  trace  of  the  acid,  as  cases 
of  such  poisoning  have  occurred.  An  ointment  made  of 
boric  acid  and  vaseline — e.g. ,  in  equal  parts — is  of  great 
service,  as  it  allays  pain  and  is  perfectly  safe.  These 
remedies  may  be  spread  upon  lint  or  old  muslin  and  laid 
upon  the  burned  surface,  the  parts  being  then  enveloped 
in  layers  of  cotton  batting  and  all  held  in  place  by  a 
roller  bandage. 

In  burns  of  the  second  degree,  in  which  we  have  vesi- 
cation and  inflammation  of  the  skin,  with  the  formation 
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of  bulUe,  it  is  absoUitely  necessary  that  the  injury  should 
be  reirarfletl  as  a  wound  and  treated  accordingly:  i.i.. 
the  burn  should  be  rendered  aseptic  and  kept  so,  if  pos- 
sible. It  is  well  to  bear  in  mind  that  only  one  |<art  of  a 
burned  patient  should  be  exposed  at  a  time,  in  order  to 
avoid  surface  chillini:.  Vesicles  and  buUii;  should  not 
be  broken,  but  should  be  punctured  at  their  lowest  point 
and  their  contents  allowed  to  drain  off,  and  care  should 
be  taken  that  the  cuticle  should  not  be  rubbed  off.  as  it' 
affords  an  excellent  protection  for  the  e.xcoriated  surface. 
The  burned  surface  should  be  thoroughly  cleaned :  any 
cinders  or  any  portions  of  clothing  or  charred  material 
should  be  carefully  removed,  and  the  part  should  lie 
rendered  as  aseptic  as  possible  by  washing  and  by  the 
application  of  solutions  such  as  mercuric  chloride  (1  to 
lO.OOO  or  20.000),  aluminum  acetate,  etc.  After  tliese 
have  been  washed  off  with  warm,  decinormal  salt  solu- 
tion, the  burned  surface  may  be  covered  with  sterilized 
rubber  tissue,  which  in  turn  is  to  be  covered  by  a  thick 
layer  of  sterilized  gauze  tlial  is  held  in  place  by  a  roller 
bandage.  AVhen  the  iuHamniation  of  the  skin  is  intense,  a 
wet  dressing  of  aluminum  acetate  or  of  ichthyol  solution 
{three  to  five  per  cent.)  should  be  applied  and  kept  con- 
tinually moist.  Such  an  appUcatiou  will  tend  to  relieve 
the  pain  and  to  render  the  burned  surface  aseptic.  The 
rubber-tissue  dressing,  with  its  thick  covering  of  steril- 
ized material,  acts  as  a  substitute  for  the  destroyed  in- 
tegument ;  it  excludes  the  air  and  makes  an  excellent  and 
painless  covering.  If  now  the  wound  has  really  escaped 
being  infected,  it  will  rapidly  become  covered  by  a  re- 
newed epithelial  surface. 

The  dressings  need  not  he  changed  oftener  than  every 
second  or  third  day,  unless  the  amount  of  discharge  is 
very  great  or  the  odor  quite  marked. 

It  is  (juite  proper  to  mention  here  the  method  of  treat- 
ment of  burns  of  th.e  body,  as  well  as  of  one  extrenuty, 
by  immersion.  The  clothing  of  tlie  patient  being  re- 
moved or  cut  away,  the  limb  or  limbs  or  the  entire  body 
may  be  placed  in  a'liath  of  decinormal  salt  solution,  which 
should  be  maintained  at  a  temperature  of  about  100°  F. 
and  not  allowed  to  drop  below  98. .5'  F.  In  cases  of  ex- 
tensive burns,  in  which  both  legs  and  portions  of  the  boily 
have  been  involved,  the  placing  of  the  patient  in  a  bath 
of  this  character  produces  great  relief,  particularly  as 
regards  the  pain  and  the  amount  of  shock.  The  solu- 
tion, which  should  completely  cover  the  burned  part, 
gives  immediate  ease,  as  it  excludes  the  air:  and.  further- 
more, if  the  temperature  of  the  bath  be  raised  suHiciently, 
there  will  be  provided  a  most  efficient  remedy  for  the 
condition  of  shock.  This  form  of  bath  not  only  cleans 
the  iniured  portion  of  the  body  thoroughly,  but  at  the 
same  time  renders  it  aseptic  and  maintains  it  in  this  state 
for  a  certain  length  of  time.  From  time  to  time,  as  the 
solution  becomes  fouled,  it  will  be  necessary  to  renew  it. 
The  patient  should  not  be  removed  from  the  bath  until 
ail  sloughs  have  been  separated  and  the  denuded  surface 
is  ready  for  grafting.  Propped  on  rubber  air  pillows, 
the  patient  may  sleep  or  rest  in  the  bath  without  danger. 
Provision  must  be  made,  however,  for  maintaining  the 
temperature  of  the  bath,  and  for  keeping  up  its  proper 
saline  proportions. 

In  burns  of  the  third  degree,  I  would  mention  the  fact 
that  sometimes  it  will  be  found  advisable  to  resort  to  an 
early  amputation.  The  adoption  of  this  course  is  indi- 
cated w-hen  the  area  burned  is  so  extensive  that  the  sub- 
sequent suppuration  might  prove  too  great  a  drain  upon 
the  patient's  strength,  or  when  this  area  occupies  such  a 
position  that  even  if  perfect  healing  should  take  place  the 
remaining  cicatrix  would  beconstantly  exposed  to  ulcera- 
tion through  the  effects  of  alirasion  or  would  seriously 
interfere  with  the  use  of  the  limb. 

When  the  sloughs  have  separated,  the  ulcerated  sur- 
faces beneath  are  soon  covered  by  florid  granulations. 
which  may  require  astringent  applications  or  strapping 
with  adhesive  plaster.  Tlie  treatment  now  becomes  that 
of  a  simple  idcer.  and  may  be  guided  by  the  same  rules. 
Much  good  may  be  accomplished  and  deformity  be 
.  avoided  by  keeping  the  various  parts  carefully  separated. 


and  by  maintaining  them  in  an  approjirtate  position 
either  by  fixation  on  splints  or  by  some  proper  mechanical 
appliance. 

In  the  ulcerative  stage  skin-grafting  is  at  times  of 
great  service,  and  large  and  indolent  ulcers  may  be  made 
to  heal  quite  readily  by  this  means  (see  article  on  Skin- 
grafting).  Even  transplantation  of  skin,  as  recommended 
by  Wolf,  may  be  employed  with  advantage  in  certain 
cases.  If  the  patient,  for  example,  has  a  large  denuded 
surface,  grafting  becomes  imperative;  and  the  method 
of  Thiersch  is  the  best  one  to  employ  under  these  circiun- 
stances.  provided  the  patient  can  be  confined  to  bed  in 
proper  quarters.  If,  however,  this  is  imjiossible,  the 
epidermization  of  the  denuded  surface  may  be  materially 
hastened  by  employing  the  method  of  engrafting  por- 
tions of  corns  or  callous  portions  of  the  skin  upon  the 
exposed  granulating  surface.  As  the  details  of  this  pro- 
cedure are  given  in  a  later  volume  it  will  not  be  necessary 
for  me  to  mention  them  in  this  place. 

Treatment  of  Burns  from  Corrosive  Acids,  Ciinstic  Al- 
hilies,  etc. — The  corrosive  or  mineral  acids  which  most 
often  cause  burns  are  sulphuric,  nitric,  and  muriatic. 
In  burns  from  these  acids  the  application  of  water  is  to 
be  avoided,  as  it  causes,  when  mixed  with  the  acid,  a 
great  and  sudden  rise  of  temperature.  The  jiroper  treat- 
ment is  to  apply  whiting  or  levigated  chalk,  which 
causes  brisk  effervescence,  and  at  once  neutralizes  the 
acid:  after  this  the  part  may  be  washed  off  with  water. 
If  this  is  done  promptly,  no  more  seiious  injury  will 
result  than  a  faint  erythematous  redness,  accompanied 
by  a  slight  sensation  of  smarting.  Should  b.v  chance 
any  of  these  substances  be  splashed  into  the  eye,  the 
organ  should  be  well  liathed  in  lime  water,  and  sub- 
sequent inflammation  should  be  treated  in  the  usual 
manner. 

Tlie  caustic  alkalies  are  soda,  potassa,  ammonia,  and 
(luieklime.  These  act  by  suddenly  abstracting  moisture 
from  the  ti.ssues.  A  fresh  burn  of  this  nature  should  be 
treated  with  vinegar,  or  with  any  other  mild  acid,  which 
neutralizes  the  alkali,  and  forms  with  it  an  imirritating 
salt.  A  burn  of  the  eye  should  be  treated  in  the  same 
way,  care  being  taken  to  dilute  the  acid  to  a  proper 
degree. 

The  treatment  of  shock  from  bums  or  scalds  should  be 
the  same  as  when  this  condition  arises  under  other  cir- 
cumstances.    (See  article  on  Shock.) 

When  reaction  has  commenced,  a  generally  supporting 
plan  ot  treatment  is  in  order.  Thirst,  which  is  usually 
intense,  should  be  allayed  by  small  lumps  of  ice  placed 
in  the  mouth,  or  by  occasional  sips  of  carbonated  water. 
Constipation  is  quite  common  during  the  first  two  or 
three  days  following  a  burn,  and  a  laxative  enema 
affords  tlie  best  means  of  relief.  The  gastric  and  intes- 
tinal disturbance  often  calls  for  treatment.  The  diar- 
rhoea during  exhaustion  due  to  the  profuse  suppuration 
is  best  treated  by  opium  combined  w-ith  astringents,  and 
by  pepsin  and  bismuth.  The  diet  should  be  simple  but 
nourishing,  and  absolute  rest  is  to  be  enforced. 

John  3IcG.   Woodbury. 

BURNS  AND  SCALDS,  THE  MEDICO-LEGAL  RE- 
LATION OF.— The  apijlicatiou  of  a  moderate  degree  of 
heat  to  the  surface  of  the  body  acts  as  a  stimulant  to 
the  activity  of  the  cutaneous  transpiratory  system, 
tlu-ough  its  effect  upon  the  capillary  circulation.  If  the 
heat  be  raised  beyond  this  degree,  and  to  one  incom- 
patible with  the  "integrity  of  the  tissues,  there  results 
what  has  been  denominated  a  burn  or  scald.  Such  dif- 
ference of  designation  is  based  upon  no  special  difference 
of  character,  but  upon  the  nature  of  the  causative  agent. 

For  all  practical  purposes  it  is  not  essential  to  make  a 
distinction  between  burns  and  scalds,  yet  it  is  sometimes 
important  to  decide  upon  the  cause  of  the  lesion  observed. 

Definition. — A  burn  is  an  injury  resulting  from  the 
application  to  the  body  of  a  highly  heated  substance, 
flame  or  radiant  heat.  "A  scald  is"an"injury  jiroduccd  by 
the  application  of  a  liquid,  at  or  near  the  boiling-point. 

Classification. — Burns  are  most  simply  classified  ac- 
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cording  to  the  severity  of  their  injurious  effects.     They 
may  accordingly  be  considered  as : 

I.  Burns  involving  the  skin  and  subcutaneous  cellular 
tissue  only. 

II.  Those  which  extend  their  injurious  effects  to  the 
muscles,  nerves,  and  blood-vessels. 

III.  Burns  involving  in  their  effects  the  internal  organs 
and  bones. 

IV.  Those  in  which  the  preceding  classes  are  variously 
combined. 

Class  I.  In  this  are  included  those  burns  in  which  a 
short  contact  with  a  heated  body,  or  with  water  at  or 
near  the  boiling-point,  causes  redness  or  scorching  of  the 
skin  and  considerable  pain,  leaving  no  permanent  mark. 

Class  II.  In  the  least  severe  cases  the  cuticle  is  destroyed 
in  its  entire  thickness,  and  the  injured  parts  are  covered 
with  yellowish-gra,v  or  brownish  eschars.  The  skin  sur- 
rounding the  burned  surface  is  reddened  and.  immediately 
or  after"  a  few  hours,  blisters  are  formed.  Such  cases 
heal  without  deformity  and  leave  a  shining  cicatrix.  In 
the  severer  cases  the  subcutaneous  cellular  tissue,  the 
muscles,  and  the  nerves  are  destroyed.  Blackish  eschars 
form  which  are  without  sensation  and,  ultimately,  are 
thrown  off  by  the  process  of  suppuration,  leaving  a 
granulating  surface.  The  surrounding  tissues  are  red- 
dened and  usually  a  greater  or  less  amount  of  vesica- 
tion exists.  In  the  healing  process,  the  resulting  cica- 
trices of  the  skin  adjacent  are  prone  to  contract  and 
produce  deformity  which  in  some  cases,  especially  when 
affecting  the  head  or  extremities,  demands  extensive  sur- 
gical interference. 

Class  III.  So  severe  are  the  effects  of  burns  of  this 
class  that  the  residt  is  rapidly  fatal.  The}-  are  usually 
caused  by  an  exposure  to  flame  or  to  intense  heat,  more 
or  less  prolonged,  and  not  onl}'  involve  the  lesions  al- 
ready noted,  but  also  a  charring  or  carbonizing  of  the 
2?arts  exposed. 

Cayses  Indicated  by  Appearances. — Burns  of  anj-  inten- 
sity may  be  produced  by  a  heated  body,  according  to  the 
degree  of  the  elevation  of  its  temperature  and  the  period 
during  which  contact  is  maintained.  The  shape  and 
size  of  the  object  are  often  indicated  by  the  burn.  These 
appearances  may  vary  from  a  simple  reddening  of  the 
skin  to  a  complete  charrring  of  the  parts.  At  the  tem- 
perature of  the  boiling-point,  100'  C,  metals  are  capable 
of  producing  redness,  vesication,  and  other  effects.  Partly 
fused  solids  cause  burns  of  greater  severity  than  sub- 
stances which  can  be  readily  removed  from  contact  with 
the  bod}-,  since,  by  their  adhesion  to  the  skin,  they  are 
prone  to  tear  away  portions  of  the  derma  in  their  re- 
moval. Such  burns  resemble,  in  their  appearance  and 
effects,  those  produced  by  solid  bodies.  They  are  less 
regular  in  outline,  however,  and  are  usually  more  severe 
on  account  of  the  high  temperature  of  the  agent  causing 
them.     Burns  of  this  character  are  characterized  as  scalds. 

Boiling  water  produces  scalds  which  may  be  so  slight 
as  to  produce  moderate  redness  only,  or  be  so  extensive 
as  to  develop  qinte  characteristic  effects.  Such  special 
effects  are  an  ashy  hue  of  the  skin,  with  a  sodden  ap- 
pearance, and  the  formation  of  blisters.  While  these 
features  are  usuall.y  characteristic  of  scalds  b,v  hot  water 
or  steam,  the.v  are  sometimes  with  difficulty  distinguished 
from  bums  by  other  agencies.  Blackening  of  the  skin 
never  occurs  in  burns  caused  by  boiling  water.  Gan- 
grene sometimes  develops  in  cases  which  are  not  neces- 
sarily fatal.  Scalding  with  hot  water,  though  sometimes 
demanding  legal  investigation,  is  usually  accidental. 
Severe  and  fatal  burns  of  the  mouth,  fauces,  and  larynx 
are  occasionally  seen,  from  the  inhalation  of  steam  or 
from  swallowing  boiling  water.  These  usually  occur  in 
children  who  attempt  to  drink  fluids  from  teapots  or  tea- 
kettles. 

Burning  oil  produces  bums  similar  to  those  by  molten 
metals. 

Flame  causes  a  scorching  of  the  surface  which  is  char- 
acteristic. In  burns  from  this  source  the  hairs  upon  the 
injured  part  are  scorched  and  often  upon  those  parts  ad- 
jacent.    This  serves  to  distinguish  burns  from  this  cause 


from  scalds  from  boiling  water  or  steam,  or  by  boiling  oil, 
or  by  a  hot  body, 

Petnihuin  and  its  derivatives  produce  burns  similar  to 
those  caused  by  flame,  but  in  addition  to  the  scorching 
the  parts  burned  are  blackened  and  more  deeply  injured 
than  by  flame  alone,  since  the  clothing  usually  holds  the 
burning  agent  in  contact  with  the  body,  "  The  odor 
peculiar  to  the  substance  is  ordinarily  noticeable. 

Acids  aitd  corrosice  agents  cause  severe  burns.  Besides 
injuries  accidentally  occurring,  wilful  injuries  by  the  use 
of  such  means  sometimes  recjuire  investigation.  While 
no  fatal  case  from  this  cause  is  recorded,  malicious  attacks 
by  throwing  "  vitriol"  (strong  sulphuric  acid),  have  oc- 
casionally occurred,  resulting  in  loss  of  sight  and  severe 
disfigurement. 

The  appearances  of  a  burn  hy  a  mineral  acid  are  easily 
distinguishable  from  those  caused  by  heat.  The  eschar 
of  a  bum  bv  an  acid  is  soft,  and  sloughs  readily,  while 
that  caused  by  heat  is  hard  and  tough.  Around  the  site 
of  the  burn  no  redness,  blackening,  scorching  of  the 
hairs,  or  blisters  occur,  and  the  color  of  the  burn  is  uni- 
form. The  stain  upon  the  svirrounding  parts  often  affords 
means  of  distinguishing  the  agent  which  has  caused  the 
injury.  Sulphuric  acid  produces  a  dark  brown  stain, 
nitric  acid  a  3-ellow,  and  chlorohydric  acid  a  brownish- 
yellow  stain.  The  clothing  al.so  furnishes  similar  evi- 
dence by  discolorations,  and  by  a  chemical  analysis  of 
the  fabric.  A  post-mortem  burn  by  an  acid  is  not  dis- 
tinguishable from  an  ante-mortem  burn,  unless  a  vital 
reaction  has  occurred. 

Effects  of  Burns. — These  are  local  and  constitutional. 

1.  Local  Effects.  Redness,  blisters,  destruction  of  the 
cuticle,  scorching  of  the  hair,  and  roasting  of  portions  of 
the  body  occur,  according  to  the  extent  and  severity  of 
the  burn.  In  some  severe  cases,  all  these  appearances 
are  to  be  seen  on  the  same  body.  .  Within  a  short  time 
after  the  occurrence  of  a  burn  a  special  line  of  redness 
appears  between  the  part  burned  and  the  uninjured  skin. 
This  red  line,  is  caused  b_v  highlj-  congested  vessels  and,  in 
some  cases,  becomes  a  medico-legal  sign  of  much  impor- 
tance. i?/i"sto-«  ma}' be  single  or  multiple;  some  of  these 
may  be  unbroken,  others  may  be  ruptured  and  their 
serum  may  have  flowed  out  upon  the  surrounding  parts. 
In  some  cases  the  skin,  made  dry  and  brittle  by  the  heat, 
develops  cracks  and  fssiires  by  the  movements  of  the  pa- 
tient. These  most  frecjuently  occur  in  the  vicinit.v  of 
the  joints.  Occasionally  these  fissures  resemble  incised 
wounds,  and  it  becomes  necessary  accurately  to  establish 
their  character.  Their  depth  depends  upon  the  depth  of 
the  burn.  In  the  more  superficial  cases  the  skin  only  is 
fissured,  leaving  the  subcutaneous  fat  exposed,  which 
may  partiall)'  melt  and  flow  out  upon  the  sides  of  the 
fissure.  In  such  cases  the  blood-vessels  may  usually  be 
seen  stretching  across  the  crack,  not  having  been  de- 
stroyed in  consequence  of  their  elasticity.  They  should 
always  be  carefully  sought.  In  severer  bums  the  vessels 
are  involved  and  break  with  the  opening  of  the  fissure.* 

Shoidd  it  become  necessary  further  to  differentiate  be- 
tween such  a  fissure  and  a  wound  made  by  a  sharp  instru- 
ment, the  condition  of  the  edges  of  the  fissure,  whether 
clean-cut  or  ragged,  and  the  presence  or  absence  of  uncut 
vessels  and  evidences  of  hemorrhage  upon  the  surround- 
ing parts,  will  complete  the  difl'erential  diagnosis.  It 
must  be  remembered,  however,  that  incised  wounds  and 
wounds  from  the  action  of  fire  may  be  found  upon  the 
same  subject.  Each  ^^■ound  noted,  therefore,  miist  be 
specially  examined  as  to  all  its  characteristics  of  position, 
depth,  shape,  and  other  features, 

2.  Constitutional  Effects.  The  constitutional  effects  of 
a  severe  bum  are  manifest  in  the  condition  of  "shock," 
which  is  induced  by  all  sudden  and  severe  injuries.  The 
predominating  sj'mptoms  are  pallor,  with  coldness  of  the 
surface  of  the" body,  a  feeble  pulse  with  chills,  and  a  ten- 
dency to  collapse.  In  cases  which  are  quickly  fatal,  ob- 
structed respiration  supervenes,  and  death  from  coma 
follows.    Occasionally,  convulsions  precede  death:  while 

•Casper,  "Forensic  Medleine,"  i..  301,  3U. 
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in  cases  not  immediately  fatal,  a  reaction,  more  or  less 
marked,  occurs. 

Cdiisci  of  Death. — Death  may  follow  from  cerebral 
congestion  or  effusion  before  any  reaction  is  apparent. 
Pulmonary  congestion  and  a;dema,  with  pleural  effusions, 
occur  in  other  cases,  death  supervening  before  the  ap- 
pearance of  any  evidences  of  reaction.  Such  fatal  result 
usualh'  takes  place  within  the  first  two  days;  while,  in 
some  cases,  the  issue  is  immediately  fatal  from  the  pros- 
trating effects  of  the  intense  pain.  During  the  two 
weeks  succeeding  the  infliction  of  the  burn,  the  period 
of  inflammatory  reaction  occurs,  in  which  the  case  may 
terminate  fatally,  from  the  development  of  inflammatory 
conditions  of  the  thoracic  and  abdominal  viscera,  with 
or  without  ulcerative  processes  in  some  organ. 

Death  may  be  due  to  one  or  more  of  several  conditions, 
arising  from  important  modifications  of  visceral  organs. 
Such  modificatious  result  from  the  intimate  relation  ex- 
isting between  the  sympathetic  nervous  system  and  the 
spinal  cord,  and  that  of  the  nervous  supply  of  the  sur- 
face of  the  body  and  the  internal  organs.  These  changed 
conditions  may  induce  death  iiiinudialely,  or  after  an  in- 
terriil.  The  conditions  immediately  fatal  are  those  which 
cause  death  by  axphi/.via.  through  deprivation  of  air,  or 
by  suffocation  from  inhalation  of  carbon  monoxide  and 
carbon  dioxide,  produced  by  combustion. 

Death  may  result  from  syncope  or  collapse,  induced  by 
nervous  shock  and  pain.  A  fatal  i.ssue,  after  a  short 
interval,  may  be  caused  by  cerebral  congestion  and  effu- 
sion;  by  broncliitis.  or  pneumonia  with  congestion  or 
cedema  of  the  lungs :  by  inflammation  of  the  intestines, 
causing  peritonitis  and  ulceration  ;  hy  gangrene  or  septi- 
ceeutia  or  by  exhaustion  resulting  from  prolonged  pain 
and  suffering. 

From  a  medico-legal  standpoint  it  may  be  necessary  to 
determine  the  extent  of  a  burn  which  must,  necessarily, 
prove  fatal.  While  burns  and  scalds  are  not  legally 
classed  as  wounds,  they  are  included  among  injuries 
dangerous  to  life.  It  must  be  remembered  that  upon 
their  e.Hent,  rather  than  upon  their  depth,  is  the  danger 
dependent.  Destruction  of  a  considerable  portion  of  the 
transpiratory  tract,  or  the  suspension  of  its  function  by 
an  extensive  superficial  burn,  is  far  more  fatal  in  its 
tendency  than  a  deep  burn  of  a  limited  portion  of  the 
bod.y.  The  character  of  the  burn,  whether  siugle  and 
continuous  or  multiple  and  in  small  patches  on  various 
parts  of  the  body,  is  an  important  consideration.  The 
part  affected  has  a  very  direct  relation  to  its  fatalit_y. 
Burns  of  the  extremities  are  less  fatal  than  those  of  the 
trunk;  while  burns  of  the  genitals  and  the  lower  portion 
of  the  abdomen  are  especially  so.* 

The  physical  condition  of  the  person  has  a  very  pro- 
nounced influence.  Burns  in  females  and  children  of 
highly  nervous  organization,  render  an  unfavorable  prog- 
nosis necessary.  It  may  be  stated  that  a  burn  involving 
two-thirds  of  "the  surface  of  the  body  is  necessarily  fatal, 
but  a  small  area  of  injury  of  even  one-fourth  of  the  sur- 
face has  jiroved  fatal.  Such  a  general  statement  is  ciuite 
as  scientific  as  an  attempt  to  define  an  exact  area  of 
square  inches. 

Period  at  which  Death  Occurs. — As  previously  stated, 
death  may  occur  almost  immediately  from  direct  effects, 
or  after  a  period  of  five  or  more  weeks.  Death,  in  the 
majority  of  cases,  occurs  during  the  first  five  or  six  days. 

Hoic  long  a  person  inay  ham  survived  the  infliction  of 
the  burn  is  sometimes  a  most  important  question.  The 
probable  time  which  has  elapsed  is  indicated  by  the  pres- 
ence or  absence  of  suppuration.  The  develojiment  of 
this  condition,  if  existing,  would  indicate  a  period  of  two 
daj's  or  more,  since  inflammation  and  suppuration  would 
not  begin,  ordinarily,  before  the  third  day.  Intestinal 
inflammation  or  ulcerations,  which  usually  require  sev- 
eral days  for  their  development,  would  also  afford  sug- 
gestions as  to  the  time  elapsed. 

Post-mortem  Appearances. — Externally,  the  examination 
of  a  burned  body  calls  for  a  special  note  as  to  the  sex, 
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probable  age,  and  every  condition  bejiriifg  upon  the 
identity  of  the  individual.  The  burned  parts  should  be 
carefully  examined  as  to  the  condition  and  extent  of  the 
injury.  The  presence  or  absence  tjf  re<lness,  blisters, 
charring,  and  fissures  should  be  particularly  noted  and 
the  area  of  the  burned  surface  carefully  computed;  as 
also  the  relation  of  the  burned  portions  to  uninjured  sur- 
faces, and  whether  the  line  of  separation  be  sharply 
marked  or  gradually  fade  into  the  surrounding  skin.  If 
blisters  are  present  they  should  be  examined  in  order  to 
note  whether  they  be  full  or  empt}'.  and  as  to  the  char- 
acter of  their  contents,  whether  consisting  of  a  clear  or  a 
turbid  and  colored  serum. 

Internally,  the  examination  sometimes  reveals  no 
lesions,  such  persons  usually  dying  from  shock  or  from  the 
intensity  of  the  pain.  Ordinarily  the  mucous  membrane 
of  the  trachea  and  bronchial  tubes  is  congested  and, 
when  asphyxia  or  suffocation  has  caused  death,  dark, 
sooty  or  smoky  mucus  is  found  in  the  respiratory  tracts. 
In  many  cases  the  serous  membranes  of  the  abdomen, 
thorax,  and  brain  are  found  to  be  reddened.  The  sudden 
inflow  of  blood  from  the  surface  of  the  l)ody,  caused  by 
the  local  lesions,  also  gives  rise  to  peritoneal,  pleural,  and 
ventricular  effusions. 

Should  the  body  have  been  so  badly  burned  as  to  be 
charred  or  even  incinerated,  the  bony  portions  usually 
remain  in  considerable  part,  and  it  is  possible  to  deter- 
mine the  sex  from  the  shape  of  the  pelvis,  and  to  estimate 
the  age  from  the  length  and  development  of  the  bones 
and  by  the  lower  jaw  and  teeth.  Even  if  largely  reduced 
to  ashes,  portions  of  the  bones,  sufficient  to  determine 
their  character,  can  be  detected  by  careful  sifting. 
Special  articles  of  identity  are  usual  l.v  to  be  found  among 
the  ashes.  Buttons,  articles  of  jewelry,  false  teeth  and 
filled  teeth,  discovered,  have  been  sufficient  to  establish 
identification.  A  chemical  analysis  of  the  ashes  may 
sometimes  afford  valuable  evidence,  in  cases  of  suspected 
poisoning,  with  bui-uing  to  conceal  the  crime.  While 
volatile  and  organic  poisons  may  be  dissipated  by  the  in- 
tense heat,  some  agents  used  in  poisoning  are  not  so 
affected,  and  might  be  detected. 

When  the  body  is  not  completely  roasted  and  charred, 
the  possibility  of  the  existence  of  wounds  should  lead  to 
a  careful  examination  for  them,  and  for  fracttu'cs  of  the 
bones ;  their  accidental  occurrence,  however,  must  be  re- 
membered. If  the  body  be  cremated  the  evidence  of 
previous  violence  is  destroyed,  and  an  opinion  upon  the 
subject  could  not  be  formed. 

I'he  period  of  time  necessary  to  cremate  the  body  may  be- 
come an  important  question  in  cases  in  which  such  cre- 
mation has  been  resorted  to  for  concealing  crime.  In  the 
'•  Druse  case  "  it  was  definitely  ascertained  that,  in  less 
than  ten  hours,  a  human  body  was  cremated  in  a  stove 
by  burning  with  pine  shingles. 

Was  the  Burn  Ante  Mortem  or  Post  3fortem? — It  be- 
comes important  to  decide,  in  some  cases,  whether  the 
burns  noted  are  of  ante-mortem  or  post-mortem  occur- 
rence. The  decision  of  this  question  is  largely  dependent 
upon  the  presence  or  absence  of  true  blisters,  since  vesi- 
cation is  an  almost  constant  lesion  in  burns  occurring  dur- 
ing life.  The  blister  is  formed  by  the  separation  of  the 
cuticle  from  the  derma  hy  the  effusion  of  an  albuminous 
serum,  the  surrounding  skin  being  of  a  bright  or  coppery 
red  color.  .  The  occurrence  of  blisters  may  be  almost 
immediate  or  it  may  be  delayed  for  many  hours,  accord- 
ing to  the  occurrence  or  non-occuiTCnce  of  a  vital  reac- 
tion. In  cases  of  shock,  or  of  great  depression  of  the 
vital  powers,  accompanying  insensibility,  death  may 
supervene  before  vesication  can  appear.  The  absence 
of  blisters  would  not,  in  such  case,  be  a  determining 
factor. 

Blisters  are  more  likely  to  occur  when  the  burn  has 
resulted  from  the  application  of  steam,  a  scalding  fluid, 
flame,  or  by  burning  clothing,  rather  than  from  the  ap- 
plication of  a  highly  heated  body.  In  the  living  body, 
if  the  elevated  cuticle  of  the  blister  be  removed,  a  bright 
red  base  is  exposed;  in  the  dead  body,  no  red  base  ap- 
pears.    The  blister  produced  during  life  contains  a  yel- 
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lowish,  highly  albuminous  serum.*  If  the  blister  be 
unbroken  this  is  present:  but  if  the  cuticle  be  broken 
evidence  of  the  existence  of  the  blister  is  found  upon  the 
sides  and  the  parts  adjacent.  The  blister  produced  post 
morlem  usuall}'  contains  air  only,  but  if  its  contents  are 
fluid  they  are  not  a  true  serum.  The  cuticle  in  such 
blisters  is  elevated  by  the  vaporization  of  the  fluids  of 
the  tissues  beneath  it  by  the  heat  applied.  It  is  possible 
in  some  conditions  to  produce  such  blisters  immediately 
after  death.  Leuretf  and  Champouillon.J  succeeded  in 
producing  in  dropsical  subjects,  a  few  hours  after  death, 
blisters  containing  a  reddish  fluid,  slightly  albuminous; 
but  such  blisters  could  be  distinguished  from  true  blisters 
produced  ante  mortem.  "Wright  publishes  similar  ex- 
periences. The  experiments  of  Woodman  and  Tidy  § 
lead  them  to  corresponding  conclusions,  while  Chanibert, 
Taylor,!!  Jastrowitz,^  and  otliers  conclude  that,  while 
hlisters  having  fluid  contents  can  sometimes  be  produced 
within  twenty-four  hours  after  death,  such  blisters  lack 
the  essential  features  characteristic  of  those  produced 
daring  life.  An  extended  series  of  experiments,  in  this 
direction,  has  led  the  writer  to  adopt  the  conclusion  that 
a  true  blister  cnntiot  be  produced  post  mortem. 

A  more  important  anatomical  feature  of  the  burn  than 
the  blister  is  the  condition  of  the  skin  surrounding  the 
bum.  The  skin  of  the  burned  part  appears  dry  and 
parchment-like,  of  a  dusky  red  color,  and  is  surrounded 
by  an  area  of  gra3'ish-white  skin  bounded  by  a  deeply 
marked  red  line.  The  general  redness  of  the  burn  is 
transient,  disappearing  under  pressure,  but  the  red  line 
M permonent  and  does  not  disappear  under  pressure,  and 
remains  after  death.  This  line  of  redness  is  developed 
during  life,  and  is  essentially  a  vital  process,  thus  be- 
coming of  great  significance  from  a  medico-legal  point 
of  view.** 

Vesication  and  the  formation  of  the  line  of  redness  are 
vital  processes,  re<iuiring  time  for  tlieir  development; 
yet  the  absence  of  these  conditif)ns  requires  a  most  care- 
ful scrutiny  of  the  circumstances  attending  the  burning, 
as  to  the  existence  of  shock  or  profoimd  insensibility, 
before  the  adoption  of  a  decision  that  the  burns  noted  are 
post  mortem. 

In  cases  of  multiple  burns  upon  the  same  body,  the 
question  of  simultaneous  production  can  be  decided  by 
the  presence  of  the  same  symptoms  in  all. 

Spectroscopic  investigation  of  the  condition  of  the 
blood  in  burns  thus  far  has  failed  to  develop  constant 
or  purclj'  characteristic  appearances.  Lack  of  uniform- 
ity in  changes  noted,  in  such  examinations,  and  the 
limited  series  recorded  have  not  yielded  sufficiently  posi- 
tive results  upon  which  to  decide  cjuestions  which  ma)' 
arise. It 

Some  of  the  spectroscopic  analyses  of  the  blood,  in 
such  ca.ses,  have  shown  the  presence  of  dark  bands  in  the 
spectrum,  not  encountered  in  that  of  normal  blood:  such 
bands,  however,  have  not  been  uniformly  noted,  ilauy 
modifying  considerations  must  be  entertained  in  such 
examinations,  such  as  the  differing  intensity  of  the  heat, 
the  length  of  exposure  to  it,  as  well  as  other  elements  of 
variation. 

Wertheim  Xi  calls  attention  to  the  increased  number  of 
leucocytes  and  the  presence  of  melanin  and  haemoglobin. 
With  these  observations,  those  of  Hoppe-Seyler  agree. 
Ponfik,  §^  on  the  contrary,  is  doubtful  of  the  constant  pres- 
ence or  the  significance  of  these  conditions.  Seliger  and 
others  have  noted  appearances  similar  to  those  described 
by  Wertheim. 

The  bright  color  of  the  blood  observed  by  Falk  ||||  and 
others  is  contrary  to  that  noted  by  some  observers  who 
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have  described  it  as  being  of  a  dark,  venous  hue. 
These  difleiing  conditions  may,  in  some  cases  at  least, 
be  explained  by  the  mode  of  death.  When  the  fatal 
issue  has  resulted  from  suffocation,  caused  by  the  de- 
privation of  oxygen  and  by  the  respiration  of  "the  prod- 
ucts of  combustion,  the  color  of  the  blood  would  be 
dark  or  venous;  while  in  case  of  death  by  apnoea,  in- 
duced by  an  atmosphere  containing  an  excess  of  carbon 
monoxide,  the  color  of  the  blood  would  probably  be 
bright  or  arterial. 

Spontaneous  Combustion. — The  possibility  of  the  occur- 
rence of  "spontaneous  combustion"  of  the  human  body 
has  been  occasional!}'  discussed,  and  a  number  of  eases 
have  been  popularly  reported.  Its  serious  considera- 
tion here,  as  a  scientific  fact,  is  not  entertained.  The 
term  "  spontaneous  combustion "  is  a  misnomer.  The 
burning  of  the  body  cannot  be  accomplished  without 
contact  with  fire. 

The  possibility  of  an  "  increased  combustibility "  of 
the  human  body,  under  certain  conditions,  has  been  re- 
cently maintained,  and  that,  under  such  circumstances, 
the  application  of  flame  causes  its  rapid  combustion. 
Dr.  Hava,  of  New  Orleans,  has  urged  the  existence  of 
such  a  condition.*  His  experiments  on  animals  and  one 
or  two  cases  observed  in  the  human  subject,  apparently 
sustaining  his  position,  have  led  him  to  claim  the  possi- 
bility of  "an  increased  combustibility"  of  the  human 
body,  as  the  result  of  a  gradual,  progressive,  and  constant 
acctimulation  of  carbon  monoxide  for  many  years,  and 
its  consequently  rapid  combustion  on  exposure  to  flame. 

Enoch  Vine  Stoddard. 

BURS^,  LIST  OF.— A  knowledge  of  the  exact  loca- 
tion of  bursse  is  of  great  importance  with  reference  to 
diagnosis.  Unfortunately  the  subject  has  been  some- 
what neglected  by  descriptive  anatomists.  While  some 
buisiE  have  received  names  and  are  accurately  described, 
others  are  but  seldom  mentioned,  and  authors  differ  as 
to  tlieir  nomenclature.  In  the  following  list,  which  has 
been  carefully  comiiiled  from  various  sources,  an  en- 
deavor has  been  made  to  describe  and  name  all  the  bursfE 
which  have  been  found  in  the  human  body,  omitting 
only  those  which  are  merely  accidental.  The  figures 
show  the  situation  of  the  principal  bursa;  in  the  most 
important  surgical  regions. 

Head. — Bursa  galeie  capitis.  Between  the  aponeurosis 
of  the  occipito-frontalis  and  the  pericranium,  directly 
over  the  occipital  pi-otiiberance. '     Only  in  aged  subjects. 

/>.  sacculi  lac/iri/molis.  Between  the  lachrymal  sac  and 
the  internal  palpebral  ligament.^    Rare. 

B.  troclilearis  oculi.  In  the  pulley  of  the  superior 
oblique.     Constant. 

B.  capsiihr  oculi.  Between  the  capsule  of  Tenon  and 
the  globe  of  the  eye.  Usually  imperfect.  Hyrtl '  cites 
cases  of  effusion  into  the  sac. 

B.  circumjleji palati  {HosenmuWeT).  Where  the  tendon 
of  the  tensor  palati  turns  around  the  hamular  process. 

Bursa  meissetericee.  There  appear  to  be  several  bursa 
between  the  masseter  and  the  subjacent  structures. 
Rosenmiiller  mentions  one  between  the  two  portions  of 
the  masseter,  and  one  between  the  masseter  'and  the 
external  pterygoid.  Hyrtl  *  mentions  one  between  the 
muscle  and  the  temporo-maxillary  articulation.  Nan- 
credc  supposes  that  these  may  become  continuous,  and 
when  inliamed  form  a  cystic  tumor  reaching  to  the  base 
of  the  skull. 

B.  spinre  spJienoideee.  Hyrtl'  states  that  when  the 
temporo-maxillary  joint  is  unusually  large  a  bursa  oc- 
curs between  the  spine  of  the  sphenoid  and  the  joint 
capsule. 

B.  angnli  mandibuli.  Subcutaneous  over  angle  of  the 
jaw.     Rather  rare. 

B.  sublingualis.  Between  the  tongue  and  the  mucous 
membrane,  outside  the  genio-glos.sus.  Frequently  called 
Fleischmann's  bursa,  from  its  discoverer.*  Some  deny 
its  existence.'    Tillaux  has  frequently  found  it,  and  be- 

•  Tlie  New  Orleans  Med'cal  and  Surgical  Journal,  April,  1894. 
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lieves  that  acute  ranula  is  caused  by  a  rupture  of  Whar- 
ton's duct  into  it." 

B.  pnfim'iitaUn  (Fig.  1060).  Subcutaneous  at  lower 
border  of  the  symphysis  of  the  chin.     Quite  constant.' 

Neck. — B.  dir/astnci posterior (YiosennmWeT).  Between 
the  posterior  belly  of  the  digastric  and  the  sterno-mastoid. 


B.  praementalis. 
B.      digastrica 

anterior. 
B.  fitylo-hyoidea. 
B.  tbyr.  lateralis. 
B.  Biibhyoidea... 

B.  prffithyroidea. 

B.  crico-thyro- 
thyroidea. 


B.  thyrotrachealis. . , 


Fig.  1060.— The  Principal  BursiE  of  the  Neck,  in  Front. 

B.  digastrici anterior  (RosenmuWer)  (Fig.  lOSO).  Where 
the  tendon  of  the  digastric  passes  through  the  fascia 
binding  it  to  the  hyold  bone,  or  through  the  stylohyoid 
muscle. 

B.  stylo-hyoidea  (Fig.  1060).  Under  the  insertion  of  the 
stylohyoid  and  the  hyoid  bone. 

B.  Kiijini/n/oidm  (Verneuil).  Between  the  upper  sur- 
face of  tlie  I'lyoid  bone  and  the  genio-hyo-glossi.     Rare. 

B.  unhli yoi'dea  (Fig.  1060).  Between  "the  hyoid  bone  + 
combined  insertion  of  stcrno-hyoid,  omo-hyoid,  and 
stylohyoid  muscles,  and  the  thyrohyoid  membrane. 
Larger  in  men  than  in  women.  Often  called  Boyer's 
bursa. 

B.  sterno-hyoidea  (Rosenmliller).  Between  the  inser- 
tion of  the  sternohyoid  and  the  hyoid  bone.'" 

B.  prmlhyroiden  (Fig.  1060).  Between  the  skin  and  the 
upper  part  of  the  th3-roid  cartilage  in  old  subjects. 
Often  wanting. 

B.  thyr<nd.ea  toicraiss  (Gruber  ")  (Fig.  1060).  Between 
the  inferior  constrictor  and  the  greater  cornu  of  the 
thyroid  cartilage.     Found  in  five  cases  out  of  fifty. 

B.  cririi-f/iyrn-t/iyrouk/i  (Ca\on'-)  (Fig.  1060).  Between 
the  lateral  lobes  of  the  thyroid  body  and  the  crico-thy- 
Toid. 

B.  thyro-traehmlis  (Calori)  (Fig.  1060).  Between  the 
Isthmus  of  the  thyroid  body  and  the  trachea.  Usuallj- 
single  and  median;  there  may  be  one  on  either  side. 
Most  common  when  the  pyramid  of  the  thyroid  body  is 
well  developed,  especially  when  it  is  attached  to  the 
hyoid  bone. 

B.  iiiii.ioili  thyroidei.  Between  the  levator  thyroidel, 
when  tiiat  muscle  is  present,  and  the  thyroid  body. 
Calori  figures  one  in  a  case  of  goitre. 

B.  oniO'hyoidei.  Between  the  sterno-mastoid  and  the 
middle  tendon  of  the  omohyoid.  Mentioned  by  Nan- 
crede,  but  not  generally  noticed  by  authors. 

Bb.  aortiro-trtir/itales  (Calori).  Between  the  aorta  and 
the  trachea.  A  large  one  extends  from  the  origin  of  the 
innominate  to  the  left  carotid,  and  from  the  upper  border 
of  the  arch  to  the  bifurcation  of  the  trachea.  A  second 
one  is  described  as  posterior  to  this,  also  a  small  one 
which  extends  between  the  left  carotid  and  the  trachea. 
Some  one  of  these  was  found  in  thirteen  out  of  forty  ex- 
aminations. If  the  pericardium  extends  upward,  the 
large  aortico-tracheal  bursa  is  small. 

B.  rertefirie  prominentu.  Between  the  skin  and  the 
spinous  process  of  the  seventh  cervical  vertebra.     Nan- 


crede  states  that  this  is  quite  large,  and' may  inflame 
from  ]iressure  of  a  heavy  overcoat. 

Trunk. — B.  subclKria  (Rosenmuller).  Within  the 
fibres  of  the  rhomboid  ligament.''  Not  constant.  May 
simulate  a  costoclavicular  aiticulation,  of  which,  in- 
deed, it  seems  to  be  the  beginning. 

B.  mbmammaria.  Between  the  mammary  gland  and 
the  pectoralis  major.  Rare,  but  interesting,  as  it  may 
be  involved  in  a  case  of  mammary  abscess. 

B.  anguli  sterni.  Subcutaneous  over  the  angle  be- 
tween the  first  and  second  pieces  of  the  sternum.  In 
carpenters  and  cabinetmakers. 

B.  hyper-xipjioidea.  Subcutaneous  over  xiphoid  cartil- 
age.    Usual  in  shoemakers  and  rachitic  children. 

B.  suprapubica.  Beneath  the  pubic  attachment  of  the 
rectus  abdominis.  Duval  '■*  reports  that  inflammation  of 
this  has  been  known  to  occur  as  a  sequel  to  croupous 
pneumonia.  Not  mentioned  by  authorities  generally. 
Schreger  mentions  a  subcutaneous  bursa  at  the  side  of 
the  suspensory  ligament  of  the  penis. 

B.  costtr  primd'.  Between  the  muscles  of  the  back 
and  the  tuberosity  of  the  first  rib.  Mentioned  by  Nan- 
crede.  It  is  probably  rare,  as  the  principal  authorities 
omit  it. 

B.  sacralis  (Luschka).  Over  spinous  process  of  fourth 
or  fifth  sacral  vertebra,  or  over  the  articulation  of  the 
sacrum  and  coccyx.     Usual  in  old  subjects. 

B.  CDf.cyyed  (Luschka).  Between  tip  of  coccyx  and 
sphincter  ani.     Common.'' 

B.  phrenico-hepatka  anterior  (von  Brunn  •*).  Between 
the  left  lateral  ligament  of  the  liver  and  the  under  sur- 
face of  the  diaphragm  iu  front.  Found  in  31  cases  out 
of  64.  Its  enlargement  might  simulate  a  diaphragmatic 
hernia. 

B.  phrenico-liepKiUcii  posterior  (von  Brunn).  Between 
the  same  structures  behind.     Found  in  3  cases  out  of  64. 

Shoulder. — B.  trapezii.  Between  tlie  aponeurotic 
part  of  the  trapezius  and  the  base  of  scapular  spine  (3 
times  in  13,  Synnestvedt). 

B.  latiKsimi  dorm.  Between  the  latissimus  dorsi  and 
the  inferior  angle  of  the  scapula.  Recent  observers 
(Henle,  Heineke,  Synnestvedt)  do  not  find  this. 

B.  spiitiB  scapula  ; 

B.  supracromialis.  These  are  subcutaneous,  found  in 
those  who  carry  burdens. 

B.  iiifraxapularis.  Between  the  inferior  angle  of 
the  scapula  and  the  chest  wall.     Usually  between  sub- 


B.  coraco-clav.  media. . 
B.  coraco-clav.  lateralis 

B.  fiubscapularis 

B.  subcoracoldea 

B.  supracromialis 

B.  subdeltoidea 

B.  intertubcrcularis. 

B.  subt.  teret.  I 
maj.  1 


B,  Bubt.  latisB. 
dorsi. 


Fig.  1061.— The  Principal  Bursas  about  the  Shoulder. 

scapularis  and  seiTatus  magnus.     May  be  of  considerable 
size,  and  by  crepitation,  when  inflamed,  simulate  crepi- 
tant rales  or  pleuritic  fremitus." 
B.  subddtoidea  (Fig.  1061).    Between  the  under  surface 
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of  the  acromion  +  structures  arising  therefrom  (lateral 
portion  of  coraco-acromial  ligament,  deltoid  muscle)  and 
the  capsular  ligament  of  the  shoulder  joint.'*  Constant. 
Many  authors  describe  the  upper  part  of  this  bursa  sepa- 
rately as  B.  suhacromialis.  This  portion  may  be  sepa- 
rate, but  it  usuall.y  communicates,  and  the  wliole  should 
be  considered  as  a  single  large  multilocular  bursa. 
Rarely  communicates  with  the  joint.  Its  inflammation 
may  simulate  dislocation  of  the  biceps  tendon  (Nancrede). 

B.  coraro-briMhialu  (Monro).  Between  the  lateral  part 
of  the  subscapularis  and  the  short  head  of  the  biceps  + 
coracobrachialis.  Sometimes  communicates  freely  with 
B.  subdeltoidea.     Also  known  as  B.  subcoracoidea. 

B.  cfjraco-hrachialis  minnr  (Gruber).  Under  a  rare 
muscle,  which  arises  from  the  anterior  and  internal  part 
of  the  coracoid  process. 

B.  fossm  infraclavicidaris  (Gruber)  (Fig.  1061).  Be- 
tween two  layers  of  the  coraco-elavicular  fascia  (costo- 
coracoid  membrane),  in  front  of  the  coracoid  process. 
Frequent  (1  in  3),  more  common  in  women. 

B.  corafo-clamc.n.Ui7-is  media  (Gruber)  (Fig.  1061).  Be- 
tween the  conoid  and  the  trapezoid  ligaments.  Frequent 
(1  in  2).     May  simulate  a  coraco-elavicular  articulation. 

B.  eoraco-ciancuhiris  lateralis  (Gruber)  (Fig.  1061). 
Between  the  coracoid  process  and  the  trapezoid  ligament. 
Occasional  (1  in  5). 

B.  subteiuUnea  pcctoralis  minoris.  Under  insertion  of 
pectoralis  minor.     Rare  (1  in  30  or  40,  Gruber). 

B.  raginaUs  pectoralis  iiunoris  (Gruber)  (Fig.  1061). 
Around  tendon  of  pectoralis  minor.     Rare  (1  in  10). 

B.  subscapularis  (Fig.  1001).  Between  the  subscapula- 
ris and  the  neck  of  the  scapula.  Constant.  It  always 
communicates  with  the  joint,  and  may  properly  be  con- 
sidered as  a  diverticulum  of  the  capsule. 

B.  subcoracoidea  (Gruber)  (Fig.  1061).  Between  the 
upper  edge  of  the  subscapularis  and  the  B.  subscapu- 
laris." Found  10  out  of  12  times  (Synnestvedt):  in  two 
of  these  cases  it  communicated  with  B.  subscapularis. 

B.  svbteuiliiica  suhsca/itjlaris  (Synnestvedt).  Between 
the  tendon  of  the  subscapularis  and  the  capsule  (2  times 
in  18). 

B.  tntertubereularis  (Henle '»)  (Kg.  1061).  Surrounding 
the  tendon  of  the  long  head  of  the  biceps  in  the  groove 
of  the  humerus.  Constant.  Always  communicates 
with  joint  cavity,  and  should  be  considered  as  a  diver- 
ticulum of  the  capsule. 

/).  infrospinata  (Rosenmliller).  Between  upper  edge 
of  infraspinatus  and  scapular  spine  (2  in  3,  Synnestvedt). 

B.  subtendinea  infraspinata.  Between  tendon  of  in- 
fraspinatus and  capsule  (4  in  14,  Synnestvedt). 

B.  subtendinea  teretis  minoris  (Gruber).  Under  the 
tendon  of  the  teres  minor.     Rare. 

B.  subtendinea  teretis  majoris  (Fig.  1061).  Between  the 
tendon  of  insertion  of  the  teres  major  and  the  latissimus 
dorsi.     Constant. 

B.  subtendinea  latissimi  dorsi  (Fig.  1061.)  Between  the 
tendon  of  the  latissimus  dorsi  and  the  humerus. 

B.  subtendinea  jurtoralis  7najoris.  Between  tendon  of 
pectoralis  major  and  B.  intertubercularis  +  tendon  of 
latissimus  dorsi  (4  in  12,  Synnestvedt). 

B.  intermuscularis  pectoralis  majoris  (Synnestvedt). 
Between  the  clavicular  and  thoracic  portions  of  the 
muscle. 

Elbow.— i?.  radio-bicipitaUs  (Rosenmliller).  Between 
the  tendon  of  the  biceps  and  the  inner  surface  of  the 
radius.     Constant,  often  double. 

B.  uhw-radialis  (Jancke).  Between  the  tendon  of  the 
biceps  +  radial  tulierosity  and  outer  surface  of  ulna  + 
muscles  of  that  region.  Of  considerable  size.  Frequent 
(1  in  4,  Gruber;  3  in  C,  Synnestvedt). 

B.  subtendinea  brachialis.  Between  the  tendon  of  in- 
sertion of  the  brachialis anticus  and  the  coronoid  process. 
Rare.  The  older  anatomists  (Fourcroy,  Jancke,  Koch) 
describe  a  bursa  between  the  brachialis  anticus  and  the 
interosseous  ligament. 

B.  fletoris  digitorum  sublimis  (Gruber).  In  the  tendon 
of  origin  of  the  flexor  sublimis,  or  between  it  and  the 
pronator  radii  teres.     Very  rare  (1  in  200). 


B.  palmaris  longi.  Between  the  origin  of  the  muscle 
and  the  joint  capsule.     Very  rare. 

B.  subcutanea  olecrani  (Camper).  Between  the  skin 
and  the  periosteum  of  the  olecranon.     Constant  in  adults. 

B.  subtendinea  olecrani.  Above  the  olecranon,  and  in 
front  or  at  the  side  of  the  triceps  tendon.  Frequent  (3  in 
5);  constant  in  old  subjects. 

B.  intratendinea  olecrani.  Within  the  tendon  of  the 
triceps.     Quite  frequent  (7  in  12,  Synnestvedt). 

B.  /itimero-tricipit.alis.  Between  the  anterior  surface 
of  the  triceps  and  the  fat  covering  the  lower  end  of  the 
humerus.     Rare  (1  in  12,  Synnestvedt). 

B.  relro-epitrochlearis.  Between  the  triceps  -\-  ulnar 
nerve  behind,  and  the  posterior  surface  of  the  internal 
condyle  +  median  surface  of  capsule  in  front.     Very  rare. 

B.  anconei  (Rosenmliller).  Between  the  anconeus  and 
the  capsule  (1  in  4  or  .5).  May  communicate  with  B.  ex- 
tensoris  carpi  ulnaris  or  with  joint  (Henle). 

B.  epicondi/li  (Schreger).  Between  the  skin  and  the 
external  condyle  of  the  humerus.     Rare  (1  in  60). 

B.  exlensoris  carpi  vlnaris  (Jancke).  Under  origin. 
May  extend  under  the  extensor  communis.  Frequent 
(1  in  3  or  4).  May  communicate  with  the  joint  and  also 
with  B.  anconei. 

B.  e.rtensoris  carpi radialisbretioris  (Monro).  Between 
the  common  origin  of  the  extensor  carpi  radialis  brevior 
-)-  the  extensor  communis  digitorum  and  the  head  of  the 
radius  (1  in  6  or  7). 

B.  epitrochlei  (Schreger).  Between  the  skin  and  the 
inner  condyle  of  the  humerus.     Rather  frequent  (1  in  5). 

Wrist  and  H.vnd. — B.  ulnaris  subcutanea.  Over 
styloid  process  of  ulna.  Not  constant  (3  in  11,  Syn- 
nestvedt). 

B.  radialis  subcutanea.  Over  styloid  process  of  radius. 
Rather  rare. 

B.  dorsalis  carpiea  subcutanea.  Schreger  found  this  in 
2  cases. 

B.  raginalis  extensoris  carpi  ulnaris  (Fig.  1062).  A 
small  sheath.     Reaches  to  the  base  of  metacarpale  V. 

B.  i:  crtensoris  minimi  digiti  (Fig.  1062).  A  small  and 
separate  sheath. 

B.  V.  eJ-tensortim  communis  etindicis  (Fig.  1062).  Large. 
Extends  farther  toward  the  fingers  on  the  ulnar  side. 

B.  c.  extensoris  longi  poinds  (Fig.  1062).  Runs  obliquely 
across  the  next. 

B.  r.  extensorum  carpi  radialornm  (Fig.  1062).  In 
groove  on  back  of  radius.     Single  above,  divides  below. 

y. .  .B.  V.  ext.  longi  poUicis. 

j  B.  V.  ext.  carpi  radial- 
B.  V.  extens.  carpi  I  ._,*  Jl  11    ilfe  H  'iS'Mr-'"     '  orum. 

ulnaris.  ( 

Post,  annular  Ijg. . 


B.  T.  ext.  min.  dig 


B.  V .  ext.  com-  1  _ 
munis  et  indicis.  f   j 


j  B.  V.  abd.  long,  et 
(   ext.  brev.  poUicia. 


Fig.  1062. 

B.  subtendinea  extensoris  carpi  radialis  longioris.  Under 
the  tendon  at  its  insertion  into  metacarpale  II.  (4  in  20, 
Synnestvedt). 

B.  subtendinea  extensoris  carpi  radialis  brevioris.  Under 
the  tendon  at  its  insertion  into  metacarpale  III.  (18  in  20, 
Synnestvedt). 
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B.  vaginalis  abdticfaris  longi  et  ei-tensoris  breiis  poHicis 
(Fig.  537). — Surrounds  these  tendons  from  the  dorsiil 
surface  of  the  raduis  to  the  outer  edge  of  the  wrist. 

B.  suhteiidinca  flexoris  carpi  ulnarin  (Fig.  1063).  Under 
the  tendon  at  its  insertion  into  pisiform  (6  in  30  Synnest- 
vedt). 

B.  tendinom  vlnaris  (Michon)  (Fig.  1063).  The  usual 
arrangement  of  this  extensive  sheath  is  to  surround  the 
tendons  of  both  tlie  superficial  and  deep  flexors  as  they 


B.  V.  flex,  carpi  radialis. 


B.  tendinoBa  radialis. 


B.v.  flexorumpropriorum, 


B.    Fubtend.    flex 

carpi  ulnaris. 
Ant.  annular  ligt. 


.  B.  tendinosa  ulnaris. 


FIG.  WSi. 

lie  in  the  wrist  and  palm,  sending  a  diverticulum  down- 
ward upon  the  tendons  of  the  little  finger.  Schliller " 
describes  this  bursa  as  double,  the  sheath  for  the  tendons 
of  digits  IV.  and  V.  being  separate  from  those  of  digits 
H.  and  HI.  Holdeu"'-  reports  a  case  in  which  this  bursa 
communicated  with  the  wrist  joint.  It  does  not  usually 
communicate  with  the  radial  bursa, '^  but  many  varieties 
are  found. •■' 

B.  vaginalis  flexoris  airpi  radialis  (Fig.  1063).  In  the 
groove  of  the  trapezium. 

B.  tendinosa  radialis  (Michon)  (Fig.  1063).  Extends 
from  an  inch  above  the  anterior  annular  ligament  to  the 
base  of  the  second  phalanx  of  the  thumb,  upon  the  tendon 
of  the  flexor  longus  pollicis. 

Bb.  dorsales  siibcutaneip.  Between  the  skin  and  the  ex- 
tensor tendons  on  the  ulnar  side  over  the  metacarpo- 
phalangeal joint  (Synuestvedt  found  them  in  digit  I.,  40 
per  cent. ;  digit  II.,  53  per  cent. ;  digits  III.  and  IV.,  66 
per  cent. ;  digit  V.,  37  per  cent.). 

Bb.  dorsales  subtendinea. — Between  the  tendons  and  the 
capsules  of  the  metacarpo-phalangeal  joints.  Quite 
constant.  Frequently  communicate  with  joint.  When 
not  found  a  diverticulum  of  capsule  takes  the  place 
(Theile,  Synnestvedt). 

Bb.  volares  articuli-metacarpo-pJialangei.  Between  the 
skin  -|-  subcutaneous  fat  and  the  flexor  tendon  with  its 
fibrous  sheath.  Found  by  Schreger  in  all  the  digits,  by 
Synnestvedt  only  in  digits  I.,  II.,  and  III.;  most  fre- 
quent in  digit  III. 

Bb.  volares  plialangis  primm.  Between  the  skin  and 
subcutaneous  tissue  and  the  flexor  tendon  with  its  sheath 
in  front  of  the  first  phalanx.  Found  by  Synnestvedt  in 
but  two  instances,  in  digit  II.  and  digit  III. 

Bb.  vaginales  Jicxorum  propriorum  (Fig.  1063).  Special 
sheaths  for  the  flexor  tendons  of  digits  II.,  III.,  and  IV. 

Bb.  intermetacarpo-phalangea.  Between  the  heads  of 
metacarpales  II.,  III.,  IV.,  and  V. 

Bb.  interossea.  Between  the  tendons  of  the  interossei 
muscles  and  the  metacarpo-phalangeal  joints.  Gruber'" 
finds  two  sets  of  these,  one  under  the  part  of  the  tendon 
that  extends  to  the  dorsal  aponeurosis,  the  other  under 
the  part  which  communicates  with  the  phalanx. 

B.  metacarpea  ulnaris  (Synnestvedt).  Between  the 
skin  and  the  head  of  the  fifth  metacarpal.  Found  in  8 
out  of  15  cases. 


Bb.  phalangea  dorsales.  Over  the  articulations.  Quite 
constant  over  the  first  series;  less  so  over  the  second. 

Hip. — B.  iliaca  anterior.  Subcutaneous  over  the  an- 
terior superior  spine  of  the  ilium. 

B.  subiliaea  (H.yrtl).  Under  the  tendon  of  the  ilio- 
psoas, covering  tlie  ilio-pei-tiueal  tubercle,  the  anterior 
surface  of  the  pubis,  and  the  capsule  of  the  hip  joint. 
This  large  and  constant  bur.sa  is  sometimes  nuiltilocular 
and  frequently  (6  in  14,  Synnestvedt)  communicates  with 
the  hip  joint. 

B.  subtendinea  iliaci.  Between  the  tendon  of  insertion 
of  the  iliopsoas  and  the  femur.     Not  constant. 

B.  subtendinea  pectinei.  Between  the  insertion  of  the 
pectineus  and  the  femur  +  lowest  fascicles  of  the  iliacus. 
Frequent  (8  in  14,  Synnestvedt). 

B.  trorhanterica  siiperfirialis.  Subcutaneous  over  the 
trochanter  major.  Usually  small,  but  sometimes  multi- 
locular.     Rather  frequent  (4  in  13,  Synnestvedt). 

B.  trochanterica  profunda.  Between  the  tendon  of  the 
gluteus  maximus  and  the  posterior  and  external  portions 
of  the  great  trochanter.  Large  and  constant ;  frequently 
multilocular. 

Bb.  gluteo-femorales.  One  or  more  between  the  tendon 
of  the  gluteus  maximus  and  the  femur.     Quite  constant. 

B.  gluteo-fascialis.  Between  the  tendon  of  the  gluteus 
maximus  and  the  origin  of  the  vastus  internus.     Constant. 

B.  glutei  medii  anterior.  Between  the  anterior  portion 
of  the  tendon  of  the  gluteus  medius  and  the  great  tro- 
chanter.    Nearly  constant  (13  in  15,  Synnestvedt). 

B.  glutei  medii  posterior.  Between  the  posterior  por- 
tion of  the  tendon  of  the  gluteus  medius  and  the  pyri- 
formis.     Usual  (10  in  15,  Sj'nnestvedt). 

B.  glutei  minimi.  Between  the  gluteus  minimus  and 
the  anterior  surface  of  the  great  trochanter.  Large  and 
nearly  constant  (14  in  15,  Synnestvedt). 

B.  supra-arelabuliiris.  Between  the  reflected  tendon 
of  the  rectus  and  the  upper  edge  of  the  acetabulum  {5  in 
16,  Synnestvedt). 

B.  pyriformis.  Under  the  distal  insertion  of  the  muscle 
Infrequent  (3  in  12,  Synnestvedt). 

B.  gemelloritui.  (Sj'nnestvedt).  Between  the  gemelli 
and  the  joint  capsule.  Found  once  only.  It  communi- 
cated with  B.  circumfiexa. 

B.  oralis  obturatoris  interni.  Between  the  tendon  of 
the  obturator  and  the  gemelli.  Rather  frequent  (5  in  13. 
Synnestvedt).  Communicates  sometimes  with  B.  cir- 
cumfiexa. 

B.  cireumjlexa  obturatorisinterni.  Between  the  muscle 
and  the  lesser  sciatic  notch. 

B.  subtendinea  obturatoris  interni.  Between  the  tendon 
and  the  capsule  of  the  hip  joint.  Rare.  May  communi- 
cate with  last  (Quain). 

B.  obturatoris  externi  (Synnestvedt).  Between  the  oli- 
turator  externus  and  the  joint  capsule.  Infrequent  (3 
in  18). 

B.  q'uadrati  femoris.  Between  the  quadratus  femoris 
and  the  trochanter  minor  -|-  tendon  of  iliopsoas.  Con- 
stant. 

B.  subcutanea  tuberis  iscMi.  This  is  described  by  some 
(HjTtl,  Nelaton)  as  directly  under  the  skin  over  the 
tuberosity  of  the  ischium.  It  is  probably  rare.  The 
three  following  are  often  mistaken  for  it : 

B.  rnusculi  glutei  in  tubere  ischii.  Between  the  lower 
border  of  the  gluteus  maximus  and  the  tuberosity  of  the 
ischium  (5  in  12,  S^vnnestvedt.) 

B.  semitendinoso-bicipitalis  in  tubere  ischii.  Between 
the  tendon  of  the  united  semitendinosus  and  biceps  and 
the  tuberosity.     Constant. 

Bb.  semimembranosee  in  tubere  ischii.  Two  of  these 
are  found  between  the  tendon  of  the  semimembranosus 
and  the  quadratus  femoris.  One  is  quite  constant  (9  in 
12),  the  other  infrequent  (2  in  13,  Synnestvedt). 

B.  iliaca,  posterior.  Subcutaneous  over  the  posterior 
superior  spine  of  the  ilium. 

Knee. — B.  condyli  interni  ; 

B.  condyli  externi.  Subcutaneous  bursse  over  the  pro- 
jecting condyles  (Pigs.  1064  and  1065). 

B.  pi-aipatellaris  subcutanea  (Fig.  1064).     In   the   sub- 
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cutaneous  connective  tissue  in  front  of  the  patella.  This 
is  quite  common  (18  in  20,  Synuestvedt;  165  in  400, 
Gruber),  and  is  usuall.v  confounded  with  the  next.  It 
may  be  of  considerable  size. 

B.  ]}rcfpateUaris  subfmcialis.  Between  the  fascia  in 
front  of  the  patella  and  the  aponeurosis  of  the  extensors. 
Not  so  frequent  (9  in  20,  Syunestvedt ;  23  in  400,  Gruber). 


B.  subcruralis, 


B.  condyli  extemi. 

B.  pr^patellaris  { 
subcutanea.     ( 


B.  subpatellarjs. 
B.  praetibialis. 


.  B.  condyli  inteml. 


\  B.  pastrocnemi- 
'l     alls  interna. 


B.  tibialis  interna. 


Fig.  1064.— The  Principal  Bursae  in  Front  of  the  Knee. 

B.  pn-mpatellaris  gubapoiieurotica.  Between  the  apo- 
neurosis and  the  anterior  surface  of  the  patella.  Found  in 
9  out  of  20.  Syunestvedt;  23  in  400,  Gruber;  10  out  of 
13,  Schreger.  This  division  of  the  pnepatellar  bursa;  is 
that  of  Gruber.  The  three  here  described  rarely  coexist, 
and  when  they  do.  they  usually  communicate. 

B.  siiicrvralis  (Fig.  i064).  IJetween  the  tendon  of  the 
extensor  quadriceps  and  the  lower  part  of  the  anterior 
surface  of  the  femur  above  the  patella.  This  is  always 
present,  and  invariably  communicates  with  the  joint, 
except  occasionally  in  very  young  children. 

B.  intcrynu<iciil<in'!i  c.rteiisoris  cruris.  Between  the 
tendons  of  rectus  and  the  cruraeus.  About  an  inch  above 
the  patella.     Rare  (2  in  55,  Syunestvedt). 

B.  patellaris  externa.  Between  lateral  expansions  of 
the  tendons  of  the  quadriceps  femoris  and  the  patella. 
Rare. 

B.  patellaris  laternlis  interna.  In  a  similar  situation 
on  the  inner  side.  Synnestvedt  mentions  two  varieties, 
one  superficial  and  one  deeper. 

B.  prreliyiuiniitiisii.  Between  the  fascia  and  the  liga- 
mentum  patella'.     (Found  by  Synnestvedt  in6outof  15.) 

B.  prcEtibinlis  (Fig.  1064).  Between  the  fascia  and  the 
tuberosity  of  the  tibia.     Usual  in  old  subjects. 

B.  subpatelhiris  (Fig.  1004).  Between  the  ligamentum 
patellfe  and  the  anterior  surface  of  the  tibia.  Constant 
and  large.  May  occasionally  communicate  with  the  joint, 
though  Synnestvedt  has  never  seen  this,  and  thinks  the 
reported  cases  erroneous. 

B.  snhtemlined  xctrtorii.  Between  the  tendon  of  the 
sartorius  and  the  internal  condyle  of  the  femur.  Rather 
rare  (2  in  15,  Synnestvedt). 

B.  sub  U^aiiiento  interno  (Synnestvedt).  Between  the 
internal  lateral  ligament  and  the  capsule  (11  out  of  21). 

B.  tibialis  interna  (Fig.  1064).  Between  the  expansion 
of  the  lower  internal  ham-string  tendons  (semitcndinosus, 
gracilis,  sartorius),  and  the  long  internal  lateral  liga- 
ment.'' Constant.  It  occasionally  blends  with  B.  gas- 
trocnemialis  interna,  and  through  that  communicates 
with  the  joint. 

B.  tibialis  subcutanea-  (Schreger).  Subcutaneous  over 
upper  end  of  tibia.  Not  found  by  Gruber  or  Synnest- 
vedt, 

B.  tendinis  poplitei.  Between  the  external  lateral  liga- 
ment and  the  tendon  of  the  popliteus.  Not  constant  (5 
in  16,  Synnestvedt).  Occasionally  communicates  with 
joint. 


B.  tendinis  bicipitis  (Fig,  540).  Between  the  external 
lateral  ligament  and  the  tendon  of  the  liiceps.  Nearly 
constant  (21  in  26,  Synnestvedt;  191  in  200,  Gruber).  It 
occasionally  communicates  with  the  joint.  The  external 
popliteal  nerve  is  in  relation  to  it. 

B.  subtendinea  ten-iaris  fascia  fo  to  (Synnestvedt).  Be- 
tween the  ilio-tibial  baud  and  the  capsule.  Found  in  3- 
out  of  19,  once  communicating  with  joint. 

B.  Jibularis  subcutanea  (Schreger).  Subcutaneous  over 
upper  end  of  fibula.  Not  found  by  Gruber  or  Synnest- 
vedt. 

B.  supraeondyloidea  interna  (Fig.  1065).  Between  the 
inner  tendon  of  the  gastrocnemius  and  the  femur. 
Nearly  constant.     May  communicate  with  joint. 

B.  ga.it rocneniialis  interna  (Figs.  1064  and  1065).  Be- 
tween the  inner  head  of  the  gastrocnemius  and  the  semi- 
membranosus. It  is  behind  the  internal  condyle  and  over 
the  neighboring  capsule.  Large  and  constant.  Sometimes 
multilocular.  In  adults  it  usually  communicates  with 
the  joint.  Synnestvedt  describes  the  lower  part  of  this 
as  a  separate  liursa,  under  the  name  of  B.  seuiimem- 
branoso-gastrucnemialis. 

B.  semimemhranosa  (Fig.  1065).  Between  the  expansion 
of  the  semimembranosus  tendon  and  the  inner  condyle  of 
the  tibia.     Usually  closed.     Constant. 

B.  gastrocnfniia'lis  externa.  Between  the  external  head 
of  the  gastrocnemius  and  tlie  capsule.     Rare. 

B.  bicipito-gastrocnetniaiis.  In  the  popliteal  groove- 
between  the  prominence  of  the  sesamoid  bone  in  the- 
head  of  the  gastrocnemius  and  the  biceps  tendon.  Very 
rare. 

B.  popUtea  (Fig.  1065).  Between  the  popliteus  and 
the  joint  capsule  -\-  external  tuberosity  of  tibia.  This 
always  communicates  with  the  joint,  and  is  jiroperly  a 
diverticulum  of  the  capsule,  occasionally  (1  in  10,  Lenoir) 
it  also  communicates  with  the  cavity  of  the  superior 
tibiofibular  articulation. 

Ankle  and  Foot. — B.  malleoli  externa  ; 

B.  malleoli  interna.  Subcutaneous  over  the  malleoli. 
Not  constant.     External  more  frequent. 

B.  vaginalis  extenmris  longi  digitorum  ; 

B.  V.  extensoris  longi  liallucis  : 

B.  V.  tibialis  antici  (Fig.  1066).  Around  the  tendons  of 
these  muscles.     Not  infrequently  the  sheath  of  the  ex- 


B.  eupraconrtyloidea  int. 
B.  condyli  intomi 


B.  gastrocnemialiB  int. . 
B.  Bemimembranosa  .   . 


B.  condyli  ex- 
ternl. 

B.  tendinis  bi- 
cipitis. 
poplitea. 


Fig.  1065.— The  Principal  Burea;  Behind  the  Knee. 

tensors  extends  somewhat  higher  up  than  is  shown  in 
the  figure. 

B.  sinvs  tarsi  (Gruber).  Between  the  fascia  which 
binds  down  the  extensor  longus  digitorum  and  the  head 
of  the  astragalus.  Quite  frequent  (5  in  12,  Synnnest- 
vedt;  97  in  174.  Gruber).     May  communicate  with  joint. 

Bb.  sub  musculo  pediceo.  Under  the  extensor  brevis 
digitorum.     Usually  two.     Found  by  Synnestvedt  2  in  16. 

B.  tardea  subcutanea  (Schreger).  On  dorsal  surface  of 
foot. 
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Bursae. 
Bursas. 


B.  raginalin  tibialis:  postici  (¥\g.  106T).  Surrounds  the 
tendon  as  it  lies  back  of  the  internal  malleolus. 

B.  t.  flexoris  longi  digitorinu  ; 

B.  !'.  flexoris  longi  halUiris  (Fig.  10G7).  Surround  the 
tendons  behind  the  internal  malleolus  and  extend  into 
the  sole. 

B.  po.itcnlcanea  svperflcioUs.  Between  the  tendon  and 
the  deep  fascia.     Not  constant. 

B.  jtostciilcrnied  profiaida  (Fig.  1067).  Between  the  ten- 
don and  the  posterior  surface  of  the  calcaneum.  Con- 
stant. Has  cartilage  on  two  of  its  walls,  viz.,  over  the 
bone,  and  a  thin  laj'er  coating  the  anterior  surface  of  the 
tendon. 

B.  subcalciineit  (Lenoir-").  Between  the  inferior  sur- 
face of  the  calcaneum  and  the  plantar  fascia.     Constant. 

B.  sitblendinea  iibiiilis  aniici  (Fig.  1066).  Under  the 
tendon  at  its  'insertion  upon  cuneiforme  I.  (5  in  12,  Syn- 
nestvedt). 

Bh.  abdric.toris  minimi  digiti  (Synnestvedt).  One  be- 
tween the  abductor  and  the  sesamoid  bone  of  the  peroneus 
longus ;  another  between  the  muscle  and  the  tuberosity 
of  nietacarpale  V.     Rare. 

B.  siibtendinea  perotiei  iertii  (Hyrtl)  (Fig.  1066).  Under 
the  tendon  at  its  insertion  upon  head  of  metacarpale  V. 
Not  constant. 

B.  siibtendinea  extensorix  longi  kallvcis.  Between  the 
tendon  and  the  head  of  metacarpale  I.  Small  and  rather 
rare. 

B.  vngiimlis  anterior  extensoris  longi  hallucis  (Fig.  1066). 
Over  metatarsophalangeal  joint  I.  About  one  inch 
long. 

B.  r.  peronei.  Sheathes  the  peroneal  tendons  behind 
the  external  malleolus.  Single  in  the  middle,  it  divides 
above  and  ))elow. 

Bb.  dorsales  siibcntanco'.  Several  of  these  are  described 
by  Schreger  and  Synnestvedt.  One  over  cuneiforme  I., 
one  over  head  of  metacarpale  I.,  and  occasionally  over 
other  projections. 

Bb.  dorsales  snbtendinea:  (Synnestvedt).  These  occur 
in  similar  situations  as  those  of  the  hand,  and  agree  with 
them  in  form  and  size. 

B.  raginalis  peronei  longi.  Sheathes  the  tendon  as  it 
lies  in  the  groove  of  the  cuboid.     A  small  bursa  is  some- 


B.  V.  tibialis  antici ,. 

B,  V,  ext.  longi  hallucis ,. 

B.  V.  ext.  loDKi  digitorom 


B.  Bubtendinea  tibialis  antici 

B.  Fubtendinea  peronei  tertii.  . 


B.  V,  anterior  ext.  long. 
balluciB, 


Fig.  1066,— Synovial  Sbeaths  on  Back  ot  Ankle  and  Foot. 

times  found  under  the  tendon  where  it  turns  around  the 
outer  side  of  the  cuboid,  and  another  under  its  insertion 
upon  metatarsale  I. 

Bb.  plontaris  metatarso-phalangei  (Schreger).  These 
occur  at  the  articulations. 

B.  plantnris  in  capitulo  oms  metata/rsi  I.  (Lenoir); 

B.  plantaris  in  capitulo  ossis  metatarsi  V.  (Lenoir). 
These  are  well-known  bursas  between  the  skin  and  the 
points  of  greatest  pressure. 

Bb.  internietatarso - phalangecB.  These  are  usually 
found  in  old  subjects,  between  the  toes,  in  the  region  of 
the  metatarso-phalangeal   joints.      The   three  inner  are 


most  constant  (No.  1,  95  per  cent. ;  No.  2,  98  per  cent. ; 
No.  3,  9.5  per  cent.:  No.  4.  28  per  cent.,  Gruber).  Oc- 
casionally communicate  with  joints. 

Bb.  inti'rossea.  Between  the  interossei  and  the  meta- 
tarso-phalangeal joint.     Rarely  communicate. 

Bb.  liunbriealinni.  Under  the  lumbricales  and  laterally 
to  them.     Rare. 

B.  abductoris  minimi  digiti.     Between  the  abductor  of 


Tibia 


B.  V.  flex,  long,  digitorum 
B.  V.  tibialis  postic 
Internal  annular  lig't 


FIG.  1067, 


B.  V.  flex.  lone.  hall. 

B,  postcalcanea  prufunda. 

-Synovial  Sheatbs  of  Inner  Side  of  Foot. 


the  little  toe  and  the  head  of  metatarsale  V.  Rare  (1  in 
14,  Synnestvedt). 

Bb.  phalangea  dorsales  (Schreger).  These  are  not  so 
constant  as  those  of  the  hand. 

Besides  the  general  treatises  on  anatomy,  and  the 
publications  cited  in  the  foot-notes,  the  following  works 
liave  been  specially  consulted  in  the  preparation  of  this 
article: 

Monro,  A. :  A  Description  of  all  the  BursiB  Mucosse  of  the  Human 

Body.    Edinb.,  ITSS. 
Rosenmiiller.  J.  C. :  Alex.  Monroi  icon,  et  descr.  burs,  mucos.  corp. 

hum.   LipsiiE,  1799.    This  is  far  more  valuable  than  the  original 

work  of  Monro,  being  considerably  enlarged  and  improved. 
Sdireffer:  De  bursts  subculaneis.  Erlangeu,  1825. 
Oiruber,  W. :  Die  neue  Bursa  mucosa  sinus  tarsi.    Bull.  phys.  math,  de 

St.  Petei-sbourg,  toni.  xv..  No.  1,  18.56. 
Gruber,  W. :  Die  r.ui>;a'  inucisa'  pra^patellares.    Bull.  phys.  math,  de 

St.  Petersbourg,  N"s.  In  and  II.  ls.)7. 
Gruber,  W. :  Die  Kniesclileiuibeulel,  eine  Monopraphie.  Prag..  18.57. 
Gruber.  W. :  Die  Bui><a?  mucosa;  der  Spatia  intermetacaipo-phalangea 

et  intermetatarso-phalangea.    U6ai.  des  sav.  Strang,  de  St.  Peters- 
bourg, torn,  viii.,  18.5.'^. 
Gruber,  W. :  Die  Oberschulterhakenschleimbeutel,  eine  Monographie. 

Mem.  de  I'Acad.  Imp.  des  Sciences  de  St.  Petersbourg.  ser.  vil..  tom. 

iii..  No.  11. 
Gruber,  W. :  Die  Bursse  mucosae  cubitales,  eine  Monographie,  M^m.  de 

I'Acad,  Imp,  des  Sciences  de  St,  Petersbourg,  1866,  ser.  vii.,  tom.  x., 

No.  7. 
Todd,  J. :  Cyclopaedia  of  Anatomy  and  Physiology,  article  Bursa. 
See,  M. :  Diclionnaire  encyclopt-dique  des  sciences  mtjdicales,  article 

Bourses  s^reuses,  Paris,  1867. 
Heineke,  W. :  Anatomle  und  Pathologie  der  Schleimbeutel  und  Sehnen- 

scheiden.  Erlangen.  1868. 
Synnestvedt.  A.  S.  D. :  En  anatomlsk  beskrivelse  af  de  paa  over-og  un- 

derextremiteterne  forekommende  liursEe  mucosae,  Chrisliania,  1869. 
Nancrcde.  ('.  B. :  Injuries  and  Diseases  of  Burs*,  in  the  Int.  Encycl. 

of  Surgery,  vol.  ii..  pp.  691-7:33.  Frank  Baker. 

'  Hyrtl :  Oest.  Zeitsch.  t.  pract.  Heilk..  vii.,  47,  1861. 

2  Rodrigues:  Annal.  d'Ocul.,  Juillet,  1845. 

^  TopogV.  Anatomle,  7  Aufl.,  i,  235.  '  Op.  cif.,  i.,  415. 

'  Oji.  cit.,  i..  363.  '  Haser's  Report,  ii.,  6, 1841. 

'  Sappey  :  Anat.  Descriptive,  second  edition,  iv.,  67. 

*  Tillaux :  .\nafomie  topographlque,  third  edition,  320.  Cf.  C.  0. 
Weber  in  Virchow's  .\rchiv.  vj.,  .511.  Berlin,  18,54. 

'  Rlchet:  Anat.  Medico-Chirurg..  third  edition,  393. 

'°  Luschka:  Anat.  des  nienschl.  Halses,  140. 

"  .\rchiv  fiir  Anat.  u.  Physiol.,  Leipsic,  1.875,  590. 

>=  .Mem.  della  Acad,  di  Bologna,  ser,  3,  1874,  v.,  335. 

'=  Henle  :  Biinderlehre.  2  Autl..  68. 

i<  (iazette  des  Hopilau.x,  Mai,  1854,  p,  250.  Nancrede  cites  this  with 
approval. 

'■'>  Luschka  :  Anat.  desmenschl.  Beckens,  Tiibingen,  1864,  p.  28. 

'«  Zeitsch.  f.  Anat.  und  Entw.,  vol.  i.,  205,  187.5-76. 

"  TerriUon:  Arch.  gen.  de  med..  Par.,  1874,  ii.,  385-403;  also  ibid.. 
1877,  ser.  6.  xxx..  20-.33. 

'"  Cf.  Henle :  Banderiehre,  2  Aufl..  64. 

"  Henle :  Muskellehre,  2  Autl.,  182. 

-^  Biinderlehre.  2  .\ufl.,  75. 

=  '  Deut,sche  med.  Wochenschr..  1878. 

»»  Manual  of  Dissection  of  the  Human  Body,  flfth  edition,  385. 

-3  Tillaux  :  -Miatomie  Topographlque,  third  edition,  568. 

'■'*  See  Sappev  :  Anat.  Descr.,  ii.,  3^U. 

"■  Die  BursiB  mucosae  der  Spatia  intermetacarpo-phalangea,  St. 
Petersburg.  18.59. 

'"  Henle:  nanderlehre,  1.52 :  Muskellehre, 284. 

2'  Recherches  sur  les  bourses  muqueuses  sous-cutan^s  de  la  plante 
du  pied,  etc.    Presse  medicate,  Paris,  1837,  i„  49-53. 
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BURS/E.  (SURGICAL.)— The  pathological  lesions  of 
bursa'  that  demand  surgical  relief  are  those  which  follow 
traumatism  and  various  forms  of  acute  and  chronic  in- 
flammation. Of  the  large  number  of  bursae  and  synovial 
or  bursal  sacs  in  the  body,  a  certain  few,  by  reason  either 
of  their  situation  or  of  their  structure,  are  especiall}'  prone 
to  cause  trouble.  These  alone  will  be  mentioned  in  this 
article,  although  the  lesions  discussed  in  connection  with 
them  may  also  be  found  in  other  less  well-known  bursa;. 
The  affections  of  other  synovial  sacs,  which  are  reallj' 
only  larger  bursfe,  will  not  be  considered  here  because 
their  importance  demands  that  they  be  separately 
enumerated.  Such  are  the  synovial  linings  of  joints, 
and  the  serous  linings  of  the  larger  cavities  existing  in 
the  skull,  spinal  column,  thorax,  abdomen,  and  scrotum. 

Acute  Lesions. — Trmi mutism. — A  fall  upon  the  elbow 
or  knee  may  cause  a  contusion  of  tlie  subcutaneous  bursa 
marked  l)y  pain  and  tenderness,  with  only  slight  redness, 
heat,  and  "swelling.  Often  the  traumatism  will  give  rise 
in  addition  to  an  effusion  of  serum  and  sometimes  to  a 
hemorrhage  into  the  bursal  sac.  Under  such  circum- 
stances there  will  be,  in  addition  to  the  signs  noted  above, 
that  of  a  well-marked  rounded  tumor,  not  attached  to 
the  skin.  If  the  bursa  is  filled  with  serum,  it  will  be  ex- 
quisitely fluctuating,  though  less  so  if  filled  with  blood. 

Treatment. — The  affected  part  should  be  kept  quiet 
even  though  to  accomplish  this  end  splints  or  rest  in  bed 
are  necessary.  A  mildly  antiseptic  light  wet  dressing 
should  be  applied,  and  covered  with  either  cracked  ice 
or  a  hot-water  bag.  When  the  pain  and  cutaneous 
swelling  have  subsided,  a  flannel  bandage,  or  straps  of 
rubber  plaster,  will  hasten  the  absorption  of  serum  from 
the  bursal  sac. 

If  rest  and  pressure  do  not  suffice  for  the  absorption 
of  the  serous  contents,  the  latter  may  be  evacuated  and 
pressure  again  applied.  If  the  sac  refills,  it  may  be 
again  emptied  and  then  partly  filled  with  iodine  or  car- 
bolic acid  according  to  the  plan  of  treatment  for  hydro- 
cele ;  or  it  may  be  excised. 

If  a  small  blood  clot  exists,  similar  treatment,  i.e.,  by 
cold,  rest,  and  pressure,  is  justifiable.  If  the  clot  is  of 
considerable  size,  it  is  better  to  make  a  short  incision,  re- 
move the  clot,  suture  the  sac  and  skin,  and  ajipl}'  press- 
ure so  that  the  walls  of  the  sac  shall  remain  in  contact. 
If  the  surgeon  is  not  absolutely  sure  of  his  asepsis,  he 
may  leave  in  a  drain  of  six  threads  of  silkworm  gut  for 
two  days. 

Internal  Traumatism. — Another  form  of  traumatism 
occurs  from  within,  that  is,  through  injury  of  the  serous 
surfaces  by  the  overuse  of  muscles.  As  a  result  the  bursal 
sac  becomes  sore  or  distended  with  fluid,  or  the  serous 
membrane  becomes  dry  and  its  surfaces  crepitate  when 
they  slip  on  each  other.  As  illustrations  of  these  three 
types  of  mild  inflammation  may  be  mentioned  a  bunion 
which  has  become  sore  from  a  long  walk,  the  distention 
of  the  bursa  under  the  tendo  Achilles  from  the  same  cause, 
and  the  crepitation  of  the  extensor  tendons  of  the 
fingers  and  hand  but  especially  those  of  the  thumb,  a 
condition  which  is  often  produced  if  a  man  who  has  been 
idle  for  some  weeks  starts  in  energetically  at  moving 
furniture  or  engages  in  some  other  hard  labor.  The 
swelling  and  tenderness  will  be  distinct  though  slight, 
but  the  chief  symptom  will  be  a  fibrinous  creaking  felt 
along  the  course  of  the  tendons  when  the  least  motion  is 
imparted  to  the  hand.  Sometimes,  when  the  patient  has 
been  asked  to  move  the  hand  a  few  times  in  order  to  de- 
monstrate this  symptom,  it  will  entirely  disappear. 

Treatment. — The  treatment  of  lesions  due  to  trauma- 
tism from  within  does  not  essentially  differ  from  that  of 
lesions  due  to  traumatism  from  without.  If  pain  is  a 
prominent  symptom,  and  there  is  little  swelling,  the  ap- 
plication of  iodine,  either  in  the  form  of  the  tincture  or 
in  that  of  an  ointment,  may  give  relief.  In  the  ease  of 
crepitating  tendons,  a  few  daj's'  rest  of  the  hand  will  ef- 
fect an  entire  cure;  but  the  patient  should  be  warned 
against  a  too  speedy  return  to  hard  work. 

Infection. — Traumatism  may  produce  or  be  followed 
by  a  much  more  serious  condition  than  those  thus  far 


considered,  namely,  infection.  This  may  be  direct  and 
obvious,  as  when  the  wound  opens  into  the  prepatellar 
bursa;  or  indirect  as  when  the  germs  introduced  by  a 
pin-prick  in  the  finger  find  their  way  into  the  serous  sacs 
about  the  flexor  tendons.  In  both  instances  more  or  less 
cellulitis  will  follow  together  with  a  collection  of  sei-o- 
purulent  fluid  in  the  cavity  of  the  bursa.  Pus  may  also 
accumulate  outside  of  the  bursal  sac ;  for  example,  in  the 
hand  an  abscess,  starting  in  infection  in  the  sheatli  of  the 
flexor  tendons,  may  point  posteriorly  between  the  heads  of 
the  metacarpal  bones.  Under  such  conditions  an  anterior 
incision  to  open  the  sheath,  as  well  as  a  posterior  one  to 
open  the  point  of  the  abscess,  will  usuallj'  be  required. 
This  infection  of  a  digital  tendon  sheath  is  a  very  com- 
mon one  and  bears  the  popular  name  of  felon,  which  see. 

Treatment. — If  the  existence  of  pus  is  uncertain  in  any 
of  these  infective  cases,  rest  and  a  wet  antiseptic  dressing 
are  permissible.  The  patient  should  be  kept  under  close 
observation,  and  if  the  process  does  not  improve  in  a 
da)-,  or  if  signs  of  accumulation  of  pus  appear,  a  suit- 
able incision  should  be  made.  A  suitable  incision  is  one 
which  relieves  the  tension,  evacuates  the  accumulated 
pus,  and  allows  the  escape  of  pus  yet  to  be  formed.  The 
mere  pricking  of  a  bursa  full  of  pus,  and  the  cutting  of 
every  felon  clear  to  the  bone,  are  both  examples  of  bad 
workmanship.  And  drainage  requires  judgment  no  less 
than  the  incision.  The  comfort  of  the  patient  and  the 
rapidity  of  his  recovery  are  best  provided  for  b}'  a  wet 
gauze  dressing.  If  the  incision  has  been  properly  made, 
and  the  walls  of  the  bursa  have  been  kept  apart  by 
gauze  for  a  few  days  until  granulation  has  begun,  the 
gauze  may  soon  after  be  removed  from  tlie  bursal  cavity 
without  danger  of  pocketing,  if  only  drainage  is  facili- 
tated by  a  constant  moist  dressing.  For  this  purpose 
nothing  is  better,  and  scarcely  anything  cheaper,  than 
one-per-cent.  creolin  solution.  The  gauze  may  be  wet 
with  this  before  it  is  applied  and  after  that  kept  wet  with 
plain  cold  water.  Such  a  dressing  will  keep  sweet  two 
or  three  days  if  necessary. 

Chronic  Lesions. — ihpeeded  Travmatism. — Repeated 
slight  injuries  may  produce  chronic  inflammation  of  a 
bursa,  with  accumulation  in  its  cavity  of  a  serous  or 
mucoid  fluid,  according  to  the  character  of  the  bursal 
lining.  Thus  in  the  bursa;  overlying  the  olecranon  and 
patella,  the  accumulated  fluid  is  usually  viscid, — glairy. 
The  content  of  a  ganglion  may  be  of  the  same  nature. 

The  elbow  and  knee  are  so  exposed  to  injuries  of  all 
sorts  that  they  are  often  the  seat  of  occupation  diseases, 
and  hence  the  names  which  have  been  given  to  chronic 
bursitis  in  these  regions — miner's  elbow,  and  housemaid's 
knee.  These  lesions  are  by  no  means,  however,  confined 
to  these  two  classes  of  workers. 

The  bursa  gastrocnemiosemimembranosa  sometimes 
fills  with  fluid  as  the  result  of  a  sudden  strain,  but  the 
trouble  is  more  often  chronic  than  acute.  The  patient 
suffers  from  moderate  disability  and  consults  a  doctor  in 
reference  to  a  smooth  tumor  lying  to  the  outer  side  of  the 
popliteal  space.  The  symptoms  are  plain  enough  if  one 
has  the  lesion  in  mind.  l)ut  unfortunately  a  mistaken 
diagnosis  is  often  made  in  these  cases. 

Another  chronic  bursitis  with  accumulation  of  serous 
or  mucoid  fluid  is  usually  found  in  connection  with  a 
joint,  sometimes  in  connection  with  a  tendon  sheath,  and 
is  called  a  ganglion.  It  presents  itself  as  a  small  rounded 
tumor,  tense,  elastic,  free  from  the  normal  skin,  but  only 
slightly  movable  on  the  deep  parts.  When  cut  down 
upon  the  sac  can  be  readily  freed  superficially  and  at  the 
sides,  but  its  base  is  intimately  associated  with  tlie  fibrous 
capsule  of  the  joint,  or  the  tendon  sheath,  and  its  cavity 
may  or  may  not  open  freely  into  the  cavity  of  the 
normal  structures.  It  is  still  a  disputed  point  whether 
a  ganglion  is  a  bursal  outgrowth  from  the  lining  of  a 
joint  or  tendon  sheath,  or  is  a  fibrous  tumor,  in  which 
a  cavity  has  subsequently  formed  and  has  then  opened 
into  the  preformed  synovial  cavity  of  joint  or  tendon. 

Treatment. — The  old  treatment'  of  a  ganglion  was  to 
crush  it  by  a  sharp  blow  with  a  heavy  book,  and  to  apply 
and  keep  up  pressure  by  a  bandage.     This  treatment 
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will  often  result  in  cure  in  a  recent  case,  but  often  too, 
owing  to  the  thickness  of  tlie  wall  of  the  ganglion,  rupt- 
ure does  not  follow  the  blow.     Often,  too,  the  sac  refills. 

The  certainty  of  aseptic  excision  of  such  tumors  has 
rendered  the  method  above  described  obsolete.  When 
the  skin  has  been  cleansed  and  anesthetized,  an  incision 
should  be  made  over  the  crest  of  the  ganglion  parallel 
to  the  long  axis  of  the  limb.  It  should  extend  one-third 
inch  beyond  the  edges  of  the  tumor.  The  sac  should  be 
freed  from  the  skin  and  at  the  sides  before  it  is  cut  into. 
But  nothing  is  gained  by  its  removal  entire,  and  as  the 
operation  is  made  more  difticult  by  this  plan  of  action,  it 
should  not  be  followed,  but  the  sac,  when  freed  laterally, 
should  be  sijlit  open  and  emptied.  Any  communication 
with  joint  or  tendon  sheath  will  then  be  manifest,  and 
the  base  of  the  sac  may  lie  easily  and  surely  removed. 
If  there  is  a  distinct  neck  it  may  be  ligated,  so  as  to  close 
the  cavity  of  the  joint,  or  the  joint  may  be  closed  with  a 
suture,  or  allowed  to  close  of  itself.  The  wound  should 
be  carefully  sutured,  and  ought  to  heal  quickly  without 
drainage. 

Of  course  there  can  be  no  thought  of  "breaking  "  and 
"  scattering  "  a  chronicallj-  distended  patellar  or  olecranon 
bursa.  All  such  should  be  excised.  The  practice  of 
making au  incision  and  allowing  the  sac  to  granulate  use- 
lessly delays  the  time  of  complete  recovery  in  non-sup- 
purative  cases.  It  is  difficult  to  anfesthetize  the  base  of 
an  olecranon  or  patellar  bursa,  so  intimate  is  its  attach- 
ment to  the  periosteum.  Hence,  unless  the  patient  is 
ready  to  stand  some  pain,  it  is  wise  to  give  a  general 
anitsthetic. 

Pnidtietire  Infammntion. — Sometimes  the  chronic  in- 
flammation of  a  l)ursa  is  of  the  productive  type,  and  as  a 
result  the  inner  lining  of  the  capsule  thickens  until  the 
cavity  is  in  great  part  obliterated,  its  place  being  taken 
by  more  or  less  recent  fibrous  tissue.  It  is  useless  to  at- 
temjit  the  absori)tion  of  such  a  mass.  The  whole  tumor 
should  be  excised  and  the  wound  sutured.  This  form  of 
bursitis  is  most  commonly  found  in  the  prepatellar  bursa. 

Tuberculous  Inliamnnition. — Bursse  are  very  subject  to 
tuberculous  inflammation.  In  a  certain  number  of  cases 
in  which  no  history  of  injury  exists  a  bursii,  or  more 
often  the  synovial  sheath,  will  graduallv  swell  up  and 
become  fluctuating.  WJien  opened  the  sac  will  be  found 
to  contain  serous  or  mucoid  fluid,  and  often  a  large  num- 
ber of  rice  bodies.  The  contents  are  similar  to  those  of 
a  tuberculous  joint  in  which  the  trouble  began  in  the 
synovial  lining  and  has  not  yet  progressed  to  the  destruc- 
tion of  bone. 

In  some  of  these  chronic  cases  the  clinical  and  bacterio- 
logical examination  make  the  diagnosis  of  tuberculous 
synovitis  an  easv  one;  but  it  by  no  means  follows  that 
every  lesion  of  this  sort  is  tuberculous ;  even  the  micro- 
scopical character  of  some  chronically  inflamed  bursas  is 
in  bitter  controversy.  That  is  a  question,  however, 
which  the  surgeon  may  well  leave  to  the  pathologist. 

Treatment. — There  is  only  one  satisfactory  method  of 
handling  these  cases — by  excision.  If  the  synovial  sacs 
are  affected  the  complete  removal  of  every  bit  of  inflamed 
tissue  is  out  of  the  qticstion.  Still  if  a  major  portion  be 
lemoved  nature  may  do  the  rest.  Even  though  the 
tendons  be  widely  exposed  by  the  removal  of  the  diseased 
tissue,  they  may  remain  perfectly  movable  if  the  wound 
heals  primarily.  In  general  the  results  which  follow 
operation  upon  the  lesser  synovial  sacs  are  of  a  favorable 
character.  "  Edicetrd  Miltem  Foote. 

BURSERACE/E.— Asmall,  but  rather  important  family 
of  some  sixteen  genera,  and  about  two  hundred  species, 
distributed  through  all  tropical  and  some  subtropical  re- 
gions. A  few  fruits  are  somewhat  eaten  (Protium),  and 
some  of  the  seeds  yield  useful  fixed  oils.  The  princijial 
value  of  the  family  resides  in  its  numerous  gum  resins  and 
oleo-resins,  which  have  from  the  earliest  times  been  used 
for  incense  and  recognized  as  important  articles  of  com- 
merce. The  best  known  of  them  are  myrrh,  bdellium, 
olibanum,  and  elemi,  which  represent  the  constituents 
and  properties  of  the  family.  Henry  H.  Rusby. 
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BUTTERNUT.  JUGLANS.— "Thebarkof  the  root  of 
Juyliuis  eiiieren  L.  (fam.  Juglandaceee),  collected  in  the 
autumn,"  U.  S.  P.  The  butternut  is  a  medium-sized 
tree,  with  short,  freely  branching  trunk  and  a  light  foli- 
age of  pinnate  leaves.  The  flowers  are  moncceious;  the 
staminate,  in  lateral  drooping  catkins;  the  pistillate  few 
together  in  terminal  clusters.  It  is  a  widely  distributed 
tree,  growing  in  the  middle  latitudes  of  North  America, 
furnishing  a  u.seful  cabinet  wood,  edible  fruit,  and  a  fair 
dyeing  material.  The  description  of  the  Pharmacopofia 
is  poor,  and  applies  rather  to  the  stem  Ijark.  The  bark 
occurs  in  large  quills  or  curved  pieces,  about  one-quarter 
of  an  inch  thick.  It  is  of  a  dark  chocolate-brown 
throughout,  the  outer  surface  developing  a  reddish  tinge 
in  time.  The  outer  surface  is  very  little,  if  at  all,  fissured 
or  scaly,  but  is  somewhat  warty.  The  inner  surface  is 
shreddy  with  partly  detached  fibre,  in  autumn-collected 
bark,  but  smooth  if  collected  during  the  spring  or  sum- 
mer. The  fracture  is  weak  and  soft,  but  somewhat 
fibrous,  and  delicately  checkered.  It  has  a  feeble  odor 
and  a  bitter,  acrid  taste. 

It  contains  a  little  tannin  and  volatile  oil,  fourteen  per 
cent,  of  fat  and  a  large  amount  oi  juglnn,  nucin.  or  jug- 
landic  acid,  which  crystallizes  in  deep  yellow  needles  and 
is  the  active  constituent. 

Action  and  Use. — Butternut  is  a  mild  cathartic, 
operating,  usually,  without  pain  or  irritation,  well 
adapted  to  continuous  administration,  and  worthy  of 
more  frequent  use  than  is  made  of  it.  Dose,  1  or  3  gm. 
(gr.  XV.  ad  xxx.).  An  extract,  extractum  juglandis^ 
dose.  3  to  6  dgm.  (gr.  v.  ad  x.) — is  the  only  preparation. 

Alibied  Pl.\kts. — Jugleins  ree/iii  Linn,  is  the  European 
walnut  (A'o.ycf  cm/unun.  Codex  Med.);  its  leaves  are  the 
Fiilia.Jiin.ejlujidis  of  the  German  Pharmacojioua ;  its  oil, 
the  walnut  oil  of  the  market.  The  rind  of  the  green 
fruits  is  collected  and  dried  for  a  stomachic  and  vermi- 
fu.ge.  It  contains  the  juylon  (nucin)  above  mentioned. 
The  leaves  are  used  for  "scrofula,  rickets,"  etc. 

Jnylans  idgrei.  the  black  walnut,  has  probably  similar 
properties  to  those  of  butternut.  Henry  H.  Rushy. 

BUTTERWORTH'S  MINERAL  SPRING.— Kent  Coun- 
ty, Miihi.gan. 

Post-Office. — Grand  Rapids.  This  spring  is  located 
on  Huron  Street,  in  the  city  of  Grand  Rapids.  Adjoining 
is  a  commodious  bath-house,  with  suites  of  rooms  on 
.separate  floors  for  ladies  and  gentlemen  (Walton).  The 
analysis  is  by  Dr.  S.  P.  Duffield. 

Solids.  Grains. 

Sodium  bicarbonate 5.00 

Calcium  bicarbonate 8.34 

M.nirncsiuni  bicarbonate .5.85 

Irnn  i'i(*;irtn'nate 97 

C^alrjuin  sulphate 7.5.15 

Sodium  chloride ia.73 

Potassium  cliioride 9.60 

Calcium  cliioride ••      6.10 

Mag:iiesium  chloride 41.86 

Alumina 41 

Silica 53 

Organic  matter 67 

Total 167.30 

The  water  has  a  considerable  resemblance  to  that  of 
Bath,  England.  It  contains,  however,  a  much  larger 
proportion  of  chloride  of  magnesium. 

Jeimes  K.   Crook. 

BUTYL  CHLORAL  HYDRATE.— C.HsCLO.H.O.  This 

substance,  formerly  erroneously  styled  croton  rldoml  hy- 
drate, was  introduced  into  medicine  in  1870  b.y  Liebreich, 
but  has  not  met  with  much  favor,  and  has  failed  to  secure 
official  recognition  in  the  United  States  Pharmacopceia. 
Butyl  chloral  hydrate  is  in  the  form  of  colorless  crystalline 
scales,  of  an  odor  and  taste  reminding  of  ordinary  chloral 
hydrate.  It  has  the  disadvantage,  as  compared  with  the 
latter  substance,  of  being  but  sparingly  soluble  in  cold 
water.  It  dissolves  freely  In  alcohol,  in  glycerin,  and  in 
boiling  water. 
Butyl  chloral  hydrate  is  closely  allied,  chemically,  to 

529 


Byron  Siirlng«. 
Cachexia. 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES. 


ordinal-}-  chloral  hydrate  and  resembles  that  rompound 
in  its  effects  upon  the  animal  system.  Its  only  recom- 
mendation to  medical  favor  lay  in  its  supposed  property 
of  being  peculiar!}'  anodyne  to  the  trigeminal  nerve 
(Liebreich),  and  so  of  peculiar  promise  for  the  alleviation 
of  neuralgias  of  the  face  and  head ;  but  this  property 
certainly  does  not  exist  to  any  marked  degree.  Practi- 
cally, the  drug  is  only  a  comparatively  insoluble,  and 
therefore  inconvenient,  substitute  for  ordinary  chloral 
hydrate.  It  may  be  given  in  doses  ranging  from  0.30  to 
2.00  gm.  (gr.  v.  to  xxx.)  in  syrupy  mixture. 

Edward  Curtis. 

BYRON  SPRINGS.— Contra  Costa  County.  California. 

Post-Office. — Byron  Springs.  Hotel  and  cottages. 
These  excellent  springs  are  pleasantly  situated  near  the 
foot-hills,  on  a  spur  of  the  Coast  Range  of  mountains, 
about  16  miles  southeast  of  Jlount  Diablo,  and  68  miles 
northeast  of  San  Francisco.  They  are  reached  by  the 
railroad  line  running  from  San  Francisco  to  Stockton 
and  Sacramento  via  Martinez.  The  springs  are  one  mile 
and  a  half  from  Byron  Station  on  this  line.  They  lie 
in  a  small  valley  leading  from  the  San  Joaquin  plains. 
The  elevation  is  about  100  feet  above  tide  water,  and  the 
climate  is  mild  and  pleasant.  An  excellent  hotel  and  a 
number  of  cottages  have  been  erected  for  the  accom- 
modation of  guests.  Being  only  three  hours'  ride  from 
San  Francisco,  the  place  is  visited  by  tliousands  of  people 
every  year,  and  is  constantly  increasing  in  popularity. 
The  springs  are  upward  of  fifty  in  number,  and  many 
of  them  are  of  great  therapeutic  value.  They  range  in 
temperature  from  53°  to  140'  F.  Within  a  few  feet  of 
each  other  one  finds  a  cold  carbonated  spring  and  a  hot 
sulphureted  spring.  The  entire  basin  has  the  appear- 
ance of  being  an  extinct  volcanic  crater.  The  cold  soda 
springs  probably  come  largely  from  the  surface  water, 
while  the  hot  springs  undoubtedly  have  a  much  deeper 
origin  down  in  the  earth's  crust.  Of  the  fifty  or  more 
springs  only  seven  or  eight  are  in  active  use.  We  pre- 
sent several  analyses  made  by  Dr.  Winslow  Anderson : 

The  "LrvER  and  Kidney"  Springs. 

One  United  States  Gallon  Co.ntains: 
Solids.  Grains. 

Sodium  chloride 622.07 

Potassium  f'hloride 33.74 

P. ■tiissiiiiii  in.ii.li- 79 

Pi iliussiuiii  lire iTiiii h- Trac«. 

Sliifricsiiiiii  cliloiide 3.92 

Matrnrsiiiiii  rarbonate 1.5.75 

Calciiiiii  rhl. iride ai.37 

Oali-iuni  sulphate 1.12 

Calcium  cai'honatc 59 

Barium  carbonate 93 

Ferrous  carbonate 72 

Ammonium  chloride 05 

Silica 1.00 

Organic  matter Trace. 

Total 766.05 

Free  carbonic  acid  gas 7.82  cubic  inches. 

Temperature  of  water 66°  F. 

The  analysis  shows  this  water  to  be  heavily  impreg- 
nated with  saline  ingredients.  The  water  is  said  to  have 
a  special  action  on  the  liver  and  kidneys,  which  fact 
gives  the  spring  its  name.  It  is  said  to  be  very  useful  in 
dyspepsia,  chronic  hepatic  diseases,  obstruction  in  the 
gall  ducts,  and  what  is  known  as  "  gin  livers. "  Its  good 
effects  are  also  observed  in  intestinal  atony  or  torpidity 
of  the  bowels.  The  water  is  diuretic,  and  is  said  to  have 
been  successf  id  in  a  number  of  cases  of  albuminuria.  Its 
best  effects  are  observed  in  alcoholic  dx'spepsia,  and  in 
the  "  rocky  "  and  dilapidated  state  of  "the  system  con- 
sequent upon  excessive  conviviality. 

The  "White  Sulphi'r  Spring." 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 13.01 

Sodium  bicurbonate 12.94 

Sodium  sulphate 1.34 


Solids.  Grains. 

Potassium  chloride Trace. 

Potassium  carbonate 2.37 

Pota.ssiuni  .sulphate Trace. 

Magnesium  chltiride '* 

Magnesium  carbonate 2..t0 

Calcium  carbonate 1,13 

Calcium  sulphate .,51 

Ferrous  carbonate 3.00 

Silica 36 

Organic  matter Trace. 

Total 36.06 

Carbonic  acid  gas 21.17  cubic  inches. 

Sulphureted  hydrogen 5.80  " 

Temperature  of  water 76°  F. 

This  will  be  seen  to  be  a  light  alkaline-sulphur  water, 
with  a  well-marked  quantity  of  ferruginous  salt.  Its 
action  is  tonic,  diuretic,  alterative,  aperient,  and  antacid. 
It  is  very  useful  in  affections  consequent  upon  the  uric- 
acid  diathesis,  such  as  rheumatism,  gout,  glandular  en- 
largements, and  many  forms  of  skin  disease. 

The  "Bl.\ck  Sulphur  Spring." 
One  United  States  Gallon  Contains; 
Solids.  Grains. 

Sodium  chloride 395.00 

Sodium  sulphate Trace. 

Sodium  bicarbonate 

Potassium  chloride 35.62 

Potassium  sulphate Trace. 

Pota&sium  iodide 74 

Potassium  bromide 16 

Magnesium  chloride 1.00 

Magnesium  carbonate 9..50 

Calcium  chloride 9.00 

Calcium  sulphate 3.20 

Calcium  carbonate 5.95 

Ferrous  carbonate "0 

Barium  carbonate Trace. 

Ammonium  chloride 

SlUca 1.10 

Organic  matter Trace. 

Total 461.97 

Carbonic  acid  gas 25.60  cubic  Inches. 

Sulphureted  hydrogen 8  " 

Temperature  of  water 90°  F. 

This  water  contains  a  considerable  quantity  of  the 
chlorides  and  carbonates,  and  is'  largely  diuretic  in  con- 
sequence. It  is  also  heavily  charged  with  carbonic  acid 
gas,  and  has  a  fair  amount  of  sulphureted  hydrogen  gas. 
It  is  indicated  in  catarrhal  in-itation  and  inflammation  of 
the  genitourinary  tract,  and  has  proved  of  service  in 
cystitis,  Bright's  disease,  dyspepsia,  and  constipation. 
It  is  largely  used  for  bathing  purposes. 

Among  other  valuable  springs  at  Byron  are  the  "  Iron  " 
spring,  a  well-marked  alkaline-chalybeate  water;  the 
"  Hot  Salt "  spring,  having  a  temperature  of  122.3'  F.  and 
much  used  for  bathing:  the  "Iron  Pipe"  spring,  and  the 
"  Surprise"  spring.  This  latter  spring  is  one  of  the  most 
heavily  charged  saline  waters  in  the  world,  containing 
1,5,000  grains  of  common  salt  to  each  United  States  gallon 
of  231  cubic  inches.  With  other  mineral  ingredients  it 
is  known  to  possess  over  18,000  grains — about  40  ounces, 
or  33  per  cent,  of  solid  constituents  to  the  gallon.  The 
following  comparative  table  of  heavy  waters  shows  the 
Surprise  spring  to  be  one  of  the  most  remarkable  known. 

ONE  United  States  Gallon  Contains  : 

Grains. 

Sea  water 2,138.91 

Mono  Lake  (Cal.) 2,91,5.16 

Castallan  .Mineral  Spring  (Cal.) 4.422.3.5 

Owens  Lake  (Cal.) 7.0(111.60 

Syracuse,  N.  Y.  (salt  well) 9.221.(10 

Salt  Lake  (Utah) about  ll.oauiO 

Dead  Sea  (Holy  Land) 13,4Sx.lO 

St.  Clair  Springs  (Mich.) 17,701.60 

Clark's  Red  Cross  Mineral  Springs  (Mich.) 17,825.77 

Byron  Surprise  Spring 18,773.73 

The  water  is  highly  diuretic  and  laxative  when  taken 
internally,  and  ought  to  be  valuable  for  bathing  purposes. 
Two  large  bath  houses  have  been  built  at  Byron,  fitted 
with  sulphurous,  steam,  vapor,  and  water  baths  in  tub 
or  plunge,  at  all  temperatures.     The  moor  or  mud  baths 
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form  an  important  feature  of  this  resort.  The  hot  sul- 
phurous, saline  mud  has  become  famous  in  tiie  treatment 
of  obstinate  cases  of  rheumatism,  gout,  arthritic  joints, 
scrofula,  and  skin  diseases.  The  following  analysis 
shows  the  mineral  constituents  of  this  mud : 

One  United  States  Gallon  Contains  : 

Solids.  Grains. 

Sodium  clilriride ~'i-^2 

Sc.diiiiii  phosphate g.l6 

p, .Nissiiuii  ■lilnride ■*•* 

Piitiissiiini  iodide S- 

Poia.s,<iiiiii  linMiddf Trace. 

Jlat'iiosiiiiii  chloride 2M 

MaL'lu'sinlri  sulphate 19.60 

Cal.il hloride "-50 

CaliiMui  sulphate 36.0o 

Calcium  earhonate 3.09 

Ferrous  sulphate -76 

Ammonium  chloride Trace. 

Silica 5-63 

Organic  matter '  -o* 

Totiil 435.83 

Free  carbonic  acid  eas 17.T.5  cubic  inches. 

Free  sulphureted  hydrogen 14.50  " 

Temperature  ol  mud 110°  F. 

References. 

Wfnslow  Anderson:    The  Mineral  Springs  and    Health  Eesorts  of 

California,  imi. 
J.  K.  Crook  :  The  Mineral  Waters  of  the  United  States,  1899.  . 

James  K.  Crook. 

CACAO,  BUTTER  OF.— Oleum  T/ieobromatis.  Oil 
of  Theobroma.  "  Oicoa  Biiller."  "A  fi.xed  oil  expressed 
from  the  seeds  of  Theobroma  CacnoL.  (fam.  Sterciiliace(p)  " 
(U.  S.  P.).  The  oliocolate  tree  is  a  native  of  tropical 
South  America,  where  we  have  occasionally  seen  small 
forest  areas  which  consisted  almost  wholly  of  it.  These 
wild  trees  only  occasionally  produce  fruit,  for  wliicli  the 
trees  are  very  extensively  cultivated  in  all  tropical  coun- 
tries. Tliere  is  great  variation  in  the  ([uality  of  the  seeds 
coming  from  dillerent  regions.  Under  cultivation,  the 
tree  grows  like  an  apple  tree,  whicli  it  closely  resembles, 
from  a  distance,  in  form  and  general  appearance.  The 
oblong-ovate  leaves  are  about  a  foot  in  length,  thick,  and 
rich-looking.  The  flowers  are  small  and  inconspicuous, 
growing  in  little  cymes  directly  from  the  bark  of  the 
branches,  or  even  of  the  trunk.  The  fruit,  about  six  to 
ten  inches  long  and  half  as  thick,  is  oblong-ovoid,  coarsely 
ribbed  or  grooved,  so  as  to  look  not  unlike  a  narrow, 
pointed  melon.  It  has  a  thick,  hardish  rind,  like  a 
pumpkin  or  squash,  and  its  color  varies  through  shades 
of  yellow,  orange,  and  red  to  purple.  It  is  tilled  with  a 
whitish  pulp,  as  soft  as  the  flesh  of  a  ripe  melon  and  of 
a  very  fine  texture.  The  numerous  seeds  are  embedded 
in  this  pulp  and  attached  to  a  soft  central  placenta.  This 
pulp  forms  the  basis  of  a  delicious  .ielly  of  a  beautiful 
purple  or  wine  color.  The  seeds,  after  being  cleaned  of 
the  pulp,  are  known  as  raw  seeds.  In  this  condition  they 
are  bitter  and  astringent  and  unlit  for  use.  Two  methods 
of  curing  are  in  vogue.  The  first  is  to  enclose  them  in 
tight  boxes  and  allow  them  to  "sweat."  The  second  is 
to  "  clay  "  them  by  burying  in  holes  in  the  earth.  Either 
process  results  in  fermentation,  b,y  which  the  outer  coat- 
ing is  caused  to  peel  off.  and  they  lose  their  disagreeable 
taste.  They  are  then  dried,  cleaned,  and  marketed  under 
the  name  "cacao"  (pronounced  (kah-kah -o;  or  in  Eng- 
lish, kaykay -o).  Venezuelan  cla.yed  cacao  is  probatjly 
the  most  highly  esteemed  and  is  the  most  expensive.  The 
seeds  are  atjout  as  large  as  unshelled  almonds,  oblong- 
ovoid  and  somewhat  flattened,  blunt  at  both  ends,  of 
some  shade  of  brown,  veiny  on  the  outer  surface.  The 
shell  is  thin  and  brittle,  the  cotyledons  friable  and  fatty. 
The  latter  are  wrinkled,  and  in  good  seeds  fill  the  cavity 
loosely,  with  an  irregular,  small  space  in  the  centre. 
The  taste  is  slightly  bitterish,  but  agreeable.  For  choco- 
late manufacture,  the  seeds  are  roasted  and  shelled  and 
the  kernels  finely  ground  into  a  paste,  with  or  (usually) 
without  a  very  slight  addition  of  water.     In  the  process 


a  portion  of  the  oil  separates.  In  the  earlier  manufacture 
in  the  United  States,  this,  with  frequently  an  additional 
portion,  was  removed,  making  our  chocolate  dry.  We 
have  since  learned  so  well  from  our  tropical  relatives 
that  we  not  only  retain  all  of  this  oil,  but  abstract  a  por- 
tion in  making  the  poorer  grades  of  chocolate,  to  add  to 
the  richer  and  finer  grades. 

The  seeds  yield  almost  half  their  weight  of  fat,  about 
a  third  as  much  albuminous  matter,  considerable  starch, 
and  about  one  and  one-half  per  cent,  of  the  alkaloid  t/ieo- 
liromine.  The  shells  removed  from  the  seeds  yield  about 
one  per  cent,  of  this  alkaloid.  They  are  utilized  for  the 
preparation  of  an  inferior  drink.  The  use  of  chocolate 
produces,  in  a  milder  degree  and  after  a  longer  time,  the 
cerebral  stimulation  of  cofl'ee.  As  the  latter  acts  through 
its  caffeine,  which  is  methyl  theobromine,  it  would  ap- 
pear that  some  transformation  of  the  theobromine  of 
chocolate  must  occur  in  the  system. 

Cacao  butter  is  obtained  Irom  the  seeds  by  the  aid  of 
heat,  either  by  pressing  with  heated  rollers  or  Ijy  boiling. 
The  cake  which  remains  is  ground  into  "breakfast 
cocoa.  "  The  cacao  butter  occurs  in  cakes  of  a  yellowish- 
white  color;  has  a  slight,  agreeable  odor  and  an  oily 
taste,  a  little  like  that  of  chocolate.  Its  specific  gravity 
is  from  0.970  to  0.980.  It  melts  at  from  86°  to  91.4°  F., 
and  is  soluble  in  lltO  parts  of  alcohol.  It  is  much  sub^ 
jcct  to  adulteration  with  other  fats,  for  the  detection  of 
which  the  Pharmacopceia  provides  ample  tests.  The 
peculiarities  of  this  fat  are  its  hardness  and  its  melting 
point,  at  about  the  temperature  of  the  body.  This  com- 
bination renders  it  exceptionally  useful  for  the  making 
of  suppositories  and  bougies.  As  it  does  not  readily 
decompose  like  other  fats,  it  becomes  a  useful  base  for 
medicaments,  and  is,  for  the  same  reason,  frequently  em- 
ployed in  hot  countries  as  a  delicious  substitute  for  but- 
ter.    It  has  no  distinctly  medicinal  action. 

Henry  H.  Riisby. 

CACHEXIA.— General  Pathology.— Definition.— 
The  term  as  now  used  designates  a  condition  of  marked 
ana?mia  associated  with  great  emaciation.  The  causes 
of  the  condition  are  many.  Formerly  the  term  was  used 
rather  loosely  to  designate  an.y  state  of  deterioration  of 
the  general  health.  This  led  to  its  use  as  a  generic  term, 
while  numerous  specific  terms  designated  the  causes  in 
individual  cases;  thus.  C.  canceratica,  C.  cardiaca,  etc. 

Etiology. — Cachexia  is  not  associated  with  the  pri- 
mar)'  anaemias,  namely,  |iernicious  anoemia,  chlorosis, 
leukasmia,  and  jiseudo-leuka-mia.  In  these  the  general 
bulk  of  the  frame  is  well  maintained,  and  in  some  cases 
may  be  increased.  In  the  secondary  anaemias  the  asso- 
ciated emaciation  in  grave  cases  leads  to  the  typical  pic- 
ture of  cachexia. 

The  term  cachexia,  however,  is  especially  used  in  con- 
nection with  certain  diseases.  The  most  generally  recog- 
nized types  occur  in  malaria,  syphilis,  lead  poisoning, 
gastric  carcinoma,  and  infantile  scurvy.  It  is  well,  how- 
ever, to  consider  all  the  pathological  processes  which 
may  lead  to  this  state.  The  condition  resulting  from  the 
rernoval  of  the  thyroid  gland,  sometimes  spoken  of  as 
cachexia  strumipriva,  is  a  special  condition  not  to  be 
considered  under  the  general  subject  of  cachexia. 

In  this  connection  the  work  of  Lazarus*  on  the  sec- 
ondary anaemias  has  been  largely  drawn  from;  his  etio- 
logical classification  is  especiallj'  valuable.  He  divides 
the  secondary  anaemias  into  three  classes.  (1)  hypoplastic, 
due  to  insufficient  blood  formation;  (3)  consumptive, 
caused  by  abnormally  extensive  destruction  of  the  blood; 
and  (3)  complex,  resulting  from  a  combination  of  these 
two  causes.  Of  the  consumptive  anaemias  the  post- 
ha?morrhagic  is  the  purest  type.  In  most  cases  the  patho- 
loffical  processes  are  so  complex  that  it  is  impossible  to 
determine  whether  the  hypoplastic  or  the  consumptive 
factor  obtains.  The  examination  of  the  blood  gives  no 
clew  to  the  cause,  ai  the  hfematology  of  most  of  the  second- 
ary ansemias  is  practically  the  same. 

* Ehrllch-Lazarus :  "Die  Anaemie,"  II.  AbtheUung,  1900. 
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Krehl  *  says  that  the  hj'poplastlc  ansemias  are  due  to 
an  injury  of  some  organ  concerned  in  the  production  of 
a  constituent  of  the  blood.  It  is  certain  that  man_v 
organs  are  concerned,  and  a  disturbance  of  any  one  of 
these  may  bring  about  the  result. 

The  consumptive  auKmias  may  involve  the  destruc- 
tion of  normally  produced  blood.  Here,  also,  many 
organs  are  probably  concerned.  The  production  of  sub- 
stances necessary  for  the  preservation  of  the  erythrocytes 
in  the  plasma  might  be  limited,  or  deleterious  substances 
might  be  produced.  As  another  possibility  might  be 
mentioned  acceleration  of  the  normal  destruction,  b}' 
whatever  processes  that  is  brought  about. 

An  evidence  of  increased  destruction  within  the  body 
is  an  increase  in  the  amount  of  iron  in  the  liver,  spleen, 
and  bone  marrow.  When  the  anaemia  is  due  to  loss  of 
blood,  the  amount  of  this  iron  is  decreased  as  a  result  of 
the  activity  of  the  regenerative  processes. 

The  causes  of  the  secondary  anaemias  may  be  classified 
as  follows : 

I.  Hiemorrhages. 

II.  Insufficient  nourishment  and  bad  hygienic  sur- 
roundings. 

III.  Malignant  tumors  and  other  organic  diseases,  poi- 
sons, parasites,  etc. 

I.  Hivmorr/iaffes. — The  loss  of  blood  may  occur  from: 
(1)  the  nose:  (2)  the  lungs:  (3)  the  gastro-iutestinal  tract 
in  association  with  ankylostoma  duodenale,  ulcus  ven- 
triculi  et  duodeni,  malignant  tumors,  and  hemorrhoids: 
(4)  the  genital  tract  in  women:  (.5)  the  bladder:  and  (6) 
it  may  also  occur  in  the  various  forms  of  hiemorrhagic 
diathesis.  Considerable  losses  are  compensated  for  if 
sufficient  intervals  occur  between  the  hfemorrhages.  The 
more  frequent  the  haemorrhages  the  longer  is  the  time 
required  for  this  compensation. 

II.  Insufficient  J^'otiris/iment  and  Bad  Hygienic  Condi- 
tions.— No  satisfactory  explanation  of  the  anferaia  is 
given.  Improper  food  and  surroundings  (light,  air), 
hard  work,  and  mental  distress  are  ordinarily  given  as 
the  causes.  Experiments  upon  professional  fasters  and 
upon  animals  have  shown  that  acute  and  complete  star- 
vation does  not  produce  ana;mia.  In  the  more  chronic 
cases,  however,  it  occurs  especially  when  the  diet  is  poor 
in  iron-containing  foods,  of  which  the  most  important  is 
meat.  As  these  are  the  most  expensive  foods,  this  is 
probably  an  important  factor  among  the  poorer  classes. 
In  infantile  scurvy  the  cachexia  associated  with  the  sub- 
periosteal extravasation  of  blood  is  usually  a  result  of 
improper  feeding.  Malted  milk  and  condensed  milk  are 
most  largely  responsible.  ^Vnimal  experimentation  and 
the  experience  of  members  of  polar  expeditious  in  the 
long  polar  nights  seem  to  show  that  lack  of  light  does 
not  produce  anwmia  or  have  any  other  bad  effects.  Con- 
cerning the  ill  effects  of  polluted  air,  little  is  known. 

III.  Malirinanl  Tiunors  and  Other  Organic  Diseases. 
Poi.ions.  Parasiles.  etc. — There  is  luirdly  au  important 
pathological  condition  that  does  not  have  its  effect  upon 
the  blood  and  upon  the  bulk  of  the  frame.  The  reduc- 
tion in  the  amount  of  food  in  disease  of  course  aids  in 
producing  ana-mia  and  emaciation. 

In  siippii  rations  there  is  a  loss  of  important  materials 
and  a  considerable  additional  expenditure  of  energy. 
The  great  draft  upon  the  bone  marrow  is  shown  experi- 
mentally by  the  increase  of  the  red  marrow,  and  by  the 
relative  increase  of  the  neutrophiles  —  especially  the 
mononuclear  forms — and  the  relative  decrease  of  the 
eosinophiles. 

In  spermatorrhmi,  lactorrhaa.  catarrhof  the  air  passages 
and  of  the  alimentary  tract,  the  same  causes  obtain. 

In  albuminuria  the  loss  of  albumin  probably  brings 
about  a  state  of  hydrnemia,  and  this  latter  condition  no 
doubt  exerts  a  deleterious  effect  upon  the  red  blood  cor- 
puscles. The  associated  intoxication  is  also  probably  a 
factor. 

In/^rf?-*  the  amoimt  of  hydrobilirubin  in  the  urine  is 
to  a  certain  extent  a  measure  of  the  destruction  of  the 

*  KreW :  "  Pathologische  Physiologie,"  Leipzig,  1S98,  S.  135. 


red  blood  corpuscles.  Experimentally  the  simple  eleva- 
tion of  temperature  probably  does  not  increase  metabol- 
ism extensively,  or  alter  the  "quality  of  the  blood.  Prac- 
tically, however,  the  associated  intoxication,  as  in  the 
infectious  diseases,  is  probably  the  important  factor. 
The  toxins  may  exert  an  erythrocytolytic  ftmction 

Diseases  of  the  Digestive  'react.  These  are  among  the 
most  frequent  causes.  Limitation  of  alimentation  and 
intoxication  operate  as  factors  here.  Decreased  excre- 
tion of  toxins,  and  pos.sibly  auto-intoxication,  occur. 

In  syphilis  the  ameinia  and  emaciation  are  probably 
due  to  the  specific  toxin  of  the  disease. 

Tumors.  Uncomplicated  benign  tumors  have  no  effect 
upon  the  general  health.  Uncomplicated  malignant 
tumors  produce  marked  ansemia  and  emaciation.  The 
cause  is  to  be  sought  in  a  toxin  which  increases  blood 
destruction  and  proteid  metabolism. 

Animal  Pai-asites.  Most  of  these  probably  produce 
toxins.  Tlie  eosinophilia  which  occurs  in  connection 
with  most,  if  not  all,  of  the  intestinal  parasites  is  to  be 
regarded  as  evidence  of  this.  This  is  true  of  oxyuris 
vermicularis.  In  the  case  of  ascaris  lumbricoides  the 
mechanical  irritation  may  be  a  factor.  With  the  echino- 
coccus  and  the  trichina  no  anajmia  occurs.  The  compli- 
cations seem  to  be  responsible  for  the  anaemia  in  the  case 
of  fllaria  sanguinis  hominis  and  distoma  ha?matobium. 
In  ankylostoma  dviodenale  the  blood  removed  by  the 
worm  is  an  important  factor.  In  the  urine  of  patients 
infected  with  this  worm  is  a  toxin  which  produces 
marked  anttmia  in  rabbits.  In  malaria  a  toxin  undoubt- 
edly exerts  an  influence  in  addition  to  the  direct  destruc- 
tion of  the  erythrocytes  by  the  parasites. 

Poisons.  In  lead  poisoning  the  anosmia  is  thought  to 
be  due  to  the  lesions  of  the  stomach  and  intestines. 
Arsenic  probably  destroys  the  erythrocytes  directly. 

In  any  of  the  above  conditions,  if  there  be  marked 
emaciation,  the  condition  of  cachexia  may  be  brought 
about. 

P.\THOL0GICAL   An.\TOMT    AIST)    HISTOLOGY. — Blood. — 

The  condition  of  the  blood  is  that  of  a  secondary  auicmia. 
In  only  a  few  forms  is  a  special  feature  noted ;  as,  for  in- 
stance, the  presence  of  parasites  in  the  case  of  malaria. 

Other  Organs. — The  skin  is  yellowish  rather  than  white, 
as  in  the  acute  ana?mias.  This  is  to  be  regarded  as  an 
expression  of  the  increased  destruction  of  the  erythro- 
cytes. The  tendency  to  oedema  and  haemorrhages  is  prob- 
ably due  to  changes  (fatty)  in  the  blood- vessels?  Ha-mor- 
rliages  may  occur  into  the  skin,  the  mucous  membranes, 
the  central  nervous  system,  and  the  serous  membranes. 
No  characteristic  changes  in  metabolism  are  known.  It 
is  often  impossible  to  saj'  whether  the  gastrointestinal 
disturbances  which  so  frequently  occur  are  primary  or 
secondary. 

Certain  lesions  sometimes  spoken  of  as  characteristic  of 
pernicious  anaemia  ma_y  also  occur  in  these  grave  second- 
ary antemias.  Such  are  ha?morrhages  into  the  omentum, 
fatt_v  degeneration  of  the  heart,  degenerations  in  the 
brain  and  spinal  cord,  and  atrophy  of  the  mucous  mem- 
brane of  the  gastrointestinal  tract.  Changes  in  the  bone 
marrow  consist  of  au  increase  of  the  red  marrow.  This 
may  graduall.v  encroach  upon  the  territory  of  the  yellow 
marrow  in  the  shafts  of  the  long  bones. "  However,  the 
hyperplastic  marrow  has  normal  histological  characters. 

In  the  emaciation  the  most  important  tissues  suffer 
least.  The  greatest  reduction  is  of  the  fat :  then  follow 
the  muscles,  skin,  liver,  bones,  heart,  and  central  nervous 
system.  The  organs  show  no  striking  histological  altera- 
tion. The  atrophy  of  the  fatty  tissues  is  described  as 
follows  by  Ribbert.*  In  cases  of  marked  cachexia  the 
fat,  especially  of  the  epicardium,  may  assume  an  a>de- 
matous,  gelatinous  character.  In  frozen  sections  of  the 
fresh  tissue  one  sees,  in  place  of  the  large,  closely  packed 
fat  cells,  groups  of  fat  droplets  in  a  clear  vascular  tissue. 
Under  a  high  power  these  groups  are  seen  to  be  con- 
tained within   cells  which   represent  the  atrojihied  fat 


*  Ribbert :  "  Lehrbuch  der  pathologiscben  Hlstoloffle, 
S.  11. 
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cells.  If  the  process  is  still  more  advanced  they  take  on 
the  character  of  the  ordinary  connective-tissue  cells. 
Between  these  are  connective-tissue  fibres. 

H.  8.  Steensland. 

CACHEXIA    STRUMIPRIVA.      See    Thyroid    Gland, 

CACTACE/€.— (The  Cactus  family. )  This  strange  and 
interesting  family  of  plants  occupies  as  yet  a  most  un- 
certain place  in  the  materia  medica.  It  comprises  some 
twenty  genera  and  probably  si.\  hundred  species,  and  its 
study  is  no  less  difficult  for  the  botanist  than  for  the 
pharmacologist.  The  plants  grow  chieflj'  in  desert  re- 
gions, lieing  competent  to  witlistand  the  most  extreme 
conditions  of  aridity,  and  interest  centres  chiefly  in  their 
defensive  provisions.  The  absence  of  leaves,  which  are 
usually  metamorphosed  into  spines,  protects  them  against 
desiccation.  The  succulent  nature  of  their  stems  causes 
them  to  be  sought  by  hungry  and  thirsty  animals.  In 
times  of  cattle  famine,  the  spines  are  burned  olT  and  the 
stems  then  used  as  fodder,  while  a  wholesome  water 
supply  can  be  obtained  from  cavities  scooped  out  in  the 
bodies  of  some  of  the  thicker  species.  Against  destruc- 
tion from  such  causes,  most  of  them  are  protected  by 
their  armament  of  spines.  Those  which  lack  this  arma- 
ture are  commonly  protected  by  poisonous  alkaloids,  and 
attempts  have  been  made  to  utilize  some  of  these  in 
medicine.  The  important  drugs  of  the  family  are  the 
Cactus  (/randifloniif  and  the  Mezcnl  Buttons,  which  see. 

Their  ohysiological  properties  are  diversified.  The 
berry-like  fruits  are  commonly  edible,  and  some  of  them, 
like  the  Prickly  Pear  or  Tunya,  are  of  much  economic 
importance.  Several  of  them  are  hosts  for  the  valuable 
cochineal  insect.  Manj'  succulent  plants  not  related  to 
this  family  are  popularly  called  cactuses. 

Henry  H.  Rusby. 

CACTUS  GRANDIFLORUS— Cereus Gr-^ndiflohus. 
The  tloweis  uf  dri  us  f/nindiflorns  (L.)  Miller  (fam. 
Caciacetr).  The  stems  have  also  been  used.  This  plant, 
the  well-known  Night-Blooming  Cereus  of  cultivation, 
is  a  native  of  the  West  Indies,  and  flowers  in  August. 
Adulteration  with,  or  substitution  by,  the  flowers  of 
Opuntia  decuinana  Haw.  is  very  extensive.  The  flowers 
of  the  latter  are  cup-shaped,  about  an  inch  long  and 
broad,  with  stamens  one-fourth  or  one-half  of  an  inch 
in  length ;  while  the  genuine  flowers  are  eight,  to  ten 
inches  in  diameter  when  fully  spread  out,  and  have 
stamens  two  or  more  inches  long.  3Iucli  of  the  contra- 
dictory testimony  as  to  composition  and  properties  is 
doubtless  due  to  this  irregularity  in  the  drug  used,  yet 
there  is  a  wide  discrepancy  of  opinion  as  to  the  merits  of 
that  which  is  genuine.  No  efforts  appear  to  have  been 
made  to  compare  the  flowers  collected  in  different  stages 
of  maturity.  The  facts  here  stated,  however,  appear  to 
be  fairly  well  established.  Both  the  stems  and  the  flow- 
ers appear  to  be  active,  but  the  latter  more  so.  An 
alkaloid  and  a  glucoside  are  claimed,  but  our  information 
iTLiarding  them  is  very  meagre  and  indefinite.  The  drug 
is  a  cardiac  stimulant  of  peculiar  action.  It  does  not 
affect  the  stomach  nor  the  centres  as  digitalis  does.  It 
increases' blood  pressure  by  quickening  and  strengthen- 
ing the  heart  beat,  through  direct  action  upon  its  nerves. 
Wilcox,  who  has  studied  it  extensivelj',  is  positive  in  as- 
serting its  value  in  aortic  regurgitation,  where  digitalis 
cannot  be  used,  but  its  injuriousness  in  mitral  stenosis. 
He  recommends  it  generally  in  relative  cardiac  incom- 
petency and  functional  cardiac  weakness.  The  dose  of 
the  fluid  extract  is  0.6  to  3  c.c.  (tHx.  to  xxx.). 

Henry  H.  Rusby. 

CADAVER,  LEGAL  STATUS  0?.— Scope  of  tU  Sub- 
ject.— The  enactments  of  State  legislatures  and  the  regu- 
lations of  sanitary  codes  in  regard  to  the  cadaver  con- 
stitute the  purely  legal  side  of  the  subject,  and  are  too 
extensive  to  be"  considered  in  detail.  So  far  as  they 
affect  physicians,  as  practitioners,  investigators,  instruc- 


tors, and  medical  examiners,  they  fall  within  the  scope 
of  an  article  suitable  for  this  Handbook. 

Questions  involving  the  cause  of  death,  and  such  other 
deductions  as  only  a  person  possessing  expert  anatomi- 
cal, medical,  and  surgical  knowledge  would  be  able  to 
make  from  an  examination  of  the  cadaver,  constitute 
the  medico-legal  side  of  the  subject.  Those  matters, 
which  can  be  determined  only  by  an  autopsy,  have  been 
considered  in  Vol.  I  under  Autopsies.  Medico- Legal  Rela- 
tions of.  Besides  pathological  conditions,  the  cadaver 
presents  certain  appearances  which  form  a  basis  for  the 
determination  of  the  fact  of  death,  of  the  time  when  it 
occurred,  and  of  the  identity  of  the  dead  person. 

Legal  Aspects. — If  we  cousider  the  subject  from  the 
physician's  standpoint,  it  will  be  sufficient  for  us  to  enu- 
merate the  latter's  duties  and  privileges  in  relation  to 
the  cadaver;  we  shall  scarcely  be  expected  to  specify  in 
detail  the  statutes  and  codes  that  relate  to  the  subject. 
For  more  detailed  information  in  regard  to  the  latter  the 
reader  is  referred  to  an  excellent  article  by  T.  C.  Becker 
on  the  "Legal  Status  of  the  Dead  Body,"  in  Witthaus 
and  Becker's  "Medical  Jiuisprudence,  Forensic  Medi- 
cine, and  Toxicology." 

A  death  having  occurred  in  a  physician's  practice,  it 
is  his  duty  to  examine  the  cadaver  and  verify  the  occur- 
rence by  unmistakable  signs  presented.  (These  will  be 
discussed  further  on.)  No  statute  or  code  requires  this 
in  so  many  words,  but  the  physician's  "Certificate  of 
Death "  presupposes  such  examination  to  have  been 
made. 

The  "  Certificate  of  Death'"  is  a  record  and  legal  proof 
of  death.  The  form  is  furnished  by  the  health  authori- 
ties, and  on  its  reverse  side  it  contains  terse  information 
about  the  legal  requirements.  The  extent  to  which  these 
are  either  neglected  or  disregarded  in  New  York,  and 
presumably  elsewhere,  is  remarkable.  Such  neglect  is 
frequently  responsible  for  many  vexatious  occurrences 
that  miglit  and  should  be  avoided. 

The  attending  physician  must  furnish  such  a  certificate 
within  a  specified  time  (thirty-six  hours,  according  to 
the  New  York  Sanitary  Code,  sec.  180). 

The  physician  must  be  officially  registered  (New  York 
Sanitary  Code,  sec.  5. ;  Bureau  of  Records). 

The  cause  of  death  must  be  sufficient,  no  mere  symp- 
tom being  given  as  the  sole  cause. 

When  a  cause  of  death  is  given  which  might  possibly 
be  the  result  of  injury,  if  such  is  not  the  case  the  certifi- 
cate should  make  that  fact  jjlain. 

If  death  is  due  to  other  than  natural  causes,  the  case 
must  be  referred  to  the  coroner,  county  physician,  medi- 
cal examiner,  or  justice  of  the  peace,  according  to  the 
law  of  the  State.  In  doubtful  cases  the  practitioner 
should  not  furnish  the  certificate  unless  authorized  to 
do  so  by  the  proper  official.  Such  cases  are  specified  by 
statute  in  the  various  States.  That  of  New  York  State 
is  very  broad.  If  a  person  dies  from  criminal  violence, 
or  by  a  casualty,  or  suddenly  while  in  apparent  health, 
or  when  unattended  by  a  physician,  or  in  prison,  or  in 
any  suspicious  or  unusual  manner,  the  case  must  be  re- 
ferred to  the  coroner's  office  (chap.  410,  sec.  1,773,  laws 
of  1883). 

Still-Birth. — The  still-born  fcetus  or  child  at  fidl  term 
is  certainly  a  dead  human  body,  having  been  alive  in 
utero ;  yet  the  law  takes  no  cognizance  of  this  fact,  and 
does  not  require  an  incjuiry  into  the  cause  of  death,  un- 
less it  can  be  proved  that  the  child  was  born  alive  and 
capable  of  maintaining  a  separate  existence ;  the  decision 
of  the  former  fact  being  based  upon  breathing ;  of  the 
latter,  upon  normal  formation  and  sufficient  develop- 
ment. 

The  physician  or  midwife  in  attendance  at  a  still-birth 
should  make  a  report  thereof  to  the  proper  authorities. 
In  New  York,  certificates  are  furnished  by  the  Bureau 
of  Vital  Statistics,  and  these  certificates  require,  besides 
other  information,  a  statement  of  the  "cause  of  death- 
birth,  if  known." 

Concealing  the  birth  of  a  child,  which  if  born  alive 
would  be  a  bastard,  is  punishable  in  seventeen  States. 
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A  failure  on  the  part  of  the  physican  to  make  a  proper 
return  to  the  authorities  in  a  case  of  this  nature  might 
be  construed  as  such  concealment. 

Autopsies. — In  cases  in  which  the  coroner,  county  ph}'- 
sician,  medical  examiner,  or  justice  of  tlie  peace  has  juris- 
diction, an  autopsy  may  be  ordered  or  performed  b^-  him 
(county  physician,  medical  examiner,  coroner's  jihysi- 
cian)  to  ascertain  the  cause  of  death.  If  the  body  has 
heeu  interred,  the  coroner,  justice  of  the  peace,  or  dis- 
trict attorney — this  duty  falling  upori  a  different  officer 
In  different  States — maj'  exhume,  take  possession  of,  and 
remove  the  body  or  an_v  portion  thereof,  and  submit  the 
same  to  a  proper  physical  or  chemical  examination  or 
analysis  to  ascertain  the  cause  of  death,  which  in  New 
York  "will  be  made  on  the  order  of  a  justice  of  the 
supreme 'court  of  the  State,  or  the  county  judge  of  the 
county  in  which  the  dead  l)od_v  shall  l)e,  granted  on  the 
application  of  the  district  attorney,"  etc.  (sec.  308,  Penal 
Code,  subdiv.  3,  as  amended  by  chap.  500.  laws  of  1889). 
■When  tlie  officials  mentioned  have  no  jurisdiction,  an 
autopsy  may  be  authorized  by  husband,  wife,  or  next  of 
kin.  If  no  relatives  charged  bylaw  with  the  duty  of 
burial  are  at  hand,  and  the  deceased  has  left  a  will,  his 
executors  may  authorize  the  performance  of  an  autopsy. 
If  the  body  "has  been  interred,  it  may  be  exhumed  on 
such  authoiization  with  the  permission  of  the  health  au- 
thorities. 

The  removal  or  disinterment  of  a  dead  body  without 
authorit}-  of  law,  or  consent  of  relatives,  for  the  purpose 
of  selling  such  bod}',  or  for  dissection,  or  for  mere  wan- 
tonness, is  a  felony,  misdemeanor,  and  punishable  by  sen- 
tences which  vary  in  different  States. 

Tlie  time  that  should  be  allowed  to  elapse  before  per- 
forming an  autopsy  is  not  specified  by  statute.  It  is 
best  to  await  tlie  development  of  unmistakable  signs  of 
death,  the  time  for  which  varies  in  different  cases  and 
under  different  circumstances.  This  matter  is  discussed 
further  on. 

Dissection  of  bodies  unclaimed  by  relatives  or  friends 
for  burial  is  permitted  by  various  State  enactments. 
Their  phraseology  varies.  In  general,  they  are  worded 
so  as  to  include  the  bodies  of  criminals  executed  under 
sentence,  those  of  persons  d_ving  in  jails,  poorhouses, 
asylums,  and  public  hospitals,  and  those  lying  in  under- 
takers' establishments — in  brief,  bodies  which  would 
otherwise  be  buried  at  the  public  expense.  Dissection 
is  prohibited  in  some  States,  under  the  following  circum- 
stances: if  the  deceased  in  his  last  illness  expressed  the 
wish  that  his  body  should  not  be  used  for  such  a  pur- 
pose; if  relatives  or  friends  withhold  their  consent;  if 
deceased  was  a  stranger  or  a  traveller;  or,  finally  (in 
Maine),  if  ten  voters  object. 

The  Po>rers  and  Duties  of  Coroners,  County  Physicians, 
Medical  Examiners,  and  Justices  of  the  Pence  in  relation 
to  the  disposition  to  be  made  of  a  cadaver.  A  considera- 
tion of  the  coroner's  inquest,  and  of  the  systems  which 
have  superseded  it.  although  related  to  this  subject, 
would  occupy  more  space  than  can  be  spared  in  the 
present  article,*  In  those  cases  in  which  these  officials 
have  jurisdiction,  no  disposal  may  be  made  of  the  body 
without  their  sanction.  No  person,  however,  would  be 
adjudged  as  infringing  such  authority  if  he  were  imme- 
diately to  cut  down  a  suspended  body  on  the  chance  of 
life  not  being  extinct,  or  if  he  should  in  some  other  man- 
ner lay  hold  of  the  body  in  efforts  at  restoration. 

The  wisdom  of  having  an  official  who  is  duly  author- 
ized, in  a  suspicious  case,  to  take  possession  of  the 
cadaver,  of  its  effects,  and  e\en  of  the  quarters  in  which 
it  is  found,  while  at  the  same  time  all  other  unauthor- 
ized persons  are  prohibited  from  disturbing  the  body,  its 
effects,  or  the  quarters  in  which  it  is  found  before  such 
official  possession  is  taken,  is  apparent,  when  the  great 
importance  of  a  proper  record  of  all  details  in  relation 
to  the  cadaver  and  its  surroundings  as  first  discovered 
is  considered.     Circumstances  which  seem  at  the  time  to 


♦  Vuie  "The  Powers  and  Duties  of  Coroners  and  Medical  Exam- 
Iners,"  by  August  Becker,  in  Witthaus  and  Becker's  "Med.  Jurisp., 
Forensic  Med.,  and  Tox.,"  vol.  i. 


be  trivial  may  prove  of  prime  importance  at  the  trial. 
Expert  medical  knowledge  is  very  useful  in  the  first  ex- 
amination of  the  cadaver,  especially  in  relation  to  the 
po.sition  which  it  occupies  in  the  midst  of  surrounding  ob- 
jects; to  the  disposition  of  any  blood  and  stains  that'may 
be  present :  to  rigor  mortis,  and  to  other  signs  upon 
which  the  time  that  has  elapsed  since  death  took  place 
may  be  estimated.  Evidence  furnished  by  one  who  pos- 
sesses such  knowledge  is  more  to  be  depended  upon  than 
that  given  by  a  layman,  and  the  results  of  the  earlier  ex- 
amination are  naturally  more  valuable  than  those  secured 
after  the  cadaver  or  surrounding  objects  have  been  dis- 
turbed. 

Determination  of  Death. — Immediate  continuance  of  life 
depends  upon  respiration,  circulation,  and  innervation. 
Cessation  of  any  one  of  these  functions  entails  that  of 
the  others.  Clinically  death  is  determined  by  complete 
arrest  of  both  respiratory  movements  and  heart's  action, 
on  examination  with  the  stethoscope.  Electro-musculai' 
irritability  may  still  continue  for  a  variable  length  of 
time,  not  longer  than  six  hours  thereafter.  Reaction  of 
the  pupil  to  light,  and  spasmodic  movements  of  facial 
muscles,  have  been  noted  in  cases  of  decapitation.  The 
pupil  may  react  to  atropine  for  as  long  a  time  as  four 
hours,  and  to  eserin  for  two  hours,  post  mortem.  Re- 
spiratory movements  and  heart's  action  do  not  necessar- 
ily cease  together.  Temporary  absence  of  respiration  is 
not  incompatible  with  the  continuance  of  life.  In  the 
new-born,  cases  are  on  record  in  which  respiration  was 
not  established  until  one  and  even  two  hours  after  birth. 
The  heart's  action  may  be  extremely  feeble  in  such  cases. 
even  inappreciable  by  the  stethoscope.  It  cannot  he 
doubted  that  respiratory  movements  may  be  so  shallow, 
and  the  heart's  action  so  slow  and  feelile,  that  both  may 
be  inappreciable,  though  not  necessarily  arrested.  The 
usual  clinical  determination  of  death,  although  correct  in 
the  vast  majority  of  cases,  must  therefore  be  considered 
as  entirely  inadequate.  No  grave  error  is  probable, 
however,  provided  the  conditions  be  kept  in  mind  under 
which  the  state  of  apjiareiit  death,  or  one  resembling  it 
in  some  of  its  phases,  is  produced. 

Apparent  Death  ;  I.cthnrf/t/  ;  Catalepsy. — Many  stories 
of  apparent  death,  and  of  burial  alive,  are  entirely  imag- 
inary or  are  based  upon  certain  appearances  observed  in 
exhumed  remains — appearances  which  may  readily  be 
explained  as  effects  of  the  gases  of  decomposition.  A 
few  authentic  cases  are  on  record  in  which  life  seemed 
extinct,  but  afterward  became  evident  again.  In  these 
instances  respiratory  movements  and  heart's  action  could 
not  be  appreciated,  and  muscular  relaxation,  pallor,  and 
marked  reduction  of  surface  temperature  were  present. 
In  one  case  electro-muscular  irritability  was  preserved 
throughout  the  period  (thirty-three  hours)  of  apparent 
death.  It  is  hardly  credible  that  respiration  and  circula- 
tion were  actually  arrested. 

Besides  the  condition  of  apnoea  in  the  new-born,  and  in 
cases  of  submersion  in  which  it  is  stated  respiration  has 
been  established  after  a  lapse  of  half  an  hour  oi  even 
longer,  the  conditions  of  lethargy  and  catalepsy  might  be 
mistaken  for  death  by  the  laity,  and  occasionally  by  a 
physician,  if  reliance  were  placed  upon  apparent  arrest 
of  respiratory  movements  and  heart's  action  alone.  The 
muscular  relaxation  of  lethargy,  with  apparent  arrest  of 
respiration  and  circulation,  reduction  of  tcmiierature, 
and  absence  of  reflexes,  maj'  closely  resemble  death. 
However,  there  are  other  signs  presented  by  tlie  cadaver, 
even  within  a  few  hours  after  death,  which  render  the 
decision  quite  easy.  The  rigidity  of  catalepsy,  although 
presenting  some  resistance  to  passive  motion,  is  readily 
overcome,  and  after  such  motion  the  limb  remains  rigid 
in  the  position  in  which  it  is  placed  (flexibilitas  cerea). 
■When  rigor  mortis  is  well  established  the  rigidity  does 
not  return  after  it  has  been  overcome.  Lethargy  and 
catalepsy  are  phases  of  the  hypnotic  condition  that  occur 
in  hysteria.  Lethargy  may  be  the  last  stage  of  one  of 
the  acute  infectious  diseases;  it  occurs  also  in  epilepsy 
and  in  the  sleeping  sickness  of  Africa,  and  it  may  follow 
cerebral  injuries.     Catalepsj'  also  occurs  in  melancholia, 
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in  ]irogressive  paralysis,  in  nieniugitis,  in  lirain  tumors, 
and  in  apoplectic  coma.  (For  further  information,  see 
under  these  headings.) 

Signs  of  Death,  their  Application.  — After  death  the 
body  presents  certain  appearances  which  are  due  to 
physical  and  chemical  changes.  The  character  of  these 
appearances,  their  causes,  the  time  of  their  inception, 
their  duration  and  disappearance,  are  matters  of  consid- 
erable importance,  both  as  signs  of  death  and  as  aids  in 
establishing  the  time  of  death.  JNIoreover,  a  thorough 
knowledge  of  these  cadaveric  appeaiances  and  of  their 
relations  to  different  pathological  processes  is  necessary 
if  one  wishes  to  avoid  drawing  unwarranted  conclusions. 
In  regard  to  establishing  the  time  of  death — often  a  very 
important  medico-legal  question — no  absolute  rule  can 
be  given,  since  the  cadaveric  appearances  maj'  be  subject 
to  variations  due  to  age,  sex,  constitution,  and  environ- 
ment of  the  cadaver,  and  to  the  cause  of  death  (namely, 
previous  disease,  injury,  or  poison).  Consequently, 
great  caution  is  necessary  in  arriving  at  a  conclusion,  and 
all  the  various  conditions  must  be  taken  into  account. 
It  will  therefore  be  best  to  consider  carefully  the  cadav- 
eric appearances,  or  signs  of  death,  seriatim,  their  iisual 
chronology,  and  the  variations  to  which  they  are  subject: 
and  at  the  Siime  time  the  conclusions  which  one  is  war- 
ranted in  drawing  from  these  appearances  should  be 
pointed  out. 

Muscular  Relaxation.  After  death  a  primary  period  of 
complete  muscular  rela.xation  precedes  the  onset  of  rigor 
mortis.  Some  observers  have  maintained  that  vohmtary 
muscular  contraction  at  the  time  of  death  may  imme- 
diately pass  into  post-mortem  rigidity  (cataleptic  rigor 
mortis  of  Du  Bois-Reymond). 

Reduction  of  Temperature.  The  cadaver  loses  heat  and. 
by  evaporation,  its  temperature  sinks  below  that  of  the 
surrounding  atmosphere.  E.xceptionally  a  rise  of  tem- 
perature occurs  post  mortem,  as  after  some  infectious 
diseases;  after  cholera,  tetanus,  and  diseases  of  the  cen- 
tral nervous  system:  after  asphy.xia:  after  poisoning 
(accompanied  by  asphy.xia  and  convulsions),  and  after 
injuries  of  the  brain  and  ujiper  part  of  the  spinal  cord. 
The  temperature  may  reach  44°  C.  (111.2°  F.),  and  be 
maintained  at  this  height  for  from  fifteen  to  twenty  min- 
utes. On  the  other  hau<l,  in  cases  of  hemorrhage,  drown- 
ing, and  exposure  to  cold,  and  possibly  in  those  of  burns 
and  scalds  (through  a  loss  of  epidermis),  the  temperature 
is  apt  to  sink  raijidly  (Hofmann).  Within  from  8  to  17 
hours  (according  to  Casjiar)  the  body  becomes  cold  to  the 
touch.  According  to  Seydeler,  a  period  of  from  23  to  38 
hours  is  required  before  complete  cooling,  as  shown  by 
the  use  of  the  thermometer,  takes  place.  Maschka's  in 
vestigations  showed  that  in  an  atmosphere  of  from  8°-l.")° 
R.  (50°-65.7°  F.),  adult  cadavers,  lying  upon  a  board  or 
mattress,  and  covered  with  a  sheet  or  simply  naked,  be 
came  cold  to  the  touch  in  from  8  to  10  hours.  (July  in 
rare  instances  was  a  period  as  long  as  from  11  to  13 
hours,  or  one  less  than  8  hours,  required.  Cooling  of 
the  parts  takes  place  in  the  following  order:  feet,  hands, 
and  face,  in  from  1  to  2  hours:  then  gradually  the  ex- 
tremities, chest,  back,  and  belly.  The  epigastrium, 
axilla,  and  neck  on  either  side  of  the  larynx  are  the  last 
spots  to  cool.  The  abdominal  organs  may  still  be  warm 
at  the  end  of  from  16  to  24  hours  after  death.  The  rate 
of  cooling  is  given  by  Goodhart  as  4°  F.  per  hour  in  the 
first  3  hours;  3°  F.  per  hour  in  the  next  6  hours:  there- 
after, a  little  more  than  1°  F.  per  hour.  Bowman  esti- 
mates the  rate  to  be  2'  P.  per  hour  for  the  first  8  hours. 

Cooling  is  postponed  for  a  period  of  from  2  to  3  hours 
by  clothing,  and  for  one  of  from  3  to  4  hours  by  bed 
covering,  h;iy,  or  straw.  In  a  case  reported  by  Maschka 
the  body  of  a  person  who  had  died  from  epilepsy  in  bed 
was  found  to  be  still  warm  after  the  lapse  of  14  hours: 
and  in  another  case,  one  of  homicide,  I'ejiorted  by  tlie 
same  author,  the  body,  covered  with  horse  hair,  was 
found  to  be  still  warm  after  16  hours. 

Obesity  may  postpone  complete  cooling  for  as  long  a 
time  as  from  2  to  3  hours.  The  bodies  of  those  who  are 
extremely  obese  may  have  the  same  degree  of  surface  tem- 


perature 12  hours  after  death  that  the  ordifiary  cadaver 
presents  after  the  lapse  of  2  hours  (Hofmann).  In  such 
cases  one  may  find  the  internal  organs,  30  hours  after 
death,  still  warm,  although,  as  a  matter  of  course,  the 
surface  of  the  body  will  be  cold. 

The  cadavers  of  the  new-born  and  of  infants  become 
cold  in  from  5  to  6  hours. 

In  ice  and  snow  cadavers  of  adults  raaj'  become  cold  iu 
half  an  hour  or  an  hour;  in  coUl  water  they  become  so  in 
from  an  hour  and  a  half  to  two  hours.  After  the  human 
body  has  been  in  water  at  18'  R.  (72.5  F. )  for  from  ten 
to  twenty  minutes  the  surface  may  already  be  cold,  and 
yet  the  epigastrium,  the  axilla',  and  the  neck  on  cither 
side  of  the  larynx  are  likely  still  to  manifest  some 
warmth  (Maschka). 

With  progressive  putrefaction  a  rise  of  temperature 
has  been  noted  (Mende). 

Evaporation  produces  changes  iu  the  eye,  skin,  mucosa 
of  the  lips,  and  hair. 

Eye. — The  glolie  loses  its  normal  tension,  becoming 
flaccid  and  .softer.  This  is  partly  due  to  post-mortem 
sinking  of  blood,  when  the  head  rests  in  the  usual  jjosi- 
tion  upon  the  occiput.  The  cornea  loses  its  transparency, 
and  is  thrown  into  folds  by  the  loss  of  intra-ocular  ten- 
sion. The  earliest  period  in  which  these  changes  become 
apparent  is  from  2  to  3  hours  after  death.  The  trans- 
parency of  the  cornea  may  be  retained  for  from  10  to  12 
hours,  or  even,  in  some  cases,  for  from  24  to  30  hours 
(Caspar-Limaii).  The  protection  afforded  by  closed  eye- 
lids favors  transparency,  exposure  favors  opacity.  The 
cornea  becomes  opaque  earlier  in  children  than  in  adults. 
All  influences  favoring  putrefaction,  as  septica'mia,  pyae- 
mia, and  an  abnormally  high  temperature  of  the  atmos- 
phere, tend  to  hasten  the  occurrence  of  these  changes. 
The  average  length  of  time  required  for  the  development 
of  distinct  flaccidity  is  from  .5  to  6  hours:  and  by  this 
time  slight  opacity  of  the  cornea  also  usually  devehjps. 
The  triangular  spots  described  by  Larcher,  with  base  at 
the  corneal  margin  and  apex  toward  the  external  canthus, 
of  a  yellowish,  bluish,  or  even  black  color,  are  not  al- 
ways present.  Tliey  raa.f  occur  from  3  to  5  houis  post 
mortem,  may  also  be  present  between  the  cornea  and  the 
internal  eanthu.s,  and  are  due  to  drying  of  the  conjunc- 
tiva and  sclera — a  change  which  allows  the  color  of  the 
choroidal  pigment  to  become  more  and  more  apparent. 

Skin. — Wherever  denuded  of  epidermis — whether  this 
occurred  before  or  after  death,  it  makes  no  difference — 
the  corium,  under  the  favoring  influence  of  evaporation, 
bec(mies  dry,  firm,  of  the  consistence  of  parchment  or 
leather,  and  light  _vellowish  brown.  At  a  still  later  time 
the  color  grows  darker,  and  may  even  become  black. 
Such  changes  may  be  apparent  in  the  course  of  2  or  3 
hours.  In  fat  subjects  the  cutaneous  fold  about  the  neck 
may  be  the  seat  of  excoriation  from  eczema  intertrigo. 
From  the  above  changes  in  drj'ing  post  mortem,  an  ap- 
pearance may  be  produced  which  simulates  the  marks 
left  by  a  constricting  band.  Such  a  condition  has  led  to 
the  mistaken  report  of  strangidation.  An  incision  will 
readily  show  that  the  change  is  confined  to  the  corium, 
there  being  no  evidence  of  subcutaneous  laceration  of 
tissue,  of  hemorrhage,  or  of  ecchymosis. 

Lips. — The  mucous  surface  of  the  lips  may  be  divided 
into  two  regions:  the  narrow  Vermillion  border  which  is 
adjacent  to  the  skin  and  is  smoother  and  more  intimately 
adherent  to  the  underlying  tissues :  and  the  remaining 
larger  portion,  which  is  thrown  into  folds,  owing  to  the 
fact  that  it  is  more  loosely  attached  to  the  submucous 
connective  tissue.  The  latter  portion,  more  especially  of 
the  upper  lip.  may  become  quite  drj'and  black  as  a  mere 
post-mortem  change,  the  condition  occurring  more  fre- 
quently in  children  than  iu  adults.  The  line  of  demarca- 
tion between  this  dry  and  black  portion  and  the  Vermil- 
lion border  is  under  these  circumstances  quite  straight 
and  distinct.  Such  a  change  may  occur  as  early  as  2  to 
3  hours  after  death.  It  has  been  mistaken  for  the  escha- 
rotic  effects  of  acids. 

The  hair  may  become  loosened  and  fall  out  or  be  easily 
pulled  out,  after  evaporation  of  fluid  from  the  hair  follicle. 
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Poat-MorUm  Hypostasis. — With  the  cessation  of  the  cir- 
culation the  skin  loses  its  pink  tint  and  becomes  intensely 
pale.  In  cases  of  cyanosis  (e.g.,  in  asphyxia,  pulmonary 
oedema,  heart  lesions,  and  alcoholism)  a  bluish  tint  maj- 
be  apparent,  especially  in  the  skin  of  the  face  and  neck. 
In  cases  of  carbon  monoxide  poisoning,  and  in  those  in 
■which  death  follows  exposure  to  a  low  temperature,  the 
pink  tint  of  the  skin  may  not  only  be  retained  but  even 
be  exaggerated.  The  pallor  of  those  portions  of  the 
cadaver  which  lie  uppermost  becomes  intensified  by  con- 
trast with  those  into  the  veins  and  capillaries  of  which 
the  major  portion  of  the  blood  flows  by  gravitation. 
The  position  of  the  cadaver  will  therefore  determine 
which  are  the  parts  that  are  likelj'  to  show  this  condition 
of  hypostatic  congestion.  When  the  blood  has  thus  col- 
lected in  sufficient  amount,  spots,  streaks,  and  patches 
appear  in  the  skin  of  the  dependent  portions.  At  first 
they  are  small,  separate,  and  light  red  or  purple  in  color, 
but  later  they  become  larger,  confluent,  and  dark  red, 
blue,  or  even  black  in  tint.  At  first,  while  the  blood  re- 
mains in  the  vessels,  the  color  may  be  made  to  disappear 
by  pressure.  Wherever,  therefore,  the  skin  is  subjected 
to  pressure,  such  spots  of  color  are  absent.  If  the  cada- 
ver has  been  Iving  upon  the  back  on  a  flat  surface,  pale 
areas  occtir  over  the  bony  prominences  of  the  scapula, 
the  dorsal  spines,  the  buttocks,  and  the  calf  of  the  leg. 
At  a  later  period,  with  the  first  onset  of  decomposition, 
the  serum  takes  up  blood-coloring  matter  and  transudes 
through  the  vessel  walls,  staining  the  surrounding  tis- 
sues.    Such  spots,  then,  cannot  be  removed  by  pressure. 

Post-mortem  hypostasis  also  occurs  in  internal  organs 
wherever  the  physical  conditions  are  favorable,  namel,y, 
in  the  pia  mater  of  the  posterior  portion  of  the  brain  and 
cord,  posterior  portions  of  the  lungs,  stomach,  and  intes- 
tinal wall,  bladder,  uterus,  and  adnexa,  when  the  body 
has  been  lying  upon  the  back.  The  kidney,  spleen,  and 
liver  do  not  present  conditions  equally  favorable  for  the 
occuri'ence  of  such  hypostatic  congestion.  Post-mortem 
transudation  of  serum  into  the  meshes  of  the  pia-arach- 
noid,  and  into  the  pericardial,  pleural,  and  peritoneal  sacs 
vciay  occur.  Such  conditions  are  frequently  mistaken  for 
congestion  and  inflammation,  and  should  not  alone  be 
relied  upon  in  making  such  a  diagnosis. 

E.rterntil  HyjiD.'ttims,  or  Post-Mortem  Spots. — With  a 
knowledge,  therefore,  of  the  manner  in  which  these  spots 
develop,  one  can  readily  appreciate  that  the  total  amount 
of  blood  in  the  body  and  the  degree  of  its  fluidity  will 
exert  an  appreciable  influence  upon  the  time  when  the 
external  hypostases  will  manifest  themselves,  upon  the 
intensity  of  their  color,  and  upon  the  extent  of  their  dis- 
tribution. They  appear  earlier,  are  more  widely  distrib- 
uted, and  are  more  intense  in  color  in  plethoric  than  in 
ana'mic  individuals;  in  those  who  die  suddenly  rather 
than  in  those  who  succumb  to  some  exhausting  disease 
or  in  whom  the  lethal  agony  has  been  prolonged;  and, 
finally,  in  those  who  die  from  asphyxia,  from  sepsis,  or 
from  some  form  of  poisoning  in  which  the  blood  remains 
fluid,  rather  than  in  those  who  die  from  cholera,  from 
tetanus,  or  from  poisoning  by  arsenic  or  by  strychnine, 
in  both  of  which  conditions  the  blood  is  less  fluid.  Ex- 
ternal hypostases  usually  appear  from  3  to  4  hours  after 
death,  and  after  the  expiration  of  from  12  to  l-l  hours 
they  become  widespread.  Exceptionally,  they  may  be 
plainly  developed  in  an  hour  and  a  half,  but  usually  a 
period  of  from  4  to  6  hours  intervenes  before  they  can 
readily  be  distinguished.  In  some  instances  they  are  not 
well  marked  and  extensive  until  after  the  lapse  of  from 
16  to  18  hours.  A  high  temperature,  or  the  artificial 
warmth  afforded  by  coverings  (clothing,  bedding,  etc.), 
causes  their  earlier  appearance  and  more  extensive  dis- 
tribution. 

The  color  of  the  spots  is  affected  by  age,  it  being  usu- 
ally lighter  in  the  new-born  and  in  infants;  it  is  also  af- 
fected by  poisons,  being  light  red  or  pink  in  poisoning 
b}'  carbon  monoxide  and  by  hydrocyanic  acid  and  com- 
pounds, and  grayish  in  poisoning  by  potassium  chlorate. 
The  light-red  tint  observed  when  the  cadaver  has  been 
exposed  to  cold  (as  in  water,  snow,  or  ice)  is  ascribed  by 


Hofmann  to  the  easier  access  of  oxygen  to  the  blood 
through  the  moist  epidermis,  by  Blumenstock  to  the  in- 
terference of  low  temperature  with  the  reducing  power 
of  the  tissues  post  mortem. 

After  excessive  hemorrhage,  hypostases  are  late  in  their 
development  and  are  much  less  marked,  although  rarely 
absent.  Devergie  and  Hofmann  have  observed  a  few  in- 
stances of  such  entire  absence,  especially  in  young  sub- 
jects. 

The  presence  of  external  hypostases  is  an  important 
and  reliable  sign  of  death,  and,  in  addition,  of  the  posi- 
tion in  which  the  body  lay  when  they  developed.  The 
important  fact  should  also  be  stated  that  in  an  early  stage 
these  areas  of  hypostatic  congestion  may  disappear  on 
changing  the  position  of  the  cadaver,  and  subsequently 
appear  in  new  places,  namely,  in  the  most  dependent 
portions  in  the  new  position.  Tourdes  ascertained  the 
following  facts:  that,  on  reversing  the  position  of  the 
cadaver,  4  hours  after  death,  the  hypostases  which  had 
already  developed,  disappeared  entirely,  and  new  ones 
appeared  in  the  new  dependent  portions;  that,  at  the  end 
of  from  12  to  1.5  hours  after  death,  the  hypostases  which 
had  developed  no  longer  disappear,  but  simply  grow 
fainter,  and  new  ones  appear;  and,  finallj',  that  30  hours 
after  death  these  spots  grow  paler  but  do  not  appear  in 
new  dependent  parts  on  changing  the  position  of  the 
cadaver.  Other  experiments  have  shown  that,  on  chang- 
ing the  position  of  the  cadaver  4.  6.  and  even  12  hours 
after  death  the  hypostases  already  developed  may  dis- 
appear, but  that  this  does  not  occur  after  the  lapse  of  so 
long  a  period  as  from  23  to  28  hours. 

Rigor  Mortis.  —  After  death  muscle  tissue  becomes 
firmer  and  more  resistant  to  compression  and  extension. 
Rigidity  of  the  entire  muscular  system  results.  This 
rigidity  offers  a  greater  or  less  resistance  to  the  move- 
ment of  parts,  but  the  resistance  may  readily  be  over- 
come by  force.  After  muscle  has  been  thus  stretched, 
there  is  free  mobilitj-,  and  the  rigidity  does  not  return. 
Various  theories  in  regard  to  the  causation  of  this  rigidity 
have  been  advanced.  The  discussion  of  these  would  be 
too  lengthy  for  the  scope  of  this  article.  The  most  plaus- 
il)le  one  ascribes  the  occurrence  of  rigor  mortis  to  coagu- 
lation of  myosin. 

The  time  of  the  inception  of  rigor  mortis,  its  intensity 
and  duration,  and  the  conditions  affecting  them,  have  an 
important  bearing  on  the  subject  now  under  discussion, 
since  rigor  mortis  affords  reliable  evidence  of  death,  and 
also  aids  in  establishing  the  time  when  it  occurred.  Rigor 
mortis  does  not  affect  all  muscles  equally  at  the  same 
time.  The  determination  of  its  presence  and  the  esti- 
mation of  its  intensity  and  duration  rest  upon  the  degree 
of  force  necessary  to  overcome  it,  i.e.,  in  the  case  of  the 
voluntary  muscles,  to  produce  free  motion  in  the  joint 
or  joints  with  which  the  given  muscle  or  group  of  mus- 
cles is  related.  If  this  degree  of  force  were  measured  in 
foot-pounds,  there  might  be  more  unanimity  in  the  re- 
ports of  different  observers.  As  it  is.  the  personal  ele- 
ment, which  plays  a  part  in  the  estimation  of  this  force, 
accounts  for  the  more  or  less  considerable  variations. 
Maschka  reached  the  following  conclusions  from  a  study 
of  over  five  hundred  cases : 

Rigor  moitis  occurs  in  all  cases,  no  matter  what  may 
be  the  cause  of  death.  It  is  absent  only  in  the  decom- 
posed cadavers  of  still-born  infants,  and  locally  where 
muscle  is  excessively  contused,  lacerated,  gangrenous,  or 
the  seat  of  purulent  or  phlegmonous  processes  of  inflam- 
mation. Rigor  mortis  does  not  follow  immediately  upon 
death  in  any  case ;  a  shorter  or  longer  period  of  complete 
muscular  relaxation  intervenes.  Strychnine  poisoning, 
tetanus,  hydrophobia,  and  hemorrhage  cause  no  excep- 
tion in  this  regard. 

Rigor  mortis  usuallj^  begins  between  2  and  3  hours 
after  death.  All  the  muscles  are  not  affected  at  the  same 
time.  The  usual  order  in  which  the  rigor  shows  itself  in 
the  different  parts  of  the  body  is  the  following:  lower 
jaw,  neck,  trunk,  and  upper  extremities,  in  which  parts 
rigor  mortis  becomes  distinct  after  the  lapse  of  from 
Si  to  4+  hours  after  death ;  then  the  lower  extremities 
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becomo  affected,  so  that  after  the  lapse  of  from  6  to  9 
hours  from  the  time  of  death  the  entire  body  will  have 
become  rigid.  Exceptionally  this  order  varies  as  follows : 
lower  jaw,  upper  extremities,  neck,  tnmk,  etc. ;  or  the 
lower  extremities  are  affected  before  the  upper;  or  the 
upper  extremity  of  one  side  becomes  rigid  and  then  that 
of  the  other  side,  etc. 

The  earlier  or  later  inception  of  rigor  mortis  is  not  con- 
stantly or  cliaracteristically  affected  by  the  degree  of 
muscular  development,  the  "sex,  the  age,  poisoning,  hem- 
orrhage, sudden  death,  or,  witli  few  exceptions,  by  path- 
ological processes.  General  hydrops  or  ccdema  of  an 
extremity  delays  the  development  of  rigor  in  that  ex- 
tremity iiutil  from  4  to  6  hours  after  death.  Paralyzed 
muscles  may  not  show  rigidity  for  4  or  5  hours  after  it 
has  appeared  in  the  non-paralyzed  muscles,  although  this 
is  not  always  the  case.  In  amputation  stumps  rigidity 
is  developed  later  than  in  other  muscles.  In  very  atro- 
phic or  fatty  muscles  rigidity  may  be  entirely  absent. 
After  acute  diseases  of  the  brain  and  spinal  cord  the  rigor 
appears  earlier.  No  difference  in  time  of  onset  is  ascribed 
to  injuries  of  the  brain  and  spinal  cord  which  are  fol- 
lowed by  sudden  death. 

The  covering  of  the  cadaver,  as  with  clothing,  bedding, 
etc.,  seems  to  favor  the  earlier  appearance  of  rigor  mortis. 

As  regards  the  time  of  appearance  of  rigor  mortis, 
there  are  considerable  variations  for  which  no  explana- 
tion can  be  given.  Masehka  reports  a  nvimber  of  such 
cases,  in  which  the  conditions,  so  far  as  they  were  ob- 
served, were  apparently  the  same.  In  one  of  these  cases, 
that  of  an  emaciated  tuberculous  woman,  rigor  mortis 
began  in  three-quarters  of  an  hour  after  death;  in  an- 
other, in  3  hours;  in  4  cases  of  strychnine  poisoning 
the  facts  were  as  follows:  in  a  child  of  seven  years,  it 
began  in  half  an  hour;  in  2  other  cases,  also  children, 
and  in  a  male  adult,  it  began  at  the  end  of  If  hours  and 
2  hours  respectively.  Rigor  mortis  begins  usually  not 
earlier  than  one-half  hour,  nor  later  than  6  hours  after 
death. 

In  regard  to  the  intensitv  of  the  rigidity,  Masehka  was 
unable  to  find  any  constant  or  important  difference  for 
the  production  of  which  special  influences  could  be  held 
responsible. 

If  the  cadaver  is  not  interfered  with,  rigidity  usually 
remains  marked,  in  atlults.  until  after  the  lapse  of  from  .50 
to  60  hours,  and  then  it  gradually  disappears,  so  that  noth- 
ing remains  of  the  rigidity  after  the  lapse  of  from  70  to 
73  hours.  In  exce]itional  cases  it  may  last  for  as  long  a 
time  as  80  or  even  90  hours,  and  then  again  it  may  dis- 
appear as  early  as  at  the  end  of  40,  30,  or  even  20 
hours  without  special  causes  therefor  being  apparent. 
It  is  evident,  therefore,  that  absolute  rules  in  regard  to 
the  duration  of  rigor  mortis  cannot  be  laid  down ;  for 
under  the  same  development,  mode  of  death,  previous 
pathological  processes,  and  external  circumstances,  great 
differences  in  duration  have  been  noted. 

Rigor  mortis  may  still  be  present  when  the  early  signs 
of  decomposition — such  as  green  color  of  the  skin  of 
the  abdomen,  the  sides  of  thorax,  the  neck,  and  the  back 
— appear.  AVhen  the  cadaver  swells  with  post-mortem 
emphysema,  and  the  epidermis  becomes  loosened  and 
easily  strips  off,  rigidity  will  always  be  found  to  have 
disappeared. 

In  children  rigor  mortis  usually  commences  at  the  same 
time  as  in  adults.  In  the  new-born,  however,  and  in 
infants  a  few  days  old,  it  may  appear  as  soon  as  ten 
minutes  after  death  or  not  until  after  the  lapse  of  1| 
or  2  hours.  The  degree  of  rigidity  is  apparently  less, 
on  account  of  the  small  muscular  development.  The 
duration  is  also  shorter  in  the  new-born — say  from  8  to 
10  hours, — yet  in  some  cases  it  may  last  for  from  36  to 
42  hours,  or  even — in  the  case  of  infants — 50  hours. 
In  older  children,  when  poorly  nourished,  the  rigidity 
may  last  only  for  from  20  to  24  hours,  but  in  the  major- 
ity of  cases  it  persists  for  40  or  45  hours,  and  in  some 
cases  even  for  60  or  70  hours. 

Rigor  mortis  disappears  in  the  different  parts  of  the 
•body  in  the  same  order  in  which  it  begins,  the  foot  being 


the  last  part  to  become  freel}'  movable.  Yet  it  is  not 
unusual  for  the  rigidity  in  the  jaw  and  neck  to  outlast 
that  of  the  extremities  (Hofmann).  Tlie  latter  authority 
places  the  time  of  inception  of  rigor  mortis  at  from  3  to  4 
hours  after  death,  and  that  of  complete  development  at 
from  4  to  6  hours  after  inception;  for  the  new-born  and 
infants,  he  names  earlier  periods.  According  to  him, 
the  rigidity  lasts  for  from  24  to  36  hours  in  the  new-born, 
and  for  40  hours  in  infants ;  in  adults  it  is  marked  for  48 
liours,  then  gradually  disappears,  and  is  absent  after  the 
lapse  of  from  72  to  84  hours  after  death.  Rigidity  makes 
its  appearance  earlier  after  hemorrhage,  injury  to  the 
cervical  portion  of  the  coid,  ]ioisoning  by  acids  and 
strychnine,  and  perhaps  in  insolation  and  lightning 
stroke ;  it  either  appears  later  or  is  entirely  absent  in 
acute  parenchymatous  degeneration  of  muscle  (as  in 
poisoning  by  phosphorus  and  by  toadstools)  and  also 
after  sepsis. 

Du  Bois-Reymond,  Rossbach,  and  Briutou  record  in- 
stances in  which  rigor  mortis  developed  immediately 
after  death.  From  observations  upon  the  battlefield, 
the  conclusion  has  been  drawn  that  rigor  mortis  may  set 
in  with  the  occurrence  of  death,  and  thus  the  facial  ex- 
pression and  action  which  existed  at  the  moment  when 
death  occurred  may  be  preserved.  If  this  conclusion 
were  well  founded,  it  might  afford  important  aid  in 
determining  whether  death,  in  a  given  case,  were  due  to 
an  accidental  or  inflicted  injury,  or  to  suicide.  Caspar- 
Liman,  Hofmann,  and  Maschkji  point  out  the  danger  of 
relying  upon  such  evidence,  as  the  positions  observed, 
indicating  action,  may  simply  have  been  the  result  of 
the  passive  interference  of  surrounding  objects.  They 
assert  that,  so  far  as  their  experience  goes,  complete 
muscular  relaxation  precedes  rigor  mortis.  This  is  evi- 
dent from  the  expressionless  countenance  of  the  dead  in 
the  great  majority  of  cases.  Occasionally  such  a  coun- 
tenance does  present  an  expression  of  mirth,  sadness, 
pain,  or  anger,  but  to  draw  any  conclusion  therefrom 
would  be  hazardous,  since  it  may  simply  be  due  to  press- 
ure after  death  and  before  rigor  mortis  has  set  in,  or  it 
may  be  the  result  of  sagging  of  the  lower  jaws  and  of 
open  eyelids.  In  no  case  of  death  from  apoplexy,  so  far 
as  the  writer's  experience  goes,  can  a  diagnosis  be  made 
from  a  mere  study  of  the  facial  appearance  after  death. 
On  the  contrary,  in  a  case  of  sudcleu  death  from  chronic 
interstitial  myocarditis,  without  any  brain  lesion,  the  face 
of  the  cadaver  presented  the  typical  picture  of  hemiplegia. 

In  no  case  of  suicide  has  either  JIaschka  or  Hofmann 
found  the  weapon  grasped  in  the  hand  of  the  cadaver. 
Taylor  states  that  he  has  made  such  an  observation. 
Maschka's  experiments  in  securing  weapons  within  the 
grasp  of  one  of  the  liands  of  the  cadaver  before  rigor 
mortis  set  in,  showed  that  they  either  fell  out  when  the 
bands  were  loosened  or  that  the  grasp  itself  was  very 
feeble.  The  writer  has  never  encountered  a  case  of  sui- 
cide in  which  the  weapon  appeared  to  be  grasped  by  the 
hand  of  the  cadaver. 

Decompoiitioii  of  the  cadaver  is  brought  about  by  the 
invasion  of  saprophytic  bacteria.  If  the  conditions  are 
such  as  to  favor  their  access  and  growth,  decomposition 
will  begin  earlier  and  will  advance  more  rapidlj'.  Access 
of  air  and  moisture,  and  a  warm  temperature,  in  so  far 
as  they  are  necessary  to  bacterial  life,  favor  decomposi- 
tion. A  cadaver  exposed  to  the  open  air  decomposes  far 
more  rapidly  than  when  it  is  immersed  under  water  or 
buried  in  the  soil.  If  in  a  given  temperature,  in  the 
open  air,  a  cadaver  requires  one  week  or  one  month  to 
reach  a  certain  stage  of  decomposition,  it  will  require,  if 
submerged,  double  the  length  of  time  to  reach  the  same 
stage  of  decomposition,  or  four  times  this  period  if  buried 
under  ground  (Caspar-Liman).  If,  however,  a  body  is 
exposed  to  a  current  of  air,  evaporation  is  favored,  and, 
instead  of  marked  or  rapid  decomposition,  mummifica- 
tion may  take  place.  Under  these  conditions  the  growth 
of  bacteria  is  interfered  with  by  the  lack  of  water 
Somewhat  the  same  conditions  are  established  when  the 
cadaver  is  buried  in  dry,  sandy  soil  and  at  a  sufficient 
depth.     When  burial  is  just  beneath  the  surface,  or  in 
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moist  clay,  ck'composition  is  favored.  The  various 
methods  of  embahning  all  depend  for  their  success  upon 
the  inhibition  of  bacterial  growth  by  chemical  means 
(bactericides)  and,  in  the  older  methods,  by  the  exclu- 
sion of  air  as  well. 

Freezing  will  postpone  decomposition  indeflnitel.y,  and 
low  temperatures — above  the  freezing  point — will  pre- 
vent decomposition  for  a  considerable  length  of  time. 

Whatever  interferes  with  the  cooling  of  the  cadaver — 
as  a  warm,  moist  atmosphere,  clothing,  bedding,  etc. — 
favors  an  earlier  onset  and  a  more  rapid  advance  of  de- 
composition. 

The  condition  of  the  cadaver  has  a  bearing  upon  de- 
composition. Newborn  and  obese  subjects  decompose 
more  rapidly,  since  fat  is  a  poor  conductor  of  heat.  Pre- 
vious pathological  processes  have  an  influence  upon  the 
condition  of  the  cadaver  and  thus  indirectly  upon  de- 
composition. Sudden  death  is  followed  by  earlier  and 
more  rapid  decomposition.  Cases  of  aspliy.via,  of  gen- 
eral oedema,  of  sepsis,  of  typhoid  fever,  of  parturition — 
when  death  occurs  during  delivery  or  soon  thereafter — 
and  of  narcotic  poisoning  are  also  more  liable  to  undergo 
an  early  and  rapid  decomposition.  The  free  use  of  alco- 
hol, when  death  occurs  during  a  debauch,  postpones  the 
onset  of  decomposition,  and  cadavers,  after  poisoning  by 
sulphuric  acid,  remain  fresh  and  odorless,  while  under 
the  same  external  circumstances  other  cadavers  undergo 
decomposition  (Caspar-Liman).  This  statement  is  not 
confirmed  by  the  observations  of  Maschka. 

The  bodies  of  individuals  poisoned  by  carbolic  acid 
and  corrosive  sublimate  might  be  expected  to  decompose 
later  and  less  rapidly :  as  a  matter  of  fact,  no  pronounced 
effect  has  been  noted.  In  the  case  of  those  dying  from 
arsenic  poisoning  it  has  been  both  affirmed  and  denied 
that  decomposition  of  the  cadaver  is  inhibited.  The 
weight  of  authority  seems  to  be  on  the  latter  side.  Al- 
though all  these  substances  prevent  decomposition  when 
liberally  applied  in  embalming,  the  amount  necessary  to 
cause  death  Is  very  nuich  less,  and  is  not  applied  in  the 
same  vvay. 

According  to  Tourdes,  decomposition  follows  very 
rapidly  upon  death  from  lightning  stroke:  he  found 
bluish  spots  on  the  integimient,  and  gas  bubbles  in  the 
liver  and  blood,  at  the  end  of  twenty -two  hours  after 
death.  On  the  other  hand.  Caspar  and  Limau  note  no 
unusual  difference  in  two  cases  observed  by  them.  Hot 
weather  and  exposure  in  the  open  air  should  be  taken 
into  account  in  judging  the  effects  of  this  agency. 

Decomposition  begins  in  the  blood.  The  red  cells  are 
broken  up  and  then  tlie  serum  becomes  stained  with  blood 
pigment  and  transudes  into  the  neighboring  tissues.  The 
external  hypostases  or  post-mortem  spots  become  darker 
and  confluent,  and  on  incision  the  tissue  is  found  to  be 
succulent  and  tilled  with  stained  serum.  A  transudation 
between  the  corium  and  the  epidermis  may  lift  up  the 
latter  in  the  form  of  smaller  and  larger  blebs,  or  it  may 
simply  loosen  it  so  that  it  is  easily  stripped  off. 

With  the  production  of  sulphureted  hydrogen  and  the 
formation  of  sulphide  of  iron  (blood  pigment),  a  greenish 
discoloration  of  the  integument  makes  its  appearance:  at 
first  in  the  groin,  then  on  the  abdomen  and  sides  of  the 
thorax,  and,  tinally,  on  the  neck  and  face. 

The  formation  of  gas  first  in  the  subcutaneous  areolar 
tissue  of  the  face,  neck,  and  upjjer  part  of  the  thorax, 
and  later  in  that  of  the  external  genitals  and  extremities, 
as  well  as  in  the  abdominal  cavity,  gives  the  cadaver  a 
deformed  and  gigantic  appearance.  By  pressure  of  the 
gas  which  accumulates  from  decomposition.  the<^ontents 
of  the  stomach  may  be  forced  into  the  (esophagus  and  air 
passages,  frothy  blood  may  appear  at  the  nostrils  and  in 
the  mouth,  and  the  mucosa  of  the  rectum  or  external 
genitals  (in  women)  may  be  forced  outward.  Through  a 
post-mortem  rupture  of  the  mucous  membrane  of  the 
posterior  fornix  of  the  vagina  coils  of  small  intestine  may 
make  their  appearance  in  the  latter  cavity.  The  fcetus 
has  been  expelled  post  mortem  by  the  pressure  of  gas. 
The  abdominal  and  thoracic'  walls  may  undergo  rupture 
when  decomposition  is  advanced.     The  eyeballs  may  be 


pressed  forward,  and  the  cranial  sutures  may  undergo 
separation. 

Decomposition  of  the  organs  commences  earlier  in  parts 
subjected  to  post-mortem  hypostasis,  to  transudation 
and  imbibition  of  serum,  and  to  easier  access  of  air.  The 
facility  with  which  decomposition  takes  place  in  an  organ 
depends  in  some  measure  upon  its  structure  and  blood 
supply :  it  occurs  earlier  in  those  organs  in  which  the 
stroma  is  of  a  loose  character  and  the  blood  supply  abun- 
dant. Caspar  and  Linian  give  the  following  order  as  that 
in  which  the  different  organs  undergo  decomposition: 
mucosa  of  the  trachea  and  larynx  ;  brain  of  the  new -bom 
and  of  infants  up  to  one  year  of  age;  stomach,  intestines, 
spleen  (sometimes  earlier  than  intestines);  omentum  and 
mesentery;  liver:  adult  brain;  heart,  lungs,  kidneys, 
bladder,  oesophagus,  and  pancreas;  diaphragm,  aorta 
and  larger  arteries,  and  uterus. 

With  advancing  decomposition  the  organs  become 
softer  and  more  succulent  from  imbibition  of  transuded 
serum;  their  color  becomes  darker:  and  the  markings  on 
section  grow  more  and  more  indistinct.  From  progres- 
sive liquefactiim  the  tissues  become  mushy  or  pasty  in 
consistency,  and  tinally  indistinguishable. 

Microscopical  examination  of  decomposing  tissue — 
especiall}'  the  epithelial  cells  of  the  liver  and  kidney  and 
the  muscle  fibres  of  the  heart — shows  in  the  earlier  stages 
a  loss  in  distinctness  of  structure  and  the  presence  of 
highly  retractile  granules  in  the  protoplasm;  a  condition 
upon  which  an  erroneous  diagnosis  of  ante-mortem  par- 
enchymatous degeneration  might  be  made.  The  gran- 
ules are,  however,  much  coarser,  and  the  nuclei,  although 
altered,  usually  do  not  show  a  degenerative  change  ap- 
parently more  advanced  than  that  of  the  protoplasm. 
Later,  the  tissue  becomes  more  indistinct  and  cloudy,  but 
the  parenchyma  and  stroma  can  still  be  made  out!  Fi- 
nally, no  structure  can  be  identified.  In  decomposition 
of  the  liver,  fat  may  find  its  way  into  the  blood  of  the 
veins,  and,  by  the  pressure  of  the  gas  of  decomposition, 
may  pass  into  the  vena  cava  and  right  heart.  These 
facts  have  an  important  medico-legal  bearing. 

Since  decomposition,  in  onset  and  rapidity,  is  influ- 
enced by  so  many  factors,  no  absolute  rules  can  be  formu- 
lated for  determining  therefrom  the  time  of  death.  We 
can,  however,  after  taking  all  circumstances  into  account, 
state  the  minimum  and  the  maximum  period  that  must 
have  elapsed — the  former  more  accurately  than  the  latter. 

The  following  chronology  of  the  signs  of  decomposi- 
tion, taken  from  Caspar  and  Liman,  applies  to  cadavers 
exposed  to  air  in  mean  temperatures,  and  is  subject  to 
variation  by  the  different  influences  already  discussed: 

Green  discoloration  of  the  groin  and  abdomen  appears 
at  the  end  of  from  24  to  36  hours  after  death,  and  with 
it  the  odor  of  putrefaction.  At  this  time  the  eyeball  is 
soft,  the  cornea  cloudy  and  wrinkled.  In  summer  the 
green  color  may  appear  as  early  as  at  the  end  of  15  or 
18  hours ;  in  winter  it  may  be  absent  even  after  the  lapse 
of  4  or  5  days,  when  the  cadaver  is  exposed  to  air. 
When  the  cadaver  is  submerged,  this  discoloration  may 
not  appear,  in  summer,  until  after  the  lapse  of  from  40 
to  48  hours,  and  in  winter  it  may  be  absent  even  at  the 
end  of  8  weeks  (Maschka).  The  green  color  spreads  in 
such  a  manner  that,  at  the  end  of  from  3  to  5  days,  the 
entire  abdomen  and  the  external  genitals  may  be  involved. 
An  irregular  distribution  of  smaller  and  larger  greenish 
spots  appears  upon  the  back,  sides  of  thorax,  neck,  and 
lower  extremities.  Frothy  blood  may  appear  at  the 
mouth  and  nose,  especially  in  cases  of  asphyxia.  At  the 
end  of  from  8  to  12  days  the  whole  body  is  reddish- 
green  and  darker;  the  spots  become  confluent;  and  on 
the  neck,  chest,  and  extremities,  the  superficial  venous 
trunks  are  marked  out,  through  imbibition,  by  dark  red, 
purple,  or  bluish  streaks.  The  abdomen  is  distended 
with  gas.  The  cornea  is  relaxed  and  concave,  and  al- 
though verj'  cloudy,  the  color  of  the  iris  may  still  be 
made  out.  In  the  fostus  the  cornea  is  opaque.  The 
sphincter  ani  is  patent.  The  nails  are  still  adherent. 
At  the  end  of  from  14  to  20  days  it  will  be  found  that 
the  discoloration   is  still   going  on.     Blebs  containing 
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murky  red  or  black  scrum  (mcthoemoglobin)  appear, 
or  the  skin  may  be  denuded  of  epidermis  in  places. 
Post-mortem  emphysema  appears  and  increases  in  the 
subcutaneous  cellular  tissue  of  the  neck,  chest,  and  face. 
The  penis  and  scrotum  are  increased  in  size  thereb}'. 
The  entire  body  presents  a  puffed-up  appearance,  and 
the  features  are  so  deformed  that  recognition  is  almost 
impossible.  The  cornea  is  ojiaque  and  the  sclera  of  a 
dirt\'  red  hue  from  imbibition.  The  nails  are  loosened 
and"  can  easily  be  pulled  off.  Maggots  are  present  in 
abundance,  especially  at  orifices  and  folds  (as  the  eyelids, 
mouth,  nose,  and  anus). 

The  rapidity  with  which  these  changes  take  place  is 
markedly  intliienced  by  the  surrounding  temperature. 
At  from"  16'  to  20°  R.  "(68"  to  77'  F.)  a  cadaver  will,  in 
8  or  10  days,  reach  a  stage  of  decomposition  that  would 
require  a  period  of  from  20  to  30  days  if  the  temperature 
were  at  0=  to  8°  R.  (33°  to  50=  F.). 

After  the  lapse  of  from  1  to  3  or  more  months  the 
greenish,  putrid,  and  emphysematous  cadavers  cannot, 
with  any  degree  of  certainty,  be  distinguished  from  one 
another. 

After  the  lapse  of  from  4  to  6  months — or  at  a  still 
earlier  period  it  warmth  and  moisture  are  present — putrid 
liquefaction  of  the  soft  parts  sets  in.  The  pressure  of 
gas  may  cause  rupture  of  the  putrid  abdominal  and 
thoracic  parietes,  and  even  diastasis  of  the  cranial  bones. 
Entire  bones,  especially  of  the  head  and  extremities,  may 
be  laid  bare.  '  The  optic  cavities  may  be  empty.  The 
soft  parts  become  progressively  changed  into  a  mushy, 
pasty,  dark  mass  in  which  their  identification  becomes 
more  and  more  difficult,  and  finally  impossible.  Joints 
may  be  opened  and  loosened  by  lieginning  destruction  of 
fascife  and  ligaments.  Determination  of  se.x  by  the 
breasts  or  external  genitals  may  be  impossible  on  account 
of  their  disappearance.  The  uterus,  however,  and  prob- 
ably the  prostate,  may  still  be  identified,  and  the  meas- 
urements of  the  pelvis  will  aid  in  determining  the  sex. 

The  entire  disappearance  of  the  soft  parts,  in  adult 
cadavers,  requires  a  period  of  from  2  to  3  years.  Liga- 
ments and  cartilage  are  destroyed  after  the  lapse  of  5 
years.  Loss  of  fat  from  the  liones  and  complete  drying 
require  10  years,  or  even  longer  (Hofmann). 

Adipocci'e. — Under  certain  circumstances,  as  exposure 
in  water  or  in  moist  soil,  without  any  or  with  only  a 
slight  access  of  air,  the  soft  parts,  instead  of  undergoing 
putrid  liquefaction,  become  changed  into  the  substance 
called  adipocere.  Recent  investigations  show  that  its 
formation  isdue  to  the  saponification  of  fat.  (For  further 
information  on  this  subject  the  reader  is  referred  to  the 
article  on  this  topic  in  Vol.  I.) 

Identificatiiin  of  tlie  Cadaver. — The  strictest  attention 
ishould  be  given  to  every  detail,  even  tliough  it  may  ap- 
pear to  be  trivial,  since  tlicre  is  a  sufficient  number  of 
•cases  on  record  in  wliich  the  identification  made  by  rela- 
tives and  friends  in  good  faith,  upon  view  of  a  well- 
preserved  cadaver,  has  proven  to  be  erroneous.  The 
clothing  and  effects  found  ii]ion  the  cadaver  often  lead 
to  identification.  They  should  be  accurately  described 
and  preserved,  yet  they  should  not  be  relied  upon  to 
the  exclusion  of  other  means,  since  clothing  and  effects 
may  be,  and  have  been,  substituted  to  mislead  in  identi- 
fication. A  good  photograph  should  be  taken  of  an  un- 
known cadaver  as  early  as  possible  and  before  the  head 
has  been  opened.  In  addition,  an  accurate  description 
should  be  recorded,  embracing  such  data  as  height, 
weight,  and  build,  race,  sex,  apparent  age,  shape  of  head 
and  face,  complexion,  color  of  hair  and  iris,  condition  of 
hands  and  finger  nails,  deformities,  and  special  marks 
and  peculiar  features. 

In  the  great  majority  of  cases  such  a  description  can 
be  well  made  by  a  layinan.  When,  however,  decomposi- 
tion is  advanced,  or  the  cadaver  mutilated,  or  burned,  or 
only  portions  thereof  are  at  hand,  anatomical  knowledge 
is  necessary  and  by  means  of  it  many  of  the  above  points 
may  be  cleared  up  or  approximately  judged  that  would 
■otherwise  remain  unknown. 

Race  a7id  nationality  are  determined  by  well-known 


characteristics,  for  which  the  reader  must  be  referred  to 
works  on  anthropolog.v. 

Sex. — In  well-preserved  cadavers  the  determination  of 
sex,  except  in  cases  of  hermaphroditism,  is  readily  made. 
Where,  however,  the  body  is  not  well  preserved,  or  where 
parts  of  the  cadaver  only  are  at  hand,  there  are  various 
points  which  may  aid  in  determining  the  sex.  The 
growth  and  distribution  of  the  hair  are  usually  charac- 
teristic of  sex,  and  yet  in  exceptional  cases  they  may  fail 
to  enlighten  us  upon  this  question.  The  long  hair  of  the 
.scalp  and  its  arrangement,  the  absence  of  hair  (except 
fine,  downy  hair)  on  the  face,  the  sharp  line  of  demarca- 
tion of  the  hair  upon  the  mons  veneris,  and  its  fine, 
downy  character  upon  the  extremities,  are  characteristic 
of  the  female.  The  presence  of  coarse  hair  upon  the 
face,  chest,  and  extremities,  and  the  prolongation  of  hair 
from  the  mons  veneris  along  the  median  line  to  the  um- 
bilicus, or  its  more  abundant  distriljution  over  the  belly 
as  well,  are  characteristic  of  the  male.  "With  progressive 
maceration  the  epidermis,  and  together  with  it  the  hair 
and  nails,  become  separated  from  the  cutis  and  fall  off, 
leaving  a  smooth  surface,  especially  in  cadavers  that 
have  been  exposed  in  the  water.  Beard  and  moustache 
may  be  lost  after  four  or  five  days  of  such  exposure  in 
hot"  weather,  after  two  weeks  in  cool  weather,  and  after 
the  lapse  of  a  month  or  more  in  cold  weather.  Exposure 
to  flame  may  cause  complete  disappearance  of  hair.  If 
the  hair  is  thicker,  more  oily,  or  arranged  in  a  braid,  it 
is  more  likely  to  be  partially  preserved.     • 

The  general  external  form  of  the  cadaver,  or  parts 
thereof,  may  be  distinctly  of  feminine  or  masculine  type, 
yet  dependence  upon  this  alone  may  lead  to  error.  Be- 
fore puberty  the  male  and  the  female  forms  are  very 
much  alike."  As  regards  the  breasts,  they  may  be  unde- 
veloped or  atrophic  in  the  female,  and  from  abundance 
of  subcutaneous  fat  the  male  breasts  may  simulate  those 
of  the  female.  The  presence,  at  birth,  of  a  mammary 
gland,  and  of  a  secretion  that  can  be  expressed,  is  com- 
mon to  both  sexes. 

The  genital  apparatus  (or  characteristic  parts  thereof) 
is  of  course  the  most  certain  proof  of  sex.  The  external 
genitals  may  have  been  lost  or  rendered  indistinguishable 
by  putrefaction,  by  maggots  or  rats,  by  incineration,  or 
by  mutilation  or  removal.  The  uterus,  from  its  firm  con- 
sistence and  protected  situation,  has  been  recognized  in 
cadavers  that  were  far  advanced  in  putrefaction — even 
as  late  as  at  the  end  of  nine  months  after  death  (Caspar 
and  Liman).  According  to  the  authority  of  Hofmann. 
there  have  been  instances  in  which  the  cadaver  was  con- 
siderably charred,  with  ruptured  abdominal  walls  and 
external"  charring  of  the  uterus,  and  yet  upon  section  this 
organ  was  easily  identified  through  the  intact  condition 
of  the  endometrium  and  arbor  vita?.  The  ovaries  have 
also  been  identified  after  considerable  charring  of  the 
cadaver.  The  deep  urethra,  with  its  caput  gallinaginis 
and  the  deep  parts  of  the  corpora  cavernosa  (crura  penis). 
may  be  distinguishable  even  when  there  has  been  exten- 
sive destruction  of  other  parts  of  the  body. 

Examination  of  the  skeleton  or  of  parts  thereof  maj' 
lead  to  a  decision.  In  the  female,  the  skeleton  is  smaller 
and  the  bones  are  lighter  in  weight.  The  thorax  is  pro- 
portionally shorter  and  wider,  especially  in  its  upper  part. 
The  curvature  of  the  ribs  on  the  flat  iti  the  posterior  part, 
is  more  pronounced,  the  curvature  on  the  edge  (down- 
ward) less  pronounced,  than  in  the  male  (Henle).  The 
first  and  second  ribs  are  longer  relatively  and  absolutely 
than  in  the  male  (Meckel).  The  sternum  is  shorter  and 
broader,  the  difference  depending  upon  the  body  (gladi- 
olus) of  the  bone.  The  xipho-sternal  articulation  is  on  a 
higher  level  (that  of  the  curve  of  the  fourth  rib),  while 
in'the  male  it  is  on  a  line  with  the  curve  of  the  fifth  rib. 
The  clavicle  is  less  markedly  curved,  and  the  entire 
thorax,  in  proportion  to  the  size  of  the  pelvis,  is  much 
smaller.  The  chief  difference  is  to  be  found  in  the  pelves 
of  the  two  sexes,  and  this  difference  is  greatest  at  and 
after  pubertj' .  In  the  female  the  transverse  dimensions 
are  greater  than  the  vertical ;  the  ilium  is  more  inclined 
outward  toward  the  horizontal  plane ;   the  promontory 
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of  the  sacrum  encroaches  less  upon  the  pelvic  inlet;  the 
true  pelvis  is  shorter  but  more  roomy,  and  its  outlet  is 
absolutely  as  well  as  relatively  wider;  the  sacrum  is 
wider  and  shorter,  aud  its  curvature  less  marked ;  the 
ischiac  spines  encroach  less  upon  the  cavity ;  the  pubic 
arch  is  wider  and  less  angular,  and  its  edges  are  everted ; 
and  the  tuberosities  of  the  ischia  and  the  acetabula  are 
wider  apart.  In  the  male,  the  entire  pelvis  is  more  mas- 
sive, the  eminences  and  depressions  for  muscular  attach- 
ments are  more  marked,  tlie  pelvic  cavity  is  deeper  and 
narrower,  and  the  obturator  foramina  are  larger  and  more 
oval  (less  triangular)  iu  shape. 

Tlie  following  average  measurements  of  the  true  pelvis 
are  taken  from  Toldt,  aud,  in  the  determination  of  sex, 
are  to  be  regarded  relatively,  since  individual  measure- 
ments may  vary  markedly  in  the  same  sex : 


Part. 


Inlet... 

Cavity  . 
Outlet. , 


Diameter. 


Female. 


Anteroposterior,  lis     ram 

Transverse 1 135 

Oblique il34 

Antero-posterior.  ,126 

Transverse 120 

Antero-posterior.  9(>-110  " 
Transverse 110       '* 


in. 


=  4.72 

=  .5.4 

=  4.96       • 

=  5.04       • 

=  4.8 

=  3.6-4.4  ' 

=  4.4 


113  mm. 

127  " 
120     •• 

114  " 
109  " 
7.5-95" 
82 


=  4.52  in. 

=  5.08  " 
=  4.8  " 
=  4.56  " 
=  4.36  '• 
=  3-3.8" 
=  3.28  " 


Height. — The  relaxation  of  the  ligaments  aud  other 
tissues  following  death,  more  especially  after  rigor  mortis 
has  ceased  and  decomposition  has  commenced,  taken  in 
connection  with  swelling  or  empliysema  of  the  scalp, 
might  be  responsible  for  a  slight  increase  in  height  post 
mortem.  The  mode  of  measuring  the  height  is  as  fol- 
lows; The  cadaver  is  laid  out  straight  upon  a  flat  sur- 
face, and  the  mea.surement  is  made  between  the  perpen- 
dicular line  dropped  from  the  top  of  the  vcrti-x  and  the 
plantar  surface  of  the  heel,  the  foot  being  at  right  angles 
with  the  leg.  In  certain  cases  it  is  desirable  to  estimate 
the  total  height  of  a  body  of  which  only  isolated  parts 
are  available.  The  following  proportions  will  be  found 
useful  as  a  basis  for  making  such  a  calculation ;  The  dis- 
tance between  the  tips  of  the  middle  fingers,  the  upjier 
extremities  being  extended  at  right  angles  to  the  trunk, 
equals  the  height.  If  an  upper  extremity  alone  is  at 
hand,  its  length  doubled  plus  the  distance  between  the 
two  glenoid  surfaces  would  give  the  height.  How  much 
should  be  allowed  for  this  latter  distance  is  diffictilt  to 
estimate.  The  length  of  the  two  clavicles  plus  that  of 
the  interclavicular  notch — a  total  which  would  average 
twelve  inches — would  be  too  much,  and  consequent!}' 
the  total  height  of  the  body,  estimated  according  to  this 
formula,  would  also  be  too  great. 

Other  formulae  are  the  following ;  The  length  of  the 
middle  finger  is  one-niueteeuth  of  the  height;  the  length 
of  the  forearm,  from  the  tip  of  the  olecranon  to  the  tip 
of  the  middle  finger,  is  five-nineteenths  of  the  height;  the 
upper  border  of  the  symphysis  pubis  is  about  the  middle 
point  of  the  total  length  of  the  body,  after  full  growth; 
the  length  of  the  lower  extremity,  from  the  head  of  the 
femiu-  to  the  plantar  surface  of  the  heel,  is  about  one- 
half  the  height  (according  to  Orfila,  the  lower  part,  meas- 
uring from  the  svmphysis,  is  shorter,  by  an  average  of 
two  and  one-third  inches,  than  the  upper,  especially  in 
women);  the  length  of  the  femur  is  about  one-fourth  of 
the  total  height,  after  full  growth. 

Tables  of  the  relative  proportions  of  the  dimensions  of 
single  bones  to  the  total  height  are  given  by  Orfila,  Toldt, 
and  others.  For  the  determination  of  the  total  height 
from  single  bones  the  age  must  be  known.  In  excep- 
tional cases  the  age  may  be  determined  from  single  bones, 
and  in  such  cases  comparison  of  measurements  with 
standard  tables  may  be  found  very  useful  in  estimating 
total  height.  However,  the  proportions  given  above  are 
practically  as  reliable  as  the  data  furnished  in  these 
tables. 

Age. — The  most  important  points  upon  which  estimates 
in  regard  to  age — at  least  up  to  the  time  of  complete 
growth — may  be  based,  are  the  appearance  of  the  centres 


of  ossification,  the  progress  which  they  have  made  toward 
complete  ossification,  and  their  final  union  with  neigh- 
boring centres.  In  young  subjects  the  examination  of 
the  teeth  wan-ants  important  conclusions.  The  results 
of  anatomical  investigation  are  too  extensive  to  be  in- 
cluded in  the  present  article. 

Conclusions  based  upon  the  height  of  the  cadaver  are 
less  reliable.  If  we  take  50  cm.  as  the  average  height  at 
birth,  in  five  years  this  height  will  be  doubled  (100  cm.). 
In  the  first  j-ear  the  increase  amounts  to  from  1  to  2  cm. 
a  month,  or  from  12  to  24  cm.  for  the  year.  After  the 
first  year  the  increase  varies  from  7  to  8  cm.  for  each 
year.  During  the  ten  years  following  the  first  five  the 
height  increases  to  thrice  that  at  birth  (i.e.,  to  1.50  cm.), 
averaging  5  cm.  for  each  year  in  the  ten.  At  puberty, 
growth  is  again  more  rapid,  up  to  the  eighteenth  year, 
and  then  again  it  proceeds  more  slowly  up  to  the  time 
of  complete  growth;  the  usual  height  attained  by  males 
being  from  157  to  180  cm.,  while  that  attained  by  "females 
amounts  to  from  153  to  166  cm.  (Hofmann). 

Care  should  be  taken  lest  premature  loss  of  hair,  gray- 
ness,  loss  of  teeth,  or  marasmus  lead  one  into  error  in 
estimating  age.  The  senile  increase  in  the  angle  between 
the  body  and  the  ramus  of  the  inferior  maxilla,  the  atro- 
phy of  the  alveolar  processes,  and  the  decrease  in  the 
angle  between  neck  and  shaft  of  the  femur  are  Important 
indications  of  advanced  age. 

The  general  condition  of  the  cadaver — whether  obese, 
well,  or  poorly  nourished,  or  thin  or  marantic — may  af- 
ford important  aid  in  the  work  of  identification. 

The  appearances  produced  by  putrefaction  should  not 
be  confused  with  obesity,  or  those  due  to  mummifica- 
tion with  marasmus  or  with  advanced  age.  The  appear- 
ance of  nutrition  maybe  completely  changed  in  cadavers 
after  exposure  to  flame,  and  due  allowance  should  be 
made  therefor. 

In  regard  to  the  color  of  the  hair  in  exhumed  cadavers, 
it  has  been  found  that  it  changes  to  a  reddish  brown,  the 
effect  of  exposure  to  putrefactive  substances  or  to  the  soil. 
Time  alone  will  change  the  color  of  dead  hair,  as  may  be 
seen  in  wigs  and  in  the  hair  of  Egyptian  mummies.  Heat 
causes  a  change  of  color  toward  a  reddish  tint. 

Special  marks  for  identification — teeth,  moles,  warts,  . 
scars,  and  tattoo  marks — should  be  accurately  described. 
Tattoo  marks  may  disappear.  According  to  Caspar,  this 
happens  once  in  nine  cases;  according  to  Hutin,  once  in 
ten  and  a  half  cases;  and  according  to  Tardieu,  once  in 
twenty-five  cases.  Soluble  pigments  are  more  likely  to 
disappear.  Even  insoluble  pigments  may  be  carried 
through  the  h'mphatics  and  lodge  in  the  peripheral  parts 
of  neighboring  Ij-mph  nodes. 

The  appearance  of  the  hands  and  finger  nails,  or  the 
presence  of  callosities,  stains,  etc.,  may  warrant  a  shrewd 
guess  as  to  occupation.  Otto  H.  Sc/itiltse. 

CADE,  OIL  OF. — Oleum  Cadisi-m.  Oktnn  Juniperi 
Empi/nuiitiitiriint.  "A  product  of  the  dry  distillation  of 
the  wood  of  Jiiiu'penis  (Xryeedrus  L.  {iava.Coniferoe)"  (IT. 
S.  P.).  The  British  Pharmacopoeia  includes  "some  other 
species  "  in  the  source. 

J.  Oxycedrus  resembles  in  general  the  common  juniper 
of  Europe,  but  has  larger,  reddish-brown,  shining  fruits 
(1.35  cm.  in  diameter — 0.5  in.).  It  is  an  inhabitant  of 
the  Mediterranean  basin,  growing  in  waste  places  and 
upon  stony  hillsides. 

Its  tar  has  been  used  for  centuries  by  the  peasants  of 
Southern  France  for  the  "sheep  itch"  and  other  cutane- 
ous affections  of  their  cattle,  but  its  employment  in  med- 
icine, although  occasional  and  also  of  old  date,  has  only 
been  extensive  since  its  recommendation  by  the  German 
school  of  dermatologists  in  the  treatment  of  eczemas.  It 
is  prepared  by  a  method  similar  to  that  used  in  the  man- 
ufacture of  ordinary  tar;  that  is,  by  distillation  per  de- 
scenmim,  in  rude  stills  or  ovens,  from  the  bottom  of  which 
it  is  collected  and  then  sold  without  further  purification. 
The  principal  centre  of  its  production  is  NImes. 

It  is  a  thin  tar,  often  black  in  mass,  but  brown  or 
brownish  yellow  and  transparent,  in  thin  layers ;  and  Is 
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more  fragrant  and  pleasant  in  odor  than  common  wood 
tar,  -which  it  otherwise  resembles.  The  taste  is  acrid  and 
empyreumatic.  Its  composition  is  not  notably  different 
from  that  of  the  tars  of  other  conifers.  CadiiKne 
(CisHjj)  is  its  important  odorous  constituent.  The  prin- 
cipal use  to  which  it  is  put  in  medicine  is  that  mentioned 
above — for  the  local  treatment  of  eczema  in  the  scaly 
stage.  It  is  also  used  in  otlier  clironic  inflammatory  and 
exfoliating  skin  diseases.  It  may  be  apjilied  b3'  rulibing 
in  with  the  fingers  or  a  cloth,  or,  what  is  lietter.  with  a 
stiff-haired  brush.  If  desirable  to  dilute  it,  some  bland 
oil  may  be  mi.xed  with  it,  or  it  may  be  made  into  an  oint- 
ment with  lard  or  tallow,  or  with  vaseline.  Soaps  con- 
taining it  are  also  considerably  used.  Stockings,  gloves. 
and  bandages  saturated  with  it  are  sometimes  worn.  Be- 
sides its  stimulating  properties,  oil  of  cade  is  a  good  para- 
siticide, an  efficient  antiseptic,  and  a  local  aniesthetic — 
properties  which  it  undoubtedly  owes  to  the  creosote 
and  similar  substances  which  it  contains.  It  is  never 
used  internally.  W.  P.  BoUes, 

CADMIUM. — Cadmium  Sulphate  is  the  only  salt  of  this 
metal  that  merits  notice  in  medicinal  relation.  It  was 
official  in  the  United  States  Pharmacopoeia  of  1870.  and, 
though  dropped  in  the  revision  of  1880,  it  is  still  consider- 
ably employe<l.  The  salt,  formula  CdS04,4H,0,  occurs 
in  small  colorless,  rhomboidal  crystals,  efflorescent  on  ex- 
posure. It  is  freely  soluble  in  water,  and  has  a  subacid 
and  astringent  and  metallic  taste.  In  properties  it  most 
closely  resembles  zinc  sulphate,  being  an  irritant  astrin- 
gent. Taken  internally,  it  will  determine  vomiting, 
after  the  manner  of  zinc  sulphate,  and  in  overdose  will 
prove  poisonous.  Its  claim  for  recognition  in  medicine 
rests  on  an  alleged  peculiar  potency  in  determining  the 
8b.sorption  of  such  corneal  opacities  as  are  capable  of 
undergoing  that  jirocess — a  potency  certainly  not  much, 
if  at  all.  greater  tlian  that  jxissessed  by  the  commoner 
salts,  silver  nitrate  or  zinc  sulphate. 

Cadmium  sulphate  is  generally  used  in  solution  of  from 
one-half  to  one  per-cent.  strength.  Edward  Curtis. 

CADMIUM.  POISONING  BY.— Cadmium  and  its  salts 
are  comparatively  uuimpurlaiit  from  a  medico-legal  point 
of  view.  Their  uses  are  limited,  and  the}-  are  seldom 
met  with  outside  of  the  chemical  laboratory.  The  metal 
is  emploj'cd  occasionally  in  alloys  to  reduce  their  fusing 
point,  and  an  amalgam  has  been  used  by  dentists  for 
filling  teeth.  The  most  important  compounds  are  the 
iodide  and  bromide,  which  are  used  in  photography  for 
iodizing  and  bromizing  cullodion.  The  sulphate  ofcad- 
mium  has  been  reconniiended.  used  internally,  in  the 
treatment  of  syphilis,  rheumatism,  and  gout  (Grimaud). 
It  has  been  chief!}'  used  externally,  however,  as  an  astrin- 
gent and  .stimulant,  in  the  treatment  of  conjunctivitis, 
and  ulcers  and  opacities  of  the  cornea.  The  iodide  of 
cadmium,  in  the  form  of  an  ointment,  has  been  recom- 
mended for  external  use,  particularly  in  the  treatment  of 
scrofulous  enlargement  of  the  glands  (Garrod,  Guibert). 
The  sulphide  of  cadmium  has  been  used,  to  a  limited 
extent,  as  a  yellow  jiigment.  Excepting  the  sulphide, 
the  compounds  mentioned  are  colorless,  soluble  in  water, 
and  possess  a  disagreeable  metallic  taste. 

Symptoms. — Preparations  of  cadmium  have  given  rise, 
occasionally,  to  accidental  poisoning.  They  appear  to 
act  as  irritants,  resemliling  in  general  the  salts  of  zinc. 
Sixty  milligrams  (0.9  grain)  of  the  sulphate,  taken  inter- 
nally, caused  in  one  hour  salivation,  colic,  and  diarrhoea; 
and  after  four  hours,  vomiting  accompanied  by  intense 
gastralgia  and  tenesmus  (Burdach).  Vomiting,  diarrhoea, 
vertigo,  labored  respiration,  loss  of  strength,  and  cramps 
followed  the  inhalation  of  the  dust  arising  from  a  polish- 
ing powder  containing  carbonate  of  cadmium  (Sovet). 
Two  ladies  took  an  uncertain  but  small  dose  of  bromide 
of  cadmium  by  mistake  for  bromide  of  ammonium.  It 
caused  severe  pain  and  a  burniTig  sensation  in  the  stom- 
ach, accompanied  by  vomiting  and  purging  which  lasted 
for  five  hours.  During  a  part  of  this  time  the  pulse  was 
imperceptible.     There  were  no  cerebral  sj-mptoms.     Both 


patients  were  confined  to  their  beds  for  several  days, 
during  which  time  their  stomachs  continued  irritable 
(Wheeler).  There  is  oulj'  one  fatal  case  of  cadmium 
poisoning  recorded,  so  far  as  the  writer  lias  been  able  to 
learn.  The  patient,  a  lad  fourteen  j'ears  of  age,  took  an 
unknown  but  probably  large  dose  of  chloride  of  cadmium, 
which  had  been  sold  for  Epsom  salts.  It  caused  imme- 
diate vomiting.  On  admission  to  the  hospital  a  short 
time  after,  he  was  in  a  state  of  collapse,  with  cold, 
clammy  skin;  radial  pulse  scarcely  perceptible ;  respira- 
tion feeble,  slow,  and  sighing.  There  was  no  stertor. 
The  mucous  membrane  of  the  mouth  was  pale  and  sod- 
den, the  tongue  greatly  swollen.  He  was  ajiparently 
unconscious,  though  when  shaken  and  aroused  by  dash- 
ing cold  water  upon  the  face,  he  replied  rationally,  in  a 
hoarse  whisper,  to  any  questions  put  to  him.  There  was 
extreme  restlessness.  Deglutition  was  impeded.  Death 
took  place  in  about  an  hour  and  a  half  after  the  ingestion 
of  the  poison.  At  the  post-mortem  examination  the  ves- 
.sels  of  the  brain  were  found  filled  with  blood;  the  left 
lung  congested  (Mr.  .J.  Hinder,  Indian  Medical  Gazette, 
Calcutta,  1866,  i.,  156). 

Experiments  on  Animals. — Marme  has  studied  the 
action  of  the  salts  of  cadmium  by  experiments  on  ani- 
mals. He  concludes  that  the  sulphide  is  non-poisonous. 
Administered  to  animals  with  their  food  for  a  week,  in 
doses  of  many  drachms,  it  caused  no  inconvenience.  Its 
insolubility  in  water,  weak  acids,  alkaline  salts,  and  oil 
renders  its  use  as  a  pigment  free  from  danger.  All  com- 
pounds of  cadmium  which  are  soluble  in  water  or  weak 
acids  at  the  temperature  of  the  body  are  poisonous. 
Taken  into  the  stomach  thev  cause,  in  .small  doses,  vomit- 
ing; in  large  doses,  all  the  symptoms  of  gastro-enteritis. 
If  quantities  sufficiently  large  to  be  poisonous,  without 
causing  death  rapidl_v,  are  injected  Iieneath  the  skin  or 
into  the  blood-vessels,  they  produce  inflammation  of  the 
stomach  and  intestines,  and  frequently  liemorrhages, 
erosions,  and  ulcerations.  Small  doses  injected  into  the 
blood-vessels  are  fatal  to  animals.  Thirty  milligrams 
(0..5  grain)  killed  a  dog;  16  mgm.,  a  cat;  10  to  20  mgm.. 
a  raiibit;  30  to  60  mgm.  (0.5  to  0.9  gr.),  administered 
by  the  mouth,  killed  "a  rabbit  weighing  l.,500  to  1,800 
gm.  (3.3  to  3.9  lbs.  avoir.).  The  repeated  ab.sorption  of 
small  doses  may  give  rise  to  chronic  poisoning,  which, 
in  animals,  is  characterized  by  disturbed  digestion,  ema- 
ciation, and  death.  The  post-mortem  appearances  ob- 
served were;  a  more  or  less  extensive  gastro-enteritis, 
sometimes  subpleural  hemorrhages,  infarctions  of  the 
lungs,  frequently  fatty  degeneration  of  the  liver  and 
heart,  and  diffuse  nephritis.  Elimination  commences 
very  soon  and  takes  i)lace  chiefly  through  the  kidnej'S. 
After  death,  cadmium  can  be  detected  in  the  blood,  heart, 
liver,  and  kidneys. 

Treatment. — This  should  be  much  the  same  as  in 
cases  of  poisoning  by  salts  of  zinc.  Vomiting  should  be 
assisted,  if  necessary,  by  the  free  administration  of  warm 
water,  with  milk  or  mucilaginous  liquids;  or  the  stom- 
ach may  be  emptied  by  means  of  the  stomach  pump. 
The  subsequent  irritation  may  be  allayed  by  the  use  of 
opium.  JIarme  recommends,  in  cases  of  acute  poisoning, 
the  alkaline  carbonates  with  white  of  eggs.  The  subcu- 
taneous injection  of  dilute  solutions  of  soda,  when  em- 
ployed early,  was  found,  in  the  case  of  animals,  com- 
pletely to  arrest  the  poisonous  action  of  the  cadmium 
salts.  William  B.  Hills. 

C/ECUM,  DISEASES  OF.    See  Appendicitis ;  Colitis; 

and  Ciiliiii.  Siirfii  rji  I'f  till . 

C/ESAREAN  SECTION.— Cesarean  section  is  a  term 
used  for  operations  which  remove  a  fa'tus  from  the 
uterus  through  the  abdominal  wall,  the  peritoneal  cavity 
being  opened  in  all  cases.  Historically  it  is  one  of  the 
oldest  of  obstetrical  operations  recorded. 

It  is  generally  supposed  to  have  received  its  name  from 
CiT?sar.  who  was  believed  to  have  been  born  by  abdominal 
section.  But,  whether  this  be  true  or  not,  it  was  per- 
foi-med  many  years  before  his  time.     Furthermore,  the 
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name,  according  to  Pliny,  was  derived  from  the  Latin 
ccednre,  "  to  cut,"  which  malves  the  term  Cfesarean  section 
ratlier  meaningless  and  the  use  of  the  capital  C  inappro- 
priate, but  usage  gives  it  a  definite  meaning  and  plac(!. 

Until  the  Middle  Ages  the  operation  was  largely  per-  . 
formed  only  to  deliver  a  child  when  the  mother  was 
dying.  The  Roman  laws  forbade  the  burial  of  a  preg- 
nant woman  until  the  ch!ld  had  been  removed.  The  first 
performance  of  the  operation  on  a  living  woman  wliich 
is  recorded  was  in  1500  a.d.  .  the  operator  being  a  butcher 
named  Jacob  Nufer,  in  Switzerland.  In  Germany, 
Trautmann,  of  Wittenberg,  inauguiated  the  i)rocedure 
in  the  year  1610.     The  patient  lived  three  weeks. 

Until  the  advent  of  antiseptic  surgery  in  recent  times 
the  mortality  following  the  operation  was  too  great  to 
encourage  its  employment  in  any  but  extreme  circum- 
stances. 

Until  the  introduction  of  recent  modifications  the  vari- 
ous steps  in  the  operation  were:  1.  Section  of  the  abdom- 
inal wall,  usually  in  the  median  line  between  the  pubes 
and  umbilicus.  3.  Section  of  the  uterus  in  situ,  the  in 
cision  being  made  upon  the  middle,  anterior  surface  from 
above  downward.  3.  Removal  of  the  child  and  placenta. 
4.  In  some  eases  suturing  of  the  uterine  wound,  and  in 
others  leaving  it  to  close  by  general  contraction  of  the 
uterus:  and  suturing  of  the  abdominal  wound. 

From  a  historical  standpoint  the  most  interesting  ques- 
tion has  been  the  treatment  of  the  uterine  wound.  So 
recent  a  work  as  Cazeaux  and  Tarnier's,  seventh  edition, 
1884,  states  that,  "the  wound  in  the  uterus  requires  no 
other  attention  than  that  of  being  well  cleansed  "  ;  while 
Playfair,  third  American  edition,  1880,  considers  the 
question  of  suture  "  a  mooted  point. "  To  Kehrer  ("  Ueber 
eiu  modificirtes  Verfahren  bcim  Kaiserschnitte,"  Arc7i. 
f.  Oyndk.,  vol.  xix.,  p.  177,  Berlin,  1882),  Sanger  ("Der 
Kaiserschnitt  bel  Uterus-Fibromen  nebst  vergleichender 
Methodik  der  Seetio-Caesarea  und  Porro-Operalion," 
Leipsic,  1882),'  and  Leopold  ("Ein  Kaiserschnitt  mit 
Uterusnaht  nach  LTnterminirung  der  Serosa  und  Resec- 
tion der  Muscularis":  "Zweiweitere  gUickliche  Kaiser 
schnitte,"  etc.,  Arch.  f.  Gyniik..  vol.  xix..  p.  400,  1882, 
and  vol.  xxiv.,  p.  427,  1884),  belong  the  chief  credit  for 
the  improvement  in  the  treatment  of  the  uterine  wound 
which  has  rendered  the  present  splendid  results  possible. 

The  three  improvements  that  have  brought  the  mortality 
of  Ciesarean  section  from  nearly  one  himdred  per  cent,  to 
about  five  per  cent,  are;  antisepsis  and  asepsis;  complete 
muscular  and  serous  suturing;  coaptation  in  the  uterine 
womid,  and  operation  at  the  selected  time,  instead  of 
when  patients  were  mostl.v  moribund,  or  exhausted  b}' 
long  labors ;  and  the  Porro  hysterectomy. 

Methods  of  Operating. — The  Sanger  Ca?sarean  section. 
To  Sanger  has  been  awarded  the  honor  of  title  of  the 
simple  coiliohysterotomy  form  of  Ca?sarean  section.  For 
performing  this  operation  the  patient  is  )irepared  as  for 
any  abdominal  section.  The  urine  should  be  carefully 
tested,  the  bowels  thoroughly  emjitied,  the  abdomen 
washed  with  green  soap  and  alcohol  or  ether,  and  bound 
with  gauze  (1  to  1,000  bichloride)  twelve  hours  before 
operating.  The  pubes  should  be  shaved,  and  the  vulva 
and  vagina  made  as  aseptic  as  possible.  This  latter  is  best 
accomplished  by  first  douching  with  hot  bichloride  solu- 
tion and  by  dusting  boric-acid  iiow<ler  into  all  the  crev- 
ices of  the  introitus  vaginfe  and  the  vidva.  The  urine 
should  after  this  be  drawn  with  a  soft  catheter.  The 
instruments  needed  are:  scalpels,  two  mouse-toothed  dis- 
secting forceps,  one  dozen  artery  forceps,  scissors,  long- 
curved  needles,  as  well  as  some  that  are  small  and  short, 
needle-holders,  sutures  of  medium-sized  silk,  silkworm 
gut,  and  catgut:  two  pieces  of  either  solid  rubber  liga- 
tures or  tubing,  each  about  eighteen  inches  long ;  several 
pedicle  clamps;  right  and  left  aneurism  needles,  and 
one  large  vidsella  forceps. 

When  to  Ojierdte. — There  are  some  advantages  in  oper- 
ating when  the  patient  is  in  labor,  the  choice  moment 
being  when  the  uterus  is  awakened  to  active  rhythmic 
pains,  but  previous  to  any  exhaustion. 

There  is  less  liability  to  failure  of  the  uterus  to  con- 


tract after  section  and  removal  of  its  contents.  The  cer- 
vix is  also  more  succulent,  and  will  permit  delivery  of 
the  placenta  per  rinK  iiaturnles  if  that  proves  best.  On 
the  other  hand,  it  is  difficult  to  make  as  thorough  prepa- 
ration for  operation  and  perform  it  before  any  exhaustion 
of  the  patient  occui-s.  if  the  time  is  decided  by  the  occur- 
rence of  labor,  which  may  be  at  an  inconvenient  hour. 
Generally,  when  the  operation  has  already  been' decided 
upon,  the  operator  selects  his  time.  This  time  should,  of 
course,  be  as  near  term  as  possible,  unless  there  are  spe- 
cial indications  to  the  contrary. 

Steps  of  the  Opcrcition. — The  abdominal  incision  is  made 
in  the  median  line,  running  from  one  inch  and  a  half 
below  the  umbilicus  to  iust  above  the  pubes.  Usuallv 
the  uterus  lies  in  contact  with  the  abdominal  wall,  the 
omentvim  and  intestines  being  above  and  somewhat  to 
the  left  of  that  body,  but  it  is  not  wise  to  assume  this 
and  cut  at  one  stroke  through  the  abdominal  wall.  There 
is  no  need  of  such  efl:'ort  at  speed. 

Tliere  are  at  this  stage  two  methods  of  handling  the 
uterus:  one  to  incise  it  in  situ,  and  the  other  to  lift  it  out 
of  the  abdominal  cavity  and  then  incise  it.  The  first 
method  can  be  used  when  the  uterus  is  free  from  infec- 
tion and  the  fa>tus  of  moderate  size.  It  has  the  advan- 
tage of  requiring  less  length  of  incision  in  the  abdominal 
wall  than  the  second  method,  and  of  causing  less  expo- 
sure and  displacement  of  the  Intestines.  The  second 
method  has  the  advantage  of  more  thoroughly  keeping 
the  fluids  from  the  uterus  out  of  the  abdominal  cavity, 
and  permits  better  control  of  uterine  hemorrhage.  There 
are  also  two  methods  employed  for  the  control  of  hemor- 
rhage. By  one  the  uterus  is  constricted  by  means  of  a 
rubiaer  ligature  (this  is  about  one-eighth  of  an  inch  thick 
and  eighteen  inches  long),  or  by  rubber  tubing,  which  is 
passed  around  the  lower  portion  of  the  uterus,  and  either 
tied  tight  with  the  knot  in  front,  or  a  single  turn  in  the 
knot  is  made  and  constriction  applied  according  to  the 
need  during  the  operation.  By  the  other  method  an  as- 
sistant grasps  the  lateral  attachments  of  the  uterus  with 
the  thumbs  and  fingers  of  both  hands  and  makes  com- 
pression of  the  uterine  and  ovarian  arteries  as  required. 
The  advantages  of  the  rubber  constrictor  are:  that  it 
does  not  require  an  individual  assistant,  that  it  more 
surely  prevents  hemorrhage,  and  that  it  is  less  in  the  way 
of  the  operator  than  are  the  hands  of  an  assistant.  It  has  a 
distinct  disadvanta.ue  in  its  liability  to  cause  asphyxiation 
of  the  child ;  and  it  has  a  tendency  to  cause  partial  paraly- 
sis of  the  uterus,  and  so  favors  bleeding  by  preventing 
uterine  contraction  alter  tlie  organ  is  emptied.  A  good 
assistant  holding  the  uterus  can  both  estimate  the  degree 
of  compression  required  and  apply  it  with  lessened  lia- 
bility of  fo'tal  asphyxiation.  He  can  also  be  of  service 
in  steadying  the  uterus  for  the  operator. 

The  uterine  incision  should  be  a  clean  cut.  which 
should  be  made  at  first  only  lar,ge  enough  to  admit  two 
fingers,  when  the  opening  can  then  be  enlarged  with  the 
fingers  holding  it  open,  and  either  a  bistoury  or  blunt 
scissors  used  for  making  the  enlargement. 

Many  difi'erent  incisions  of  the  uterus  have  been  advo- 
cated, hut  only  one — the  longitudinal — can  be  employed 
with  the  uterus  in  silii.  Following  is  a  list  of  the  vari- 
ous incisions  advocated:  the  longitudinal  middle  third 
(Sanger);  the  posterior  surface  (Cohnstein);  the  trans- 
verse lower  segment  (Kehrer);  the  transverse  fundal 
(Fritsch);  the  sagittal  fundal  (Miiller-Caruso) :  and  the 
longitudinal,  from  fundus  to  Bandl's  ring  (Bar).  Origi- 
nality has  evidently  found  its  limit  in  methods  of  making 
uterine  incisions;  even  the  cervical  incision  of  the  dis- 
carded laparo-elytrotomy  is  excluded  from  the  pioneer. 

Of  the  above  methods  only  those  of  Bar,  Sanger,  and 
Fritsch  need  to  be  considered.  The  Sanger  incision  is 
not  rightfully  his,  as  it  was  performed  long  before  his 
time.  The  choice  between  it  and  that  of  Bar  would  de- 
pend solely  upon  the  location  of  tlie  placenta,  if  that 
could  be  determined — which  it  usually  cannot.  There  is 
less  certainty  of  contraction  of  the  lower  portion  of  the 
uterus,  which  gives  Bar's  incLsion  an  advantage  for  se- 
curing both  greater  avoidance  of  hemorrhage  and  better 


642 


REFERENCE   HANDBOOK  OF  THE   MEDICAL   SCIENCES. 


Ctesarean  Seotltfn. 
Ctesareau  Section. 


behavior  of  tlie  wound  when  sutured.  It  is  claimed  for 
Fritscli's  transverse  incision  that  there  is  less  hemorrhage 
than  in  the  longitudinal  incision  because  the  uterine 
vessels  pursue  a  transverse  course;  also  that  there  is 
least  liability  of  finding  the  placenta  in  this  region. 
Neither  of  tliese  views  has  any  special  foundation  in  fact. 
It  might  be  claimed  for  the  method  that  the  risk  of  infec- 
tion is  lessened  l)y  having  the  line  of  incision  run  at  right 
angles  to  the  abdominal  incision,  whereby  possible  infec- 
tion of  the  latter  would  be  less  liable  to  come  in  contact 
with  the  former.  Hahn  (Cenlralhl.  fiir  Gyniikol.,  Decem- 
ber 9th,  1899)  gives  a  summary  of  a  total  of  fifty -one  cases 
of  Caesarean  section  performed  by  Fritscli's  method  \ip  to 
date.  Two  died,  both  from  circumscribed  peritonitis. 
The  summary  is  inconclusive  so  far  as  showing  any  spe- 
cial advantage  over  Bar's  incision.  In  the  absence  of 
special  indications.  Bar's  incision  is  best. 

While  the  uterus  is  being  incised  an  assistant  should 
endeavor  to  keep  the  lips  of  the  abdominal  wound  closely 
coaptated  to  the  uterus  to  prevent  the  entrance  of  fluids 
into  the  abdominal  cavity. 

There  are  certain  advantages  in  bringing  the  uterus  out 
of  the  abdominal  cavity  before  incising  it,  and  likewise 
disadvantages.  The  advantages  are ;  the  uterus  can  be 
better  handled,  its  contents  can  be  kept  out  of  the  abdom- 
inal cavity,  and  some  time  can  be  saved.  The  disadvan- 
tages are :  the  long  abdominal  incision,  and  the  greater 
liability  to  hernia  and  to  adhesions. 

The  disadvantages  are  subject  to  control  by  perfect 
technique,  so  that  the  well-known  surgical  rule  can  be 
applied,  that  free  incision  with  perfect  technique  appeals 
to  first-class  operators  as  against  the  opposite  method. 
The  method  with  the  uterus  brought  out  shoidd  alwaj-s 
be  selected  when  there  is  any  suspicion  of  an  infected 
uterine  cavity. 

The  length  of  the  incision  of  the  abdominal  wall  can 
best  be  determined  in  each  case.  Before  drawing  the 
fundus  out  of  its  bed  it  is  well  to  pass  two  long  sutures 
through  the  upper  wound.  These  can  be  used,  after  re- 
niovat  of  the  uterus  from  its  bed,  to  hold  the  intestines 
back  in  place.  When  the  uterus  is  drawn  out  it  should 
be  covered  with  warm,  sterile  cloths.  Pads  or  mats  of 
sterile  gauze  should  be  packed  underneath,  to  protect  the 
abdominal  cavity  from  fluids.  In  cases  of  special  sepsis, 
in  which  it  is  necessary  to  incise  the  uterus  before  ablating 
it  in  order  to  save  the  child,  it  is  a  good  measure  to  slip 
a  large  sheet  of  pure  rubber,  properlj-  sterilized  and 
punctured,  over  the  entire  uterus  down  to  the  cervical 
portion.  It  will  automatically  keep  out  every  drop  of 
fluid  from  the  cavity. 

Lorntii'ii  of  the  Piuceiita. — As  the  result  of  unusual 
opportunity  and  very  careful  observation,  G.  Leopold  has 
been  able  to  formidatea  rule  for  determining  the  placen- 
tal site  when  the  uterus  has  been  brought  into  view  by 
abdominal  section.  There  is  a  constant  relation  between 
the  placental  site  and  the  direction  of  the  tubes,  the  latter 
extending  backward  when  the  after-birth  is  on  the  an- 
terior wall,  and  remaining  laterally,  or  rather  directed 
forward,  when  it  is  on  the  posterior  wall.  In  some  cases 
there  is  a  bulging  of  the  uterus  over  the  site  occupied  by 
the  placenta.  These  are  means  of  diagnosis  which  come 
within  reach  when  the  uterus  has  been  exposed  by  ab- 
dominal section,  and  which  can  therefore  be  utilized  in 
Caesarean  section.  If  the  placenta  were  thus  indicated  as 
being  upon  the  anterior  middle  surface  of  the  uterus,  it 
would  be  well  to  make  the  incision  transversely  across 
the  fundus  {Fritscli's  incision),  or  transversely  across  the 
posterior  fundus  (Cohnstein's). 

In  making  the  incision  through  the  uterus  the  placenta 
must  be  disregarded  once  the  incision  has  been  started. 
It  can  either  be  cut  through,  or  separated  if  its  edge  is 
near  the  wound.  The  wound  being  of  sufficient  size,  the 
child  Is  drawn  out  either  head  or  foot  first,  whichever 
way  proves  most  convenient.  The  placenta  may  then 
either  be  removed  through  the  opening  or,  the  cord 
dropped  back  within  thewonib,  be  extracted  through 
the  cervix. 

In  the  treatment  of  the  uterine  wound  it  is  only  a  mat- 


ter of  historical  interest  that  it  was  formerly  thought  un- 
necessary to  suture  this  wound.  It  was  thought  that  the 
uterus,  being  a  contracting  compound  of  variously  run- 
ning muscular  fibres,  would  close  the  wound  without  the 
assistance  of  any  sutures;  but  this  view  has  been  found 
to  be  altogether  wrong,  and  no  further  discussion  of  it  is 
permissible.  The  opposite  treatment,  that  of  water-tight 
suturing  of  the  wound,  is  now-  altogether  employed. 

To  get  the  most  absolute  coaptation  and  impervious 
union  of  the  lips  of  the  wound,  Sanger  went  to  the  ex- 
treme of  advocating  the  dissection  of  a  thin  strip  of  mus- 
cle from  each  raw  surface  of  the  wound  in  order  that  the 
peritoneum  could  be  enfolded  on  both  sides  and  prompt 
sealing  of  the  wound  by  peritoneal  agglutination  thereby 
secured.  Even  this  time-taking  and  troublesome  dissec- 
tion has  already  become  historical.  It  is  found  correct  in 
aim,  but  entirely  unnecessary,  as  the  same  degree  of  co- 
aptation can  be  secured  by  enfolding  superficial  sutures. 

It  should  be  borne  in  mind  that  perfect  closure  of  the 
uterine  wound  is  essential  to  success,  and  the  method 
employed  should  not  be  slighted  by  any  one. 

First,  a  row  of  deep  sutures  of  silk  should  be  inserted, 
extensive  enough  to  include  the  muscle,  but  not  the  en- 
dometrium or  decidua.  These  sutures  should  be  placed 
— interruptedly — about  1.5  cm.  (.65  in.)  apart,  and  should 
emerge  at  the  same  distance  from  the  edges  of  the  wound. 
Between  these  should  be  inserted  a  similar  series  of 
sutures  at  half  the  depth  of  the  first  set.  In  inserting 
these  sutures  care  should  be  taken  to  have  the  opposite 
surfaces  meet  without  irregularity  in  spacing,  lest  wrin- 
kling result  and  afford  a  pocket  for  infected  secretion.  As 
the  uterus  will  sustain  constant  rhythmical  contractions 
and  relaxations,  it  is  well  to  tie  the  sutures  a  little  too 
tightly  rather  than  too  loosely.  A  slight  blanching  of 
the  included  tissues  is  evidence  of  proper  tension  liy  the 
sutures.  When  both  layers  of  the  deep  and  half-deep 
sutures  have  been  tied,  a  sui^erficial  row  which  includes 
only  the  peritoneum  should  be  introduced.  These  are 
intended  to  enfold  the  peritoneum  and  bury  the  other 
sutures.  Fine  silk  should  be  used.  These  sutures  in- 
clude just  enough  peritoneum  to  secure  a  good  hold,  and 
run  entirely  over  the  deeper  layers.  They  may  be  either 
interrupted  or  continuous,  following  the  method  of  Leni- 
bert  in  suturing  the  intestines.  The  latter  method  is 
quite  as  effective  as  interrupted  suturing,  and  has  the 
advantage  of  saving  time. 

As  in  every  abdominal  operation,  very  careful  cleans- 
ing of  all  parts  by  gauze  sponging  should  be  employed, 
the  region  behind  the  uterus  receiving  special  attention. 
Hunter  Robb  advises  drawing  the  omentum  down  behind 
instead  of  in  front  of  the  uterus  in  making  the  final  toilet 
of  the  abdominal  cavity,  as  proving  less  likely  to  cause 
omental  adhesions  and  subsequent  hypogastric  and  epi- 
gastric pains  after  the  uterus  has  contracted. 

In  removing  the  placenta,  it  is  possible,  with  a  little 
care,  to  avoid  bringing  the  hands  in  contact  with  the 
uterine  wall  by  keeping  them  within  the  amnion,  the  pla- 
centa being  grasped  on  its  ffl?tal  surface  with  the  amnion 
entirely  enveloping  the  hands. 

Irrigation  of  the  uterus  after  section  is  not  usually 
indicated,  inasmuch  as  this  method  of  operating  should 
not  be  performed  if  infection  has  already  taken  place,  the 
Porro  method  being  employed  instead.  There  may  be 
circumstances  present  in  the  operation  interfering  with 
perfect  asepsis,  in  which  case  thorough  douching  with 
bichloride  solution — 1  to  10,000 — should  be  employed. 

In  the  after-treatment  of  the  patient  but  little  variation 
from  ordinary  management  in  abdominal  operations  is 
indicated.  If  the  bowels  were  not  properly — i.e.,  thor- 
oughly— emptied  previous  to  operation  {this  is  pecul- 
iarly liable  to  be  the  case  in  CiEsarean  section,  where  so 
many  cases  are  emergency  operations),  efforts  should  be 
made  to  secure  thorough  cleansing  at  once.  Otherwise 
the  second  day  will  be  best  for  the  administration  of 
cathartics. 

The  vagina  should  be  douched  after  operation  to  re- 
move blood  accumulations,  and  then  treated  as  in  ordi- 
nary labors  in  which  douching  is  not  necessary ;  but  care- 


543 


Csesarean  Section. 
Caffeine, 


REFERENCE  HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


ful  dressing  of  the  vulva  with  sterile  gauze  and  cotton 
pads  is  essential.  Voluntary  micturition  is  preferable  to 
catheterization.  There  is  a  physiological  advantage  in 
placing  the  child  to  the  breast  at  regular  intervals,  as  this 
stimulates  the  uterus  to  healthy  contraction  and  favors 
involution.  The  patient  should  not  lie  asked,  however, 
to  feed  the  child  from  the  breasts,  unless  she  is  quite  able 
to  do  so  without  feeling  the  drain. 

The  patient  should  be  allowed  partially  to  sit  Tip  in 
"bed  after  eight  or  nine  days,  according  to  the  conditions. 
To  avoid  abdominal  hernia,  it  is  best  not  to  hurry  getting 
the  patient  on  her  feet,  the  fourth  week  being  usually 
time  enough.  An  abdominal  bandage,  or  truss,  should 
be  worn  for  a  while. 

Ccelto-Hysterectojit  (the  Porro  operation). — In  1876 
a  modification  of  the  classical  Cesarean  section  was  per- 
formed by  Edward  Porro,  which  consisted  in  ligation  of 
the  uterine  and  ovarian  arteries  and  removal  of  the  uterus 
at  the  cervi.v,  the  stump  being  brought  into  the  abdomi- 
nal wound  and  there  fixed. 

There  are  two  methods  of  performing  this  ojieration : 
one,  the  original  Porro  method,  in  which  the  same  ste]js 
as  in  the  method  just  described,  up  to  the  removal  of  tlie 
child,  are  taken,  after  which  the  ovarian  and  uterine 
arteries  in  the  broad  ligaments  are  tied,  and  the  uterus 
then  cut  away  just  above  the  ligature:  and  the  other 
known  as  the  Porro-Miiller  methotl,  in  which  the  abdom- 
inal incision  is  made  sufficiently  large  to  permit  bringing 
the  uterus  out  of  the  abdominal  cavity  before  removing 
the  child,  when  the  latter,  if  still  alive,  is  removed  by 
opening  the  uterus ;  or  if  the  child  is  dead,  or  the  uterus 
is  dangerously  septic,  the  entire  uterus  is  cut  away  with- 
out opening  it. 

When  the  Porro  method — removal  of  the  uterine  con- 
tents with  the  uterus  in  sit)i — is  employed,  great  care  is 
necessary  to  prevent  contact  of  anj'  of  the  uterine  fluids 
with  the  abdominal  cavity,  inasmuch  as  this  operation  is 
geiierally  done  in  preference  to  the  so-called  Sanger  oper- 
ation because  the  uterus  is  believed  to  be  septic.  It  is 
better,  when  doing  the  operation,  to  ligate  the  neck  of 
the  uterus  more  tightly  than  is  done  in  the  Sanger  opera- 
tion, as  it  is  most  desirable  to  avoid  flowing  into  the  ab- 
dominal cavity,  while  there  is  no  need  of  preserving  ute- 
rine tonicity. 

In  doing  this  operation  there  is  no  necessity  for  care  in 
making  iha  opening  into  the  uterus,  and  it  is  permissible 
to  tear  the  opening  with  the  hand  instead  of  cutting  to 
the  desired  size  with  knife  or  scissors.  This  ma}'  save 
some  time  and  lessen  hemorrhage.  It  is  also  well  to  draw 
a  pad  of  sterile  gauze  down  behind  the  uterus  before 
making  the  incision  into  it.  This  will  best  prevent  the 
entrance  of  fluids  into  the  abdominal  cavity.  After  the 
uterus  has  been  emptied  it  shoidd  be  cut  away  with  scis- 
sors at  about  one  inch  above  the  line  of  constriction,  the 
tubes  and  ovaries  being  included.  The  vessels  should 
then  be  ligated,  including  those  in  the  stump.  The  raw 
surface  of  the  stmiip  is  ne.\t  seared  with  pure  carbolic 
acid.  The  abdominal  wound  is  then  sutvired  down  to  the 
stump.  Knitting  needles,  or  pins  six  inches  or  more  in 
length,  are  passed  through  the  stump,  including  the  liga- 
ture, and  are  protected  from  cutting  into  the  abdominal 
wall  by  pads  of  gutta-percha  or  closely  folded  gauze. 
The  stump  is  generally  well  dusted  with  iodoform  and 
boric-acid  powders,  though  there  is  a  developing  ten- 
dency to  discard  iodoform  at  the  present  time.  The  en- 
tire wound  is  then  covered  with  sterile  gauze  pads  and 
absorbent  cotton.  These  dressings  may  require  removal 
and  fresh  ones  to  be  put  in  their  place  in  two  or  three 
days,  especially  if  sepsis  develops  in  the  stump. 

A  modification  of  this  method  of  treating  the  stump  is 
known  as  the  subperitoneal  method,  in  which,  instead  of 
bringing  the  stvunp  into  the  abdominal  woimd  and  fixing 
it  there,  it  is  left  in  situ,  and  a  layer  of  peritoneum  from 
the  posterior  surface  of  the  lower  uterus  is  dissected  free 
from  the  uterus  before  the  constrictor  is  applied,  and 
then  closely  stitched  over  the  stump  to  the  peritoneum  in 
front.  This  method  requires,  in  place  of  the  constriction 
ligature  around  the  neck  of  the  uterus,  the  application 


of  clamps  to  the  vessels  in  the  Ijroad  ligaments;  then, 
after  removal  of  the  uterine  contents,  the  peritoneal  flaps 
are  dissected  loose.  The  constrictor  can  then  be  applied 
without  involving  the  flaps.  This  method  requires  more 
time  than  the  older  one,  but  is  preferable  when  feasible. 

Complete  Hystcrectumy.  —  The  removal  of  the  entire 
uterus  and  cer\'ix  is  necessary  in  conditions  such  as  can- 
cer involving  the  cervix.  When  this  is  done,  instead  of 
ligaturing  the  stump  the  vessels  are  tied  in  the  broad 
ligament  and  the  uterus  dissected  out  complete,  as  in 
ordinary  hysterectomies  in  g3-na;cological  work. 

Indic.\tions  for  C.-es.\rea!s;  Section.— Certain  cases 
of  pregnane}'  are  met  with  in  which  the  physician  has 
the  choice  of  only  one  method  of  relief— Cesarean  section. 

Tumors  and  Diseases. — Tumorsof  the  lower  segment  of 
the  uterus  which  cannot  be  removed  b}-  vaginal  opera- 
tion, and  which  are  of  such  size  as  to  prevent  dilatation 
of  the  cervix  suflicient  to  permit  passage  of  the  fa'tus,  ne- 
cessitate coelio-hysterotomy.  p^broids  are  most  frequent 
in  this  list.  Ovarian  tumors  impacted  in  advance  of  the 
head,  and  occupying  the  pelvic  basin  to  the  obstruction 
of  the  f<Etus;  rarely  a  dislocated  and  adherent  kidney; 
intestinal  displacement:  carcinomata  of  the  cervix,  rec- 
tum, sigmoid  flexure,  and  vagina.,  and  certain  obstructive 
growths  following  old  cases  of  appendicitis,  compose 
most  of  the  abnormalities  necessitating  Cesarean  section. 
Exostoses  may  also  compel  the  operation.  Cicatrices  of 
the  vagina  may  be  of  sufficient  size  to  compel  Cwsarean 
section.  It  is  not  worth  while  to  classify  some  of  these 
obstructions  as  "  absolute  "  indicators  of  Osarean  section, 
because  every  case  offers  an  imlividual  equation,  and 
must  be  decided  by  itself. 

It  may  be  that  slitting  the  cervix  in  some  cases  of 
tumor,  such  as  m\'oma,  will  be  less  dangerous  than  Caesa- 
rean  section :  or  a  tumor  of  the  ovary  prolapsed  into  the 
pelvis  may  be  removed  with  less  danger  than  a  Csesarean 
section  involves.  In  tumors  of  the  lower  uterus  the  im- 
minent danger  of  rupture  of  that  organ  in  cervical  dila- 
tation must  be  given  much  weight.  In  cicatrices  of  the 
vagina  it  may  seem  feasible  to  cut  and  dilate  them,  but 
they  are  liabie  to  tear  much  beyond  safe  limits  in  the 
passage  of  the  fa'tus. 

In  all  these  various  indications  the  general  rule  prevails 
among  exjjerienced  operators  that  a  controllable  opera- 
tion like  Ctesarean  section  is  much  safer  than  severe  strain- 
ing and  mashing  of  tissue  in\olved  in  drawing  a  foetal 
body  through  an  abnormally  obstructed  vagina.  Incisions 
of  the  cervix  or  of  vaginal  cicatrices,  with  blind  traction 
and  distention,  cannot  equal  aseptic,  clean  abdominal  in- 
cisions and  neat  suturing  of  wounds,  even  though  the 
latter  be  great  in  extent. 

Pelvic  Contrftction  and  Large  Eead. — When  a  pelvis  is 
too  small  to  allow  passage  of  the  head  of  the  fcetus  by 
symphysiotomy,  or  when  craniotomy  would  be  as  diffi- 
cult and  dangerous  as  a  Cesarean  section,  the  indications 
for  the  latter  operation  may  be  classed  as  absolute.  But 
it  is  almost  useless  to  define  such  conditions  by  fixed 
pelvic  diameters.  A  conjugata  vera  of  but  two  inches 
would  be  "absolute,"  but  between  two  and  one-half  and 
three  inches  it  is  not  ]50ssible  to  classify  the  indications. 
The  only  proper  method  of  determining  the  dimension 
indications  for  Ca'sarean  section  is  to  learn  the  relative 
proportions  existing  between  fa>tal  head  and  pelvic  cali- 
bre ;  and  pelvic  measurement  is  only  one-half  of  the 
problem. 

Contraction  of  the  pelvic  canal  of  sufficient  degree  to 
render  craniotomy  as  dangerous  as  CiBsarean  section  is 
one  of  the  rarest  abnormalities  in  obstetrics.  The  degree 
of  contraction  which  renders  the  operation  of  symphysi- 
otomy out  of  the  question  should  be  determined.  This 
method  of  delivery  occupies  a  field  limited  to  such  de- 
gree of  disproportion  as  will  ])ermit  pas.sage  of  the  fa>tal 
head  after  section  of  the  pubic  joint  without  necessitating 
a  separation  of  the  pubic  bones  of  more  than  two  and 
three-fourth  inches.  A  greater  separation  of  these  bones 
involves  such  risk  to  the  sacro-iliac  joints  and  the  vagi- 
nal wall  and  bladder  as  to  condemn  the  operation.  Ca'sa- 
rean  section  should  be  the  absolute  choice  in  such  cases. 
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Symijliysiotouiy  should  be  pei'formed  only  when  the 
patient  is  in  labor,  and  the  most  useful  and  the  safest 
metliod  of  determining  how  much  separation  of  the  pubic 
bone  would  be  reijuired  is  direct  palpation  of  the  head 
and  pelvic  inlet  with  the  hand  in  the  vagina.  Approxi- 
mately indicating  by  figures  the  limits,  we  would  state 
that  a  conjugate  vera  of  three  inches  and  a  fo'tal  biparie- 
tal  diameter  of  from  three  and  one-half  to  four  inches 
would  not  cause  too  great  separation  of  the  pubic  joint. 
Wotherspoon  delivered  a  child  weighing  tifteen  and  one- 
half  pounds  with  a  separation  of  nearly  live  inches;  and 
the  patient  recovered,  but  with  a  torn  vagina,  urethral 
tistula,  and  one-half  of  an  inch  separation  of  the  pubic 
bones.  Such  cases  get  beyond  the  control  of  the  opera- 
tor, and  are  not  jiistifiable  when  foreseen. 

The  comparative  mortality  and  morbidity  of  Ca'sarean 
section,  induced  laljor,  and  s.vmphysiotorny  depend,  in 
the  answer,  upon  many  variable  points.  Induced  pre- 
mature laboi'  is  safest  for  the  mother  and  most  danger- 
ous for  the  child  in  cases  requiring  delivery  before  the 
thirty-second  week.  Caesarean  section  is  most  dangerous 
for  tiie  mother  and  safest  for  the  child ;  symphysiotomy 
is  safer  for  the  motlier  than  Cirsarean  section,  and  some- 
what more  dangerous  than  induced  premature  delivery. 
It  is  less  dangerous  for  the  child  than  the  latter  method, 
and  more  so  than  is  CsBsarean  section. 

The  essential  operative  mortality  (that  per  cent,  of 
fatalities  wliich  will  follow  the  surgical  work  of  ihe  best 
operators  in  cases  taken  at  the  time  most  favoralile,  and 
which  must  follow  present  methods  of  performance  in 
these  several  ways  of  delivery)  must  be  the  foundation 
for  selection  of  method. 

Induced  premature  labor  for  dystocia  is  essentially  al- 
ways of  the  above  class,  as  it  is  performed  voluntarily 
and  at  the  convenience  of  operator  and  patient.  The 
mortality  is  about  4  per  cent.,  but  should  not  be  more 
than  1  per  cent,  higher  than  pertains  to  spontaneous 
ordinary  labors.  Its  relative  safety  for  the  mother  is 
unquestioned. 

The  mortality  for  tlu;  child  is,  and  always  will  be,  very 
high. 

Twenty-five  jier  cent,  of  all  babies  born  die  within  the 
tirst  year.  The  death  rate  within  full  term  for  six- 
months  time  babies  is  nearly  90  per  cent.,  at  seven  months 
7.5  per  cent.,  and  at  eight  months  50  per  cent.  These 
figures  are  higher  than  those  given  by  French  writers, 
Init  they  aim  to  include  private  as  well  as  hospital  cases. 
Induced  labor  at  a  perioil  nearer  term  than  eight  months 
would  not  indicate  Ca?.sarean  section  as  an  alternative 
operation.  Efl'firts  have  been  made  by  Proehownick  and 
others  to  keep  the  ftetal  cranial  bones  soft  up  to  term  by 
diet,  and  so  accomplish  delivery  without  operation.  The 
results  obtained  justify  further  effort  in  this  direction. 

The  essential  mortality  from  symphysiotomy  is  about 
3.5  per  cent. :  this  in  the  hands  of  experienced  operators 
and  when  the  method  was  properly  selected.  Pinard 
gives  5  per  cent,  as  the  mortality  of  160  symphysiotomies 
done  at  the  Baudelocque  Clinic  1893-1899,  excluding  7 
deaths  due  to  outside  causes.  The  writer  has  operated 
13  times  without  a  death  from  symphysiotomy.  The 
general  fojtal  mortality  is  given  as  14..5  per  cent. 

The  essential  mortality  from  the  Sanger  Caesarean  sec- 
tion can  be  given  only  by  estimate.  Reynolds  ("  Obstet- 
rics," Vol.  II.,  No.  1),  taking  the  cases  of  Leopold,  Everke, 
and  himself  in  whicli  the  patients  were  free  from  sepsis 
and  exhaustion  from  labor,  reports  88  cases  with  but  2 
deaths  which  occuri'ed  some  3'ears  ago  from  operative 
sepsis.  In  the  hands  of  operators  in  general  we  would 
expect  a  percentage  mortality  from  selected  cases  of 
about  5.  For  the  children  it  should  scarcely  exceed  the 
results  in  normal  labors. 

The  actual  mortality  from  the  Sanger  operation  is  from 
6  to  8  per  cent,  in  the  work  of  the  leading  operators. 
From  all  sources  the  actual  mortality  from  Caesarean  sec- 
tion is  from  25  to  'S'S  per  cent,  to-day.  From  symphysi- 
otomy it  is  about  10  per  cent.  The  mortality  from  the 
Porro  operation  is  necessarily  higher  than  from  the  Sanger 
operation,  even  in  the  best  of  hands,  inasmuch  as  tlie 
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cause  of  its  selection  is  often  the  septic  condition  of  the 
uterus. 

From  craniotomy  there  should  be  in  favorable  cases  no 
greater  mortality  than  from  forceps  deliveries.  The 
operation  is  seldom  performed  vmtil  after  the  forceps 
has  been  tried  severely,  and  the  patient  been  bruised 
and  often  infected.  In  view  of  the  very  low  death  rate 
of  other  methods,  it  shoidd  not  be  the  primary  selection 
of  method  in  tlie  hands  of  experienced  and  properly  pre- 
pared obstetricians;  but  it  may  often  be  the  most  "expe- 
dient method  for  the  general  practitioner,  in  whose  hands 
most  labors  occur  outside  of  hospitals. 

Given  a  patient  not  in  lalior  but  recjuiring  induced  pre- 
mature labor,  .symphysiotomy,  or  Ca'sarean  section  to 
secure  delivery  of  a  living  child,  and  an  obstetrician  of 
equal  experience  in  each  method  and  regularly  engaged 
in  doing  abdominal  surgery,  due  regard  being  given  to 
both  mother  and  child,  in  cases  of  medium  contraction 
not  permitting  forceps  deli-\-ery,  symphysiotomy  should 
be  selected.  With  more  marked  contraction  the  Sitnger 
Cesarean  section  should  be  preferred.  Ca.ses  of  severe 
manipulation,  with  the  child  in 'good  condition,  with 
probable  infection  of  the  uterus  present,  call  for  sym- 
physiotomy in  preference  to  the  Porro  operation.  Sym- 
physiotoni}-  is  not  affected  by  infection  if  the  writer's 
subcutaneous  method  is  employed;  Caesarean  section  is 
markedly  affected.  If  the  child's  condition  renders  de- 
livery alive  very  problematical,  further  effort  with  for- 
ceps and  then  craniotomy  may  be  l)est.  Tlie  </.  prion 
argument  in  cases  complicated  by  tmnors  and  local  dis- 
eases is  in  favor  of  Csesarean  section.  Induced  labor  is 
generally  decided  upon  by  the  patient. 

If  the  physician  is  not  accustomed  to  abtlomiual  sur- 
gery, he  should  select  .symphysiotomy  in  preference  to 
CiEsarean  section.  If  he  is  not  accustomed  to  any  surgi- 
cal work,  he  should  choose  induced  premature  labor,  or 
perform  craniotomy,  if  he  must  deliver  the  patient  him- 
self. 

I'/ie  Chiju-e  of  Mithiiil  III.  Cipxurcan  Section. — The  Porro 
method  is  not  only  indicated  but  required  in  all  cases  of 
suspected  existing  infection  of  the  uterus.  This  is  the 
situation  in  cases  in  which  extensive  efforts  have  been 
made  by  others  to  secure  delivery  liy  use  of  the  forceps 
or  by  version;  when  the  amnion  has  been  ruptured  for 
hours  and  most  of  the  fluid  drained  away;  when  the 
cervix  is  swollen  and  O'dematous,  the  vagina  hot  and 
dry,  and  the  vulva  swollen;  also  when  tumors  and  jiath- 
ological  changes  are  present  in  the  soft  parts  which  in- 
terfere with  passage  of  the  foetus;  in  rupture  of  the  uterus 
at  sites  difficult  to  suture,  or  when  it  seems  safer  to  do  a 
hysterectomy  than  to  suture  a  jagged  wound  at  any  site. 
It  may  Ije  indicated  in  very  exhausted  conditions  of  the 
uterus  with  hemorrhage  present  or  threatening.  It  is  in- 
dicated in  certain  conditions  of  the  very  rare  occurrence 
of  combined  intra-  and  extra-uterine  pregnancy.  It  is 
not  indicated  as  a  means  of  preventing  future  pregnancy, 
unless  the  operator  is  perfectly  satisfied  that  he  can  per- 
form it  with  the  same  degree  of  safety  that  he  could  a 
Sanger  section. 

To  a  physician  of  comparative  inexperience  in  al)domi- 
nal  operations  the  Sanger  Caesarean  section  is  probably 
an  easier  and  safer  method  than  the  Porro  hysterectomy. 

Edward  A.  Ayera. 

CAFFEINE.— r/fmi*-.  CeH,„N,0~,H.,0.  "A  feeble 
basic,  proximate  principle,  obtained  from  the  dried  leaves 
of  Then  sinensis,  Linn.  (nat.  ord.  Ternstra-miacea),  oi 
from  the  dried  seeds  of  Coffea  urahica,  Linn.  (nat.  ord. 
Rubiaci'iT).  and  found  also  in  other  plants"  (U.  S.  P.). 

■'  An  alkaloid  usually  obtained  from  the  dried  leaves  of 
CitmeUid  Then,  Link,  or  the  dried  seeds  of  Coffea  arabica. 
Linn."  (B.  P.). 

It  occurs  in  fleecy  masses  of  long,  flexible,  white  crys 
tals,  permanent  on  exposure,  of  a  silky  lustre,  having  a 
bitter  taste,  and  without  odor.  Soluble  in  eighty  parts 
of  cold  water,  in  two  parts  of  boiling  water,  and  in  thirty- 
three  parts  of  alcohol.  It  is  neutral  to  test  paper.  When 
ignited  it  is  consiuned  without  residue.     A  notable  fea- 
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ture  is  the  unusually  large  proiiortion  of  nitrogcu  that  it 
contaius. 

The  only  official  salt  is  the  citrate,  which  is  very  un- 
stable and  rapidly  deteriorates,  the  alkaloid  separating 
and  remaining  uncombined.  When  mixed  with  three 
parts  of  water,  the  citrate  forms  a  thick  liqviid;  when 
more  water  is  gradually  added  the  cafieiue  is  precipi- 
tated, but  redissolves  and  forms  a  clear  .solution  when 
twenty-four  parts  of  water  are  added.  It  is  a  white 
powder,  without  odor;  it  has  a  bitter  taste  and  an  acid 
reaction.  When  burned  it  chars  and  leaves  a  slight  ash. 
It  is  soluble  in  tliirty-two  parts  of  water. 

An  effervescing  citrate  is  official  in  the  United  States 
Pharmacojiccia  ami  the  British  Pharniacopa'ia.  The 
former  contains  one  per  cent,  of  caffeine,  that  of  the  Brit- 
ish Pharmacopa>ia  coujaihs  nearly  four  |)er  cent. 

Caffeine  is  the  characteristic  alkaloid  of  coffee  and  tea. 
It  was  discovered  and  tirst  prejiared.  in  an  imjuire  con- 
dition, from  coft'ee,  by  Range,  iu  1820.  and  shortly  after, 
in  a  state  of  greater  purity,  by  Pelletier  and  Robicjuet. 
and  other  chemists.  In  1827  (Judry  separated  an  alka- 
loid from  tea.  which  he  named  thri/ie.  This,  iu  183s. 
was  proved  by  JIulder  and  C.  Jobst  to  be  the  same  as 
Runge's  caffeine.  In  1840  Martius  discovered  giim-nnine 
in  guarana,  and  afterward  the  same  observer,  and  others, 
proved  its  identity  with  the  alkaloid  of  coffee.  The  same 
substauce  was  also  found,  in  1843.  by  Stenhou.se,  in  the 
leaves  of  mate  or  Paraguay  tea,  and  in  1805,  by  D,  Daniel 
and  by  J.  Atttield.  iu  the  kola  nuts  {Stercvlin)  of  Africa. 
In  all  these  products  it  appears,  moreover,  to  be  the  most 
important  iugredieut.  As  no  two  of  these  plants  are 
nearly  related  to  each  other,  or  are  even  in  the  same 
order,  caffeine  may  yet  be  found  to  be  as  widel}'  distiib- 
uted  iu  the  vegetable  kingdom  as  berberine  or  buxine. 
It  is  an  interesting  fact  that  all  the  above  substances  have 
been  used  from  a  remote  time  by  commimities  whicli 
could  have  had  no  communication  with  each  other,  for  ex- 
actly the  same  purpose,  viz.,  as  a  stimulating  and  com- 
forting addition  to  their  daily  food ;  tea  by  the  Chinese, 
coffee  by  the  AraVis,  the  kola  nuts  by  the  Africans,  and 
mate  and  guarana  liy  different  tribes  of  South  America. 

For  commercial  purjjoses  caffeine  is  prepared  exclu- 
si\'ely  from  tea  and  coffee:  the  poorer  sorts,  that  is  "tea 
dust "  and  damaged  and  inferior  grades  of  either  tea  or 
coffee,  being  used.  As  the  price  of  both  these  articles 
does  not  depend  at  all  upou  their  alkaloidal  strength,  but 
only  upon  their  appearance  and  flavor,  the  cheaper 
grades  often  contain  considerably  more  caffeine  than  the 
more  expensive  ones,  and,  price  apart,  are  better  for  this 
purpose. 

The  percentage  of  the  alkaloid  in  the  several  plants 
varies  greatl.y.  It  is  estimated  that  tea  contaius  from 
one  to  four  per  cent. ;  coffee,  one  to  three;  mate,  one  to 
two;  and  guarana  about  five  per  cent. 

Caffeine  acts  upon  the  cerebral.  medullar_y,  and  spinal 
centres,  primarily  as  a  stimulant  and  later  as  a  depres- 
sant. Its  action  is  also  directed  to  the  muscular  tissue, 
improviug  its  tone  and  contractile  power,  until  ultimately 
it  merges  into  the  general  depression. 

In  small  doses,  from  one  to  tlu'ce  grains,  it  produces  a 
sense  of  well-being,  and  a  feeling  of  increased  strength 
and  vigor.  The  cerebral  functions  become  more  active, 
the  respirations  are  deeijer,  the  heart  licats  more  forcibly, 
and  the  arterial  tension  is  increased.  The  heart  at  first 
participates  in  the  general  stimulation,  and  there  is  an 
increase  in  its  frequeucv  and  a  more  rapid  pulse.  This, 
however,  is  transitory,  as  tlie  inhibitory  centres  are  soon 
influenced  by  the  stimulation  and  produce  a  slowing  of  the 
heart's  action,  which,  with  the  more  forciljle  contraction 
of  the  muscular  walls,  constitutes  its  most  desirable  eft'ect. 
The  urine  is  increased,  both  the  quantity  and  the  con- 
tained solids  being  greater.  Tissue  change  is  accelerated, 
and  the  body  temperature  rises.  This  beneficial  action 
continues  for  some  days,  after  which  the  continued  use 
is  liable  to  give  rise  to  signs  of  cardiac  irritation  and  ex- 
cessive vascular  tension.  There  may  be  a  rapid,  liard 
pulse,  a  feeling  of  constriction  in  the  chest,  dyspnoea, 
and  labored  action  of  the  lieart. 


In  larger  doses,  from  gr.  v,  to  gr.  viij.  or  x.,  the  s_ymp- 
toms  of  o\"er-stimulation  are  developed  earlv,  and  if  the 
drug  is  coutiuued,  the  depression  follows  rapidly  and  may 
become  ^•ery  marked.  In  addition  to  the  cardiac  and  re- 
spiratory distress,  there  are  insomnia,  vprtigo,  tinnitus 
auriiim.  Hashes  of  light,  mental  distress,  and  delirium. 
As  the  depressant  action  replaces  the  stimulation,  the  in- 
hibitory control  of  the  Jieart  is  lost  and  there  follows  a 
rapid,  feeble  heart  beat,  which  gradually  increases  until 
contractions  cease.  The  lespirations  also  liec<ime  shal- 
low, and  there  follows  a  condition  of  asphyxia  and  col- 
lapse, death  being  due  to  respiratory  failure.  Caffeine  is 
an  irritant  to  the  gastric  mucous  membrane,  an<l  its  con- 
tinued use  produces  heat  and  burning  at  the  epigastrium, 
with  nausea,  which  may  terminate  in  pain  and  severe 
Irritation  of  the  stomach  and  intestines. 

Caffeine  was  formerly  eonsiilered  only  as  a  cardiac 
stimulant  and  administered  freely,  with  very  little 
thought  of  any  subsequent  depression.  Later  experience 
has  sliown  that  this  secondary  action  is  of  the  greatest 
importance,  and  although  often  unrecognized,  it  is  a  fre- 
quent cause  of  serious  depression,  and  ]iossibly  of  death. 
Cases  of  acute  poisoning  are  rare,  and  in  healthy  adults 
the  quantity  necessary  to  cause  death  would  be  very 
great,  but  in  diseased  states  its  action  is  much  accentu- 
ated. In  valvular  disease  and  iu  conditions  in  which  the 
heart  is  being  overtaxed,  even  ordinary  doses  may  be 
attended  by  very  serious  consequences.  The  danger  is 
not  only  from  large  doses,  l>ut  also  from  the  coutiuued 
use  of  modei'ate  doses. 

Attention  has  also  been  directed  to  an  unfavorable  con- 
dition that  may  arise  during  its  administration,  [u'ior  to 
any  depressant  action.  This  is  an  over-stimulation  and 
irritation  of  the  cardiac  ganglia  that  may  terminate  in  a 
spasmodic  contraction  of  the  heart  and  death.  The  fol- 
lowing are  given  as  instances  of  death  from  this  cause. 
In  a  case  of  pneumonia,  death  occurred  suddenly,  when 
the  patient  was  taking  caffeine,  three  grains  three  times 
a  day.  A  woman  with  chronic  iiarenehymatous  nephri- 
tis, anasarca,  and  double  ]ileural  effusion  had  taken  small 
doses  for  some  time  previous  to  a  sudden  fatal  syucojie. 
In  a  third  case  death  took  j^lace  suddenly,  the  patient 
being  a  young  girl  who  had  acquired  the  habit  of  taking 
frequent  doses  of  gr,  iv.  or  v.  In  all  these  cases  a  post- 
mortem examination  was  made  and  the  heart  found^  firmly 
contracted,  death  being  due  to  a  condition  described  as  a 
"tetanus  of  the  heart  muscle," 

Caffeine  is  employed  as  a  cardiac  and  general  stimu- 
lant, as  a  diuretic,  and  for  the  relief  of  headaches  and 
neuralgia  pains.  Its  value  as  a  stimulant  is  well  recog- 
nized, and  its  rapid  action  makes  it  of  value  in  cases  of 
sudden  weakness  and  threatened  syncope.  In  addition 
to  its  value  in  threatened  heart  failure,  it  is  most  useful 
in  chronic  valvular  disease,  to  counteract  a  failing  com- 
]ieu.sation.  It.  liowever.  must  always  be  given  cautiously 
when  the  heart  is  feeble  and  dilated,  or  in  any  form  of 
heart  disease  iu  which  the  walls  are  diseased.  In  arterio- 
sclerosis it  is  also  contraindicatcd,  as  it  adds  to  the  al- 
ready high  arterial  tension. 

The  diuretic  action  of  caffeine  is  alwa.vs  to  be  depended 
upon,  and  is  that  for  which  it  proves  of  greatest  service. 
It  is  in  a  measure  due  to  the  increased  arterial  pressure, 
Init  caffeine  also  exercises  a  direct  action  upon  the  renal 
-secreting  tissue.  It  is  particularly  indicated  in  the  dropsy 
of  .cardiac  disease,  and  resembles  digitalis  in  its  action. 
It  acts  more  rapidly,  but  has  not  the  same  power  to 
strengthen  the  heart  and  increase  the  blood  pressure. 
For  this  reason  its  effects  are  often  better  when  preceded 
by  digitalis,  or  when  the  two  are  combined.  When  there 
is  kidney  disease  it  must  be  given  with  care,  as  the 
stimulation  of  the  renal  tissue  may  aggravate  the  local 
trouble.  Iu  dropsy  due  to  hepatic  disease,  its  action  is 
very  uncertain. 

Caffeine  has  not  proved  of  much  value  in  the  treatment 
of  headaches.  In  many  forms  of  neuralgia  and  migraine, 
in  the  debilitated  and  nervous,  it  may  jirove  of  service, 
but  this  is  due  to  tlie  improved  tone  of  the  nervotis 
system,  and  not  to  any  anodyne  or  analgesic  property 
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111  admiuisteriiig  caffeiue,  the  citrate  is  frequently  se- 
lected (lU  aceouut'of  its  greater  solubility.  When  used  it 
should  have  been  carefully  preserved,  and  it  must  be 
given  iu  powder,  or  dissolved  immediately  before  use. 
as  it  rapidly  decomposes  when  in  solution.  The  citrate 
is  one-half"  the  strength  of  the  pure  alkaloid,  and  gr. 
x.-xv.  during  the  day  is  the  average  dose.  AVheu  an 
immediate  effect  is  required,  it  maybe  administered  sub- 
eiitaneously.  A  product  that  is  much  employed  is  the 
double  salt  of  caffeine,  with  soda  and  salicylic,  benzoic, 
or  cinnamic  acid.  It  is  very  soluble  and  unirritatiug. 
and  furnishes  the  best  solution  for  hypodermic  use.  It  is 
about  one-half  the  strength  of  the  "citrate.  These  salts 
were  proposed  as  the  best  means  of  obtaining  the  diu- 
retic action  of  caffein".  but  later  experiments  seem  to 
indicate  that  these  combinations  are  not  so  serviceable  as 
were  expected.  It  has  lieen  found  that  the  presence  of 
soda  and  .salicylic  acid  has  a  tendency  to  reduce  blood 
pressure  and  to  lessen  the  secretion  of  urine.  This,  it  is 
thought,  must  influence  unfavorably  the  caffeine  when 
it  is  thus  comliined  with  other  drugs.  The  compound 
salts,  however,  are  very  highlv  thought  of  and  are  becom- 
ing more  frequently  employed.  The  following  formuhe 
for  their  preparation  are  otflcial  in  the  Paris  Codex;  (1) 
Caffeine,  4;  sodium  salicylate,  3;  distilled  water  to  10 
parts.  (2)  Caffeine.  2.5;  sodium  benzoate,  3;  distilled 
water  to  10  |iarts.  Beaumont  Small. 

CAISSON  DISEASE.— This  term  has  inappropriately 
been  applied  to  the  whole  group  of  accidents  which  re- 
sult from  working  in  compressed  air.  As  Suell  ajitly 
says,  the  name  of  "a  disease  should  indicate  sonic  charac- 
teristic sym]ilom  or  some  etiological  factor.  This  is 
manifestly  not  the  case  in  the  present  instance.  The 
caisson  itself  has  nothing  whatever  to  do  with  causing 
the  disease  which  bears  Its  name.  As  indicated  above. 
compressed  nil-  is  the  causative  factor  and  should  be  the 
term  substituted  for  caisstm.  Compressed  air  illness,  then, 
will  include  all  this  class  of  accidents  under  di.scussioii. 

In  laying  the  foundations  of  bridge  piers  or  abutments 
under  water,  \'arious  means  are  resorted  to  for  displacing 
the  water  and  building  a  solid  basis;  one  of  these  meth- 
ods is  by  means  of  caissons.  The  caisson,  or  caissoon,  is 
made  o"f  different  patterns,  but  the  one  with  which  we 
have  to  do  in  the  study  of  caisson  disease  is  like  a  large 
inverted  cylindrical  box  supplied  with  apparatus  for 
condensing  air  to  such  a  degree  as  to  expel  and  keep  out 
the  water,"  thus  enabling  men  to  work  in  it.  When  the 
in-rushing  water  cannot  be  removed  by  pumping,  other 
means  must  be  resorted  to.  Tlie  method  now  in  vogue 
is  the  use  of  an  air-tight  diaphragm  at  some  point  in  the 
cylinder.  The  workmen  and  material  used  are  passed 
through  a  small  space  or  ante-room  called  the  "air  lock," 
with  which  the  diaphragm  is  provided.  This  chamber 
is  furnished  with  two  air-tight  doors,  an  inner  and  an 
outer,  both  of  which  opeii  toward  the  compressed  air. 
When  the  men  have  entered  this  air  lock,  the  outer  door 
is  closed  and  conii>ressed  air  is  graduall.v  admitted  by 
means  of  cocks  until  the  air  in  the  lock  is  of  the  same 
density  as  that  in  the  caisson;  then  the  door  of  admission 
to  the"  latter  is  opened.  In  returning,  the  process  is  re- 
versed, the  air  in  the  lock  bein^  graduallj'  rarefied. 

If  the  fact  be  borne  in  mind  fhat  the  body  has  about 
sixteen  square  feet  of  surface,  and  that  ordinary  atmos- 
pheric pressure  is  about  fifteen  pounds  to  the  square 
inch  of  surface,  it  may  readily  be  understood  that  an  in- 
crease of  atmospheric  jiressure  will  have  some  effect  on 
the  conditions  of  the  interior  of  the  body.  The  blood  is 
driven,  by  reason  of  this  external  pressure,  from  the 
surface  into  the  bones,  cranium,  spinal  canal,  and  other 
parts  of  the  body.  If  this  change  of  location  of  the 
blood  be  effected  too  rapidly,  or  \itoo  much  force  be  ap- 
pUed,  the  results  may  be  dangerous. 

A  number  of  factors  must  be  considered  as  entering  into 
the  production  of  this  disease,  iu  the  enumeration  of 
which  Snell's  order  has  been  followed.  Primarily,  there 
is  the  high  atmospheric  pressure.  As  would  naturally  be 
expected,  the  extent  of  the  illness  varies  in  proportion  to 


the  degree  of  this  pressure.  The  length  of  time  of  ex- 
posure is  also  an  important  factor,  the  longer  the  period 
the  more  severe  the  symptoms.  Ventilation  has  such  an 
important  influence  on  the  degree  of  this  illness  that 
Snell  has  formulated  the  following  law  :  "  The  amount  of 
illness  \'aries  inversely  with  the  amount  of  fresh  air  sup- 
plied to  the  compressed  air  chamber. "  Too  rapi<l  decom- 
pression should  be  avoided.  Slinor  etiological  factors 
are:  fulness  of  habit,  age,  organic  disease,  alcoholism, 
severe  exertion  after  decompression,  and  unfamiliarity 
with  the  work,  all  of  which,  with  the  exception  of  or- 
ganic disease,  militate  unfavoralily  for  the  patient.  As 
tliose  with  organic  disease  are  generally  rejected,  obser- 
vations concerning  its  effect  on  this  disease  are  not  at 
hand.  One  sufferer  with  emphysema,  who  came  under 
the  notice  of  Snell.  was  always  iu  better  health  when 
working  in  compressed  air.  Temperature  and  hygro- 
metric  conditions  of  the  air  lock  seem  to  bear  no  relation 
to  the  illness. 

In  an  essa_y  on  "  The  Effects  of  High  Atmospheric  Press- 
ure. Including  the  Caisson  Disease,"  Dr.  Andrew  H. 
Smith,  of  New  York,  describes  the  symptoms  induced 
liy  entering  highly  compressed  air.  These,  witli  a  few 
additions,  are:"(l)" Ringing  in  the  ears  and  impairment  of 
hearing;  (2)  increased  frequency  of  respiration;  (3)  in- 
crease "in  the  pulse  rate  to  120,  with  subsequent  fall  to 
the  normal ;  the  pulse  is  reduced  in  \-olume,  and  there  are 
pallor  and  sallowuess  of  the  skin;  (4)  the  temperature  of 
the  body,  an  hour  and  a  half  after  entering  the  caisson, 
is  elevated  about  one  degree,  but  when  the  atmosphere 
within  the  caisson  is  warmer  than  the  external  air,  the 
body  heat  may  rise  as  high  as  101°  F, ;  (.5)  the  skin  is  cov- 
ered with  perspiration,  but  this  is  because  of  the  satura- 
tion of  the  surrounding  atmosphere,  and  not  from  any 
increase  in  the  amount  of  the  secretion;  (6)  increase  of 
ajipetite;  (7) dysphagia  at  times;  (8)  fatigue;  (9)  increase 
of  urine  of  about  normal  speeific  gravity  (probably  be- 
cause of  diminished  evaporation  from  the  skin).  No  al- 
bumin is  present. 

The  pathi. logical  effects  mentioned  are:  (1)  Rupture  of 
the  drum  membrane  and  inflammation  of  tlie  micldle  ear; 
(2)  epistaxis  or  hiiemoptysis ;  (3)  itching  of  the  skin;  (4) 
neuralgic  pains,  which  may  come  gradually  or  suddenly, 
iu  the  extremities  or  In  any  part  of  the  body;  when  in 
the  lower  extremities,  they  are  commonly  known  as 
"bends";  I.'))  epigastric  pain  and  vomiting;  (6)  paralysis, 
both  sensory  and  motor,  most  frequently  of  the  lower 
limbs.  Init.  "notwithstanding  the  paralysis  of  sensation, 
the  pains  continue;  (7)  the  cerebral  symptoms  are:  head- 
ache, dizziness,  double  vision,  incoherence  of  speech,  and 
sometimes  unconsciousness.  These  symptoms  are  usu- 
all_y  temporary.  "Death  occurs  only  in  cases  which  are 
severe  from  tlie  first,  and  are  marked  by  symptoms  of 
serous  or  sanguineous  effusion  about  the  brain  or  cord." 
"  The  constant  lesion  in  fatal  cases  of  caisson  disease  is 
congestion  of  the  brain  or  spinal  cord. "  "  It  is  tlie  removal 
of  the  pressure,  and  not  the  pressure  itself,  that  is  the 
immediate  cause  of  the  seizure,"  which  occurs  usually  at 
llu'  time  when  the  victims  are  coming  from  under  the 
pressure,  or  even  some  hours  subsequently.  The  blood  is 
driven  by  the  atmospheric  pressure  from  the  surface  into 
the  bone's  and  bony  spaces,  skull,  and  spinal  canal,  the 
vessels  of  which  parts  become  dilated,  and  when  the 
external  pressure  is  removed,  they  do  not  readily  con- 
tract to  their  normal  size.  Lloyd  believes  the  lesion  to 
be  destructive  or  necrotic,  due  tothedeprivationof  blood. 
Congestion  of  various  organs  has  been  obser^-ed.  Areas 
of  softening  in  the  brain  and  cord  have  been  described. 

According  to  Llovd,  the  exact  pathology  of  this  dis- 
ease is  not  perfectly"  clear,  and,  indeed,  as  Smith  believes, 
it  may  vary  in  different  cases.  Several  theories  have 
been  "advanced;  congestion  followed  by  blood  stasis; 
lowered  vascular  ton"e;  revulsive  ansmia;  extreme  de- 
struction of  body  tissues  not  followed  by  proper  elimina- 
tion ;  excess  of  0x3" gen. 

Much  can  be  done  to  prevent  caisson  disease.  Due 
precautions  should  be  taken  for  the  thorough  ventilation 
of  the  air  chamber,  as  this  is  one  of  the  most  important 


547 


Cajepui. 
Calamus. 


REFERENCE   HANDBOOK   OF  THE  ilEDICAL  SCIENCES. 


prophylactic  measures.  Care  and  experience  will  often 
admit  "of  the  engineering  work  being  carried  on  at  a  much 
higher  level  than  would  ordinarily  be  thought  jiossible. 
The  length  of  time  which  the  workman  sjieuds  in  the 
compressed  air  should  be  intelligently  regulated — much 
depending  on  the  degree  of  pressure.  The  "  locking-out " 
process  must  be  attended  to  most  carefully.  The  work- 
men ought  to  be  taught  how  to  care  for  themselves.  The 
following  points  should  be  emphasized:  the  method  of 
inflating  the  ears;  hygienic  precautions  while  in  the 
ehaml)er;  rest,  and  a  warm  drink,  preferably  coffee  or 
Ix'ef  tea,  after  decompression,  together  with  a  change  to 
warm  clothing.  The  chamber  should  be  lighted  by  elec- 
tricity. 

As  to  curative  treatment,  the  remedy  tliat  Smith  pro- 
poses for  this  condition  is  ergot,  with  morphine  as  re- 
quired to  relieve  pain.  Recompression  affords  the  great- 
est relief  to  the  pains  if  the  patient  is  seen  soon  after  their 
onset.  Liniments  are  approved  by  some,  but  discarded 
liy  others.  Bandaging  is  often  efficacious  to  relieve  pains 
iii  the  extremities.  Salicylate  of  soda  has  been  used. 
Inhalation  of  oxygen  has  been  suggested  in  view  of  the 
theory  of  retained  carbonic  acid  gas.  Electricity  has  not 
met  with  much  success.  Complications  must  receive  the 
ordinarv  treatment  indicated  in  such  cases.  When  ver- 
tigo is  obstinate  and  persistent,  tonics  seem  to  afford  the 
giFeatest  relief.  C/un-le-i  E.  Eiirkley. 

Envmi  E.   Walker. 

CAJEPUT,  OIL  OF.— Olemn  Cnjeputi.  A  volatile  oil 
distilled  from  the  leaves  of  Cnjepuia  LeuauUndron  (L.) 
Rusby  (fam.  Mi/rtricete).  This  species  is  a  rather  small, 
fragrant  tree,  with  irregularly  growing  slender  branches, 
and  a  thick,  soft,  exfoliating  bark.  The  leaves  are 
bright,  smooth,  narrow,  entire,  pointed  at  each  end,  par- 
allel nerved,  and  often  oblique  or  curved ;  they  are  twisted 
upon  their  petioles  so  as  to  stand  with  vertical  surfaces, 
like  i)hyllodia.  The  tree  is  a  native  of  numerous  islands 
in  tlie  Indian  archipelago,  especially  of  Borneo,  Celebes, 
and  Amboyna.  It  is  also  extensively  found,  if  a  broad 
view  is  taken  of  the  species,  in  Australia  and  on  the  main- 
land of  Asia.  Jilost  of  the  oil  is  obtained  from  Celebes, 
and  exported  by  way  of  Javan  or  Indian  ports. 

Oil  of  cajepiit  is  extracted  on  the  spot  from  the  fresh 
leaves,  which  are  lirst  softened  liy  maceration  in  water, 
and  then  subjected  to  distillation  in  rude  copper  stills. 
It  is  tilled  into  once-used  wine  and  beer  or  other  Euro- 
pean bottles  for  exportation.  It  was  lirst  introduced 
into  Europe  in  the  early  part  of  the  eighteenth  century. 

It  is  a  pale  green,  transparent,  mobile  fluid,  with  a  fra- 
grant mint  orcamphorlike  odor,  and  bitterish  aromatic 
taste.  It  has  the  usual  physical  properties  of  the  essen- 
tial oils.  It  is  very  similar  to  its  near  relative,  oil  of 
eucalyptus,  containing  the  same  constituent,  cineol, 
along  with  terpineol  and  other  bodies.  Specific  gravity 
of  the  oil,  about  0.926.  The  green  tint  is  generally 
ascribed  to  some  compound  of  copper  received  from  the 
still,  or  introduced  into  the  oil  intentionally.  The  color 
may  be  separated  by  several  methods  of  rectification,  and 
the  oil  obtained  clear  and  white. 

Action  and  Use. — Cajeput  has  the  stimulating  prop- 
erties of  camphor  and  the  essential  oils  in  general,  and 
stands  between  the  most  irritant  of  them,  like  oil  of  tur- 
pentine, and  the  milder  tnint  oils.  It  is  more  extensively 
used  in  the  Indies  and  Eastern  islands  than  here — in  some 
places  being  given  for  nearly  everything,  but  is  particu- 
larly popular  for  colics,  diarrhwas,  and  even  cholera,  as 
well  as  for  chronic  rheumatism,  chronic  vesical  catarrh, 
etc.  Here  it  is  not  often  given  internally,  but  has  no 
doubt  some  value  in  non-inflammatory  intestinal  disturb- 
ances, where  an  aromatic  stimulant  and  antispasmodic  is 
needed,  being  in  these  cases  very  much  like  camphor,  and 
like  this  may  be  very  suitably  combined  with  ojjium. 
Externally  itis  a  mild  rubefacient,  and  a  good  ingredient 
for  stimulating  liniments  in  chronic  rheumatism,  old 
sprains,  etc. ;  it  may  be  also  useful  for  psoriasis,  scaly 
eczema,  etc.,  and  is  a  fairly  efficient  parasiticide.  As  a 
stimulant  diuretic  in  chronic  vesical  catarrh  it  is  as  good 


as  most  others  of  its  class.  Cajeput  is  the  basis  of  nu- 
merous toothache  and  earache  drops.  It  is  often  adulter- 
ated. Dose,  from  1  to  5  dgm.  (ttlij.  to  viij.)  dissolved  in 
spirit,  suspended  in  mucilage  or  syrup,  or  on  a  lump  of 
sugar.     There  are  twenty  or  thirty  drops  to  the  gram 

T^'^^  P.  Bolles. 

CALABAR  BEAN.  —  Phtsostigma.  Ordml  Benn. 
Cliop-iiut.  "The  seed  of  Plinnostirpna  tenenosiim  Balfour 
(fam.  Lei/iimiiumT)"  (U.  S.  P.).  This  plant  is  a  large, 
climbing,  perennial  vine,  with  trifolioiate  leaves  and  the 
general  appearance  of  an  enormous  bean  vine.  The  stem 
is  woody  below  and 
often  as  large  as  the 
wrist.  The  showy 
purple  flowers  are 
nearl}'  as  large  as 
those  of  the  sweet- 
pea,  and  hang  in 
loose  racemes.  The 
large  pods  contain 
two  or  three  seeds 
each.  The  "  beans  " 
are  very  hard,  ob- 
1  o  n  g,  slightly 
curved  or  kidney- 
shaped,  from  3  to  3 
cm.  in  length,  and 
about  1.5  cm.  broad 
(.75  to  1.2.5  in.,  by 
.0  in.),  and  covered 
with  a  roughi.sh  but 
shining  chocolate- 
brown  or  browuish- 
red  testa.  A  broad, 
shallow,  black 
groove  or  furrow 
extends  along  the 
convex  border  and 
around  one  end  of 
the  seed ;  it  con- 
tains the  raphe.  The  keinel  is  exalbiuniuous  and  con- 
sists mostly  of  the  two  large,  white,  l)rittle  cotyledons, 
whose  faces  are  concave  and  enclose  an  air  sjiace  which 
enables  the  entire  seeds  to  float  ujion  water,  although  when 
broken  the  fragments  are  denser  than  water.  The  taste 
and  odor  of  the  seeds  are  simply  bean-like,  and  give  no 
suggestion  of  the  deadly  poison  which  they  contain. 

The  plant  grows  about  the  mouths  of  the  Old  Calabar 
and  Niger  rivers  in  tropical  West  Africa.  It  has  been 
transplanted  to  India,  Brazil,  and  other  places,  where  it 
flourishes.  Physostigma  is  an  ingredient  of  the  poison- 
ous mixture  which  persons  accused  of  witchcraft  or  crime 
are  compelled  by  the  savage  chiefs  of  these  African  tribes 
to  take  as  an  ordeal  or  punishment.  The  draught  is  usu- 
ally rapidly  fatal,  unless  vomiting  occurs.  It  was  first 
known  in  England  about  1840  as  a  curiosity  and  poison, 
but  not  much  employed  in  medicine 
until  Fraser,  of  Edinburgh,  about  1863, 
discovered  its  specific  power  of  con- 
tracting the  pupil,  since  when  it  has 
been  in  rather  frequent  use  by  oculists 
and  in  occasional  use  in  internal  medi- 
cine. Besides  forty-eight  per  cent,  of 
starch  and  about  twenty  of  albuminoid 
matters,  with  a  little  oil  and  gum  (sub- 
stances which  are  contained  as  well  in 
the  common  bean,  and  which  are  en- 
tirely inert),  the  drug  in  question  con- 
tains three  alkaloids,  with  p/iymsten'it,  a  fatty  or  choles- 
terin-llke  substance,  which  occurs  in  the  Calabar  bean 
in  common  with  other  leguminous  seeds,  and  which  is 
inert. 

Physostigmine  or  eserine  is  the  principal  alkaloid. 
Calnlmrine  is  apparently  a  derivative  of  the  former,  while 
eseridine  can  be  converted  into  physostigmine.  The 
action  of  physostigmine  dominates  that  of  the  drug,  es- 
jiecially  as  that  of  eseridine  is  very  similar.     Calabarine 


Fig.  1068.— Calabar  Bean  Vine ;  Flowering 
Braneb,  Reduced.    (Baillon,) 


Fig.  1069.  — Cala- 
bar Bean,  Two- 
Fifth  9  Natural 
Size. 
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acts  antagonistically  to  the  others,  but  is  in  such  small 
amount  as  not  greatly  to  modify  the  drug's  action.  The 
action  of  Calabar  bean  will  therefore  be  discussed  under 
P/tl/iOtitir/niuie. 

Except  in  the  form  of  the  alkaloid,  calabar  bean  is  but 
little  used.  It  has  been  rather  thoroughly  experimented 
with  for  its  depressing  action  upon  the  nerve  centres  in 
various  diseases  involving  central  excitability,  and  espe- 
cially in  tetanus:  but  the  results  cannot  be  regarded  as 
encouraging.  Some  benefit  has  resulted  from  its  use  in 
checking  tlie  paralysis  of  insanity,  and  it  often  does  good 
as  an  intestinal  laxative.  "We  have  an  otHcial  extract, 
the  do.se  of  which  is  .000  to  .03  gm.  (gr.  y'j  to  i).  and  a 
lifteen-per-cent,  tincture,  the  dose  of  which  is  .0  to  3  c.c, 
(tux.  to  XXX.). 

P/iysostignrine  or  Eserine  (C15H20N3O.).  The  chemis- 
try of  this  alkaloid,  and  its  relations  to  the  bodies  asso- 
ciated with  it,  are  but  imperfectly  known.  Formerly, 
the  two  names  were  believed  to  represent  two  alkaloids, 
but  it  was  subsequently  ascertained  that  one  was  merely 
an  impure  form  of  the  other.  It  is  almost  always  used 
in  the  form  of  its  salts.  The  pure  alkaloid  occurs  in  the 
form  of  colorless  crystals  which  are  soluble  in  lioth  alco- 
hol and  water,  slowly  in  the  latter.  The_y  are  very  hy- 
groscopic and  quickly  lose  their  characters  if  exposeti 
to  dampness  or  light.  Of  the  numerous  salts,  the  most 
important  are  the  hydrochloride,  sulphate,  and  salicylate. 
the  two  last  being  official.  The  sulpliate  {C,.,H»,X3b.j)2.- 
HjSO),  a  white  or  whitish  crystalline  powder,  which  is 
the  salt  most  used,  is  very  soluble  in  lioth  water  and  alco- 
hol. The  salicylate,  CsHojNsOo.CtHbOj,  in  white  crys- 
tals, is  less  soluble,  namely,  in  one  hundred  and  fifty 
parts  of  water  or  twelve  parts  of  alcohol.  The  hydro- 
chloride, CbHioNjOiHCI,  is  .soluble  in  water. 

Action. — The  physiological  actinn  of  eserine  is  power- 
ful and  characteristic,  and  has  been  very  extensively 
studied.  Except  in  large  poisonous  doses,  its  chief 
action  is  upon  the  secretion  and  involuntary  muscular 
movements,  through  the  cells  and  fil)res,  or  their  nerve 
endings,  or  both.  The  secretions  of  the  entire  alimen- 
tary system,  excepting  perha])S  the  bile,  are  markedly 
increased,  in  which  jjarticular  a  close  similarity  to 
pilocarpine  has  been  noted.  The  perspiration  and  teai's 
share  in  this  increase.  At  the  same  time,  tlie  activity  of 
the  gastric  and  intestinal  muscles  is  greatly  augmented 
also.  The  effect  upon  the  stomach  ma}'  be  such  as  lo  cause 
vomiting.  es]iecially  by  large  do-ses,  poisoning  being  tluis 
avoided^  More  or' less  nausea  is  frequent.  If  vomiting 
does  not  occur,  then  purgation  may,  owing  to  a  similar 
effect  upon  tlie  intestinal  muscles,  combined  with  the  in- 
creased secretion.  Looseness  of  the  bowels  is  an  ordinary 
symptom.  Uterine  contractions  maybe  induced.  Coin- 
cident with  these  effects,  and  evidently  of  the  same  gen- 
eral nature,  is  the  contraction  of  the  pupil  and  ciliary 
muscle.  In  all  these  directions,  the  drug  is  directl_v  an- 
tagonistic to  atropine,  and  one  drug  can  lie  used  to  coun- 
teract the  other,  to  a  great  extent.  Strychnine,  while 
directly  antagonistic  to  physostigmine  in  its  central 
effects,  strangely  enough  produces,  through  the  spinal 
centres,  many  symptoms  similar  to  those  produced  by 
the  latter  through  peripheral  action.  In  the  voluntary 
muscular  system,  there  is  increased  irritability  of  the 
fibre,  and  apparently  stimulation  of  the  nerve  endings 
also.  This  produces  muscular  twitchings  among  the 
most  prominent  of  the  early  symptoms  of  poisoning.  It 
is  apparently  due  to  bronchial  spasm  that  respiration  is 
slightly  interfered  with.  This  interference  acts  as  a  respir- 
atory stimulant,  and  the  respirations  are  early  increased 
both  in  numlier  and  force.  At  the  same  time  there  is  a 
marked  rise  of  lilnod  pressure,  though  this  is  quite  irreg- 
ular. The  heart  is  continuously  and  powerfully  slowed 
from  the  start,  due  ajiparently  to  direct  action  upon  it, 
but  the  beat  is  strong.  There  is  the  widest  disagreement 
as  10  whether  primary  central  stimulation  occurs  and  is 
partly  responsible  for  these  symptoms.  Whatever  may 
be  the  primary  central  effect,  depression  of  the  motor 
centres  is  early  and  powerful.  If  the  dose  has  been  large, 
and  is  not  vomited,  paralysis  may  be  very  sudden.     Tliere 


may  then  be  almost  no  preliminary  sj'miitoms,  or  the 
muscular  twitchings  may  amount  almost  to  convulsions. 
With  increasing  cardiac  slowness,  weakness  and  reduced 
blood  pressure  supervene;  but  this  effect  is  not  so  marked 
as  respiratory  depression,  which  is  the  immediate  cause 
of  death. 

Uses. — Physostigmine  salts  have  been  used,  as  already 
stated,  for  the  same  purposes  as  Calabar  bean,  in  doses 
of  .001  to  .003  gm.  (gr.  ^V  to  ^V)-  Their  chief  use,  how- 
ever, is  for  instillation  into  the  eye,  in  solution  of  one- 
per-cent.  strength  or  weaker.  The  effect  is  to  produce, 
at  the  end  of  a  half-hour,  a  very  [wwerful  contraction  of 
the  pupil,  which  lasts  for  ten  or  twelve  hours,  and  mark- 
edly to  decrease  intraocular  tension,  after  a  brief  in- 
crease. It  thus  becomes  of  service  in  overcoming  the 
interference  with  vision  induced  by  the  use  of  atropine. 
Efforts  have  been  made,  with  some  success,  to  destroy 
iritic  adhesions  by  its  use. 

Pseudo-phi/sosiiffmine  is  an  alkaloid  having  apparently 
the  same  composition  and  i)roperties;  it  is  deriveil  from 
cali-nuts  or  false  Calabar  beans,  the  botanical  origin  of 
which  is  doubtful.  Heni-y  H.  Rushy. 

CALAMUS.  SWEETFLAG.— The  rhizome  of  Acorus 
('iihiiniis  L.  (lam.  Ai-iii-iir).  An  endogenous  perennial 
with  a  thick,  fleshy,  long  anrl  branched  horizontal  root- 
stock,  and  a  few  very  long  and  narrow  {..5  to  1  m.)  linear 
equitant  leaves.     The  flowering  scape  is  also  lung  and  tlat- 


FiG.  1070.— Rbizuma  of  Alofus  Calamus,  SliowinK  Cicatrices  of  Ad- 
ventitious Roots.     (Baillon.) 

tened,  like  one  fif  the  leaves,  and  bears  at  its  apex  a 
straight,  solid,  fleshy,  cylindrical  spadix  fi'om  .5  to  10 
cm.  "long.  Flowers  perfect,  small,  crowded.  A  long, 
leaf -like  bract  or  "  spathe  "  (Bentley  and  Tiimen)  arises 
at  the  junction  of  the  spadix  and  scape,  and,  proceeding 
in  a  sti-aight  line,  looks  like  a  continuation  of  the  scape, 
while  the  really  terminal  spadix  is  diverted  to  an  angle 
witli  the  axis,  and  appears  to  be  lateral.  Sweetflag  is 
indigenous  in  parts  of  Asia,  as  Asia  Minor,  India,  etc., 
andin  some  parts  of  Europe  and  North  America,  but 
has  been  so  extensively  spread  and  naturalized  by  human 
intervention  that  it  is  found  in  nearly  the  whole  north 
temperate  zone.  It  grows  either  iu  the  water  or  in 
swampy  and  shady  places,  and  is  very  variable  in  size. 

All  parts  of  theplant  are  slightlj-  aromatic,  the  leaves 
least  so,  but  for  medicinal  use  the  rhizome  only  is  em- 
plo3-ed.     It  should  be  gathered  in  the  autumn  or  spring, 


Fig.  1071.— Transverse  Section  nl  tlic  Saiuc 


I  BaiUon.) 


washed,  cleaned,  and  dried.  In  Germany  it  is  generally 
peeled  or  scraped  before  drying :  but  while  the  appear- 
ance is  imjiroved  by  this  process,  the  strength  and  qual- 
ity are  deteriorated,  and  this  is  not  authorized  by  our 
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Pharmacopoeia.  Although  it  grows  in  great  abundance 
in  tlie  swamps  of  tlie  United  States,  a  large  portion  of 
what  we  use  is  imported  from  Europe  or  Southern  Russia. 

Calamus  comes  in  pieces  of  from  10  to  30  cm.  or 
more  in  lengtli,  by  1  or  2  cm.  in  thickness  (from  4  to  12  in. 
X  i  in.);  it  is  shrivelled  and  lightly  flattened,  marked 
by  frequent  and  very  distinct  rings  and  remains  of 
leaf  scales,  and  below  is  covered  with  the  circular  scars 
of  the  roots.  It  is  pale  or  reddish  brown  externally, 
white  and  spongy  within.  Its  texture  is  very  light, 
being  traversed  by  large  air  spaces  separated  by  only  a 
single  row  of  cells.  A  cross-section  shows  these  as  large 
holes,  and  the  walls  as  a  lace-like  reticulation,  varied 
with  occasional  woody  bundles  (see  Fig.  1071).  The  oil 
cells  are  like  those  of  the  general  parenchyma,  but  larger, 
and  are  generally  situated  in  the  angles  formed  by  the 
confluence  of  three  or  four  of  the  partitions,  as  shown  in 
the  section. 

The  principal  constituent  is  the  oil,  of  which  it  con- 
tains two  or  three  per  cent.,  a  yellowish  or  brownish, 
very  fragrant  liquid  of  specific  gravitj'  0.9.  It  also  con- 
tains the  glucoside  acorin,  which  is  a  soft,  resinous  sub- 
stance, with  a  bitter,  aromatic  taste,  resin,  starch,  tannin, 
gum,  and  a  minute  amount  of  tlie  alkaloid  calamine. 

Calamus  is  a  pleasant  tonic,  aromatic-bitter,  applicable 
to  all  the  purposes  for  which  such  remedies  are  used. 
Dose,  from  3  to  4  gm. ;  of  the  oil,  from  gtt.  x.  to  gtt.  xv. 

No  other  species  of  Acorus  has  any  special  value. 

TV.  P.  BoUes. 

CALCIFICATION.— ((■"?.;•,  lime;  fo.  to  become.)  Con- 
version cif  tissue  into  chalky  matter  by  the  deposition  of 
lime  salts.  It  is  not  unusual  for  solid  particles,  either 
crystalline  or  amorjihous,  to  be  deposited  in  the  tissues 
throughout  the  body,  and  when  the  area  so  affected  is 
large  enough  to  be  perceptible,  it  is  said  to  be  calcified 
or  petrified.  Chemically,  calcareous  matter  consists 
chiefly  of  calcic  and  magnesic  phosphates  and  carbonates. 
Calcification  should  be  distinguished  from  ossification; 
for  in  the  former  there  is  no  fonuation  of  bone,  but  merely 
a  deposit  of  calcareous  matter.  Under  tlie  microscope 
the  tiny  particles  look  dark  and  opaque  liy  transmitted 
light,  though  when  in  masses  they  are  glistening.  Not 
infrequentl_v  they  look  like  fat,  but  are  soluble  in  dilute 
mineral  add,  and  often  give  off  gas  bubbles  from  the 
decomposition  of  earthy  carbonates.  These  tissues 
show  a  change  in  staining  properties,  hfematoxylin,  e.g., 
producing  a  dingy  bluish- violet  color.  This  applies  to 
the  carbonates  and  phosphates  of  lime,  not  to  the  oxalate. 
Calcification  takes  place  in  various  tissues,  both  in  the 
cells  and  in  the  intercellular  substance ;  but  the  type  most 
apt  to  be  affected  is  connective  tissue  which  has  already 
degenerated  to  the  hyaline  stage  and  from  which  the 
nuclei  have  entirely  or  almost  disappeared.  Dying  tis- 
sue seems  to  have  a  kind  of  attraction  for  the  lime  salts 
in  solution  in  the  body,  entering  into  close  combination 
with  them.  However,  the  process  does  take  place  at 
times  in  tissues  which  have  undergone  no  apparent 
change,  especially  in  old  age  when  the  lime  salts  are  un- 
dergoing more  rapid  absorption.  There  is  a  curious 
affection  called  myositis  ossificans  progressiva,  in  the  course 
of  which  some  of  the  muscular  fibres  undergo  calcifica- 
tion. Again,  the  myocardium  may  be  affected  by  the 
same  type  of  degeneration,  and  the  heart-muscle  fibres 
become  hardened  by  lime  salts.  A  well-known  example 
of  calcification  is  seen  in  the  walls  of  arteries  where  it 
follows  fatty  and  atheromatous  degeneration  and  sclero- 
sis. "  Calcification  of  the  intima  is  a  common  terminal 
process  of  arterio-sclerosis  "  (Osier).  The  coats  affected 
are  the  intima  and  the  media.  When  the  latter  is  involved 
there  occurs  what  is  known  as  annular  calcification,  in 
which  the  artery — most  commonly  medium-sized — devel- 
ops into  a  rigid  tube.  The  arteries  most  apt  to  be  at- 
tacked by  calcareous  degeneration  are  the  aorta  and  its 
larger  branches,  the  arteries  of  the  extremities,  of  the 
brain,  of  the  heart,  and  of  the  spleen,  as  well  as  disused 
arteries,  such  as  those  of  a  stiuiip  and  of  the  senile  uterus. 
Veins  are  sometimes  affected,  though  rarely,  the  most 


common  instance  being  the  walls  of  the  varicose  veins. 
The  valves  and  orifices  of  the  heart  are  a  frequent  seat 
of  this  degeneration.  Other  tissues  undergoing  this 
change  at  times  are  fibrous  or  fibro-serous  membranes, 
e.g.,  the  pericardium,  walls  of  hollow  organs,  the  dura 
mater,  pia  mater,  and  choroid  plexuses,  when  it  is  known 
as  "brain  sand."  Cartilage,  nerves,  and  various  glands, 
oi-gans,  and  tumors  are  at  times  the  susceptible  part. 
Calcification  may  occur  in  tubercle.  The  cheesy  nodules 
in  the  crypts  of  hypertrophied  tonsils  sometimes  calcify. 
Calcification  of  areas  of  tuberculous  lungs  results  often- 
times in  "lung  stones"  which  are  afterward  expectorated 
(Osier).  This  form  of  degeneration  is  sometimes  con- 
nected with  other  morbid  processes.  These  lime-salt 
deposits  may  occur  in  two  general  ways.  They  may  in- 
filtrate the  tissue  of  an  organ  which  continues  to  retain 
its  original  relation  to  surrounding  parts  (f.,'/.,  calcifica- 
tion of  the  membrana  tympani),  or  they  may  incrust  parts 
of  tissue  which  are  separated  from  their  normal  surround- 
ings, or  foreign  bodies  which  have  entered  the  body  pre- 
viously. In  the  first  instance  there  results  calcification; 
in  the  second,  concretions  or  calculi.  On  the  other  hand, 
concretions  at  first  free  from  suri'ounding  tissue  may  later 
become  firmly  attached,  or  calcified  tissue  may  separate 
from  its  surroundings  and  become  free. 

The  Etiology  of  this  degeneration  is  generally  traceable 
to  a  lowered  vitality  of  the  tissues,  which  may  depend 
on  various  conditions,  such  as  old  age  or  insufficient 
blood  supply  with  slow  circulation.  But  it  is  not  con- 
fined to  old  age,  as  it  is  exceptionally  observed  in  in- 
fancy, as  well  as  in  adolescence  and  middle  age.  In  tlie 
latter  period,  it  is  due  to  various  cachexia',  such  as  gouty 
or  syphilitic,  while  it  is  always  an  accompaniment  of 
chronic  kidney  disease.  The  precedence  of  other  forms 
of  degeneration  has  been  noted.  Sometimes  there  is  an 
excess  of  lime  salts  in  the  blood.  In  certain  instances 
the  tissues  are  xmable  to  assimilate  the  fluid  in  which  the 
salts  are  in  solution.  In  other  cases  the  carbonic  acid 
which  holds  the  salts  in  solution  escapes,  thus  causing 
the  deposit.  Certain  diseases  of  bone  in  which  its  salts 
are  rapidly  absorbed,  or  in  which  there  is  obstruction  to 
renal  elimination,  are  often  associated  with  calcification. 
In  the  latter  case  the  kidneys  are  particularly  att'ccted. 
The  kidney  epithelium  is  especially  susceptible  in  cor- 
rosive sublimate,  bismuth,  or  aloin  poisoning  (Ziegler). 

The  process  is  attended  many  times  by  alarming  Symp- 
toms, the  nature  of  which  depends  upon  the  location  and 
extent  of  the  trouble,  e.g..  apoplexy,  angina  pectoiis, 
aneurism,  senile  gangrene  of  the  extremities,  and  various 
forms  of  cardiac  disease.  But  the  symptoms  due  to  sim- 
]de  degeneration  of  arteries  are  often  very  indefinite. 
Calcification  is  at  times  the  sign  of  cessation  of  some 
morbid  process,  as,  e.g..  in  tuberculosis,  where  the  dis- 
eased foci  may  be  rendered  inert  by  the  development 
of  this  degeneration. 

The  Diagnosis  of  this  condition  may  sometimes  be  made 
by  touch,  as  in  the  case  of  a  peripheral  artery.  Calcare- 
ous particles  may  be  discharged  from  the  body ;  or  the 
]iresence  of  the  degeneration  must  be  inferred  from  the 
symptoms  caused  by  it. 

Treittmeiii  of  this  condition,  particularly  when  it  ia 
found  to  be  present  in  the  walls  of  the  blood-vessels, 
consists  in  forbidding  e.xcitement  or  excesses  of  all  kinds, 
both  bodily  and  mental.  Emma  E.  Walker. 

CALCIUM.— 1.  General  Medicinal  Properties  op 
CoMPorxDs  OF  C.^LCir.M. — In  the  group  of  metallic  ele- 
ments represented  by  the  metals  of  the  alkalies  and  of 
the  earths,  calcium  is  distinguished,  in  its  relations  with 
the  animal  economy,  by  its  comparative  inertness.  The 
medicinal  characteinstics  of  lime  preparations  as  a  cla.ss 
are  lowness  of  diffusion  power,  and  hence  difficulty  of 
absorption,  slight  local  tendency  to  repress  secretion, 
and  slight  constitutional  tendency  to  oppose  degenera- 
tive processes  in  tissues.  Individually,  the  calcic  coni- 
jiounds  differ  greatly  in  their  projierties.  and  thus  arise 
many  individual  therapeutic  applications,  to  be  noted 
under  the  several  preparations. 
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2.  TirE  CoMi'orxDs  ok  Calcium  Used  in  MEDicrxE, — 
Till' coiiiiiimuils  of  ralciuin  that  (.-utiT  iuto  the  pliarmaco- 
pceia!  preparations contaiuiug  the  metal  are  the  iiKuiD.ride, 
hydroxide,  cavhonate,  phasp/utte.  sulphate,  hypophonphite, 
chloride,  hnimide,  sulphide  (in  the  jireparation  sulphurated 
lime),  and  tlie  eonipouuds,  whatever  they  be.  that  form 
the  substance  tailed  (V(?«/v'«rt^(f/  limi:.  In  the  present  arti- 
'  cle  will  be  discussed  only  the  nwin>.i-tde,  hydro.ride,  nir- 
bonate,  phosjihate,  and  sulphdte.  For  the  other  com- 
pounds aljove  cited,  see,  respectively,  Ilypop/iosphites, 
Chlorides,  Brum  ides.  Sulphides,  and  Chlorine. 

Calcium.  Jlnnoxide  :  CaO. — Calcium  monoxide  in  the 
form  of  the  ordinary  "  lime,"  or  "  quicklime  "  of  commerce, 
is  official  under  the  simple  title  Cid.r,  Lime.  It  is  otti- 
cially  described  as  "hard,  white  or  grayish-white  masses, 
wliich,  in  contact  with  air,  gradually  attract  moisture 
and  carbon  dioxide,  and  fall  to  a  white  jiowder;  odorless, 
of  a  sharp,  ca\istic  ta.ste.  Soluble  in  about  seven  hundred 
and  fifty  parts  of  water  at  1.5'  C.  (.59°  F.).  and  iif  about 
thirteen  hvmdred  parts  iif  boiling  water;  insoluble  in  alco- 
hol. Soluble  in  diluted  acetic,  hydrochloric,  or  nitric  acid. 
When  sprinkled  with  aboiit  half  its  weight  of  water,  lime 
becomes  heated,  and  is  gradually  converted  into  a  white 
powder  (calcium  hydrate  or  slaked  lime).  When  this  is 
mixed  with  aliotit  three  or  foiu'  parts  of  water,  it  forms 
a  uniform  smooth  magma  (milk  of  lime).  Even  at  the 
highest  degrees  of  heat  lime  remains  unaltered  and  does 
not  fuse.  Its  aqueous  solution  gives  an  intensely  alka- 
line reaction  with  litmus  paper"  (U.  S.  P.).  Because  of 
the  strong  affinity  of  lime  for  water,  it  should  be  kept  in 
ti,ghtly  closed  vessels  in  a  dry  place.  Lime  is  obtained 
from  some  of  the  varieties  of  native  calciiun  carbonates, 
or  from  white  marble  or  oyster  shells,  by  cal<ining. 

Physiologically  the  importance  of  quicklime  lies  in  the 
fact  that  because  of  its  intense  affinity  for  water  it  is 
caustic.  To  a  moist  surface  it  is  powerfully  escharotic. 
and  since  the  product  of  the  caustic  action  (slaked  lime) 
is  a  nearly  insoluble  solid,  the  action  is  non-spreading. 

In  practice,  quicklime  is  rarely  used  by  the  surgeon, 
except  in  the  form'of  the  composite  prejiaration,  potassa 
with  lime  (Vienna  caustic),  for  whose  descrijition  see 
under  Pota.^sium. 

Calcium  IIydro,ride  :  Ca(0H)2. — Calcium  hydroxide  is 
the  familiar  substance,  .ilaked  lime,  which  forms  in  tlie 
shape  of  a  white  powder  as  the  product  of  the  chemical 
reaction  between  lime  and  water.  The  reaction  is  at- 
tended by  the  development  of  a  high  degree  of  lieat. 
Slaked  lime  is  not  official  in  the  United  States  Pharma- 
copeia under  any  distinctive  title,  tnit  the  preparations 
into  whose  composition  it  enters  are  defined  as  i^repara- 
ticnis  of  lime  simply.  Slaked  lime  is  a  soft,  white,  bulky 
powder,  of  a  mawkish,  alkaline  taste,  and  having  the 
solubilities  detailed  above  in  the  pharmacopa?ial  descrip- 
tion of  lime.  Although  a  powerful  free  base,  it  is  not 
caustic  to  living  tissue,  because  of  its  difficult  solubility 
in  water.  Combining  as  it  does,  therefore,  the  qualities 
of  harmle.ssne.ss  and  high  alkalinity,  it  is  valuable  as  an 
antidote — so  far  as  antidotes  go — in  jioisoning  by  acids. 
Es]ieciall3'  is  if  to  be  selected  in  cases  of  poisoning  b_y 
oxalic  or  sulphuric  acid,  because  of  the  great  insolubil- 
ity of  the  salts  it  makes  with  these  several  acids.  For 
medicinal  purposes,  proper,  slaked  lime  is  used  in  the 
valuable  pharmacopo?ial  preparation  commonly  known 
as  liiite  irater,  but  officially  entitled  Liquor  Calcis,  Solu- 
tion of  Lime.  This  is  simply  a  satiu-ated  aqueous  s(j1ii- 
tion  of  slaked  lime,  easily  made  by  any  one  by  stirring 
freshly  slaked  lime  into  water — fairly  [uire  water  free 
from  salts — in  any  proportion  greater  than  1  to  7.50. 
The  vessel  containing  the  resulting  solution  is  to  be 
kept  tightly  stopjiered,  with  the  excess  of  undissolved 
lime  retained.  After  the  settling  of  the  undissolved 
portion,  the  clear,  supernatant  liquor  may  be  drawn 
off  in  small  quantities,  for  use.  by  decanting  or  siphon- 
ing. The  oliject  of  having  an  excess  of  lime  lies  in 
the  fact  that  lime  water  has  a  great  affinity  for  carbon 
dioxide,  absorbing  this  gas  from  the  atmosphere  and 
forming  witli  it  the  insoluble  calcium  carbonate.  By 
such  reaction  the  lime  of  lime  water  gradually  becomes 


exhausted,  but  by  the  device  of  keeping  in  thscontaining 
vessel  an  excess  of  lime,  the  water  of  the  solution  re- 
charges itself  therefrom  as  fast  as  it  loses  strength  by 
carbonating,  and  the  solution  of  lime  is  thus  maintained 
steadily  at  saturation.  Lime  water  is  "a  saturated,  acjue- 
ous  solution  of  calcium  hydrate.  .  .  .  The  percentage  of 
calciumhydrate  varies  with  the  temperature,  being  some- 
what over  0.17  per  cent,  at  1.5'  C.  (.59'  F.),  and  diminish- 
ing as  the  temperature  rises"  (U.  S.  P.).  Although  clear 
when  first  made,  lime  water,  upon  keejiiug,  is  certain  to 
become  turbid  from  absorption  of  carbon  dioxide  fiom 
the  atmosphere,  and  the  formation  thereby  of  calcium 
carbonate.  If,  however,  there  be,  as  above  advised,  an 
excess  of  lime  in  the  bottle,  the  turbidity  does  not  mean 
loss  of  strength,  and  a  sample  so  affected  is  Jjerfectly 
good  for  medicinal  pur]ioses.  Lime  water  is  incompati- 
ble with  alkaline  carbonates,  sulphates,  borates,  salts  of 
ammonia  and  the  metals,  acids  and  acidulous  salts,  and 
astringent  vegetable  decoctions  or  infusions. 

Lime  water  is,  of  course,  alkaline,  and  at  the  same  time 
is,  physiologically,  locally  bland  and  southing  to  irrita- 
tion, with  a  tendency  to  check  secretion.  Taken  inter- 
nally it  operates  to  allay  gastric  irritability  and  to  control 
diarrhisa,  especially  when  the  diarrhcea  is  caused  by  acid- 
ity of  the  intestinal  contents.  From  the  conjunction  of 
properties  named,  lime  water  is  an  excellent  alkaline 
wash  in  skin  disea.sc,  and  is  a  standard  remedy  to  subdue 
vomiting  and  combat  the  diarrlio-a  of  acidity.  In  its  in- 
ternal use  by  far  the  best  way  of  giving  is  in  mixture 
with  fresh,  ice-cold  milk.  In  such  mixture,  even  when 
"half  and  half"  in  strength,  the  disagreeable  lime  taste 
is  almost  wholly  lost,  while  at  the  same  time  the  medici- 
nal efficacy  of  the  lime  is  enhanced,  and  the  patient  is 
nourished  by  the  milk.  In  obstinate  vomiting,  indeed, 
nothing  surpasses  the  administration  of  small  quantities 
of  ice-cold  lime  water  and  milk,  frei:[uently  repeated,  to 
the  exclusion  of  all  other  medicine  and  nutriment,  both. 
In  ordinary  cases,  the  lime  water  need  not  be  in  greater 
proportion  to  the  milk  than  one  part  to  two,  three,  or 
four.  If  the  stomach  be  not  too  sensitive,  such  mixtures 
maybe  administered  quite  freely;  but  yet  the  habitual 
use  of  lime  water  in  milk,  in  milk-fed  individuals,' such 
as  infants,  is  objectionable.  For  occa.sional  use,  lime 
water  is  so  innocent  that  it  is  hardly  possible  to  assign 
any  exact  dose,  but  a  tablespoonful  generally  suffices  for 
a  single  giving,  to  be  taken  in  at  least  an  equal  measure 
of  water  or  milk.  A  sjjecial  application  of  lime  water  is 
based  on  the  fact  that  the  tissue  of  false  membranes  im- 
mersed in  the  solution  raijidly  disintegrates.  Hence  the 
jjractice  with  some  to  spray  the  throat,  in  croup  or  diph- 
theria, with  atomized  lime  water.  In  such  procedure, 
however,  it  must  be  remembered  that  in  the  amount  of 
spiraying  practically  possible,  the  tpiantity  of  lime  water 
brought  into  contact  with  the  membrane  is  very  small, 
and  the  duration  of  the  contact  short. 

Lime  water,  although  decidedly  alkaline,  is  not  readily 
absorbed,  anfl  consequently  is  useless  for  constitutional 
alkalizing.  For  such  purptjse,  alkalies  of  high  diffusion 
power,  such  as  the  basic  compounds  of  potassium  or  lith- 
ium, must  be  used  rather  than  lime. 

Besides  lime  water,  the  United  States  Pharmacopoeia 
offers,  as  a  preparation  of  lime  in  solution,  Syrupus  Cal- 
cis, Syrup  of  Lime.  This  syrup  is  made  by  treating  a 
triturated  mixture  of  lime  and  sugar  with  boiling  water, 
and  bringing  the  solution  after  filtration  to  the  stamlard 
strength  of  6.5  per  cent.,  by  weight,  of  lime.  In  this 
procedure  the  lime  and  sugar  chemically  unite,  and  the 
product,  wliile  retaining  tlie  alkalinity  and  ])hysiological 
properties  of  free  lime,  is  yet  much  more  soluble  in  water, 
as  tlie  percentage  strength  of  the  syrup  attests.  Syrup 
of  lime  is  therefore,  medicinally,  a  sweetened  and  at  the 
same  time  a  strong  solution  of  lime,  and  may  be  used 
for  the  internal  applications  of  lime  water,  only  in  much 
smaller  dose — one-eighth,  namely,  of  what  would  be 
given  of  the  latter-named  preparafion. 

For  local  application  of  the  soothing  properties  of  lime 
solutions,  an  excellent  and  ingenious  preparation  of  lime 
is  official  in  the  United  States  Pharmacopeeia  under  the 
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title  Linimentvm  Calcis,  Lime  Liniment,  often  called 
Girroii  oil,  from  the  Carron  Iron  Works,  in  Scotland, 
where  the  liniment  acquired  great  reputation  for  the 
treatment  of  burns  among  tlie  workmen.  The  prepara- 
tion is  simply  an  admixture,  in  equal  parts,  of  lime  water 
and  linseed  "nil,  whereby  a  lime  soap  is  formed,  which 
being  insohilile  makes  an  emulsion  with  the  considerable 
excess  of  the  oil  prescribed  by  the  formula.  The  oil, 
however,  readily  separates  from  "the  aqueous  portion,  and 
hence  the  preparation  should  be  well  shaken  each  time 
before  use.  Lime  liniment  combines  the  protection  of  a 
fixed  oil  with  the  alkaline  and  soothing  properties  of 
lime,  and  makes  an  excellent  dressing  for  painful  affec- 
tions of  the  skin,  such  as  Inirns,  both  allaying  pain  and 
promoting  healing.     It  is  applied  clear. 

Cdli-iiim  C<irhok(i1(  :  CaCOa. — Calcium  carbonate  is  rep- 
resented in  the  United  States  Pharmacopceia  by  two  prep- 
arations. Cntii  Pro'ptindii.  Prepared  Chalk,  is  the  native 
article  freed  from  most  of  its  impurities  by  elutriation: 
and  Cdlrii  Ciii'Imhuik  Pracipitatns,  Precipitated  Calcium 
Carbonate,  is  the  carbonate  obtained  as  precipitated  from 
a  solution  of  calcium  chloride  by  reaction  with  sodium 
carbonate.  Prepared  chalk  is  in  the  form  of  powder,  or 
of  little  conical  pellets,  and  the  precipitated  carbonate  is 
always  in  the  condition  of  a  verj-fiue  soft  powder.  Both 
preparations  are  iiermaneut  in  air.  odorless  and  tasteless, 
and  insoluble  in  water  or  alcohol,  although  soluble,  with 
effervescence,  in  hydrochloric,  nitric,  or  acetic  acid. 

Calcium  carbonate  closely  resembles  slaked  lime  in  its 
properties,  but,  bein.g  a  salt,  is  less  strongly  alkaliu<',  and, 
being  wholly  insoluble  in  neutral  fluids  of  aqueous  basis, 
is,  locally,  absolutely  bland.  It  is  medicinally  applica- 
ble, in  a  general  way.  for  the  same  purposes  as  lime 
water,  anct,  in  addition,  liecaiise  it  is  a  bland,  soft,  and 
alkaline  absorbent  powder,  it  makes  an  excellent  "dust- 
ing powder  "  to  apply  as  a  dressing  to  skin  affections  in 
which  the  cutaneous  surface  is  moist  and  tender.  Inter- 
nally the  carbonate  is  available  as  an  antidote  to  acid 
poisoning,  especially  if  the  acid  be  sulphuric  or  oxalic, 
and  is  of  use  to  coi-rect  idiopathic  acidity  of  the  prima' 
ri(r.  and  to  allay  nausea  and  check  diarrbfea.  Being  ))er- 
fecllyinnocent,  either  of  the  forms  of  the  salt  may  be 
given  freely.  For  ordinary  use  in  digestive  derange- 
ments the  single  dose  ranges  from  0.6.5  to  3.00  gni.  (gr.  x. 
to  xlv.).  The  medicine  may  be  given  as  a  powder,  but 
administration  in  mixture  is  more  common.  The  follow- 
ing pharmaceutical  preparations  areofficial  in  the  United 
States  Pharmacopreia:  Pidris  Crctte  ('ninpo.iittis.  Com- 
pound Chalk  Powder.  This  consists  of  three  parts  of 
prepared  chalk,  two  of  jiowdered  acacia,  and  tive  of 
powdered  sugar,  mixed.  This  powder  is  probably  offi- 
cial as  the  basis  for  making  the  next  named  preparation, 
but  yet  is  itself  a  convenient  chalk  powder  for  direct 
prescription.  Mislura  Creta.  Chalk  Jlixture.  This  is 
compounded  of  two  parts  of  the  foregoing  compound 
chalk  powder  and  four  parts  each  of  water  and  cinnamon 
water.  The  sugar  and  acacia  of  the  compound  chalk 
powder  dissolve  and  the  slightly  viscid  solution  resultin.ir 
is  capable,  when  shaken,  of  holding  the  chalk  in  suspen- 
sion. Tlie  jireparatiou  shouUl  be  freshly  made  for  use, 
and  should  be  shaken  each  time  before  disi^ensing  a  dose. 
It  makes  a  very  convenient  basis  for  diarrhoea  mixtures, 
especially  in  cases  of  diarrhoea  with  acidity.  It  ma.y  be 
given  in  tablespoonful  doses.  Trochisci  Greta.  Troches 
of  Chalk.  Each  troche  contains  0.2.5  gm.  (about  gr.  iv.) 
of  prepared  chalk  with  a  flavoring  of  uutme.a:. 

Nm-mal  Cilciiiin  (Ort!i<'-)  P/iosptirite  :  CaaiPO,)..— This 
is  the  phosphate  commonly  called,  for  distinction,  bone 
plwsphdte.  It  is  official  imder  the  title  Cahii  Phnsplnin 
Prcetipitatns,  Precipitated  Calcium  Phosphate,  and  is 
made  by  dissolving  the  iihosj^hate  of  bone  ash  by  means 
of  hydrochloric  acid,  and  then  precipitating  it  from  the 
solution  Ijy  the  addition  of  water  of  ammonia.  Such  pre- 
cipitate, washed  and  dried,  presents  itself  as  "a  light, 
white,  amorphous  jiowder,  odoiless  and  tasteless,  and 
permanent  in  the  air.  Almost  insoluble  in  cold  water: 
partly  decomposed  by  boiling  water,  which  dissolves  out 
an  acid  .salt ;  almost  insoluble  in  acetic  acid,  except  when 
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freshly  precipitated;  easily  soluble  in  hydrochlotic  or 
nitric  acid;  insoluble  in  alcohol"  (U.  S.  P.).  When 
freshly  precipitated  and  still  moist  this  phosphate  also 
dissolves  wholly  in  lactic  acid. 

Calcium  phosphate  is  an  important  normal  ingredient 
of  the  animal  body,  being  the  calcareous  element  of  the 
bones  and  teeth.  The  use  of  the  salt  in  medicine  has 
been  its  internal  administration  in  conditions  of  disease 
where  there  appears  to  be  a  deflcienc.y  of  the  substance 
in  the  proper  tissues,  either  from  assumed  lack  of  sup- 
ply or  from  want  of  power  of  assimilation.  Such  con- 
ditions are  illustrated  by  rickets,  mollities  ossium.  caries 
of  the  teeth,  and  possibly  by  scrofula  and  phthisis.  But, 
as  often  hapjjens  in  medication  based  on  imrely  chemical 
considerations,  the  clinical  results  frequently  fall  short  of 
the  expectation,  so  much  so  that  many  practitioners  put 
but  little  faith  in  the  present  remedy.  Very  likely  the 
lack  of  effect  of  calcium  phosphate  is  principally  due  to 
the  difficulty  of  determining  the  absorption  of  the  salt, 
partly  becau.se  of  the  salt's  entire  insolubility  in  other 
than  acid  menstrua,  and  partly  because  of  its  low  diffu- 
sion powcrt  But  inasmuch  as  the  jdiosphate  is  wholly 
innocent,  locally  and  constitutionally,  it  may  witli  pro- 
priety lie  trieil  in  cases  in  which  it  seems  indicated  theo- 
retically. From  0.65  to  2.00  gm,  (gr.  x.  to  xxx.)  may  be 
given  three  times  a  da.y,  larger  doses  jirobably  being  use- 
less tlirough  lack  of  absorption.  A  convenient  fonn  of 
the  medicine  is  the  official  iireparation  of  the  United 
States  Pharmacopceia,  entitled  Si/rtipiis  Ccildi  LurtapJios- 
pliatis.  Syrup  of  Calcium  Lactophosphate.  Precipitated 
calcium  carbonate  is  dissolved  in  dilute  lactic  acid,  and 
to  this  solution  phosphoric  acid  is  added.  After  certaic 
necessary  trituration,  the  solution  of  the  lactophosphate 
is  filtered,  sweetened,  and  flavored  with  orange-flowei 
water,  and  then  brought  to  standard  strength  by  the 
addition  of  water.  Twenty-five  parts,  by  weight,  of 
calcium  carbonate  is  used  to  make  one  thousand  measures 
of  the  syrup.  Should  a  gelatinous  precipitate  tend  to 
form  upon  keeping,  a  flnidrachm  of  hydrochloric  acid 
may  be  added  to  each  pint  of  the  syrup.  The  prepara- 
tion may  be  given  in  doses  of  from  two  to  four  tea- 
spoonfuls,  representing  from  0.20  to  0.40  gm.  (gr.  iij.  to 
vi.)  of  phosphate. 

Ciilriinii  Sulphate:  CaS0..2H,0.— This  salt  is  used  in 
medical  art  onh'  in  the  making  of  plaster-of-Paris  dress- 
ings. Calicum  sulphate  occurs  native  in  several  condi- 
tions, the  commonest  being  the  salt  combined  with  two 
molecules  of  water  constituting  the  substance  (/ypsinn. 
The  valuable  property  of  gypsum  is  that  when  dehy- 
drated and  treated  with  water  it  recombines  with  the 
latter,  and  in  such  combining  sets  in  a  hard.  diT  mass. 
Gypsum  is  dehydrated  by  heat,  which  should  not  exceed 
120'  C. ;  for  if  carried  too  high  (above  204'  C.)  the  gyp- 
sum—  called  then  technically  (lenil-hnrnt  —  recombines 
with  water  but  slowly  and  the  jiroduct  does  not  solidifj'. 
As  jjroperly  dehydrated  and  pulverized  the  product  is  a 
white  ])owder.  without  odor  or  taste,  called  hurnt  ffi/pmim 
or  pliister-i'f-Piiris.  Plaster-of-Paris  is  official  in  the 
United  States  Pharmacopoeia  under  the  title  ( 'uleii  Sul- 
phas Ej-m'ceatiis.  Dried  Calcium  Sulphate.  Jlixed  with 
two  parts  of  water.  plaster-of-Paris  makes  a  soft,  creamy 
paste,  which  in  the  course  of  from  fifteen  to  twenty 
minutes  gradually  stiffens,  tmtil  at  last  it  sets  into  a 
perfectly  hard  and  dry  mass.  During  the  setting  a  mod- 
erate degree  of  heat  is  evolved  (not  beyond  the  range 
perfectly  bearable  by  the  human  skin),  and  the  mass  very 
slightly  expands.  Applied,  therefore,  as  a  casing  to  a 
limb,  the  dressing  may  be  perfectly  fitted  without  fear  of 
.shrinkage  upon  setting.  After  setting,  the  plaster-of- 
Paris  neither  softens  nor  dissolves  by  treatment  with 
water,  the  solubility  of  calcium  sidphate  in  water  being 
onlj-  about  one  pai't  in  five  hundred.  For  use  in  suigery 
the  plaster-of-Paris  paste  may  be  applied  b.y  smearin.g  it 
upon  the  bandaged  limb  so  as  to  form  a  casing,  but  a  far 
better  way  is  to  impregnate  a  flannel  bandage  thoroughly 
with  the  dry  plaster,  roll  it  loosely,  and  when  the  dress- 
ing is  to  be  fitted  dip  the  roller  into  a  vessel  of  water 
until  bubbles  cease  to  he  evolved  and  then  apply  in  the 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Calcliiiii. 
rallfornla. 


usual  maimer,  Init  without  reverses.  Before  so  apiJl}-- 
iug,  however,  the  skiu  should  be  protected  b_v  a  plaiu 
baudage,  or,  where  appropriate,  by  a  tliread  glove  or  a 
stockiug. 

Plaster-of -Paris  should  be  kept  in  well-closed  vessels, 
else,  attractiiig  moisture  from  the  atmosphere,  it  will  be- 
come partiall}'  liydrated.  Edirard  Curtis. 

CALCULI..     See  Concretitms. 

CALCULI,  CUTANEOUS.    See  Milium. 

CALEDONIA    SPRINGS.  — Post-Office.  —Caledonia 

Springs.  Ontario,  (.'anad:i.     Hotel,  the  Grand  Hotel. 

Access. — From  Jlontreal  and  Ottawa  by  Canadian  Pa- 
cific Railway,  or  by  the  Ottawa  Navigation  Company 
steamers. 

Analysis,  b}-  Steriy  Hunt.     In  one  thou.sand  parts: 


Solids. 

Gas 
Spring, 

,.„„.        White 

Duncan  or 

Interuiittent 

Spring. 

Chloride  of  sodium  

Chloride  of  potassium 

Chloride  of  calcium 

Chloridt^  of  niaenesium  . . 

Bn>iiii<U'  nf  >,i.lium 

BrLiiiiidt^  of  iiiajrnesium  .. 

Iodide  of  .M.iluuu 

Iodide  of  ina!,rnesium 

6.96T5 
,0309 

,2130 
.66ft5 

.imi 

,04^5 
.li«0 
,52«2 
Trace, 
.IX>H 
.031(1 

6,4409 
.0296 

.6iB9 

.ooii 
.nm 

,1762 

.117.5 

.5172 

Trace. 

.0423 

3,54-30 
.0230 

' .6166 
■  ',6is3 

.4.5.5S 
.2100 
.2940 
Trace. 
.0026 
.0840 

12.2500 

,0:303 

.2870 

1.0338 

.0238 

.0021 

Carli'-inate  of  lime 

Carbonate  of  magnesium. 
Carbonate  of  iron 

,1264 

.8672 

Trace. 

Silica 

(623 

7.9773 

7.3470 

4.6407 

14.(J433 

These  springs  are  carbonated  saline,  mildly  charged 
with  carbonic  acid  gas.  There  escapes  with  the  water 
of  the  Gas  Spring  a  large  amount  of  carbureted  hydro- 
gen gas.  The  water  of  the  White  Sulphur  Spring  con- 
tains sulphureted  hydrogen  equal  to  about  one  cubic 
inch   per   gallon.     The  springs  iire  situated  on  a  level 


CALENDULA.  MARIGOLD.— "The  florets  of  CWf«rf«/« 
officinalis  L.  (fum.  CoDijiosita}"  (U.  S.  P.).  These  florets 
are  strap-shaped,  neai'ly  half  an  inch  long,  three-toothed, 
hairj-  upon  the  tube,  of  a  blight  yellow  color,  pistillate, 
with  a  two-branched  style.  The  odor  is  characteristic, 
the  taste  aromatic  and  "bitteii.sh.  They  contain  a  little 
volatile  oil  and  an  amaroid,  with  resin  and  an  abundance 
of  the  bright  yellow  coloring  matter,  Calehduliu.  which 
is  inactive.  The  drug  posses.ses  very  slight  aromatic- 
bitter  properties,  but  is  chiefly  used  for  coloring  pur- 
poses. It  is  now  much  less  used  than  formerly,  and 
will  doubtless  be  omitted  from  the  next  edition  of  the 
Pharmacopojia.     The  dose  is  1  to  2  gm.  (gr.  .\v.  to  xxx.). 

The  herb  possesses  similar  properties,  but  is  even 
weaker  and  contains  much  more  mucilage.  It  has  been 
used  similarly,  as  well  as  foi-  making  poultices.  Through 
an  error,  this,  instead  of  the  florets,  was  incorporated  in 
the  preceding  edition  of  the  Pharmacopoeia. 

Hciiry  II.  Rusby. 

CALIFORNIA,  SOUTHERN.— In  this  article  only  a 
brief  and  general  account  of  the  climate  of  Southern  Cali- 
fornia will  be  given,  as  the  principal  resorts  and  sections 
will  receive  especial  mention  imder  their  respective  heads, 
in  regular  alphabetical  order. 

Southern  California  is  an  irregular  area  of  territory, 
equal  in  extent  to  England  and  'Wales,  lying  between 
latitude  3.5'  40  and  32  30  ,  with  a  coast  line  ot^'SSO  miles. 
It  is  bounded  on  the  north  by  the  Tehachapi  Mountains, 
which  are  spurs  of  the  coast  ranges  and  Sierra  Nevada ; 
on  the  east  b_v  the  Colorado  River;  on  the  south  by  the 
Jlexicau  frontier;  and  on  the  west  and  southwest  b\'  the 
Pacific  Ocean.  In  the  western  portion  is  the  southern 
coast  range,  forming  the  eastern  boundary  of  the  cod-it 
pliiiii,  which  contains  numerous  beautiful  valleys,  such 
as  the  Santa  Clara  and  Santa  Bueua  Ventura.  This  coast 
]ilain  extends  for  l-jO  miles,  and  is  from  lo  to  25  miles  in 
deiith.  Between  the  coast  range  and  the  Sierra  JIadre 
and  San  Bernardino  ranges  lies  the  interitT  jilniit.  200 
miles  in  length  and  from  1.5  to  30  miles  in  depth.  Here 
is  the  great  San  Gabriel  Valley,  which  has  lieen  called 
the  Lombardy  of  America,  and  numerous  lesser  valley's, 
■■  Between  the  coast  plain  and  the  long  interior  valley. 


Fig.  1072.— Bay  of  San  Diego,  Southern  California. 


plateau  which  extends  for  many  miles  in  all  directions, 
the  country  being  open  and  well"  cultivated.  The  Granii 
Hotel  is  commodious  and  comfortable.  The  manage- 
ment is  excellent.  All  modern  methods  for  utilizing  tlie 
waters  are  at  hand,  and  a  physician  resides  at  the  hotel 
during  the  season.  There  are  also  a  number  of  boarding- 
houses  and  cottages  on  the  grounds,  all  of  which  are 
under  the  control  of  the  company.  The  hotels  are  open 
from  .lune  to  Octolier. 

The  Caledonia  Springs  are  the  best  known  of  Canadian 
mineral  springs,  and  are  resorted  to  b\-  large  numbers 
from  Canada  and  the  United  States,  particularly  from 
the_  South.  In  addition  to  the  water  consumed  at  the 
springs  large  quantities  are  bottled  and  sent  to  all  parts 
of  Canada  and  the  United  States.         Beaumont  Small. 


the  coast  range  of  mountains  is  broken,  and,  opposite  the 
Los  Angeles  plains,  entirely  disappears  for  a  space.  The 
whole  country  becomes  thus  a  great  open  coast-land  fac- 
ing the  south,  and  with  the  high  Sierra  for  a  back- 
ground." *  North  and  east  of  the  Sierra,  or  inland  range, 
lie  the  Mo.iave  and  Colorado  deserts.  It  is  with  the  resorts 
on  or  near  the  coast,  or  with  those  in  the  interior  plain,  that 
we  have  especially  to  deal  as  climatic  stations,  such  as 
Santa  Barbara,  San  Diego.  Coronado  Beach,  on  the  coast; 
or,  farther  inland.  Riverside,  Redlands.  San  Bernaidino, 
and  others.  The  soil  is  composed  largely  of  disintegrated 
granite,  which'is  sandy  and  porous,  and  in  many  locali- 
ties there  are  also  large  patches  of  adobe  or  red  cla}'. 

*  "  California  of  the  South,"  by  Walter  Llndley  and  J.  P.  Widney,  1888. 
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San  Dieko,  Latitudk,  33°  43' ;  Long- 

Santa Barbara,  Latitude,  34°  28' ; 

Los     ANHELES,    Latitude,    34°  3'; 

itude,  117°  10'. 

Longitude,  119° 

41'. 

Longitude,  118°  3'. 

Jan. 

April. 

July. 

Nov. 

VVinttr 

Year. 

Jan. 

April. 

July. 

Nov. 

Winter 

Year. 

Jan. 

April. 

July. 

Nov. 

Wintfr 

Year. 

Temperature— 

Averjisre  or  normal 

53.6° 

57.7° 

67.1° 

.58.2° 

54.5° 

60.4° 

51.2° 

60.5° 

66l8° 

.56.0° 

.54.01° 

60.7° 

54.1° 

58.0° 

71.1° 

62.11° 

53.5° 

63.(P 

Avtrat'e  ihiilv  range... 

ir.3 

14.1 

11.6 

18.1 

16 

14.3 

18 

18 

19 

25 

19.1 

20.1 

20.3 

33.1 

34.5 

Mean  nf  wiirmest 

61.8 

tl5.3 

73.5 

66.8 

37.8 

63 

69.2 

62.3 

62.9 

69.3 

82 

,0., 

Mean  ..f  n.ldest 

44.3 

.51.3 

61.9 

4H.7 

42.8 

.52 

69.7 

,53 

42.8 

49 

58.9 

46.3 

Hitrhest  or  ma.ximuin  . . 

TH 

87 

86 

K) 

83 

S6 

89 

82 

82 

94 

98.1 

86 

Lowest  or  miuimuui 

SJ 

39 

54 

33 

38 

11 

44 

40 

30 

39 

51.3 

34.2 

Humiditv— 

Mean  relative 

71.2;* 

72.4* 

76.4^ 

66, 4K 

70.9^ 

72.9? 

rw 

07^ 

73« 

U% 

73* 

62.9* 

70.W 

69.4* 

37.3* 

63.6* 

66.6* 

Precipitation—' 

Average  in  inches 

1.85 

0.68 

0.03 

wm 

6.04 

9.49 

3.7 

1.4 

1.6 

11.77 

17.6 

3.9 

1.3 

.93 

8.63 

18 

Wind- 

Prevailing  direction  . . . 

N.E. 

W. 

W. 

H.W. 

N.E. 

W. 

W. 

N.E. 

W. 

W. 

N.E. 

N.E. 

W. 

Average  hourly  velocity 

In  miles 

5.1 

6.6 

6.3 

o.l 

3.4 

5.9 

4.3 

5.3 

5.1 

3 

4.6 

5.3 

.5.4 

4.9 

4.9 

5.4 

.5.1 

Weather- 

Average     number     of 

11.3 

10.2 

8.3 

13.5 

33.0 

132.7 

24 

16 

27 

13 

231 

17.3 

10.3 

10.4 

18.8 

171.3 

Average  number  of  fair 

days 

11.2 

11.9 

16.1 

10 

33.7 

155.1 

1 

6 

3 

9 

63 

8.5 

12.5 

19.7 

9.3 

26.6 

144.8 

Average     number     of 

clear  and  fair  days. . . 

22.5 

22.1 

24.3 

23.5 

67.3 

277.8 

23 

22 

30 

22 

294 

26 

22.7 

30.1 

38.1 

74.5 

316.1 

The  luain  features  of  the  climate  of  Siratlieru  Califoruia 
are  warmth,  equability,  a  large  amount  of  suushiue  and 
a  small  amoimt  of  annual  rainfall.  "  Taken  as  a  whole," 
says  Professor  Hilgard,  "Southern  Califoruia  corresponds 
iu  its  climatic  features  and  adaptation  to  the  Jlediterra- 
neau  region  of  Europe  and  Africa:  a  grand  Riviera  with 
a  partial  background  of  the  desert  as  well,  where  the 
date  palm  and  ostrich  find  a  congenial  home,  and  alluvial 
plains  equalhug  in  riches  the  famed  delta  of  the  Nile." 

"Warm  winters,  comfortably  cool  summers,  very  low 
rainfall,  and  rainfall  so  distributed  as  to  divide  the  year 
into  a  dry  and  a  so-called  rainy  season,  almost  unparalleled 
preponderance  of  cloudless  weather,  and  (in  consequence 
of  the  low  latitude)  a  long  duration  of  the  daily  sunshine 
iu  winter — all  these  are  characteristic  of  every  portion  of 
Southern  Califoruia.  In  comparative  humidity  of  the 
atmosphere  lies  the  chief  difference  between  its  coast 
stations  and  those  lying  at  a  greater  or  less  distance  from 
its  coast  line  "  (Huntington  Richards), 

"The  warmth  and  equability  of  this  climate  depends." 
says  Dr.  C.  F,  Williams,*  "  upon  three  factors:  itssoutb- 
ern  latitude,  its  protection  by  the  various  mountain  ranges 
from  cold,  northerly  tor  easterly  winds,  and  the  influence 
of  the  Pacific,  and  especially  the  warm  Kuro  Siwo,  or 
Black  Japan  current,  wliich  washes  the  shores  of  the 
Western  States," 

There  exists  a  certain  misapprehension  regarding  the 
matter  of  dryness  of  this  climate.  For  example,  as  good 
an  authority  as  Lindsay  refers  to  it  as  "intensely  dry," 
Williams  calls  it  a  "dry,  warm  climate,"  and  Remodiuo 
remarks  that  "  every  term  iu  the  meteorological  vocabu- 
lary relative  to  moisture  and  dryness  has  been  conscien- 
tiously applied  to  the  region."  The  fact  is,  that  the 
coast  districts,  like  all  other  coast  resorts,  exhibit  the  fea- 
tures of  a  marine  climate,  one  of  which  is  a  large  amount 
of  moisture,  and  upon  this  fact,  as  we  know,  depend 
the  coolness  and  equability  characteristic  of  such  a  cli- 
mate. 

If  oue  would  find  real  drj'uess  he  must,  as  Solly  says, 
seek  it  beyond  the  mountains  iu  the  desert  country.  If. 
however.  "  he  seeks  more  days  of  sunshine  and  opportu- 
nities for  outdoor  life,  with  a  more  equable  temperature 
and  an  average  humidify  a  little  greater  than  that  of 
New  York  or"  Boston,  he  can  tiud  what  he  desires  at 
Santa  Barbara  or  San  Diego."  Even  as  far  inland  as 
Riverside,  more  than  .50  miles  from  the  coast,  the  humid- 
ity is  appreciably  greater  than  at  Aiken,  for  example, 
and  very  considerably  greater  than  at  most  of  the  Colo 
rado.  New  Mexico,  and  Arizona  resorts.  Still  further, 
oue  must  bear  in  mind  the  fact,  as  Solly  says,  "  that,  in 
spite  of  the  great  amount  of  sunshine  during  the  day  iu 
California,  the   foggy  and   damp  nights  and  mornings 

♦"Aero-Therapeutics,"  1894. 


take  up  a  great  part  of  the  twenty-four  liours, "  This 
authority  notes  the  following  observation  made  by  him- 
self at  Redlands:  "  On  one  occasion  when  at  4:30  P..M.  the 
relative  humidity,  as  indicated  by  the  hygrometer,  was 
fifty -five  per  cent.,  at  {3  p.m.  it  had  increased  to  eighty 
percent."  "The  difference  between  noonday  and  mid- 
night temperature,"  says  Kate  Sanborn,*  "between  sun 
and  shade,  is  something  to  be  learned  and  guarded 
against." 


Riverside,    60 


^illks    from    the    coast, 
Above  Se.v  Level. 


8.")0    Feet 


Jan. 

April. 

July. 

Nov. 

Year. 

Mean  monthly  temp.. 

53.1° 

61.2° 

77.0° 

63.3° 

62.0° 

Ma.xinniiii  temp 

78.2 

89.2 

101.2 

89.3 

Minimum  temp 

32.7 

39.2 

60.3 

39.5 

Relative  Immidity, . . . 

67*' 

.56*2 

63*  » 

76*' 

67* 

Prerijiitati'in— 

Average  in  inches 

3.27 

1.43 

1.35 

10 

Wind- 

Prevaillng  direction 

S.  W. 

W. 

W  eather— 

Average  number  of 

(1890) 

clear  davs 

16 

20 

29 

13 

208 

Average  number  of 

fair  davs 

105 

Average  number  of 

cloudy  days 

14 

9 

1 

10 

,52 

From  July,  188.5,  to  July,  1886,  there  were  2.S0  absolutely  clear  days, 
and  38  days  of  rain  or  showers. 

'For  the  spring  of  1S8S.  =  summer  of  18S.S.  =  Autumn  of  1,'*88. 
*  Winter  of  1888. 

The  accompanying  tables  of  climatic  data  of  San 
Diego,  Santa  Barbara,  Los  Angeles,  and  Riverside  exhibit, 
so  far  as  such  statistics  can,  some  of  the  principal  cli- 
matic features  of  this  region.  As  there  is  no  govermuent 
weather  station  either  at  .Santa  Barbara  or  at  Riverside, 
the  figures  for  these  places  must  be  considered  as  only 
approximately  correct.  A  general  similarity  will  be 
noted  in  the  climates  of  all  these  places.  As  one  goes 
inland  the  relative  humidity  is  seen  to  lessen.  The  num- 
ber of  fair  and  clear  days  is  very  large,  the  precipitation 
very  small,  the  prevailing  winds  are  from  the  west,  and 
there  is  no  great  wind  velocity.  At  Riverside,  a  distance 
of  .lO  miles  or  more  from  the  coast,  the  maximum  tem- 
perature, especially  in  summer,  is  seen  to  increase,  A 
peculiarity  of  this  climate,  not  indicated  in  climatic 
charts,  is  the  great  difference  between  the  character  of 
the  atmosphere  during  the  day  and  during  the  night.  At 
night  the  humidity  is  greatly  increased,  an  example  of 
wiiich  has  already  been  noted  in  the  case  of  Redlands. 
This  increase  of  moisture  by  night  renders  the  air  chilly 

*  "  A  Truthful  Woman  in  Southern  California,"  1895. 
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aud  law.  and  iu  mauy  cases  would  prevent  the  free  ad- 
missinii  of  night  air  into  the  sleeping-rooms.  Even  dur- 
ing the  day  this  chilliness  is  experienced  in  passing  from 
the  sunshine  into  the  shade,  and  when  the  wind  blows. 

Another  peculiarity  is  the  frequent  niglit  fog,  present 
not  only  on  the  coast,  but  extending  many  miles  up  the 
valleys!  These  fogs,  which  are  most  prevalent  during 
the  sjiring  and  summer,  appear  about  nightfall  and  dis- 
appear (hn-ing  the  early  forenoon.  Occasionally  tliey 
jjersist  during  a  part  or  the  whole  of  the  da}'..  The  an- 
nual mean  average  ntmiber  of  foggy  nights  at  Los  An- 
geles, fi.ir  thirteen  years,  was  5T.  In  1891  there  were  22 
fogs  in  San  Diego,"  12  in  1893,  and  26  in  1894.  At  Santa 
Barbara  there  were  73  fogs  in  189-1. 

The  rainfall,  which  is  small  in  any  event,  except  on 
the  highest  summits,  occurs  in  the  winter,  w-hich  is  the 
rainy  season.  This  rainy  season,  however,  varies  very 
greatly  from  year  to  year.  Sometimes  the  rain  is  delayed 
for  weeks,  aiid  then  it  may  rain  continuously  for  days. 
One  cannot  predict  from  the  annual  average  precipitation 
what  the  rainfall  will  be  for  any  single  year.  For  in- 
stance, Los  Angeles  has  a  normal  precipitation  of  18 
inches,  but  in  1881  it  was  5.6  inches,  and  in  188-1,  40..") 
inches.  The  normal  of  San  Diego  is  10  inches,  but  it  has 
had  a  minimum  of  3.71  inches  and  a  maxinuim  of  2.5.97 
inches.  The  heaviest  rainfall  occurs  in  the  luonths  of 
Decemlier,  January,  aud  Februarj-.  Even  January,  how- 
ever, may  be  a  very  dry  month.  In  the  desert  regions 
there  is  almost  no  rain.  Thus,  for  instance,  at  Indio  the 
annual  average  for  nine  years  was  2.32  inches.  It  is  to 
be  remembered,  as  Solly  points  out,  that  even  in  the 
rainy  sea><>n  the  monthly  rainfall  is  not  usually  more 
than  the  normal  monthly  rainfall  for  Eastern  cities,  and 
there  are  longer  periods  of  line  weather.  "The  welcome 
rains,"  he  continues,  "bring  a  vivid  green  to  tlie  brown 
valleys  and  hills,  and  the  beautiful  "procession  of  flow- 
ers,' Avhiih  ci}utinues  from  December  to  ^lay,  enraptures 
Eastern  visitors. '" 

Regarding  the  winds  there  is  one  point  which  the  tallies 
do  not  show,  and  which,  as  AVidney  says,  most  impresses 
the  observer  in  his  study  of  this  meteorological  factor, 
aud  that  is,  their  regularit}-.  One  can  be  assured  that 
at  certain  seasons  of  the  year  the  wind  will  blow  from  a 
certain  quarter,  and  rise  at  a  certain  time  each  day.  Fur- 
ther, he  knows  that  if  the  wind  blows  froiu  a  certain 
quarter,  certain  climatic  conditions  will  follow:  if  it 
blows  from  one  direction  a  moist  atmosphere  and  rain 
will  result;  if  from  another,  a  dry  atmosphere,  cold  in 
winter,  hot  in  summer;  if  from  still  another,  there  re- 
sults clear,  cool  weather  with  moderate  moisture. 

Much  has  been  written  aliout  the  great  variety  of  cli- 
mate to  be  found  iu  Southern  California.  For  instance. 
Dr.  Edwards  writes*  thus:  "AVithin  a  few  hours  from 
any  given  point  one  may  obtain  the  climate  to  bis  liking." 
Such  sweeping  statements  are  manifestly  misleading,  for 
where  in  any  inhabitalile  locality  in  Southern  California 
can  be  found  the  cool,  dry  air  furnished  in  the  elevated 
plains  of  Arizona,  New  Jlexico,  or  Colorado,  at  such  re- 
sorts as  Tucson,  Santa  Fe,  aud  Colorado  Springs? 

In  addition  to  the  favorable  climatic  conditions  of  this 
marvellous  section  of  country,  there  is  the  fascinating 
charm  of  beavitiful  and  di versified  scenery — sea  coast  and 
mountain — with  varied  and  luxuriant  vegetation. 

A  great  variety  of  fruits  of  both  tropical  and  temperate 
regions  are  produced  here :  oranges,  lemons,  grapes,  figs, 
olives,  guavas,  pineapples,  pears,  peaches,  and  straw- 
berries all  the  year  round.  Riverside  has  its  famous 
Magnolia  Aveniie  and  orange  groves ;  Sierra  3Iadre  its 
vinevards;  Santa  Monica  itsostrich  farm;  and  San  Diego 
its  beautiful  Coronado  Beach,  which  Charles  Dudley 
Warner  calls,  in  "Our  Italy,"  "An  unique  corner  of  the 
earth."  The  temperature  of  the  sea  water  is  60  F.  or 
more  throughout  the  year,  so  that  one  can  enjoy  sea 
bathing  at  any  time  of  year.  There  are  also  abundant 
opportunities  for  hunting,  fishing,  camping,  riding,  aud 
almost  every  kind  of  outdoor  diversion.     If  we  consider 

*  "Two  Health  Seekers  in  Soutlieni  California,"  1897, 


all  this,  and  the  fact  of  an  almost  continuous  sunshine, 
we  can  understand  how  outdoor  life  becomes  a  delight 
hardly  imaginable  until  realized. 

Here,  also,  one  cannot  only  take  the  open-air  treat- 
ment, but,  while  doing  so.  can,  if  strength  permits,  oc 
cupy  himself  in  making  a  new  home,  and  in  light  and 
pleasing  work  in  garden  and  vineyard.  As  Dr.  Richards 
saj'S :  "  Southern  California  is  not  only  a  good  winter  resi- 
dence, but  a  health-giving  and  health-restoring  home  for 
residence  all  the  year  round." 

Formerly — and  to  a  large  extent  at  the  present  time — 
Southeru  California  was  considered  one  of  the  most  favor- 
able resorts  in  this  country  for  pulmonary  tuberculosis, 
and  probably  more  invalids  sutferiug  from  this  disease 
frequented  this  region  than  any  other  class.  Jloreover, 
no  discrimination  appears  to  have  been  made  regarding 
the  stage  or  condition  of  the  pulmonary  trouble  suitable 
for  this  climate.  In  the  writer's  opinion,  this  will  not  be 
so  much  the  case  in  the  futiu'e,  since  experience  is  prov- 
ing more  and  more  conclusively  every  day  that  the  sana- 
torium treatment  of  consumption  is  affording  the  best 
results,  and  that  the  situation  of  the  sanatorium,  climat- 
ically considered,  does  not  make  so  much  difference, 
provided  pure  air,  a  dry  soil,  freedom  from  liigh  winds, 
aud  a  reasonable  amovint  of  sunshine  are  assured.  Almost 
every  State  cau  offer  these  simple  climatic  conditions,  and 
hence  cau  have  its  own  sanatorium. 

This  plan,  moreover,  po.ssessestheftu-theradvantage,  so 
much  emphasized  by  the  German  phthisio-thi.-rapeutists, 
that  the  eonsumiitive  is  treated  under  a  climate  like  that 
in  which,  if  cured,  he  will  continue  to  live. 

There  are  no  published  statistics  known  to  the  writer 
of  the  results  of  treatment  of  consumption  by  the  South- 
ern California  climate,  so  that  no  comparison  is  possible 
with  the  results  of  otlier  resorts  and  of  sanatorium  treat- 
ment. That  this  climate  offers  excellent  opportuuitios 
for  the  open-air  treatiuent  of  phtliisis  no  one  will  deny, 
but  that  there  is  any  striking  ailvautage  in  it  over  that  of 
many  other  resorts  there  are  no  statistics  at  hand  to  prove. 
In  the  writer's  opinion.  Southern  California,  in  the 
future,  will  be  visited  not  so  exclusi\'ely  by  consump- 
tives as  heretofore,  but  by  the  large  class  of  invalids  re- 
quiring a  mild,  equable,  sunny  climate,  with  ample  op- 
portunity for  outdoor  life  and  diversion;  such  as  the 
t'eelile  from  age  or  inherited  weakness,  convalescents 
from  various  acute  diseases,  those  sviffering  from  malaria, 
catarrlial  affections,  chronic  bronchitis,  renal  and  cardiac 
diseases,  scrofulous  children,  and  those  individuals  who 
are  in  the  quiescent  state  of  pulmonary  tuberculosis 
without  pyrexia.  Finally,  to  this  list  must  be  added 
that  increasingly  large  number  of  per.sons  who  desire  to 
escape  the  inclemency  of  a  Northern  winter. 

The  conditions  f(n-  which  this  climate  is  unfavorable  or 
doubtful  are  phthisis  with  acute  symi>toms,  certain  dis- 
eases of  the  nervous  system,  laryngeal  phthisis,  eczema, 
asthma,  and  rheumatism. 

There  has  been  much  exaggerated  and  immoderate 
writing  on  the  climate  of  Soutliern  California,  not  infre- 
(luently  from  selfish  and  commercial  reasons,  as  also  from 
superficial  and  inadequate  knowledge.  One  jjliysician 
writes  of  San  Diego  that  it  presents  "all  the  factors  req- 
uisite in  a  perfect  climate."  Another,  wilting  of  .Pasa- 
dena, says  that  it  is  "the  greatest  all-tlie-year-round- 
health  resort  iu  the  world,"  and  so  on. 

Such  wild  statements,  generally  made  without  any 
accompanving  meteorological  data,  seem  qtiite  unneces- 
sary in  regard  to  a  cliiuat'e  wliich  in  fact  and  truth  pos- 
sesses sonianv  points  of  excellence  as  does  that  of 
Southern  California.  Edirurd  0.  Otia. 

CALIFORNIA  GEYSERS,  THE.  —  Sonoma  County, 
California.  Hotel  aud  cottages.  This  marvellous  region 
is  located  in  the  northeastern  part  of  Sonoma  County, 
about  100  miles  north  of  San  Francisco.  16  miles  from 
Cloverdale,  and  26  miles  from  Calistoga.  Formerly  tour- 
ists rode  on  horseback  for  many  miles  to  visit  this  realm 
of  fumaroles  and  solfataras.  wh'icli  is  situated  about  1,700 
feet  above  the  sea  level;   but.  thanks  to  the  push  and 
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rontents  per  United  States  Gallon, 
Expressed  in  Grains. 
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euterprisc  of  our  AYesterii  civilization,  it  may  now  be 
readied  in  a  eonifortable  si.\-iiorse  stage  from  the  termini 
of  the  Cloverdale  and  Calisto.aa  railroads  over  e.xcelleut 
mountain  roads.  It  is  a  good  plan  to  go  by  v,ay  of 
Cloverdale  and  eome  back  bv  way  of  Calistoga.  as  all  the 
grandeur  and  beauty  of  the  surrounding  country  may 
thus  be  seen.  The  following  entertaining  account  of  "a 
visit  to  the  geysers  is  taken  from  Dr.  Anderson's  work: 

"Leaving  Cloverdale  after  luncheon,  coinfortabl.v 
seated  in  our  stage,  with  an  experienced  and  accommo- 
datingly commiiuicative  driver,  who  takes  pleasure  in 
pointing  out  the  many  olijects  of  interest,  we  soon  cross 
the  Russian  River  and  commence  the  ascent.  The  hills 
and  mountains  are  robed  in  evergreen  verdure  of  indig- 
enous floi'a,  gigantic  oaks,  and  towering  pines.  Here 
and  there  the  huge  boulders  and  rocky  cliffs  stand  out  in 
bold  relief,  and  as  we  wind  up  and  around  the  mountain 
sides,  with  the  Pluton  River  many  hundred  feet  Ijelow, 
basking  and  smiling  in  the  afternoon  sun,  and  ri]ipliug 
along  its  moss-covered  banks  and  bright-pebbled  bottom, 
with  here  and  there  a  miniature  cascade  and  waterfall. 
we  feel  that  w-ords  cannot  describe  the  grandeur  of  the 
scenery.  .  .  . 

"  As  we  gain  in  altitude  the  view  becomes  more  and 
more  extended,  until  our  eyes  leap  with  vivid  interest 
from  peak  to  peak  and  valley  to  valley  for  miles  around, 
feasting  upon  the  beauties  of  nature.  Some  two  or  three 
miles  down  the  canon,  before  we  reach  the  geysers,  our 
attention  is  called  to  the  large  white  or  yellowish-white 
banks  across  the  caiion.  They  are  known  as  sulphur 
banks,  and  consist  of  deposits  of  sulphur  and  cinnabar, 
with  incrustations  of  salts  of  sodium,  potassium,  magne- 
sium, sulphur,  etc.  .  .  .  Near  these  sulphur  banks  are 
found  the  famous  Indian  Springs,  at  which  Edwin  For- 
rest camjied  for  one  season  and  was  completelv  restored 
to  health." 

The  waters  are  diuretic,  laxative,  and  antacid,  and  are 
valuable  in  dyspepsia,  torpidity  of  tiie  liver  and  bowels, 
and  in  renal  and  cystic  diseases.     (See  table  for  analysis.) 

Near  by  are  the  real  "Indian  JIud  Springs,'' wliich 
are  highly  extolled  iu  the  treatment  of  chronic  rheuma- 
tism, gout,  arthritis,  and  synovitis,  and  ,scrofulous  and 
cutaneous  contaminations.     (See  table.) 

"...  After  a  few  more  horseshoe  curves  have  been 
passed  and  several  more  magnificent  landscapes  have 
been  mentally  photographed  on  the  brain,  we  reach  the 
geyser  resort.  The  many  cosey  cottages,  the  hotels  and 
grounds,  are  situated  in  a  leafy  dell  on  the  side  of  the 
mountain  opposite  the  Geyser  Caiion.     The  huge  oaks 


and  pines  afford  pleasant  shade  to  the  commodious  ve- 
randas as  we  sit  and  enjoj-  the  pure,  dry,  invigorating, 
and  exhilarating  mountain  air  and  picturesque  scenery 
which  surround  us  on  every  side." 

The  geysers  are  wonderful  and  picturesque  exhibitions 
of  the  nearly  extinct  volcanic  forces  slumbering  beneath 
the  romantic  "Devil's  Cafion."  The  region  covers  an 
area  of  about  four  hundred  acres,  most  of  the  activity, 
however,  being  confined  to  the  "Devil's  "  or  "Ge_vser" 
canon,  comprising  about  sixty  acres.  Collectively,  the 
springs,  hot  and  cold,  flow  about  one  hundred  thousand 
gallons  daily. 

From  the  foregoing  analj'ses  (see  above)  made  by  Prof. 
Thomas  Price  it  will  be  observed  that  at  the  geysers  can 
be  founil  ]irobalily  as  great  a  variety  of  mineral  waters  as 
at  any  other  place  on  the  continent,  or  perhaps  in  the 
world.  When  the  improvements  now  contemplated  are 
carried  out,  the  "geysers"  will  be  one  of  the  world's 
greatest  Siinatoriums. 

There  are  other  ge^vsers  in  various  parts  of  California, 
but  they  have  not  so  far  reached  any  great  importance  as 
health  resorts.  Near  Litton 's  Station,  in  Sonoma  Coimty, 
some  few  miles  from  Geyserville,  is  a  pleasant  resort 
known  as  the  "Geyser  Spa"  or  "Soda  Springs."  The 
surrounding  country  is  picturesque,  and  the  climate  mild 
and  salubrious.  A  large  number  of  people  go  to  Geyser 
Spa  every  year.  The  waters  are  highly  esteemed"  for 
their  antacid,  diuretic,  and  aperient  properties.  The  fol- 
lowing analvsis  was  made  bv  Dr.  Winslow  Anderson  in 
1888: 

One  United  States  Gallo.v  Coxtaixs: 
Solids.  Grains. 

Sodium  chloride 8.93 

Sodium  carbonate 4.97 

Sodium  bicarbonate 21.16 

S..(Huui  sulphate 2.60 

P"tassiuui  carbonate Trace. 

.Maj^uesium  bicarlionate 9.03 

Magrnesium  sulphate 1.14 

Calcium  carbonate , 4.90 

Ferrous  carbonate 2.09 

Silica 3.75 

Organic  matter Trace. 

Total  solids 58.57 

Carbonic  acid  gas.  saturated. 

A  previous  analysis  made  by  Bauer  and  Price  yielded 
results  almost  identical  with  Anderson's. 

James  K.  Crook. 

CALIFORNIA  POPPY.     See  EscUclwltzia. 
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Califoruia  Poppy. 
<'aIorIiiictrj-. 


CALIFORNIA  SELTZER  SPRINGS.  —  Mendocino 
Couutv.  t'alilnioia.  Tlusc  ^prinjrs  ai\-  pli/asantly  located 
in  the  Coast  Range.  12  miles  from  Clovenlale.  The  sur- 
roundings arc  picturesque,  and  the  climate  salubrious. 
There  are  comfortable  accommodations  for  visitors. 

On  analysis  the  Seltzer  Spring  was  found  by  Anderson 
to  be  composed  as  follows: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  eblorlde 1T.15 

Sodium  bicarbonate 53-00 

Soiliuui  carlionate Trace. 

MatjnHsuaii  'arbonate 44.60 

rem  'US  liirlu  mate Trace. 

C'ak-iuui  carbouale "3.40 

Organic  matter Trace. 

SUica Trace. 

Total  solids 187.1.5 

Free  carbonic  acid  stas IS.dO  cu.  in. 

Temperature  of  water 57°  K. 

The  waters  are  sparkling  and  quite  palatable.  They 
have  a  diuretic  and  aperient  action,  and  are  beneficial  in 
dyspepsia  with  acid  eructations,  constipation,  acid  states 
of  the  urine,  cystitis,  etc.  They  belong  to  the  alkaline- 
carbonated  class,  James  K.  Crook. 

CALISAYA.     See  Cim-hma. 

CALISTOGA  SPRINGS.— Napa  County,  California. 
These  viilualile  springs  are  situated  9  miles  soutli  of 
Mount  St.  Helena.  There  are  two  sets  of  springs,  one  in 
the  city  of  Calistoga  and  the  other  just  outside  the  town. 
They  are  very  similar  in  chemical  composition.  There 
were  at  one  "time  an  excellent  hotel  and  many  tine  cot- 
tages at  the  springs,  but  since  the  tire  in  ISOs,  which  de- 
stroyed the  former  and  several  of  the  latter,  the  resort 
has  changed  hands  many  times,  and  has  been  allowed  to 
run  down.  It  is  said  that  the  present  proprietor  contem- 
plates fully  restoring  the  once  handsome  resort. 

The  mineral  springs  number  some  twenty  or  more,  and 
range  in  temperature  from  7.5'  to  186°  F.  They  are  used 
for  drinking  and  bathing  purposes,  and  have  acquired 
considerable  reputation.  Tlie  following  analy.sis  of  the 
water  of  one  of  the  springs  at  Magnolia  Hotel  was  made 
by  Dr.  Anderson : 

ONE  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  chloride 20.76 

Soriiuiu  carbonate S.H) 

Sodium  sMlohate 1.75 

Sodium  i"ilide 16 

Pntiis>iMm  ]"dide Trace. 

M;iLnifsiiii]i  sulphate 3.911 

(  all  imii  .III.  .ride 5.57 

Cal.  luiu  sulphate 63 

.^lumiua -47 

Sili.u 4.55 

I  irgauio  matter Trace. 

Total  solids 41.89 

Free  sulphureted  hydrogen  gas 4.75  cu.  in. 

Temperature  ot  water 95°  F. 

The  following  analysis  shows  the  mineral  ingredients 
of  the  Hot  Swimming  Pool  on  the  grounds  of  the  late 
Senator  Stanford : 

ONE  United  States  Gallon  contains  : 
Solids.  Grains. 

Soiliuni  .'hi.  .ride 33.(17 

S..ilHnu  i:irb.>nate 3.19 

So.liuiii  sulphate 6.93 

So.iiuui  j. i.h.le -'3 

P.  .tassium  i.  .ilide -fl 

P..iiissiHMi  .■arbonate .'O 

MufiLsiuMi  sulphate 1-16 

MaL'n.'suMu  .liLTiile 40 

Cal.  lum  .111.  III.  U* -9*? 

Cal.  una  sulphate l--? 

Ferr.  .us  pn  .toxide •*•'' 

Maliyauf  se "^"".f; 

Alumina ■-' 

Silica T^ 

Organic  matter Traces. 

Total  solids 41-98 

Sulphureted  hydrogen  gas ^'^of'io'S' 

Temperature  of  water l-l-"    '■ 


The  springs  have  gained  consitlerablc  (''clebrity  in  ob- 
stinate cases  of  syphilitic  contamination,  rheumatism, 
etc  James  K.  Crook. 

CALLOSIT AS.— ( Callus.  Hardened  »Sfa'n).— Synonyms. 
— Callosity;  Tyloma;  Tylosis:  Callus;  Keratoma;  (Fr.) 
Durillon. 

Definition. — A  circumscribed  thickening  and  weld- 
ing of  the  horny  layer  produced  by  intermittent  friction 
or  pressure. 

Callosities  are  congenital  or  acquired.  The  congenital 
callosities,  however,  are  now  usually  discussed  separately 
under  the  heading  of  Keratodenuia  or  Tylosis  Palmaj  et 
Plants.  The  latter  are  diffuse  or  circumscrilied  kera- 
tomata,  usually  symmetrically  distributed  over  the  palms 
or  soles,  or  over  both,  springing  from  an  apparently  nor- 
mal .skin  or  surroundecl  by  a  red  areola.  Arsenic  from 
prolonged  use  often  causes  a  similar  condition. 

Peculiar  symmetrical  liorny  hypertrophies  are  some- 
times associated  with  certain  neuroses  or  unknown  con- 
stitutional conditions;  these  are  often  preceded  by  mild 
inflammatory  symptoms.  The  so-called  syphilitic  kerato- 
dermias  should"  probably  be  placed  with  the  latter  class. 
The  term  callosity  is  more  properly  ap]ilicd  to  the  acquired 
form,  yvhicli  is  essentially  a  result  of  external  irritation  by 
friction,  by  intermittent  pressure,  or  rarely  by  chemicals. 
( 'iinliniiifiis  pressure  or  friction  causes  active  intlammal  ory 
reaction,  either  vesiculation,  or  pustulation,  or  slough- 
ing. The  result  of  this  milder  traum;i  is  liest  seen  upon 
the  hands  of  mechanics,  oarsmen,  woorl-cho]ipers,  and 
those  whose  occupations  necessitate  this  irritation,  as 
yellowish  or  yellowish-brown,  circumscribed,  round,  oi 
irregularly  shaped  flat  or  raised  patches  of  thickened  skin 
that"  are  "hard  and  resistant  to  the  touch.  Tliey  occur 
usually  over  the  bony  prominences  or  bursfe,  and  spring 
from  apiiarently  normal  skin. 

Callosities  may  occur  upon  any  portion  of  the  body 
subjected  to  the  exciting  factor.  The  feet,  next  to  the 
hands,  are  most  frequently  aflieeted,  due  to  walking  bare- 
foot or  to  badl\'  fitting  shoes. 

This  thickening  of  the  horny  cells  is  an  effort  of  nature 
to  protect  the  more  delicate  underlying  structures.  His- 
tologically there  is  probably  no  actual  increase  in  the  pro- 
duction of  epithelial  cells"  biit  a  "welding"  (Unna)  to- 
gether of  the  pre-existing  horny  cells  by  the  frictiiui.  into 
a  homogeneous  horny  mass;  thus  tlie  cells  normally 
thrown  oS.  are  retained,  protluciug  an  apparent  increase 
and  an  actual  thickening.  Except  in  those  cases  in 
which  the  condition  results  from  a  more  violent  trauma, 
no  marked  inflammatory  symptoms,  aside  from  a  slight 
dilatation  of  the  vessels,  are  seen. 

The  ac(|uired  callosities  can  be  differentiated  from  the 
keratodermias  l\y  the  history  and  .symmetry  of  the  latter^ 
though  it  must"  be  remembered  that  in  those  who  are 
particularly  susceptible,  very  little  friction  may  produce 
a  marketl  callus. 

The  syphilitic  conditions  of  the  palms  and  soles  usually 
begin  in"  tlie  centre  and  not  over  the  bony  prominences, 
spread  peripherally,  and  at  some  points  the  horny  layer 
is  often  split  up  or  undermined. 

The  treatment  of  callosities  is  first  to  remove  the  cause, 
whatever  that  may  be.  To  soften  and  remove  the  thick- 
ened horny  layer  salicvlicacid  KVaeremnAy par exeellence. 
It  can  be  used  in  form  "of  a  plaster  ( 10  to  20  per  cent. )  or  in 
flexible  collodion  (  3  ss.-  =  i. ).  Either  should  beapplied  for 
several  davs,  when  the  affected  part  is  immersed  in  very 
hot  water  for  several  minutes  and  the  dead,  macerated  cells 
removed  bv  sently  scraping  with  a  curette  or  dull  knife 
blade.  This"'proc"edure  is  repeated  as  often  as  necessary 
until  the  skin  is  reduced  to  its  normal  thickness,  when  a 
mild  tar  application  will  effectually  complete  the  cure. 

William  A.  Hardaicay. 

CALORIMETRY  (L.  enlor.  heat  +  Gr.  fihpov,  meas- 
ure) is  the  name  applied  to  the  process  of  measuring  the 
heat  given  off  from  any  body  or  substance:  and  a  calo- 
rimeter is  an  instrument  for  making  such  measurement. 

Animal  calorimetry  is  determining  the  heat  produced 
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and  the  heat  given  off  by  an  animal.  This  is  accom- 
])lished  eitlier  by  indirect  nr  by  direct  calorinietry,  each 
of  wliich  will  be  described  in  its  iij'oper  place.  A  respi- 
ration caloiimeter  is  one  which  is  so  arranged  as  to  allow 
the  inspired  and  the  expired  air  to  be  analyzed  at  the 
same  time  that  direct  calorimetric  oliservatious  are  made. 

Tlie  nuit  of  measure  for  heat  in  calorinietry  is  the  calo- 
rie* This  is  the  amount  of  heat  required  to  raise  1  gm. 
of  distilled  water  1'  C.f 

In  woi'k  involving  small  amoiints  of  heat  this  is  com- 
monl_y  used,  ami  is  often  spoken  of  as  a  small  calorie. | 
Another  unit,  often  called  simply  "calorie,"  is  the  amount 
of  heat  recjuired  to  raise  1  kgm.  of  water  1'  C.  This  is 
called  a  large  calorie  (or  sometimes  a  great  calorie)  to 
distinguish  it  fi'om  the  small  calorie.  It  is  used  when 
larger  amounts  of  heat  are  to  be  measured.  One  large 
calorie  =l,(Ktn  .small  calories.  AVhen  the  term  "calorie'' 
is  Tised  in  connection  witli  physiological  experiments,  the 
large  calorie  is  generally  meant.  It  will  be  so  used  in 
the  present  article.  Other  heat  imits  in  terms  of  different 
thermometer  scales  and  different  quantities  of  water  were 
formerly  employed  in  calorimetrv,  but  their  use  is  now 
being  fast  given  up  in  favor  of  the  calorie  or  large  calorie 
— a  change  which  is  highly  desirable  for  the  sake  of  uni- 
formity. In  engineering  the  B.  T.  U.  (British  thermal 
unit)  is  still  widely  employed  c\'en  in  pajiers  of  unques- 
tioned scientific  standing.  Its  use  in  physiology  was, 
for  the  most  part,  abandoned  a  decade  or  more  ago. 

In  jihysics  and  in  chemistry  calorimeters  are  mostly 
used  for  determining  the  specific  heats  of  different  sub- 
stances, for  determining  the  heat  of  various  combustions, 
and  for  determining  the  latent  heat  of  fusion  and  of  vapor- 
ization. It  is  not  within  the  scope  of  the  present  article 
to  discuss  these  methods  or  the  instruments  involved. 

In  the  sciences  more  closelj"  allied  to  medicine,  calorini- 
etry is  used  to  study  tlie  phenomena  of  animal  heat  and 
its  regulation  in  the  healthy  body— .-physiology ;  to  stud}' 
the  same  in  fever — pathology:  and  to  study  the  effect  of 
drugs  and  poisons  -Hhich  influence  body  tempei'ature — 
experimental  iiharmacology.  The  classic  researches  with 
the  calorimeter  in  tliese  fields  will  be  discussed  in  the 
respective  sections  of  this  article,  which  for  convenience 
of  reference  will  be  divided  as  follows: 

§  1.  Introductory  and  historical. 

§  2.   Indirect  calorinietry. 

I  3.   Direct  calorinietry. 

^  4.  Description  of  calorimeters  employed  in  classical 
medical  researches. 

S  5.   Calorinietry  in  phvsiology. 

§  6,   Calorinietry  in  pathology, 

S  7,   Calorinietry  in  experimental  pharmacology, 

§  1,  IXTRpDicToiiv  .\ND  HisTOKKAL. — Our  modem 
conception  of  animal  heat,  viz.,  that  it  is  produced  by 
the  slow  oxidation  of  combustible  materials  in  the  body, 
first  became  possible  with  the  establishment  of  our  pres- 
ent theory  of  comljustiou,  which  dates  back  to  the  last 
quarter  of  the  eighteenth  century,  and  is  dependent 
chiefly  upon  the  brilliant  researches  and  conclusions  of 
Lavoisier  (1773-94),  Prior  to  that  epoch,  there  was  a 
perfect  chaos  of  speculative  theories  regarding  animal 
lieat  Haller  taught  that  this  heat  was  produced  by  the 
friction  of  the  blood  in  the  heart  and  in  the  vessels;  that 
every  heart  beat  put  the  tissues  on  a  stretch,  that  be- 
tween the  heart  beats  they  rebounded  by  their  own  elas- 
ticity, and  all  these  motions  produced  heat  by  friction. 
Summing  up  he  says :  "  De  cordis  prinio  in,sito  calore  nulla 

*  It  is  interesting  to  note  that  among  physicists  and  chemists  one 
sometimes  meets  the  spelling  talorti  and  the  pronunciation  calory  or 
cd'lovji.  Among  physiologists  the  oiigiual  spelling  caloric  is  re- 
tamed  (this  statement  is  made  after  consulting  all  the  available  text- 
hooks  of  physiology),  as  is  also  the  pronunciation  calorcc'  in  conformity 
with  the  spelling  and  older  pronunciation.  Lexicographers  seem  lb 
prefer  the  spelling  calorji,  but  give  both  caloru  and  cnloric  as  cor- 
rect. 

+  Since  the  specific  heat  of  water  %-aries  at  different  temperatures, 
this  would  be  more  accurately  stated  as  the  amount  of  heat  required 
to  raise  1  gra,  of  water  from  1.5°  C.  to  16"  C.  See  Berthelot,  "  Thermo- 
chimie,"  Paris,  1897,  vol.  11.,  p.  .5. 

i  When  very  minute  quantities  of  heat  are  to  be  measured,  the 
micro-calorie  is  sometimes  used.    .\  micro-calorie  is  .001  small  calorie. 


dubitatiosuperest."  Van  Helmont  attributed  animal  heat 
to  a  vital  spirit.  Descartes  ascribed  it  to  a  fermentation 
of  the  blood  in  the  cavities  of  the  heart.  Hamberger 
held  that  the  heat  of  the  body  was  comparable  to  the 
heat  of  a  dunghill.  All  these  theories  had  their  followers 
at  the  time  the  coniliustiou  theory  entered  the  field — the 
theory  of  Haller  being,  probably,  the  dominant  one. 

Animal  heat  soon  came  in  for  its  share  of  investigation 
in  connection  with  the  general  cpiestion  of  the  origin  of 
heat  which  was  occupying  the  attention  of  investigators 
in  England  and  in  France  at  the  epoch  referred  to. 

The  first  calorimetric  researches  on  animals  were  made 
by  Crawford  in  Edinburgh,  and  an  account  of  them  was 
published  (1779)  in  a  pamphlet  entitled  "Experiments 
and  Observations  on  Animal  Heat  and  the  Inflammation 
of  Combustible  Bodies,  Being  an  Attempt  to  Resolve 
These  Phenomena  into  a  General  Law  of  Nature. "  In 
this  work  Crawford  clearly  secures  for  himself  and  for 
England  the  priority  in  calorimetric  observations  on  ani- 
mal heat,  and  the  title  of  his  pamphlet,  as  well  as  the 
matter  it  contains,  leaves  no  doubt  as  to  his  position  in 
ascribing  animal  heat  to  an  oxidation  of  combustible  sub- 
stances in  the  body, 

Crawford's  work  has  not  received  the  recognition  it 
deserves,  and.  even  in  English  books,  one  occasionally 
sees  the  statement  that  Lavoisier  was  the  first  to  use  the 
calorimeter  in  experiments  on  animal  heat.  Lavoisier* 
had  already,  in  1777,  from  his  analyses  of  expired  air,- 
published  the  fact  that  in  the  lungs  the  air  lost  oxygen 
and  took  up  carbon  dioxide :  but  his  calorimetric  observa- 
tions were  first  iiublished+  in  conjunction  with  Laplace 
in  the  year  following  the  appearance  of  Crawford's  pam- 
phlet, " 

Unfortunately,  Crawford  used  the  nomenclature  of  the 
old  phlogiston  theory  to  which  English  scientists  still 
clung,  but  he  measured  the  heat  given  off  by  guinea-pigs, 
and  he  also  analyzed  the  air  they  breathed  during  the 
experiment,  and  his  conclusions,  translated  into  the  lan- 
guage of  modern  chemistry,  may  fairly  be  given  as  fol- 
lows :  Both  COj  and  HjO  are  given  off  by  the  animal  from 
its  lungs.  The  blood  brings  back  from  the  capillaries  a 
combustible  material  for  which  the  oxygen  has  a  great 
affinity.  The  oxygen  unites  with  this  and  produces  heat 
which  the  blood  distributes  through  the  bod}-.  The  heat 
is  produced  in  the  process  by  which  the  O  is"  transformed 
into  CO;  or  H.O,  "-\nimai  heat  seems  to  depend  upon 
a  process  similar  to  a  chemical  elective  attraction, "  Con- 
sidering that  the  whole  theory  of  chemical  affinit}'  was 
then  in  its  infancy,  one  can  hardlv  expect  a  more  defi- 
nite statement  than  this  from  a  iiiouecr  series  of  experi- 
ments. 

It  will  be  seen  that  Crawford  places  the  seat  of  com- 
bustion in  the  blood  in  the  lungs.  In  this  he  takes  a 
view  expressed  by  Lavoisier,  two  years  before,  although 
Lavoisier,  contrary  to  the  way  he  is  generally  quoted, 
clearly  states  the  possiliility  that  there  may  "be  only  a 
gaseous  exchange  in  the  lungs,  the  true  oxidation  taking 
place  farther  back — a  position  now  universally  held  to  be 
the  correct  one, 

p  2,  Indirect  Calorimetrt, — "Indirect  calorimetry" 
is  the  name  given  to  tlie  method  liy  which  the  heat  pro- 
duced and  the  heat  given  off'  from  the  body  are  not  meas- 
ured directly,  but  are  calculated  from  the  amount  of  oxy- 
gen used,  and  the  amount  of  oxidized  waste  jiroducts 
given  off  from  the  body  during  a  given  period  taken  in 
connection  Avith  the  liody  temperature.  This  method 
yields  accurate  results  when  the  experiments  are  contin- 
ued uninterruptedly  for  a  considerable  time — sa}'  twenty- 
four  hours — and  when  cognizance  is  taken  of  the  com- 
position of  the  ingesta  and  of  nU  the  waste  products 
thrown  off  by  the  lungs,  skin,  kidneys,  and  intestines,  and 
the  temperature  of  the  body  is  also  carefully  recorded. 
In  many  experiments  the  observers  have  considered  only 
part  of  the  waste  products,  and  the  experiments  have 
been  of  short  duration — one  hour  or  less.     While  such 


*  "  Mem.  de  TAcad.  des  Sciences," 
+  Op.  cit.,  irsO.  p.  3.55. 


1777,  p.  183. 


558 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


falorlmetry, 
(.'aloriiiietry. 


investigations  may  throw  liglit  on  certain  isolated  points 
in  connection  with  the  chemical  changes  in  the  body,  it 
must  be  said  that  any  conclusions  drawn  from  them, 
applving  geueraily  to  the  heat  phenomena  of  the  animal, 
are  vintrustwoithy.  This  becomes  apparent  when  we 
con^itler  the  nature  of  the  chemical  changes  productive 
of  heat  which  go  on  in  the  body, 

Tlie  greatest  amount  of  heat  made  in  the  body  is  pro- 
duced by  the  oxidation  of  food,  which  is  prepared  for 
absorption  by  the  digestion  processes  and  then  carried  by 
the  blood  to  "the  lymph  which  bathes  the  cells  of  the  dif- 
ferent tissues.  These  living  cells  then  slowly  burn  the 
combustible  piarts  of  the  food,  and  throw  the  waste  prod- 
ucts back  into  the  lymph  surrounding  them,  from  which 
the  said  waste  products  are  taken  up  by  the  blood  and 
carried  to  different  organs  for  removal — the  excreting 
organ  depending  on  the  character  of  the  waste.  The 
food  which  is  thus  burned  consists  mostly  of  carbon, 
hydrogen,  and  nitrogen,  with  a  certain  amount  of  oxj-gen, 
biit  not  enough  to  cau.se  its  complete  combustion,  so  that 
to  burn  it,  as  is  done  in  the  cells,  requires  the  use  of  a 
considerable  quantity  of  the  oxygen  which  we  breathe. 
It  nuist  not  be  forgotten,  however,  that  the  oxygen  in 
the  food  itself  is  just  as  potent  as  the  oxygen  we  "breathe 
for  forming  oxidized  waste  products.  So  it  is  clear  that 
imless  we  know  how  much  oxygen  the  food  contains  we 
cannot  use  the  oxygen  taken  up  in  the  lungs  as  an  accu- 
rate measure  of  oxidation. 

Again,  it  is  a  well-known  law  in  chemistry  that  when 
a  highly  complex  molecule  breaks  down  into  more  stable 
ones,  there  is  a  certain  amount  of  energy  liberated,  and 
this  energy  is  apt  to  take  the  form  of  heat.  Now  the 
food  contains  a  large  number  of  these  highly  complex 
molecules  which  break  down  into  sim]iler  ones  and  give 
rise  to  heat.  The  oxj'gen  in  the  food  is  in  different  com- 
bination in  different  kinds  of  food,  and  the  same  oxidized 
end-jiroduct  of  the  breaking  down  of  one  food  niay  rep- 
resent a  \ei\v  dilferent  amount  of  heat  from  that  which 
it  represents  in  another.  This  has  a  direct  bearing  on  the 
"heat  equivalent"  of  different  food-stuffs. 

From  the  above  it  must  be  seen  that  a  determination  of 
partoreven  all  the  oxidized  waste  products  will  not  give 
satisfactory  data  from  which  to  calculate  the  beat  pro- 
duced in  the  body,  if  the  waste  products  alone  are  taken 
into  consideration. 

Some  experiments  have  been  made  in  which  calcula- 
tions of  the  heat  produced  have  been  made  only  from  the 
COi  excreted.  It  is  true  that  of  all  the  elements  of  the 
food  whose  oxidation  gives  rise  to  heat,  carbon  is  the 
most  important,  and  it  is  also  true  that  CO.  is  the  chief 
waste  product  of  such  oxidation.  It  must  further  be 
granted  that  the  amount  of  CO2  given  off  by  the  lungs 
forms  a  rough  and  general  index  to  the  total  amount  of 
oxidation  in  the  body,  but  this  method  is  unreliable  as  a 
quantitative  measure  of  heat  produced,  chiefly  for  the 
following  reasons: 

((/)  There  is  always  more  or  less  carbon  in  food  which 
is  not  oxidized  all  the  way  down  to  COo,  but  stops  at 
intermediate  stages.  The  amount  of  carbon  thus  incom- 
pletely oxidized  varies  under  different  conditions  which 
are  not  easy  to  control  or  to  recognize.  This  partial 
oxidation  gives  rise  to  heat,  and  there  is  no  COj  to  show 
for  it. 

(i)  The  oxidation  of  the  hydrogen  in  food  gives  HjC) 
as  its  end  product.  The  amount  of  heat  thus  produced 
is  considerable,  and  there  is  no  CO2  to  show  for  it. 

(<•)  The  amount  of  CCi  thrown  off  by  the  lungs  de- 
pends to  a  large  degree  upon  the  depth  of  res|)iratiou, 
owing  to  changes  in  the  partial  pressure  of  CO.,  in  the 
pulmonary  alveoli.  With  shallow  respiration  an  animal 
can  store  up  a  large  quantity  of  CO-,  in  the  blood,  and 
give  this  oil  if  the  respiration  becomes  deeper,  so  that 
for  experiments  of  short  duration  a  very  considerable 
error  may  be  introduced  simply  by  the  animal  changing 
the  depth  of  its  breathing. 

((f)  The  condition  of  an  animal,  with  regard  to  food, 

has  a  profound  influence  on  both  the  heat  produced  and 

•  the  COj  excreted,  but  they  do  not  vary  quantitatively 


together.  This  is  shown  b_v  the  following  tTible  compiled 
by  Rosenthal*  from  the  experiments  of  Senator  and  Lie- 
bermeister: 


Animal  in  Senator's  experiments. 


Dog  A,  fastiuG: 

starving 

during  digestion 
Dog  B,  fasting 

.'luring  digestion 
Dog  C,  fasting 

starving 

during  digestion 


Calories  of  He.it 
Produced  per  Hovr. 


Measured  by 
caltirinieter. 


12.6 
10.9 
1S.9 
16.,5 
19.4 
16.9 
15..3 
23.0 


Calculated 
from  CO2. 


11.2 

in.3i 

16.0 

u.i 
1.5.4 

10.34 
9.6 
13.3 


It  maj-  be  seen  at  a  glance  that  the  difference  between 
the  amount  of  heat  measured  directly  by  the  calorimeter 
and  the  same  value  calculated  fi-om  the  C0.>  is  consider- 
able, and  that  this  diiference  varies  with  the  food.  The 
figures  in  the  table  are  for  one  hour  only,  so  that  the  error 
for  a  daj'  might  be  twenty-four  times  ?,s  great. 

Indirect  calorimetry  becomes  accurate  only  when  a 
careful  analysis  is  made  and  the  temperature  recorded  of 
everything  ("food,  drink,  air,  moisture,  etc)  which  enters 
the  body  (iugesta):  and  the  same  is  done  for  eveiwthing 
which  leaves  the  body  (egesta).  The  ditTei'ence  between 
the  potential  energy  of  the  iugesta  and  of  the  egesta  will 
represent  the  energy  which  tlie  body  availed  itself  of, 
and  temperature  recoi-ds  of  the  body  will  .show  how  much 
of  this  has  taken  the  form  of  heat.  Such  observations 
are  excessively'  lalwrious — far  more  .so  than  direct  calo- 
rimetry. Wlien  made  in  connection  with  diiect  Ciilorim- 
etry.  however,  they  are  exceedingl}-  valuable,  and  to  such 
expei'inients  weowe  one  of  the  most  important  discovei'ies 
in  modern  science,  viz. :  that  tlie  human  liody  obeys  the 
law  of  the  conservation  of  energy  just  like  an  inanimate 
machine — or,  in  other  words;  the  fundamental  laws  of 
jihysics  and  chemistry  dominate  vital  phenomena  with 
all  the  rigor  that  they  exeicise  in  the  inorganic  woi'ld.f 

Nearly  all  experimenters  in  the  field  of  indiiect  calo- 
rimetry have  employed  modifications  of  the  a|>paratus 
used  by  Regnault  and  Reiset.};  or  by  Voit,^  in  the  classi- 
cal researches  of  these  authors.  For  an  excellent  n'.-oiine 
and  criticism  of  this  work,  with  references  to  oi'iginal 
jiapers,  the  reader  is  referred  to  an  article  by  Zuutz  on 
"Respiratory  Exchanges"  in  Hermann's  "Handbuch  der 
Physiologic."  Leipsic,  18S0,  vol.  iv.,  part  2,  pp.  118-129. 

§  3.  Dihect  CALdnntETRY. — Direct  calorimetry  con- 
sists in  placing  the  body  emitting  heat  in  an  appropriate 
apjiaratus  (catorimeter)  which  will  measure  the  amount 
of  heat  given  off. 

Two  widely  dilferent  classes  of  observations  in  the  field 
of  calorimetry  are  of  interest  tons  in  medicine.  The  one 
relates  to  the  heat  equivalent  of  foods,  or,  in  other  words, 
to  determining  the  value  of  the  different  food-stuflfs  as 
energ3--producers  in  the  body :  the  other  relates  to  the 
study  of  the  animal  body  itself  by  means  of  the  calorim- 
eter. 

Each  class  of  researches  demands  diffei'ent  methods  and 
different  instruments.  Those  of  the  former  class  will  be 
briefly  touched  tipon  here,  while  those  of  the  latter  will 
be  more  fully  described. 

The  older  method  of  determining  the  heat  equivalent 

*  Rosentbal.  '"  Hermann's  Handbuch  der  Pliysiologie,"  ISSO,  vol.  i\-., 
part  ii.,  p,  374. 

I-  To  lie  strictly  exact,  it  must  be  said  that  the  experiments  in  ques- 
tion liave  come  up  to  ninety-uine  per  cent,  of  absolute  accuiiicy. 
Considering  the  complexity  of  the  experiments  and  the  probable  error 
involved,  this  is  sufllcientlv  cloe  t-i  warrant  the  above  statement. 
For  a  fuller  discussion  of  thi,^  iutei  Hstuii,'  question  the  reader  is  referred 
toRubner,  "Calorimetrische  Metliodik."  Marburg.  1S91;  Rubner.  'Die 
Quelle  der  thierischen  Warme."  Zeitschrift  fur  Biologie,  1893;  Ro.sen- 
thal,  ".Calorimetrische  Untersucbungen,"  .Arch,  flir  Physiologie.  1.S94 
and  1S97 ;  .iiwater  and  Rosa,  "A  Respiration  Calorimeter,"  etc..  "  Re- 
port of  StoiTs  iConnecticut)  E.xperimenl  Station."  1897;  and  Atwater 
and  Rosa,  and  Rosa.  "  Physical  Review."  1.S99  and  19(XI. 

}  Regnaidt  and  Rei.*et.  Ann.  de  chim.  et  de  phys.,  1849,  (3),  xxvi. 

§  Voit,  Zeitsch.  f.  Biol.,  xiv..  p.  Yii. 
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of  a  given  food  was  to  dry  it  carefully  and  then  mix  a 
known  quantity  of  it  with  some  chemical  which  would 
furnish  oxyjien,  such  as  nitre  or  a  mixture  of  potassium 
chlorate  and  manganese  dioxide.  This  made  a  sort  of 
gunpowder,  which  was  detonated  in  a  closed  vessel  sur- 
rounded by  water,  and  the  heat  given  off  was  measured 
b}-  the  rise  in  temperature  of  the  water. 

An  improved  method,  suggested  by  Frankland,  was 
first  practically  applied  by  Berthelot  in  a  special  calo- 
rimeter which  he  devised.  This  is  known  as  the  bomb 
calorimeter,  and  is  made  so  as  to  contain  the  food  to  be  in- 
vestigated, with  oxygen  at  a  very  high  pressure  (seven  to 
twenty-live  atmospheres).  Tlie  food  is  ignited  by  means  of 
a  platinum  spiral  heated  white  hot  by  an  electric  current. 
Berthelot  found  that  in  such  an  atmosphere  the  food  was 
completely  oxidized.  The  bomb  is  immersed  in  water, 
and  the  heat  given  oil  is  estimated  from  the  rise  in  tem- 
perature of  the  water.  There  are  many  forms  of  calo- 
rimeters used  for  such  determinations,  but  one  of  the  two 
principles  here  outlined  is  at  the  bottom  of  all  of  them. 

These  methods  give  accurate  an<l  valuable  results. 
They  are  ajiplied  not  only  to  studying  the  heat  equiva- 
lent of  foods,  but  are  also  used  to  determine  the  heat 
equivalent  of  partially  oxidized  waste  products  from  the 
body,  such  as  urea.  It  must  not  be  forgotten  that  we 
utilize  only  part  of  the  potential  energy  of  many  of  our 
foods,  so  that  to  rate  the  vaUie  of  different  foods  as  di- 
rectlj-  proportional  to  the  figures  in  tables  giving  their 
heat  equivalents  would  be  a  grave  error.  We  are  suffi- 
ciently acquainted  with  the  metabolism  of  most  of  them 
to  make  a  fair  estimate  of  their  true  value  as  energy  lib- 
erators in  the  body,  but  an  adequate  discussion  of  that 
question  would  be  too  voluminous  to  be  attempted  here. 

Turning  our  attention  now  to  the  subject  of  direct 
calorimetric  observations  on  animals,  we  may  describe 
the  process  as  follows:  An  animal  is  jilaeed  in  one  of  the 
forms  of  calorimeter  to  be  described  in  ^  -t,  and  the  heat 
given  off  from  the  animal  is  determined  in  calories.  This 
is  known  as  the  heat  dissipated.  If  the  tem]ierature  of 
the  animal  is  the  same  on  entering  and  on  leaving  the 
calorimeter,  the  heat  produced  iniist  just  ecpial  the  heat 
dissipated,  for  the  animal  brings  out  with  his  body  just 
as  much  heat  as  he  took  in,  and  the  heat  dissipated  while 
in  the  calorimeter  must  be  exactly  equal  to  what  was 
produced  there.  If  the  temperature  of  the  animal  is 
higher  on  leaving  than  on  entering  the  calorimeter,  it 
shows  that  in  addition  to  the  heat  dissipated  and  recorded 
by  the  calorimeter,  there  was  an  extra  amount  formed 
sufficient  to  raise  the  temperature  of  so  much  weight  of 
animal  so  many  degrees.  In  accordance  witli  the  laws 
of  physics  this  extra  amount  may  be  found  by  the  fol- 
lowing formula: 

.(■  =  icdii.     In  which — 

x  =  the  extra  heat  formed  and  not  recorded  by  calo- 
rimeter. 

ir  =  weight  of  animal. 

d  =  the  difference  in  the  animal's  temperature  between 
entering  and  leaving  the  calorimeter. 

/(  =  specilic  heat  of  animal's  body. 

The  total  heat  produced  is  then  found  by  adding  the 
value  of  X  to  the  amovmt  of  heat  dissipated. 

If  the  temperature  of  the  animal  falls  while  in  the 
calorimeter,  it  shows  that  the  heat  dis.sipated  and  recorded 
by  the  calorimeter  represents  not  only  the  heat  actually 
produced  by  the  animal  while  in  the  instrument,  but  also 
a  certain  amoimt  of  heat  which  is  represented  by  the 
cooling  down  of  so  much  weight  of  animal  through  so 
many  degrees.  In  this  case  we  must  subtract  the 
amount  of  heat  found  liy  the  above  formula  from  the 
amount  of  heat  dissijiated  and  recorded  by  the  calorim- 
eter, to  get  the  true  amount  of  heat  produced  during  the 
time  of  the  experiment. 

Direct  calorimetry  furnishes  the  most  reliable  means  of 
studying  variations  of  heat  production  in  the  body,  and 
bj'  this  method,  and  this  method  only,  can  we  solve  a 
number  of  interesting  problems,  notably  those  connected 
with  fever.  Tlie  temperature  alone  is  a  very  unsafe 
guide.     It  has  been  shown  over  and  over  again,  by  direct 


experiment,  that  we  may  have  high  fever,  while  the  ani- 
mal or  man  is  producing  less  heat  than  normal,  and  it  has 
been  shown,  also,  that  certain  antipyretics  will  lower  the 
temperature  while  the  production  of  heat  in  the  body  is 
far  above  the  normal. 

The  temperature  of  the  l)ody  depends  upon  two  factors, 
and  maybe  influenced  by  eitlier  of  them  separately  or  by 
both  together.  These  factors  are  heat  production  and 
heat  dissipation.  In  warm-blooded  animals  the  balance 
is  arranged  so  as  to  keep  the  temperature  constant.  If 
more  heat  is  produced,  for  any  reason,  there  is  a  corre- 
sponding increase  in  heat  dissipation  so  that  the  temper- 
ature remains  about  the  s;ime.  If  more  heat  is  dissipated 
more  heat  will  be  produced  so  as  to  keep  the  balance 
even  and  the  temperature  constant.  If  the  balance  is 
disturbed,  as  during  fever,  it  is  clear  that  we  cannot  tell 
in  which  factor  the  trouble  lies  by  such  an  instrument  as 
the  thermometer,  which  only  I'ecords  the  balance  between 
them.  These  questions  will  be  discussed  more  fully  in 
the  later  sections  of  the  article,  and  are  only  introduced 
here  to  show  the  importance  of  direct  calorimetry  in  medi- 
cine. 

Some  of  the  objections  urged  against  experiments  of 
short  duration  in  indirect  calorimetry  will  also  apply  to 
direct  calorimetry.  The  metabolism  of  the  body  is  bc- 
wilderiugly  complex,  and  transient  commotions  produced 
by  causes  beyond  the  observer's  perception  may  give 
results  which  would  be  totally  ina]iplieable  to  calcula- 
tion of  averages,  and  which  multiplied  by  the  time  suffi- 
cient to  extend  them  to  days  would  lead  us  to  serious 
errors  (see  p.  559). 

§  4.  Description  of  Calorimeters  Employed  in 
Classical  >Iedic.\l  Rese.vrches. — As  the  study  of  the 
heat  equivalent  of  foods  is  usually  taken  up  with  chem- 
istry rather  than  with  medicine,  and  as  the  field  is  large 
enough  to  make  a  monograph  by  itself,  it  is  deemed  ad- 
visable to  omit  here  a  description  of  the  apparatus  and 
methods  employed  in  this  line  of  research.  Those  inter- 
ested will  find  an  excellent  treatise  on  the  subject  in. 
Atwater's  "  ^lethodsand  Results  of  Investigations  on  the 
Chemistrv  and  Economy  of  Food  "  (U.  S.  Dept.  of  Agri- 
culture. Bulletin  No.  -,'1,  1895). 

The  fundamental  object  of  all  calorimeters,  for  animals, 
is  to  register  the  amount  of  heat  given  off  by  the  animal 
jdaccd  within  them.  This  is  done  in  different  ways  in 
different  instruments,  and  the  various  kinds  of  calorim- 
eters may  be  classified,  according  to  the  means  used  to 
measure  the  heat,  as  follows: 

(.1)  Fusion  (ice)  calm-imeters.  In  these  the  lieat  is 
made  to  melt  some  solid  (usually  ice),  and  the  amount  of 
heat  is  calculated  from  the  quantity  of  the  substance 
melted. 

(B)  Vaporization  calorimeters.  In  these  the  heat  is 
made  to  volatilize  a  liquid,  and  the  amount  of  heat  is 
measured  by  the  quantity  of  liquid  volatilized. 

(f)  Water  calorimeters.  In  these  the  heat  is  taken  up 
by  water,  and  measured  by  different  methods  according 
to  the  instrument. 

(Z>)  Air  calorimeters.  In  these  the  heat  is  taken  up  by 
air  and  measured  by  different  methods,  according  to  the 
instrument. 

( E )  Respiration  calorimeters. 

Each  accurate  calorimeter,  whatever  its  form,  must  be 
calibrated.  This  is  done  b.v  producing  within  it  known 
quantities  of  heat,  approximating  those  it  will  later  be 
used  to  measure,  and  noting  how  accurately  (and  some- 
times how  rapidly)  the  calorimeter  will  register  this  heat. 
The  known  i|uantity  of  heat  is  usually  produced  by 
burning,  within  the  calorimeter,  a  given  quantity  of  hy- 
drogen, alcohol,  or  some  pure  oil,  or  by  passing  an  elec- 
tric current  of  known  strength  through  a  coil  of  known 
resistance.  The  heat  produced  is  calculated  from  the 
formula : 

H=PxRx^-. 

In  which  H  =  the  heat  produced,  I  =  the  strength  of 
the  current  in  amperes,  R  =  the  resistance  of  the  wire  in 
ohms,  and  /■  is  a  constant,  which,  to  give  the  value  in 
calories  per  hour  =  .864. 
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Tliis  is  the  latest  and  most  accurate  method,  and  serves 
admirably  to  give  varyiug  amounts  of  heal  through  the 
range  in  which  the  calorimeter  would  be  called  on  to 
regtster  the  heat  of  animals,  including  man. 

"C'liixs  A  :  Fnsiiik  Ciiluriinefrrx. — The  cmly  calorimeter 
of  this  class  employed  in  animal  calorimetry  was  the  ice 
caliirimeter  of  Lavoisier  and  Laplace.*  It  consisted  of 
three  metal  cylinders,  placed  one  within  the  other,  witli 
spaces  between  them.  The  animal  (guinea-pig)  was 
lilaced  in  the  innermost  cylinder,  and  the  space  between 
this  and  the  middle  cylinder  was  tilled  with  ice,  which 
was  melted  by  the  heat  given  off  by  the  animal.  The 
space  between"  the  middle  cylinder  and  the  outer  cylinder 
was  also  packed  with  ice  to  prevent  heat  from  the  out- 
side from  reaching  the  ice  in  the  space  ne.xt  the  animal 
cylinder.  The  water  from  the  ice  melted  by  the  animal 
was  cullected  and  weighed  and  the  heat  calculated  by 
niultiiilying  this  weight  by  the  latent  heat  of  fusion. 

This  is  a  very  accurate  form  of  calorimeter,  but  it  is 
not  well  adapted  to  animal  experiments,  as  the  animal  is 
kept  in  surroundings  of  an  abnormally  low  temperature, 
and  this  seriously  affects  its  production  and  dissipation 
of  heat.  The  researches  of  Lavoisier  and  Laplace  are 
classical,  in  being  the  second  to  employ  the  calorimeter, 
and  the  first  to  give  valuable  results  of  extended  observa- 
tions which  were  stated  in  terms  of  the  modern  combus- 
tion theory.  In  these  experiments  the  animal  was  fur- 
nished with  air,  and  the  ()  used  and  the  CO™  given  otT 
were  determined. 

Cliii'-i  B :  Viipoi-iz<(tio)i  Calorimeters. — Calorimeters  of 
this  class  were  usetl  by  I.  Rosenthal  and  by  Xeesen.f 

I.  Rosenthal^  devised  a  calorimeter  in  which  he  used 
a  flnid  witha  Ixiiling  point  neartliat  of  theonlinary  rooin 
temperature,  or  a  fluid  with  a  boiling  point  a  few  degrees 
below  the  normal  temperature  of  the  animal.  The  fluids 
whichhe  reconuncnds  are  acetic  aldehyde,  CH3CHO,  with 
a  boiling  point  of  21"  C.  and  ethyl  ether,  (C-Hi,).jO,  with 
a  boiling  point  of  3-1.9°  C. 

The  caliirimeterconsisted  of  an  inner  cylinder,  in  which 
the  animal  was  placed,  and  an  outer  cylinder  containing 
the  liquid  to  be  volatilized.  The  whole  was  surrcivinded 
by  a  water  liath  kept  carefully  at  the  temperature  of  the 
boiling  pi  lint  of  the  liipud  in  the  outer  cylinder.  Thus 
no  heat  could  either  be  gained  or  lost  by  the  liquid  in  the 
(inter  cylinder  except  such  as  came  from  the  animal  in 
the  inner  cylinder.  The  heat  from  this  source  was  all 
spent  in  volatilizing  the  aldehyde  or  the  ether,  and  from 
tiie  quantity  thus  volatilized  the  amount  of  heat  given 
nff  by  the  animal  could  be  determined.  By  filling  the 
outer" cylinder  with  ice  the  instrument  could  be  u.sed  as 
an  ice  "calorimeter,  and  thus,  as  Rosenthal  pointed  out, 
according  to  the  material  used  the  heat  dissipated  coidd 
be  determined  for  temperatures  of  34.9=,  2V.  or  0'  C.  by 
the  same  apjiaratus.  This  calorimeter,  as  constructed, 
could  be  u^ed  only  for  small  animals,  such  as  mice,  or 
for  isolated  organs,  such  as  muscles. 

Clftas  C:  Water  Calorimeters. — The  water  calorimeter 
was  the  tirst  employed  in  animal  calorimetry  (see  account 
of  Crawford's  researches,  §  1).  From  that  time  (1778) 
to  the  present  it  has  been  the  favorite  form.  After  Ci-aw- 
ford  it  was  used  in  the  classical  researches  on  animal  heat 
by  Despretz.S  and  by  Dulong.  ||  and  on  fever  by  Senator, •[ 
and  by  AVood.** 

In  its  simplest  form,  a  water  calorimeter  consists  of  a 
tank  containing  a  detinite  amount  of  water  into  which  is 
plunged  a  water-tight  metal  box  containing  the  animal. 

*  Lavoisier  and  Laplace,  "  Memoires  de  I'Academie,"  Paris.  ITsO, 
P.M. 

tSee  Richefs  "  Dictinnnaire  de  Physiologie,"  Paris.  189T,  vol.  ii.,  p. 
405.  The  writer  was  unable  to  And  a  reference  to  Neesen's  original 
article. 

t  \.  Rosenthal.  Aroh.  ftir  Phvsiol.,  1878. 

§  Uespretz,  Ann.  de  chim.  et  de  phvs..  1834,  vol.  xxiv.,  p.  337. 

1  Dulong,  Ann.  de  chim.  et  de  phys.,  \?^.  p.  1«.  In  1822,  the 
Paris  Academy  offered  a  prize  for  the  lieste.xpt-riuiental  researches  on 
animal  heat.  Despretz  and  Dulong  were  fonipeUtors  and  Despretz 
won.  The  work  of  tlin  two  was  contemporaneous,  but  Dulong's  paper 
was  not  publishfil  luiiil  l.'4;i.  after  his  death. 

^Senator,  "  Untersurliungen  iiber  den  tleberhaften  Process."  Ber- 
fln,  1873. 

*•  Wood,  "  Smithsonian  Contributions  to  Knowledge,"  No.  357. 
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The  animal  is  supplied  with  air  by  tubes  entering  and 
leaving  the  box.  The  heat  given  off  by  the  animal  raises 
the  temperature  of  the  water,  and,  knowing  the  weight 
of  the  water  and  the  increase  in  temperature,  the  amount 
of  heat  thus  given  off  can  be  calculated  in  calories.  In 
text-books,  the  caloiimeter  of  Dulong  is  generally  de- 
scribed, but  in  the  present  article  the  Reichert  calorimeter 
is  chosen  as  a  type  of  this  class.  This  instrument  com- 
bines all  the  simplicity  of  the  older  forms  with  the  accu- 
rac}'  and  convenience  of  modei'n  impi'ovements.  It  has 
been  used  by  Reichert*  in  his  researches  on  animal  heat, 
on  fever,  and  on  drugs. 

The  calorimeter  consists  of  a  metal  box  A,  for  the  ani- 
mal, and  a  larirer  metal  box  surrounding  the  box  .1,  the 


Fig.  1073.— Reichert's  Water  Calorimeter. 

space  between  the  two  metal  boxes  being  tilled  with 
water.  The  whole  is  enclosed  in  a  wooden  box,  the  space 
between  the  outer  metal  box  anil  the  wooden  box  being 
tilled  with  shavings  SII.  to  prevent  the  radiation  of  heat. 
At  the  right  of  the  tigure  is  an  opening  from  the  exterior 
into  the  box  ^4.  This  is  for  putting  in  and  taking  out 
the  animal.  During  the  experiment  it  is  closed  by  a 
wooden  plug  fastened  with  clamps  to  the  wooden  box. 
The  tubes  EN  and  EX  are  for  the  entrance  and  exit  of 
air,  and  each  is  furnished  with  a  thermometer  as  shown 
in  the  figure.  Another  thermometer,  CT.  registers  the 
temperature  of  the  water.  S  is  a  stirrer  to  mix  the  water 
thoroughly  so  as  to  be  sure  that  the  temperature  recorded 
is  the  temperature  of  the  whole  mass  of  water.  The  ar- 
rows show  the  direction  of  the  air  current  through  the 
animal  box. 

Ott  f  devised  a  water  calorimeter  of  sufficient  size  to 
take  a  man.  The  inner  chamber,  to  receive  the  patient, 
was  cylindrical  in  form,  and  the  air,  as  it  was  drawn  from 
this  chamber,  passed  through  a  lead  pipe  coiled  in  the 
water  and  thus  gave  off  its  heat  to  the  water.  The  water 
was  slowly  stirred  by  a  mixer  driven  by  an  electric  motor. 

D'Arsonval's  conipensating  calorimeter,  of  constant 
temperature,  is  another  forni  of  water  calorimeter,  al- 
though the  principle  involved  in  the  measurement  of 
heat  is  different  from  that  of  the  calorimeter  last  de- 
scribed. { 

This  instrument  is  shown  in  Fig.  1074.  It  consists  of 
two  cylinders,  of  thick  copper,  enclosing  a  space  between 

*  Reichert.  University  Med.  Mag.,  1890,  vol.  ii.,  p.  173,  and  "American 
Text-Book  of  Physiology,"  1896,  p.  .586. 

+  Ott,  New  York  Med.  Journ.,  1889,  vol.  xlix.,  p.  343 ;  also  Joura. 
Nerv.  and  Ment.  Dis.,  1890,  vol.  xvii..  p.  348. 

t  D'Arsonval,  Arch,  de  Physiol.,  1890,  p.  612. 
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them.  Tlirtmgh  this  space  run  two  spirals  of  metal  tub- 
ing like  the  worm  of  a  still.  These  spirals  are  shown  in 
cross-section  in  the  figure.  One  of  these  spirals  connects 
the  inner  chamber  of  the  calorimeter  with  the  outside  air. 
The  air  is  asjtirated  through  the  calorimeter,  ]iassing  in 
by  a  tube  on  the  left,  as  shown  by  the  arrow  in  the  figure, 
and  out,  by  the  spiral,  to  the  extei'ior.  In  passing  through 
the  spiral  "it  gives  up  its  heat  to  the  petroleiun  with  which 
the  space  befween  the  cylinders  is  filled.  The  other  spiral 
opens,  at  both  its  ends,  on  the  exterior.  It  conducts  a 
stream  of  cold  ^YnteT  whicli  is  made  to  flow  through  it. 
The  space  between  the  copjier  cylinders,  enclosing  the 
spirals,  is  tilled  with  petroleum  Ijecause  of  its  mobility. 
When  the  heat  of  the  animal  warms  this  petroleum  it  ex- 
])ands.  and  exerts  pressure  on  the  apparatus  shown  in  the 
figure  to  the  right  of  the  calorimeter.  This  is  arranged 
to  control  thefiinv  of  water  through  the  cold-water  spiral. 
AVhen  the  calorimeter  is  working  this  makes  a  sensitive, 
automatic  regulator.  If  the  temperature  of  the  petro- 
leum tends  to  rise  the  pressure  exerted  by  its  expansion 
causes  more  cold  water  to  flow,  and  this  immediately 
reduces  the  temperature  of  the  petrolmim  to  the  point  for 


Fig.  1074.— D'Arsonval's  Compensating  Calorimeter  of  Constant  Temperature 


which  the  instrument  is  set.  (For  a  description  of  this 
regulator  in  detail,  see  Aiv/i.  dc  Pliyainl.,  1S90,  p.  614.) 
The  cold  water  is  furnished  from  a  tank,  and  is  made  to 
enter  the  calorimeter  at  a  known  temjierature.  A  tank 
filled  with  ice  furnishing  \\'ater  at  0  C.  is  the  arrange- 
ment recommended.  The  temperature  of  the  water  on 
entering  the  calorimeter,  the  temperature  on  leaving  it, 
and  the  amount  of  water  passed  thmugli  being  known, 
the  amount  of  heat  given  off  by  the  animal  can  easily  be 
calculated  in  calories.  It  is  found  by  experience  that  the 
water  leaves  the  spiral  tlirough  the  jietroleum  at  the 
temperature  of  the  jietroleum,  and  when  this  is  kept  at 
the  room  temiierature.  as  it  should  lie.  the  amount  of 
heat  given  off  b_v  the  animal  is  directly  jiroportional  to 
the  atnount  of  cold  water  required  tri  keep  the  temiiera- 
tureof  the  ]ietroleuni  constant.  If,  therefore,  the  amount 
of  cold  water  flowing  through  the  spiral  be  recorded  con- 
tinuously throughout  the  experiment,  we  can  not  only 
c^lctilate  the  total  amount  of  heat  given  off  by  the  ani- 
mal, from  the  l)eginning  to  the  end  of  the  experiment, 
but  we  can  tell  whether  there  Avas  any  variation  in  the 
rate  at  which  this  heat  was  given  off,  b}-  finding,  from 
the  record,  the  variations  in  the  rate  with  which  water 
flowed  through  the  spiral. 

A  simple  form  of  apparatus  for  registering  the  flow 
through  the  spiral  is  shown  in  the  figure  as  placed  on  the 
floor  under  the  table.  It  consists  of  a  cylinder  (shown  in 
section  in  the  figure)  which  receives  the  outflow  from  the 


spiral.  On  the  surface  of  the  water  is  a  float  which  rises 
as  the  water  in  the  cylinder  rises.  This  float  is  attached 
to  a  lever  which  has  on  ifs  short  arm  a  counterpoise 
weight  for  the  float,  while  the  long  arm  is  made  to  write 
on  a  cylinder  driven  by  clockwork.  Since  the  rise  of 
the  lever  is  diivctly  proportional  to  the  amount  of  water 
flowing  through  the  spiral,  and  since  this  is  directly  pro- 
portional to  the  heat  given  off  by  the  animal,  it  follows 
that  the  ordinates  of  tije  curve  written  bj-  the  lever  will 
be  directly  projiortional  to  the  heat  which  we  wish  to 
measure.  The  abscissas  will  be  in  terms  of  time,  and  will 
be  proiiortional  to  the  sliced  of  the  drum.  By  regulating 
the  length  of  the  lever  and  the  speed  of  the  drum  a  curve 
may  be  obtained  which  can  be  read  in  terms  of  calories 
for  any  convenient  tniit  of  time,  minutes,  hours,  days, 
etc..  without  further  calculation.  A  more  elaborate  "re- 
cording apparatus  with  electiical  contacts  is  figured  and 
described  by  D'Arson\-al  {Arch,  de  Phymil.  1890,  p.  61(i), 
The  same  author  has  described  a  more  convenient  but 
less  accurate  calorimeter  based  on  a  modification  of  the 
one  just  described  (op.  ri't..  p.  620). 

One  of  the  most  recent,  as  well  as  one  of  the  most  elab- 
orate and  perfect  water  calorimeters,  is  that  of 
Atwater  and  Rosa.* 

In  this  calorimeter  experiments,  lasting  sev- 
eral days,  have  been  conducted  on  man. 

The  principle  involved  is  practically  the 
same  as  that  of  D'Arsonval's  compensating 
calorimeter  (Fig.  1074);  the  heat  being  reniove(l 
by  coils  of  jiipe  carrying  cold  water  through 
the  chamber  where  the  man  is  placed.  For  a 
full  description  of  this  instrument  and  methods 
cmjiloyed.  the  reader  is  referred  to  the  original 
papers.  A  more  condensed  description  of  the 
apparatus  is  given  under  the  head  of  Resjjira- 
tiou  Calorimeters  at  the  end  of  this  section. 

Cidorimetrn  hi/  Butlis.  The  study  of  heat 
phenomena  in  animals  bj'  baths  has  found  a 
place  in  medical  literature  chiefly  through  the 
classical  researches  of  Liel.iermeister.+  and  his 
pupils  Kernig.  Hattwig,  and  Gildemeister. 

The  method  here  employed  was  to  place  the 
patient  in  baths  of  different  temperatures,  -and 
to  calculate  the  production  of  heat  from  the 
gain  or  loss  of  heat  by  the  patient  and  liy  the 
water  under  different  conditions.  This  pro- 
cedtwe  presents  certain  crudities  and  sources  of 
error  w  liich  have  been  pointed  out  by  nearly 
every  special  investigator  in  the  field,  but  it 
has  lately  been  defended  by  Lefevre,|  who 
employed  it  in  some  experiments  of  his  own.  The  re- 
searches of  Lefevre  are  of  interest  in  showing  some  inter- 
esting points  as  to  the  rapidity  with  which  the  heat-regu- 
lating mechanism  adjusts  itself  when  the  patient  is  placed 
in  a  cold  bath.  They  also  show  that  this  mechanism  is 
neither  as  sensitive  nor  as  efficient  in  an  ape  as  it  is  in 
man,  but  they  fail  to  convince  one  that  the  method  is 
trustworthy  for  obtaining  absolute  values  of  heat  dissi- 
pated or  iiroduced.  Most  of  his  observations  were  of 
short  duration — five  to  twenty  minutes. 

Leyden  g  employed  the  bath  method  in  his  researches 
on  fever  which  are  cla.ssical.  Inhisexperimentsa  part  of 
the  bodj',  usually  a  leg,  was  immersed  in  water  in  an  ap- 
paratus somewhat  resemlilinga  plethysmosiraph,  and  the 
heat  given  off  to  the  water  measured.  In  many  of  Le- 
fevre's  experiments  the  patient  was  placed  in  a  sitz  bath 
and  onl}'  part  of  the  body  covered  by  water. 

Class  D:  Air  CtdorimeterK. — The  first  air  calorimeter 
was  used  by  Scharling.  ||  This  consisted  of  a  closed  box 
placed  in  a  room  of  constant  temperature.     When  a  man 

•Atwater  and  Rosa.  "Report  of  Storrs  (ronneotii-ut)  Experiment 
Station,"  1S97  ;  also  Atwaterand  Rosa,  and  Rosa,  "Physical  Review," 
1S99  and  19fi0. 

t  LieVienneisIer.  Deutsclips  Areh.  f.  klin.  Med.,  v.,  pp.  217-2:J4 ;  x..  pp. 
89  and  431;  also  "Handb.  d.  Path.  u.  Tlierap.  des  Fiebers,"  Leipzig, 
1S7.5,  p.  1«7. 

t  Lefe\Te.  Comptes  rendus,  Soc  de  Biol.,  1894-96. 

§  Leyden,  Deutsches  Arch.  f.  lilin.  Med.,  v.,  p.  273. 

I  Scliarling,  Joum.  f.  praetlsclie  Chemie,  1849,  vol.  xlviii.,  p.  4S5. 
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was  put  iu  the  box,  the  temperature  of  the  air  iu  the  box 
rose,  aud  from  this  rise  the  heat  given  off  b}-  the  man 
was  calculated.  A  calorimeter  of  pi-actically  the  same 
principle  was  used  in  the  early  experiments  of  Vogel, 


Fig.  1075.— D'Ai'sonval's  Differential  Calorimeter. 

of  Sapalskj-  and  Klebs,  and  of  Hirn;  aud  iu  the  later  re- 
searches oif  Kaufman,*  who  sjieaks  of  it  as  simple  and 
precise. 

In  most  of  the  later  forms  of  air  caiorimetei'S,  the  prin- 
ciple of  measuring  the  heat  by  a  rise  of  temperature  of 
the  air  has  been  discarded,  and  the  expansion  of  air 
caused  by  the  heat  given  off  from  the  animal  has  been 
used  as  an  index.  This  gives  a  more  convenient  and 
more  delicate  method  of  measurement. 

One  of  the  simplest  calorimeters  constructed  on  this 
principle  is  the  siphon  calorimeter  of  Ricliet.f  This  con- 
sists of  two  double-walled  hemispheres  of  metal,  fitting 
upon  each  otlier  so  as  to  make  a  globe.  They  are  con- 
nected by  a  hinge,  so  that  the  upper  hemisphere  may  be 
thrown  back  like  the  lid  of  a  box.  When  closed  they 
are  fastened  by  an  ordinary  clasp.  The  air  sj^ace  be- 
tween the  two  walls  of  each  hemisphere  is  connected  by 
a  tulic  with  a  large  bottle  of  water,  arranged  like  a  wash 
bottle,  in  such  a  way  that  when  the  air  between  the  walls 
of  the  hemisjiheres  expands  it  forces  out  a  volume  of 
water  equal  to  the  expansion  of  the  air.  When  an  ani- 
mal is  placed  iu  the  gloliular  box  formed  b}'  the  two 
hemispheres,  the  heat  given  otf  by  the  animal  causes  the 
air  to  expand  in  the  way  just  described.  This  expansion 
is  measured  by  the  amount  of  water  forced  out  of  the 
bottle,  and  the" amount  of  heat  given  off  by  the  animal  is 
thus  determined. 

U.  Mosso|  used  a  calorimeter  constructed  on  the  prin- 
ciple of  the  above.  The  water,  foi-ced  out  of  the  bottle, 
passes  into  a  balanced  recipient  after  the  manner  of  the 
registering  apparatus  of  JIosso's  plethysmogi'ajih.  This 
is  an  ideal  arrangement,  for  a  continuous  graphic  record 
can  thus  be  kept  of  the  rate  of  heat  dissipation  through- 
out the  experiment,  and  if  for  any  leason  the  animal 
should  absorb  heat,  instead  of  giving  it  off,  this  would 
be  recorded  as  well. 

Differential  Ai/-  Cfdori meters.  The  principle  involved 
in  differential  air  calorimeters  is  to  have  one  closed  air 
space  affected  b}'  the  heat  of  an  animal,  while  another 
similar  air  space  is  kept  at  a  constant  temperature.  These 
air  spaces  are  connected  with  an  appropriate  recording 
apparatus,  and  the  heat  given  off  liy  the  animal  is  calcu- 
lated from  the  difference  in  expansion  of  the  two. 

The  simiilest  form  of  differential  air  calorimeter  is 
D'Arsonval'ss;  compensating  differential  calorimeter, 
shown  in  Fig.  1075. 

This  .instrument  cousists  of  two  calorimeter  chambers 
8  and  8'.  Each  of  these  chambers  has  a  double  wall  en- 
closing an'air  space,  9  and  9'.  These  air  spaces  are  con- 
nected by  a  rubber  tube.  10  and  10  ,  with  the  registering 
apparatus.  This  consists  of  a  lever  balance.  1.  from  each 
arm  of  which  is  suspended  a  cylinder,  2  and  2'.  closed 
at  the  top,  the  lower  end  dipping  into  tanks  of  fluid,  3 

*  Kaufman.  Cnmptes  rendns.  Soc.  de  Biol..  189ti,  p.  201. 
+Rir'tiet.  Coiiiiitc,.!  rendus.  Soc.  de  Biol.,  1884,  pp.  T07-T1.5 :  also  Arch. 
de  Phvsiul..  l.'i.H.-,,  vol.  Ti.,  p.  337. 
.      t  Mosso.  Arch.  Ital.  de  Biol..  1890,  vol.  xiii.,  pp.  467-171. 
S  D'ATSonval,  Arch,  de  Physiol.,  1890,  p.  785. 


and  3'.  These  tanks  are  connected  by  a  tube,  .5,  so  that 
the  level  of  liquid  is  the  same  in  each.  The  tubes,  4  and 
4'.  rise  above  the  surface  of  the  liquid.  When  the  air  in 
the  space  9  or  9'  exijauds  it  passes  into  the  cylinder  2  or 
2'  respectively,  aud  l)uoys  this  cylinder  up,  thus 
raising  the  arm  of  the  lever  1.  To  one  arm  of  the 
lever  is  attached  a  straw.  6,  terminating  in  a  writing 
point  which  records  on  a  cylinder,  7.  This  cylinder 
moves  l\y  clockwork,  and  can  be  made  to  go  so 
slowly  that  continuous  records  of  a  day  or  a  week 
may  be  obtained. 

When  an  animal  is  introduced  into  one  of  the 
calorimeter  chambers,  8  or  8',  the  heat  given  off 
causes  the  air  in  9  or  9'  to  expand,  and  this  expan- 
sion is  registered  as  above  described.  The  empty 
calorimeter  chamber  is  under  exactly  the  same  con- 
ditions except  for  the  presence  of  the  animal,  and 
registers  on  the  opposite  arm  of  the  lever,  thus 
giving  a  eompensatinr/  effect  for  the  instrument 
minus  the  animal.  The  curve  recorded  is  due  to 
tlie  diffi  rcnre  which  is  produced  by  the  animal,  and  is  in- 
dependent of  liarometric  changes,  room  temperature,  etc. 
This  instrument  is  classical  and  is  often  referred  to.  It 
is  theoretically  excellent,  but  it  possesses  practical  dis- 
advantages which  render  it  unfit  for  accurate  scientific 
research,  as  the  writer  has  found  from  personal  expe- 
rience (see  also  D'Arsonval,  Ardi.  de  Physiol.,  1890,  jjp. 
787  and  789). 

The  most  complete  aud  accurate  air  calorimeters  are 
those  of  Rubuer*  and  of  Rosenthal.!  These  eminent  in- 
vestigators have  spent  years  in  perfecting  their  respective 
instruments,  and  each,  notably  that  of  Rulmer,  has  been 
used  iu  extensive  and  valuable  researches.  These  calo- 
rimeters are  too  elaborate  to  be  described  in  detail  here. 
A  complete  description  of  the  latest  improvements  will 
be  found  in  the  original  papers  of  Rubner  and  Rosenthal 
referred  to  aliove. 

The  fundamental  principle  of  these  two  calorimeters 
is  the  same.  Each  consists  of  two  closed  air  spaces,  one 
of  which  is  warmed  b.v  the  heat  from  the  animal,  while 
the  other  is  immersed  iu  a  bath  which  is  kept  at  a  con- 
stant temperature  by  an  automatic  regulator.  Rubner 
measures  the  expansion  of  the  air  by  an  apparatus  similar 
in  principle  to  that  employed  by  D'Arsonval  and  shown 
in  Fig.  1075.  Rosenthal  connects  the  two  air  spaces, 
respectively,  with  a  (J  manometer,  which  will  respond 
at  once  to  any  difference  of  pressure  on  the  two  sides. 
Connected  with  Die  air  space  on  one  side,  there  is  an  in- 
genious piston  arrangement  by  which  air  can  be  forced 
in,  so  as  to  make  the  pressure  on  the  two  sides  of  the 
manometer  equal.  This  is  driven  b_v  an  electrical  device 
which  is  .set  in  motion  the  moment  the  liquid  in  the  manom- 
eter changes  level.  The  amount  of  pressure  thus  ex- 
erted is  registered  automatically,  so  that  a  complete 
graphic  record  maj-  be  ke]it  of  how  much  pressure  was 
necessary  to  equalize  exactly  the  pressure  exerted  by  the 
air  expanded  by  the  heat  from  the  animal,  and  thus  this 
heat  may  be  calculated. 

Haldane  White  and  Washburn  |  have  described  a 
compensating  differential  air  calorimeter  in  which  the 
animal  is  placed  in  one  side  while  a  hydrogen  flame  is 
kept  Inirning  in  the  other.  The  enclosed  air  spaces  of 
the  two  sides  are  connected  with  the  opposite  arms  of  a 
manometer.  The  hydrogen  flame  is  so  regulated  that  it 
shall  give  off  exactly  as  much  heat  as  the  animal,  as  sho-\vn 
by  the  liquid  in  the  two  branches  of  the  manometer  re- 
maining at  the  same  level.  The  amount  of  hydrogen 
burned  is  estimated  and  the  heat  produced  by  the  flame 
calculated.  This  exactly  equals  the  amount  given  oft'  by 
the  animal,  since  the  heat  produced  in  each  calorimeter 
chamber  is  the  same. 

Anemo-Cnlorrnieter  of  D' Arsmvml.%    Most  of  the  calo- 

*  Rubner.  "Calorlinetrische  Methodil;,"'  Marburg.  1891:  also  "Die 
Quelle  der  thlerischen  Warme."  Zeitsch.  i.  Biol.,  vol.  -xxx.,  189.3-94, 
pp.  73-143. 

+  Rosenthal.  "  Calorimetrische  Untersuohungen,"  Arch.  f.  Physiol., 
1897,  pp.  170-209. 

t  Journ.  of  Phvsiol.,  1894.  vol.  xvi.,  p.  127. 

S  D'Arsonval,  Arch,  de  Physiol..  1891.  p.  3W. 


563 


Calorlmetry. 
I'alorinietry, 


REFERENCE  I1A2<DB00K   OF   THE  MEDIC^IL  SCIENCES. 


rimeters  above  described  are  cumbersome,  many  are  suit- 
able for  experiments  on  small  animals  only,  and  none  of 
them  can  be  conveniently  adapted  to  the  clinical  study 
of  fever  in  the  hospital.  To  obviate  these  disadvantages 
D'Arsonval  attacked  the  problem  of  devising  a  calorim- 
eter which  should  fulfil  the  following  conditions; 

"  1.  To  be  set  up  in  any  room  in  a  hospital. 

"  3.  To  be  light  and  easily  portable. 

"3.  To  allow  the  calorimetric  observation  to  be  made 
rapidly— say  in  five  minutes. 

"4.  To  be  set  up  over  the  bed  of  a  patient  and  give 
automatically  continuous  records  in  the  form  of  a  curve 
without  requiring  the  presence  of  some  one  to  watch  the 
apparatus. " 

The  calorimeter  which,  he  claims,  meets  all  these  re- 
quirements is  shown  in  Fig.  1076. 

The  principle  of  the  calorimeter  is  very  simple.  The 
heat  of  the  body  causes  the  air  to  rise.  This  creates  a 
current  which  passes  through  the  chimney  and  sets  the 
anemometer  vane  revolving.  The  more  heat,  the  stronger 
the  current  and  the  more  rapid  the  revolution  of  the  vane. 


FIG.  107B. 


Fii:.  11177. 


Figs.  1076  and  1(i77.— D'Arsonval's  Anemo-Calorlmeter. 

Fig.  1076.— Calorimetpr.  Description:  1.  The  subject  of  the  exper- 
iment: 2,  cyliiiiit-r  of  \vnollen  stuff  fixed  to  a  disc  of  wood,  3,  and 
kept  from  collapsini;  tiy  llie  hoops  C  and  C:  part  of  the  cylinder  is 
cut  away  to  'jIiow  itif  suiiiMct :  4.  conical  chimney  bent  near  its  end  : 
5,  opening  of  diimncvwitli  anemometer  attached.  The  anemometer 
is  shown,  on  a  liirtre  scale,  tu  tlie  riirht  (Flp.  1077). 

Fig.  1077. — .\nemometer.  Oesrription  :  1,  Lever  for  throwing  the 
vane  in  connection  with  the  recorder;  ;2.  vane  cominwed  of  eipht 
aluminum  fans  :  3  and  4.  hands  of  rec.  inier:  .">  and  0.  lijii.liiiL'  pusts 
for  wires  to  odopraph  ;  7,  button  for  putting  the  hands  back  to  0. 

The  heat  given  off  was  found  to  be  directly  proportional 
to  the  square  of  the  number  of  revolutions  of  the  vane 
in  a  unit  of  time. 

Each  instrument  has  to  be  graded  separately  by  placing 
in  it  some  source  of  heat  which  gives  off  a  known  quan- 
tity in  a  given  time.  It  can  then  be  calculated  how  many 
turns  of  the  vane  represent  a  given  number  of  calories. 
The  numbers  are  convenient  for  calculation ;  forexaraple, 
in  D'Arsonal's  own  instrument  eighty  revolutions  per 
minute  represent  21.6  great  calories  per  hour. 

One  wotild  hardly  suppose,  <i  priori,  that  such  a  crude 
arrangement  would  give  accurate  results,  but  the  figures 
obtained  by  D'Arsonval  while  calibrating  it  would  seem 
to  leave  no  dotibt  as  to  its  reliability.  As  a  source  of  heat 
he  employed  a  ferro-nickel  spiral  heated  by  an  electric 
current.  The  error  in  the  record  of  the  anemometer  was 
2  revolutions  in  2,400,  and  -5  in  3.600,  so  that  it  was  prac- 
tically exact. 

The  instrument  has  no  time-loss  in  recording.  Within 
one  minute  from  the  time  a  man  enters  the  calorimeter 
the  vane  has  attained  its  maximum  velocity,  and  two 
minutes  after  this  sufliice  for  an  observatioii,  so  that  a 


whole  experiment  can  be  made  in  three  minutes — a  desid- 
eratum often  important  in  clinical  work. 

The  accuracy  of  the  records  of  the  anemo-calorimeter 
is  independent  of  the  room  temperature.  The  vane  re- 
volves from  a  current  of  air  which  depends  upon  the  dif- 
ference in  temperature  between  the  air  enteiing  and  the 
air  leaving  the  calorimeter.  This  difference  is  constant 
for  the  same  source  of  heat  whatever  may  be  the  temper- 
ature of  the  air  entering,  i.e.,  the  temperature  of  the  air 
of  the  room. 

In  his  laboratory,  D'Arsonval  uses  a  wooden  box  with 
a  glass  door  instead  of  the  woollen  curtain,  of  the  port- 
able form,  shown  iu  the  figure. 

Laulanie  *  used  an  anemo-calorimeter,  and  found  that 
the  heat  produced  rims  closely  parallel  with  the  oxygen 
consumed. 

When  it  is  desired  to  make  observations  continuing  for 
a  considerable  time,  the  apparatus  is  connected  with  a 
Marey  odograph.f  and  the  record  is  taken  on  a  revolving 
cjdinder.  With  the  calorimeter  thus  arranged  over  his 
own  bed,  D'Arsonval  made  observations  on  himself  dur- 
ing sleep. 

Class  E :  Respiration  Calorimeters.- — A  respiration  calo- 
rimeter is  one  which  is  so  arranged  that  the  air  taken  in, 
and  the  air  breathed  out,  by  the  animal  can  be  analyzed; 
in  other  words,  it  is  one  which  permits  observations  to  be 
made  by  the  method  of  indirect  calorimetry  and  of  direct 
calorimetry  at  the  same  time. 

Nearly  all  the  water  calorimeters  and  air  calorimeters 
have  been  arranged  in  this  way.  The  most  elaborate  in- 
strument of  the  kind  is  one  recently  perfected  by  Atwater 
and  Rosa  (see  Water  Calorimeters)  with  the  assistance  of 
funds  supplied  by  the  I'nited  States  Department  of  Agri- 
culture, and  of  the  State  of  Connecticut.  The  descrip- 
tion here  given  of  this  calorimeter  is  taken  (condense<l) 
directly  from  one  of  the  papers  by  the  original  authors.} 

"  The  Apparatus. — The  name  here  used  for  the  appa- 
ratus, 'respiration  calorimeter,'  is  suggested  by  the  fact 
that  it  is  essentially  a  respiraticm  apparatus  with  appli- 
ances for  calorimetric  measurements.  As  a  respiratioa 
apparatus  it  is  similar  in  principle  to  that  of  Pettenkofer. 
The  calorimeter  is  essentially  a  water  calorimeter,  that 
is  to  say,  the  heat  evolved  in  the  chamber  is  measured 
by  a  current  of  water.  The  appliances  for  measurement 
of  both  the  respiratory  products  and  the  heat  given  off 
from  the  body  differ  in  some  important  respects  from 
those  of  any  other  apparatus  with  which  we  are  familiar. 

"The  apparatus  includes,  first  of  all,  a  room  or  cham- 
ber in  which  the  subject  remains  during  the  experiment. 
The  chamber  is  furnished  with  a  folding  chair  and  table 
for  the  man's  use  during  the  day,  and  a  folding  bed  on 
which  he  sleeps  at  night.  When  the  experiments  involve 
muscular  work,  a  stationary  bicycle,  especially  arranged 
for  measuring  the  work  done,  is  also  introduced.  Light 
enters  through  a  window  so  that  the  occupant  can  see  to 
read  and  write.  Ventilation  is  provided  by  a  current  of 
fresh  air,  maintained  by  a  pump  specially  devised  for  the 
purpose.  This  pump  not  only  keeps  up  a  constant  cur- 
rent of  air,  but  also  measures  its  voliune  and  withdraws 
samples  regularly  and  accurately  for  analysis.  The  air 
is  made  to  enter  the  chamber  at  the  same  temperature  as 
when  it  goes  out,  so  that  the  quantities  of  heat  brought 
in  and  carried  out  by  this  ventilating  current  are  the 
same.  Arrangements  are  provided  for  passing  food  and 
drink  into  the  chamber  and  for  removing  the  solid  and 
liquid  excreta.  Arrangements  described  beyond  jirevent 
the  passage  of  heat  through  the  walls  of  the  apparatus. 

"  The  heat  given  off  from  the  body  is  carried  away  by  a 
current  of  cold  water  which  passes  through  a  series  of 
pipes  inside  the  chamber.  Houses  are  warmed  in  winter 
by  a  current  of  water  which  is  heated  in  the  basement 
of  the  house,  and  passes  through  pipes  and  radiators  in 
the  different  rooms.  The  heat  thus  radiated  from  the 
water  into  the  room  keeps  the  air  of  the  latter  at  the  de- 

*  Laulanie.  Comptes  rendus,  Soc.  de  Biol..  1S96.  p.  5. 
+  Marey,  "  Methode  graphique,"  Paris.  1S78.  p.  1S3. 
}  Atwater  and  Rosa,  "  Report  of  Storrs  (Connecticut)  Experiment 
Station,"  1897. 
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Flti.  1U78.— Kt-spiratluu  L'alulllueU^r.     GfUt-ral  vit-w. 


sired  tempeniturc.  In  like  manner  the  house  might  be 
cooled  iu  summer  by  a  current  of  cold  water.  In  this 
case  the  radiators  would  become  absorbers.  The  heat 
would  be  taken  up  from  the  air  of  the  room  by  the  cold 
water  and  carried  away.     Exactly  this  is  done  by  the 


absorbers  inside  the  chamber  of  the  respiration  calorim- 
eter. By  regulating  the  temperature  of  this  water  cur- 
rent as  it  enters,  and  also  its  rate  of  flow,  it  is  possible  to 
carry  away  the  heat  just  as  fast  as  it  is  generated,  and 
thus"  maintain  a  constant  temperature  inside  the  chamber. 
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Fig.  1079.— Horizontal  Cross-Section  of  Respiration  Calorimeter. 
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The  amount  of  the  outgoing  water  and  its  temperature 
are  measured,  thus  determining  the  heat  carried  away. 

"  A  general  idea  of  the  tijjparatus  can  be  had  from  Figs. 
1078  and  1078.  Fig.  1078,  from  a  photograph,  is  a  general 
view  of  the  priucii>al  parts  of  the  apparatus,  though  the 
pump  and  aspirators  used  for  moving,  measuring,  and 
sampling  the  ventilating  air  current  and  the  refrigerating 
macliine  are  not  shown.  In  the  centre  is  the  large  cham- 
ber which  is  surrounded  by  sheathing  of  wood.  At  the  end 
of  the  chamber,  on  the  right,  is  shown  a  glass  door  which 
serves  also  as  a  window.  In  the  foreground,  near  the  cen- 
tre and  at  the  right,  are  the  pipes  through  which  the  ven- 
tilating current  of  air  passes.  At  the  right  of  the  window 
and  just  below  it  are  the  arrangements  for  cooling  and 
for  measuring  the  current  of  water  which  brings  away  the 
heat  from  the  interior  of  the  chamber.  At  the  left,  in 
flout  of  the  large  brick  pillar,  is  a  table  at  which  an  oli- 
server  sits  to  record  the  temperature  of  the  interior  of  the 
apparatus  and  of  the  currents  of  air  and  water,  these 
temperatures  being  measured  by  electrical  thermometers. 
Beliind  the  brick  pillar  is  the  refrigerating  machine,  not 
shown  in  the  picture.  The  object  of  this  is  to  cool  the 
brine,  i.e.,  a  solution  of  calcium  chloride  contained  in  a 
large  tank  in  the  centre  foregroimd.  The  tank  is  sur- 
roruided  by  a  wooden  casing.  The  ventihiting  current 
of  air,  before  it  enters  the  chamber,  is  passed  through 
copper  cylinders  which  are  inunersed  in-  brine  in  this 
tank,  and  thus  cooled  to  a  temperature  of  from  —19'  to 
—23°  C,  or  from  —2'  to  —8°  F.  At  this  very  low  tem- 
perature nearly  all  the  water  is  removed  from  the  air,  so 
that  it  enters  the  chamber  quite  dry.  Just  before  enter- 
ing, at  the  right  of  the  glass  door,  it  is  warmed  to  the 
temperature  of  the  interior  of  the  chamber.  On  coming 
out  it  passes  once  more  through  copper  cylinders  in  the 
cold  brine,  and  thus  the  larger  part  of  the  water  which 
has  beeu  imparted  to  it  by  the  respiration  of  the  man  in- 
side the  chamber  is  frozen  and  removed.  The  air  -pump 
is  at  the  right  and  the  aspirators  are  at  the  left  of  the 
position  occupied  by  the  camera  in  taking  the  photo- 
graph. 

"  The  Respiration  Chmnher. — The  internal  construction 
of  the  chamber  and  the  arrangements  for  regulating  tlie 
temperature  are  shown  in  horizontal  section  in  Fig.  1079. 

"The  chamber  proper  is  practically  an  apartment  with 
double  walls  of  metal,  the  inner  wall  being  of  sheet  cop- 
per and  the  outer  one  of  zinc.  The  interior  is  2.15  m.  (7 
ft.)  long,  1.93  m.  (6  ft.  4  in.)  high,  and  1.22  m.  (4  ft.) 
wide,  the  corners  being  rounded.  It  thus  has  a  little  less 
than  28  square  feet  of  floor  space.  The  cubic  content  is 
not  far  from  4.8  cubic  metres  or  175  cubic  feet.  The 
inner  wall  is  made  of  large  sheets  of  copper,  the  seams 
being  soldered  so  that  when  the  windows  and  other  open- 
ings are  clo,sed  the  chamber  is  air  tight,  and  the  only  air 
which  enters  or  leaves  is  that  of  the  ventilating  current. 
Outside  this  copper  wall  is  one  of  zinc.  Between  the 
two  metal  walls  is  an  air  space{A)  of  7.5  cm.  (8  in.).  In 
this  space  stands  a  wooden  framework  to  Avhieh  the  two 
metal  walls  are  securely  attached.  This  metal  chamber 
is  the  calorimeter  proper.  In  order  to  ]3rotect  it  from 
the  fluctuations  of  temperature  of  the  room  iu  which  it 
stands,  it  is  enclosed  witliiu  three  concentric  walls  of 
wood.  Between  the  zinc  and  the  innermost  wooden  wall 
is  an  air  space  (B)  of  5  em.  (3  in.),  between  this  wall  and 
the  ne.xt  is  a  third  air  space  (C)  of  5  cm.,  and  finally  be- 
tween this  and  the  otiter  wall  is  a  fourth  air  space  (D). 
likewise  of  5  cm.  The  wooden  walls  are  made  of  matched 
jiine  covered  with  sheathing  paper.  The  outer  one  is 
double  with  sheathing  paper  between.  The  air  in  tlie 
spaces  A  and  C  is  '  dead  air,'  Avhile  that  in  the  spaces  B 
and  D  can  be  kept  in  constant  circulation  by  means  of 
rotary  fans  in  boxes  outside.  Eacli  of  the  spaces  B  aud 
D  is  continuous  around  the  sides  and  over  the  top  and 
bottom  of  the  calorimeter,  and  each  communicates  with 
its  fan  Ijox  by  means  of  one  passage  extending  from  the 
top  of  the  air  space  to  the  top  of  its  fan  box,  and  another 
from  the  bottom  of  the  air  space  to  the  bottom  of  the  fan 
box.  We  may  thus  look  upon  these  air  spaces  as  shields 
guarding  the  interior  space  occupied  by  the  calorimeter 


from  changes  in  temiierature  without.  They  thus  ren- 
der necessary  aid  in  accomplishing  a  fundamental  object, 
namely,  the  keejiing  of  the  temperature  of  tlie  air  in  the 
space  "B  the  same  as  that  of  the  interior  of  the  chamber. 
When  these  temperatures  are  the  same  there  will  be  no 
passage  of  heat  through  the  walls,  either  into  or  out  of 
the  chamber. 

■'  The  outer  air  current  (D)  is  used  for  the  coarser  regu- 
lations of  temperature.  In  the  middle  of  the  dead'air 
space  (C)  is  a  wall  of  sheathing  paper  iiitende<l  to  more 
effectually  jireveiit  the  external  temperature  from  affect- 
ing that  of  the  calorimeter. 

■'  The  walls  are  provided  at  the  right  with  glass  doors  or 
windows.  At  E  in  Fig.  1079  is  a  cylinder  of  copper  which 
passes  through  the  walls  of  the  cliamber  aud  also  through 
the  encasing  walls  of  wood.  This  cylinder,  which  is  15 
cm.  (6  in.)  in  diameter,  serves  for  passing  food  and  other 
materials  into  aud  out  of  the  cilorimetcr  chamber,  and  is 
here  called  the  '  food  aperture.'  It  is  closed  at  the  ends 
by  caps  a  and  h.  The  outer  {lA  is  screwed  tightly  to  the 
cylinder  so  as  to  make  an  air-tight  closuri;.  Outside  of 
this  is  a  box  or  cover  (c),  made  of  wood  and  filled  with 
cotton  or  other  non-conducting  material,  the  purpose 
being  to  prevent  the  passage  of  heat  through  E. 

'■  jreiis>(n'i»cnf.i  of  Teiiiperature.  The  measurements  of 
temperature  are  made  in  part  liy  mercury  thermometers, 
but  mainly  by  electrical  methods.  The  electrical  meas- 
urements of  temperature  are  made  l)y  use  of  either  the 
German  silver-iron  thermal  junctions  or  by  resistance  coils 
of  fine  copper  wire.  Provision  is  made  for  connecting 
these  with  a  D'Arsonval  galvauometer  especially  con- 
structed for  the  purpose  by  Mr.  O.  S.  Blakeslee,  mechan- 
ician of  Wesleyan  University.  The  electrical  thermome- 
ters permit  measurements  of  .01°  C.  or  less. 

"  Temperature  of  Air  In.'<iile  the  Chmnher.  Inasmuch 
as  the  temperature  of  the  air  is  not  the  same  in  different 
parts  of  the  chamber,  aud  it  is  desirable  to  know  the 
average  or  resultant  temperature  of  the  whole,  the  at- 
tempt is  made  to  learn  the  latter  by  the  use  of  a  series  of 
five  electrical  thermometers  at  places  near  the  sides,  top, 
and  bottom.  These  consist  of  resistance  coils  of  copjier 
wire  connected  with  a  slide  wire  Wheatstone  bridge  and 
the  galvanometer  outside.  The  measurements  are  so  del- 
icate that  even  slight  movements  of  the  person  inside, 
such  as  rising  from  the  chair,  reveal  themselves  to. the 
observer  outside  by  the  immediate  rise  in  the  thermomet- 
ric  reading. 

''  Rer/nlation  of  Temperature  of  Iiijioiiig  Air.  In  order 
that  the  ventilating  current  of  air  shall  not  carry  out  of 
the  chamber  any  more  or  any  less  heat  than  it  brings  in, 
the  temperature  must  be  the  same  when  it  enters  as  when 
it  leaves.  Accordingly  the  incoming  air,  which  leaves 
the  brine  tank  at  a  very  low  temperature,  is  \varmcd, 
before  its  entrance  to  the  chamber,  to  the  temperature  of 
the  outgoing  air.  The  devices  for  this  purpose  are  such 
that  the  difference  of  temperature  of  the  incoming  and 
outgoiug  currents  can  be  kept  insideof  .01°  C.  In  actual 
exiierime'nts  the  jiositive  and  negative  differences  are 
made  to  counterbalance  each  other. 

"  Arraitr/eiiuiifs  for  Prerentin;/  the  PiLfnor/e  of  Heat 
through  the  WnUs  (f  the  Cnhiriiiieter.  Tlie  difference  be- 
tween the  temperature  of  the  copper  wall  aud  that  of  the 
zinc  is  measured  by  a  system  of  thermo-electric  junc- 
tions, in  three  hundred  and  four  pairs,  distributed  over 
the  sides,  top,  and  bottom,  one-half  of  the  junctions  (iron- 
German  silver)  being  in  close  thermal  contact  with  the 
copper  wall  and  the  other  half  (German  silver-iron),  with 
the  ziuc  wall.  OThe  difference  of  temperature  of  the  two 
walls  is  made  as  small  as  possible  by  warming  or  cooling 
the  air  iu  the  space  B,  and  the  positive  and  negative  dif- 
ferences are  made  to  counterbalance  each  other.  Thus 
the  corresponding  movements  of  small  citiantities  of  heat 
inward  and  outward  also  counterbalance,  and  the  cham- 
ber neither  gains  nor  loses  heat  through  the  walls. 

"  For  the  measurement  of  the  differences  of  tempera- 
ture, as  well  as  for  the  warming  and  cooling,  the  walls 
of  the  calorimeter  are  considered  as  divided  into  four  sec- 
tions, viz.  ;  (1)  the  top;  (2)  the  upper  half  of  the  sides  or 
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'  upper  zoue":  (3)\lie  lower  half  of  the  sides  or  'lower 
•zone  ' ;  (4)  the  bottom.  The  sjsteiiis  of  thermo-electric 
element.s  for  heat  measurements,  wires  for  warming  and 
of  water  pipes  for  cooling,  are  each  divided  into  corre- 
sponding sections. 

"  The  Ohscn-er's  Tuble.  This  is  shown  in  Fig.  1078  at 
the  left,  in  front  of  the  brick  pier.  A  shelf  fastened  to  the 
pier  and  shown  on  the  right  of  the  latter,  behind  the  table 
in  the  picture,  holds  the  galvanometer  and  scale.  The 
scale  is  seen  in  the  picture  at  the  front  end  of  the  shelf 
over  the  table.  The  galvanometer  is  at  the  other  end  of 
the  shelf,  two  metres  from  the  scale  and  obscured  b\'  the 
pier.  On  the  table  are  the  switches  to  bring  the  various 
circuits  into  connection  with  the  galvanomeU'r,  and  with 
them  the  Wheatstone  bridges,  and  the  banks  of  electric 
lamps  for  varying  the  heating  currents. 

■'  \Vith  the  aid  of  the  devices  thus  briefly  described  an 
experienced  operator  at  the  observer's  table  can  easily 
control  the  temperature  of  B  and  make  it  follow  the  vari- 
ations of  the  interior  of  the  chandjervery  closely.  When 
the  rate  of  generation  of  the  heat  in  the  chamber  is  rea- 
sonably uniform  and  the  temperature  is  nearly  constant, 
the  deflection  of  the  image  on  the  scale  at  the  observer's 
table  can  usually  be  kept  within  one  division  of  the  scale, 
which  means  an  average  difference  of  temperattire  be- 
tween the  copper  and  zinc  walls  of  less  than  .01'  C.  In 
ordinary  e.xpei'iments  the  dift'erence  is  generally  kept 
within  this  Kmit  and  seldom  reaches  .Oo°.  The  ditfer- 
ences  are  both  positive  and  negative,  and  are  easily  made 
to  counterbalance  each  other  during  shorter  periods  and 
during  the  whole  experiment. 

"^ Med-iitreiiient  iif  the  Ilent  Carried  Out  by  the  Writer 
Current.  The  principle  here  employed  is  simple.  The 
chamber  neither  gains  nor  loses  heat  by  the  air  current 
nor  through  the  walls.  The  current  of  cold  water  which 
passes  through  the  lieat  absorbers  inside  the  chamber  is 
caused  to  enter  at  a  temperature  generally  but  little  above 
the  freezing  jioint,  and  to  flow  out  at  such  a  rate  as  to 
absorb  and  cuvry  off  the  heat  just  as  fast  as  it  is  gener- 
ated inside  the  apparatus.  The  temperature  of  the  water 
is  measured  as  it  enters  and  as  it  comes  out.  The  mer- 
cury thermometers  are  shown  at  G  and  H  in  Fig.  1079. 
The  electrical  thermoiueter  indicates  the  difference  of 
temperature  between  the  incoming  and  outgoing  water 
currents  by  the  <lifference  of  resistance  of  two  coils  of 
thin  copper  wire,  of  which  one  is  in  each  pipe  at  the 
place  of  entrance  or  exit  from  the  calorimeter.  The  dif- 
ference is  measured  by  a  AVlieatstone's  bridge  on  the 
observer's  table.  The  mass  of  water  is  measured  auto- 
niaticall}'  by  the  apparatus  shi>wn  below  and  at  the 
right  of  the  window  of  the  respiration  chamber  in  Fig. 
107S. 

"  From  the  mass  of  the  water  which  has  passed  through 
the  absorber  in  a  given  tiiue,  and  the  rise  in  temperature, 
the  ([uantities  of  heat  brought  out  are  readily  calculated. 
To  this  is  to  be  added  a  certain  amount  of  heat  which  is 
carried  away  with  the  water  vapor  produced  in  the  ap- 
paratus. This  is  practically  the  diti'erence  between  the 
water  vapor  in  the  incoming  and  outgoing  air.  From 
the  amount  of  this  vapor,  and  its  latent  heat  at  the  tem- 
perature of  exit,  the  amount  of  heat  it  can'ies  out  is  easily 
computed. 

''Metre  Pump  for  Regulatiiiff,  Measurinfj,  and  SnmpUnr/ 
the  Ventilating  Air  Current.  For  taking  saiuples  of  air 
for  analysis,  aspirators  of  IJiO  litres  capacity  were  em- 
ployed at  the  outset  and  are  still  used.  The  measure- 
ments with  these  have  been  found  quite  accurate.*  The 
most  satisfactory  arrangement  we  have  found,  and  one 
which  serves  the  threefold  purpose  of  maintaining  the 
air  current,  measuring  its  volume  and  delivering  aliquot 
samples  of  convenient  size  for  analyses,  is  an  apparatus 
designed  and  made  by  ilr.  O.  S.  Blakeslee,  and  appro- 
priately designated  by  him  as  a  'metre-pump.'  The 
air  coming  from  the  discharge  pipe  escapes  into  the 
room,  but"  by  a  special  device  the  air  of  each  tiftieth 

*  See  "  Eenort  of  the  Storrs  Station  tor  1896."  p.  91,  and  "  Bulletin  44 
of  the  noJce  of  Experiuftnt  Stations  of  the  United  Stales  Department 
•  of  Agriculture,"  p.  19. 


Stroke  is  diverted  into  a  I'eceptacle, from  which  it  is  being 
constantly  drawn  for  analysis. 

"  Cooling  AiqMriit't.i.  It  is  desirable  that  the  ventilating 
current  of  air  shall  enter  the  respiration  chamber  as  dry 
as  possible.  To  this  end  it  is  cooled  to  a  temperature  of 
-19°  to  —-Z-i'  C.  (-'3'  to  -8°  F.),  In-  passing  through 
copper  cylinders  which  are  immersed  in  brine  in  the  tank 
shown  in  Fig.  1078.  The  brine  is  cooled  by  use  of  an 
ammonia  refrigerating  apparatus.*  The  air  after  pas.sing 
out  of  the  cylinder  is  warmed  before  entering  the  cham- 
ber in  the  way  described.  On  coming  out  of  the  cham- 
ber the  air  current  is  again  passed  through  copper  cylin- 
ders immersed  in  the  brine,  and  thus  practieall}"  all  of 
the  water  which  has  been  imparted  to  it  within  the 
chamber  is  removed.  The  same  brine  is  used  for  cooling 
I  he  current  of  water  which  passes  thi'ough  tlie  ab.sorbers 
and  conveys  away  the  heat  from  the  chamber. 

''  Aitalyiiesiif  Air,  Detcrniinationf!  of  Curhon  Dio.vide  and 
Water.  The  methods  used  for  these  luirpo.ses  are  essea- 
tially  the  same  as  described  in  the  '  Report  of  the  Storrs 
Experiment  Station,'  and  'Bulletin  44  of  the  Office  of 
Experiment  Stations  of  the  United  States  Department 
of  Agricultui'e, '  above  referred  to.  It  will  thei  efore  suf- 
fice to  say  here  that  the  larger  part  of  the  water  is  caught 
in  the  copper  cjdiuders,  immersed  in  the  cooling  brine  as 
above  described,  and  its  amount  found  by  weighing. 
The  residue  of  the  w-ater  of  both  the  incoming  and  out- 
going air  current  is  determined  in  samples  by  passing 
through  U -tubes  containing  pumice  stone  and  sulphuric 
acid.  The  carbonic  acid  is  in  like  manner  determined  by 
passing  through  [J -tubes  containing  soda  lime. 

"  In  the  ordinary  experiments  the  determinations  of 
water,  carbonic  acid,  and  heat  are  made  for  periods  of  six 
hours." 

is  5.  C.\LORiMETi!Y  IN  PHYSIOLOGY. — Heat  CentreK. — 
In  §  3  it  was  pointed  out  that  the  temperature  of  the  body 
depended  upon  the  balance  between  two  factors:  heat 
]iroduction  and  heat  dissipation.  We  know  that  heat 
dissipation  is  dependent  chiefly  upon  thi'ce  factors:  the 
supply  of  blood  to  the  skin,  the  sweat,  and  respiration. 
The  more  blood  in  the  vessels  of  the  skin  the  more  heat 
will  be  radiated  off;  the  more  sweat  formed  the  more 
heat  will  be  lost  by  the  temperature  of  the  sweat  and  by 
evaporation;  the  more  vigorous  the  respiration  the  more 
heat  will  be  lost  in  the  expired  air  and  by  evaporation 
in  the  air  passages.  Each  of  these  fiuictions  is  dominated 
by  a  special  centre  or  set  of  centres,  the  vaso-motoi',  the 
sweat,  and  the  respiratory  centre,  respectively.  The 
question  has  naturally  arisen.  How  is  it  with  heat  produc- 
tion? Wc  knoAV  that  the  nervous  system  controls  the 
chemical  activities  of  the  tissues — is  there  a  centi-e  which 
dominates  this  control'!'  If  so,  how'?  Are  there  centres 
which  cause  an  increased  oxidation  of  food  with  increased 
production  of  heat'?  Are  there  centres  which  inhibit  this 
oxidation  and  thus  decrease  heat  production'?  Are  there 
specific  nerves  through  which  .such  centres  act  on  the  tis- 
sues? It  is  in  theexperiiuental  investigations  relative  to 
these  questions  that  the  calorimeter  has  been  most  em- 
ployed in  physiology. 

"The  method  of  experiment  has  usually  been  to  produce 
a  lesion  of  the  centi'al  nervous  system,  or  to  stimulate  a 
definite  area;  and  to  note  the  effect  on  the  animal's  tem- 
perature, or  to  measure  the  effect  on  heat  production  and 
heat  dissipation  by  direct  or  by  indirect  calorimetry. 

It  is  obviously  not  within  our  province  to  undertake 
a  critical  review  of  all  the  work  done  on  a  specific  sub- 
ject, such  as  heat  centres.  Besides,  our  information  is 
at  present  in  a  state  more  or  less  chaotic,  as  has  always 
been  the  case  with  work  of  this  kind  on  the  central  ner- 
vous sj'stem.  We  need  only  recall  the  confusion  which 
existed  fifteen  or  twenty  years  ago  regarding  experi- 
ments on  "  localization  "  in  the  cortex,  of  the  centres  of 
motion,  and  of  the  special  senses,  to  get  a  fair  idea  of 
the  present  condition  of  our  knowledge  regarding  heat 

*  See  description  of  the  arrangements  for  cooling  in  "Report  of  the 
Storrs  E.xperinient  Station  for  1896,"  p.  92.  and  "  Bulletin  44  of  the 
Ofllee  "f  Exjienment  Stations  of  the  United  States  Department  of 
Agriculture."  p.  '^Z. 
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centres.  The  outcome  of  it  all  has  been  that  to-day 
practically  no  one  denies  the  more  or  less  dctiuife  locali- 
zation in  "the  motor  area,  but  few  would  still  adhere  to 
the  extreme  views  of  invariable  sharp  localization  of  a 
given  centre  at  a  given  spot,  especially  in  the  lower  ani- 
mals. So  with  the  heat  centres.  The  chief  bone  of  con- 
tention has  been  to  determine  just  what  was  injured  in  a 
given  operation,  rather  than  to  doubt  the  accuracy  of 
the  calorimetric  method,  although  this  has  not  escaped 
criticism.  Then,  again,  different  animals  were  used  in 
different  experiments,  and  discrepant  results  were  ob- 
tained in  this  way.  just  as  in  the  case  of  motor  localiza- 
tion. At  present  we  have  every  gradation,  from  Ott,* 
who  locates  six  cerebral  heat  centres,  two  in  the  cortex 
and  four  in  the  basal  ganglia,  to  Mosso.f  who,  after  a 
full  review  of  all  previous  work,  and  numerous  experi- 
ments of  his  own,  is  unable  to  admit  "  that  there  are,  in 
the  brain,  centres  which  preside  over  animal  heat." 

The  tirst  observer  to  call  attention  to  cerebral  heat 
centres  was  Tscheschichin.J  who.  working  with  Du  Bois 
Reymond,  found  that  lesions  of  the  medulla  in  the  neigh- 
borhood of  the  pons  Varolii  were  followed  by  a  decided 
rise  in  temperature.  His  work  was  on  rabbits,  and  he 
did  not  use  the  calorimeter. 

This  was  followed  by  Lewizkj'  §  In  1869,  and  by  Bruck 
and  Gi'inter  ||  in  1870,  disagreeing  with  Tscheschichin. 
and  by  Schreiber.""  in  1874.  agreeing,  for  the  most  part, 
with  Tscheschichin.  and  disagreeing  with  Lewizky  and 
with  Bruck  and  Giinter. 

This  was  the  status  of  the  question  in  1880,  when 
Wood  **  J5ublished  his  elaljorate  calorimetric  researches 
on  fever.  Wood  found  that  "section  of  the  medulla  at 
its  junction  with  the  pons  is  followed  by  increased  heat 
dissipation  and  heat  production,  the  increased  heat  dissi- 
pation usually  keeping  pace  with  the  increased  produc- 
tion, so  that  the  bodily  temperature  rises."  Wood  also 
found  (p.  143)  that  "destruction  of  the  first  cerebral  con- 
volution in  the  dog.  pcsterior  to,  and  in  the  vicinity  of, 
the  sulcus  cruciatus  is  followed  at  once  by  a  very  decided 
increase  of  heat  production,  while  after  irritation  of  the 
same  nervous  tract  there  is  a  decided  decrease  of  heat 
production."  Mild  irritation  of  this  region  has  no  in- 
fluence on  blood  pressure — its  destruction  likewise  is 
without  vaso-motor  effect  (p.  1.53):  therefore  it  is  fair  to 
presume  that  this  centre  influences  body  temperature 
through  heat  production — not  heat  dissipation.  These 
earlier  researches  of  AVood  were  confirmed  later  by  a 
joint  research  of  Wood.  Reichert,  and  Hare. ft  aud  by 
others,  who  find  that  there  are  thermogenic  centres  which 
affect  the  pioduction  of  heat  independently  of  lilood 
pressure. 

Ott.tj;  Richet,§>?  and  Aronsohn  and  Sachs, ||  working 
simultaneously  and  independently,  all  claim  to  have 
demonstrated  the  presence,  in  the  brain,  of  centres  which 
cause  a  rise  of  temperature  by  heat  production.  Richet 
and  Ott  used  a  calorimeter.  Aronsohn  and  Sachs  used  the 
indirect  method,  determining  both  O  and  COc 

This  work  has  in  the  main  been  supported  by  the  later 
calorimetric  experiments  of  Ott""*"  and  of  Reichert,*** 
and  of  a  number  of  others  who  have  not  employed  the 
calorimeter.  The.se  observers,  while  differing  as  to  the 
exact  location  of  centres  and  as  to  the  mode  of  their 
action,  do  agree,  for  the  most  part,  that  such  centres 
exist.  Reichert.  in  the  work  just  quoted,  has  made  an 
important  contribution  to  our  knowledge  of  heat  centres 
in  the  spinal  cord.     He  ascribes  more  importance  to  them 

*  ott.  N.  Y.  Mt>ci.  Jourii..  18.S9.  vol.  xlLx.,  p.  347. 

+  Mo,'«o,  Aroli.  Ital.  de  Biol.,  1890,  vol.  xiii..  p.  4-59. 

t  Tsi-lieschii-bin,  Arcli.  f.  Anat.  u.  Physiol..  1866.  pp.  169-173. 

S  Lewizky.  Arch.  i.  path.  Anat.,  18<i9,  vol.  xlvii..  pp.  3.56-359. 

I'  Brack  and  (Uinter,  Arch,  f .  d.  ges.  Physiol.,  1870,  vol.  ill.,  pp.  .578-584. 

I  8chrt'ihHr.  Arch.  f.  il.  (res.  Physiol.,  1874.  vol.  viii.,  pp.  576-596, 

*'  Win  id.  ■"  Siriithsoniiin  Omtriliutions  to  Knowledge,"  No.  357,  p.  74. 
+t  Wood.  Reichert,  and  Hare,  Ther.  Gaz.,  IS^ii,  p.  678. 
»  Joiiru.  of  Nen-.  and  M.-nt.  Dis..  1884,  vol.  ix..  p.  141. 
8§  Richet,  Arch,  de  Plivsj..!.,  Iss.),  vol.  v1..  p.  496. 
Ill  Arch.  t.  d.  ges.  Phvsiol..  ls,s.-).  vol.  xxxvii.,  p.  233. 

II  Ott.  Journ.  of  Nerv.  and  Ment.  Dis.,  1887-88 :  Ther.  Gaz.,  1887, 
p.  399 ;  N.  Y.  Med.  Journ.,  1889.  vol.  .xlix..  p.  347. 

*»•  Reichert,  Univ.  Med.  Mag.,  1893.  vol.  v.,  p.  406,  and  1894,  vol.  vi., 
p.  :i03. 


than  to  those  located  in  the  medulla,  basal  ganglia,  or 
cortex. 

The  only  later  writer  who  takes  an  iconoclastic  atti- 
tude with  "regard  to  cerebral  heat  centres,  and  bases  this 
opposition  on  experimental  data,  is  Mosso;  and  he* 
rather  leans  toward  a  position  advocated  by  Girard,f 
who  says  that  we  cannot  speak  of  a  thermogenic  centre, 
but  of  many  such  centres  scattered  in  the  lirain  and  spinal 
cord  and  working  together.  'It  is  quite  iimbalile  that, 
when  the  confusion  now  existing  is  cleared  up  by  later 
investigations,  this  view  will  be  found  very  near  "to  the 
truth. 

Those  who  wish  to  stud}'  this  question  more  closely 
are  advised  to  consult  the  papers  of  Wood,  Ott,  Reichert, 
and  Mosso.  here  quoted:  also  papers  b}'  Hale  White t 
and  Riegel.^  White's  paper  in  Guy's  Hospital  Re- 
ports gives  interesting  clinical  data,  which  he  says  sup- 
port thecalorimetrical  findings  of  Wood.  The  only  clin- 
ical' evidence  quoted  against  cerebi'al  heat  centres  is  a 
case,  reported  by  Dana.]  of  a  monster  in  which  there  was 
no  cerebrum,  basal  ganglia,  or  cerebellum,  and  only  part 
of  the  pons — yet  the  temperature  was  normal. "  This 
would  support  Reichert's  theory  that  the  cord  centres 
were  the  most  important. 

To  sum  up  biiefly  our  knowledge  of  heat  regulation 
and  body  temperature,  we  may  say  that  the  body  tem- 
perature depends  upon  the  balance  between  heat  ])"rodue- 
tion  and  heat  dissipation,  each  of  which  is  directly  con- 
trolled by  the  nervous  system.  Either  of  these  factors 
may  vary  independently  of  the  other,  in  either  direction, 
so  that  body  temperature  may  vary,  as  in  fever,  as  the 
result  of  a  change  in  cither  factor  separately  or  of  both 
acting  together.  Centres  which  control  heat  production 
are  located  in  the  cortex,  basal  ganglia,  medulla,  and 
cord.  Some  of  these  produce  an  increase  in  metabolism 
with  a  consequent  increase  of  lieat  production,  while 
some  appear  to  diminish  metabolism.  These  are  usually 
regarded  as  inhibitory  to  the  centres  which  cause  meta- 
bolic activity.  The  spinal  cord  contains  centres  which 
influence  heat  production,  and  these  are  still  active  after 
being  cut  off  from  the  medulla. 

There  is  a  marked  co-ordination,  so  to  speak,  between 
the  centres  which  control  heat  pi-oduction  and  those 
which  control  heat  dissipation,  the  two  striking  a  bal- 
ance, in  warm-blooded  animals,  which  keeps  the  body 
temperature  practicallj'  constant  at  a  certain  point.  It 
will  be  shown,  in  the  following  section,  that  in  fever 
neither  of  these  sets  of  centres  is  completely  paralyzed, 
but  that  the  balance  is  established  at  a  higher  point". 

The  heat-regulating  mechanism  is  more  delicate  in  man 
than  in  apes,  as  shown  by  the  experiments  of  Lefevre.T 
which  are  also  of  great  interest  in  showing  the  reaction  of 
the  heat  regulators  of  patients  in  a  cold  bath. 

The  Separation  of  Motor  and  Trophic  Xerres  by  Calo- 
rimctry. — Every  muscular  contraction  is  accompanied  by 
the  production  of  heat.  It  is  well  known  that  the  mus- 
cles are  the  tissues  in  which  is  produced  the  greatest 
part  of  the  heat  which  maintains  the  body  temjierature. 
That  this  heat  maybe  produced  independently  of  muscu- 
lar contraction  is  proved  by  the  fact  that  the  body  tem- 
perature remains  practically  constant  even  when  the 
muscles  are  at  rest,  as  during  repose  or  sleep.  The  ques- 
tion arises,  Does  the  same  set  of  nerves  control  muscular 
contraction  and  heat  production,  or  do  we  have  one  set 
(motor)  controlling  muscular  motion  and  another  set 
(trophic  ?)  controlHng  the  chemical  changes  (metab- 
olism) which  give  rise  to  heat?  The  first  calorimetric 
experiments  to  solve  this  problem  were  undertaken  by 
Kemp.**  Making  use  of  the  fact  that  the  drug  curare 
paralyzes  only  the  endings  of  the  motor  nerves,  while 
leaving  the  nerve   fibres  and   the   muscle  cells  intact, 

*  Mosso,  op.  cit.,  p.  463. 
t  Girard.  Arch,  de  Physiol.,  1888,  pp.  336-.338. 
t  Hale  AVhite.  Journ.  "of  Phvsiol.,  1890-91 ;  Guy's  Hospital  Keporta, 
1883-84,  vol.  xxvii..  p.  48. 
8  Riegel.  Arch.  f.  d.  p:es.  Physiol.,  1872.  vol.  v.,  p.  629. 
II  N.  Y.  Med.  Journ..  1889.  vol.  xli.x..  p.  248.  , 
i;  Lefevre.  Compt.  rend.  So<'.  de  Biol.,  1894-9d. 
••  Kemp,  Thei^p.  (iaz..  18S9,  pp.  86  and  1.55. 
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Kemp  studied  the  effect  of  differeut-size<l  doses  of  curare 
on  dogs,  and  found  that  small  doses,  just  sufHcient  to 
paralyze  the  motion  of  muscles,  still  allowed  the  heat- 
regulating  mechanism  to  function,  and  the  body  temper- 
ature to  be  kept  up  to  the  normal  or  even  to  rise.  Larger 
doses,  he  found,  caused  a  fall  of  body  temperature  and 
a  diminution  of  heat  ]5roductiou  as  recorded  by  the  calo- 
rimeter. His  conclusion  was  that  since  the  nervous  sys- 
tem could  still  control  heat  production  after  paral_vsis  of 
the  motor  nerve,  either  the  motor-nerve  endings  para- 
lyzed by  curare  retained  their  grip  on  metabolism  after 
losing  it  on  motion,  or,  what  was  more  probable,  there 
were  two  kinds  of  nerves,  the  motor  and  the  troiihic ; 
the  former  being  paralyzed  by  a  small  dose  of  ciu'are, 
while  the  latter  required  a  larger  dose  to  throw  them  out 
of  function.  Two  years  later  Reichert,*  as  part  of  an 
extended  research  on  the  rise  of  temjierature  produced 
by  cocaine  and  caffeine,  made  a  number  of  e.xperimenis 
covering  the  .same  ground  as  Kemp.  The  two  sets  of 
experiments  were  not  luider  exactly  the  same  conditions, 
and  the  results  were  not  absolutel.v  in  harmon}'.  The 
main  point  of  difference  lay  in  the  effect  of  large  do.ses 
of  curare.  Reichert  found  that  these  sometimes  produced 
a  fall  in  heat  production,  thus  agreeing  with  Kemp;  but 
in  other  instances  he  foimd  the  heat  production  could  be 
kept  up  to  the  normal  or  even  increased.  The  observa- 
tions of  botli,  however,  are  in  thorough  accord  on  the 
main  pointiuvolved,  viz.:  that  the  heat-regulating  mech- 
anism can  work  through  nerves  which  still  function 
after  the  motor-nerve  endings  are  completely  paralj'zed. 
Reichert  also  added  the  interesting  observation  that  co- 
caine fails  to  produce  its  characteristic  effects  in  animals 
even  lightly  curarized.  while  caffeine  can  still  produce 
an  increase  in  heat  production  and  temperature,  though 
its  effects  are  somewhat  moditied  (p.  2.-)0), 

3Iosso,f  in  working  with  curarized  dogs,  foimd  that  a 
dose  of  strychnine  caused  a  rise  of  temperature.  He  did 
not  use  a  calorimeter  in  these  experiments.  Reichert  | 
repeated  these  experiments  and  found  that  strychnine 
may  produce  an  increase  in  heat  jiroduction  even  when 
the  animal  is  paralyzed  by  curare,  which  is  an  additional 
evidence  for  the  theor3'that  nerves,  other  than  the  motor, 
control  metabolism  in  muscles.  Reichert  finds,  however. 
that  the  rise  of  temperature  is  due  more  to  lessened  heat 
dissipation  than  to  heat  production. 

Relation  nf  Heat  Production  and  Heat  Dissipation  to 
Daily  Variations  in  Temperat'ire. — Ever}'  clinician  is 
familiar  with  the  daily  fluctuations  in  bodj' temperature, 
both  in  health  and  in  fever,  A  number  of  observations 
have  been  made  on  animals  and  on  man  to  see  whether 
there  is  a  diurnal  variation  in  heat  ]iroductiou.  Most  of 
these  have  been  by  tliemetlmd  of  indirect  calorimetry, 
and  all  unite  in  showing  the  profound  influence  of  dints- 
tinn  on  the  heat  jiroduced.  Fredericq,  for  example, 
found  the  maximum  absorption  of  oxygen  to  be  at  10 
A.M.  and  at  2  to  3  p.m.  Vierordt,  Langlois.  and  Ott  all 
agree  that  the  jieriod  of  maximum  heat  production  is 
about  this  time  Fredericq  noticed  that  in  a  starving 
man  these  maxima  did  not  occur,  and  Langlois  found 
that  heat  production  may  rise  thirty-five  to  forty  per 
cent,  after  a  meal.  Though  we  may  feel  warmer  after  a 
meal,  it  is  well  known  that  there  is  no  actual  rise  of  tem- 
perature, as  shown  by  the  thermometer,  whereas  the 
evening  rise  and  morning  fall  occur,  in  a  well-fed  man, 
whether  a  meal  be  iriissed  or  not. 

Carter,§  in  Ott's  laboratory,  undertook  an  investiga- 
tion of  the  relation  of  heat  production  and  beat  dissipa- 
tion to  this  interesting  phenomenon.  His  experiments 
were  made  on  dogs,  cats,  and  ralibits.  both  normal  and 
with  fever.  He  first  established  the  fact  that  these  ani- 
mals have  practically  the  same  daily  fluctuations  of  tem- 
perature as  man,  the  maximum  temperature  occurring 
from  7  to  11  a.m.,  and  the  minimum  from  7  to  11  p.m.  As 
the  result  of  his  calorinietric  observations,  he  found  that 

•  Reichert,  Ttierap.  Gaz.,  1891,  pp,  1.51.  »12, 
tMosso,  Viri'h.  .^rch..  vol,  cvi.,  p,  8(J. 
t  Reichert,  Therap,  Gaz.,  1892,  p,  38«. 
•     scatter,  Joum.  of  tien.  and  Mem.  Dis.,  1890,  vol.  xvli.,  p,  785, 


'"the  maximum  and  minimum  of  heat  production  and 
heat  dissipation  do  not  occur  synchronousl_v  with  the 
maximum  anil  minimum  of  animal  temperatin-e.  The 
two  are  entirely  independent  of  each  other";  also,  "the 
heat  production  and  temperature  are  entirely  independ- 
ent of  each  other."  This  was  true  in  fevered  animals  as 
well  as  in  healthy  ones.  Thei'e  is  no  paradox  in  these 
results,  for  we  must  recall,  as  shown  in  ^  3,  that  the  tem- 
perature depends  upon  two  factors,  heat  production  and 
heat  dissipation,  and  that  either  or  both  of  these  may 
vary,  at  the  same  time,  in  either  dii'ection.  What  Car- 
ter's researches  show  is  the  interesting  fact  that  there  is 
something  in  the  body  of  mammals  which  causes  the 
balance  between  heat  production  and  heat  dissipation  to 
be  established  on  a  different  level  at  different  times  of 
the  da_v,  and  that  this  something  does  not  reside  in  the 
centres  which  control  heat  production,  nor  does  it  reside 
in  those  which  conti'ol  heat  dissipation. 

Lichatschew  *  found  a  closer  relation  between  heat  pro- 
duction and  diurnal  variations  of  temperature  than  was 
found  by  Carter. 

Relation  of  the  Size  of  an  Animal  to  the  Amovnt  of  Heat 
Produced. — As  tliis  is  a  subject  of  interest  less  from  a 
medical  than  from  a  biological  standpoint,  and  as  its  dis- 
cussion would  require  cousiderable  sjxice,  it  will  not  be 
entered  into  hei-e. 

Most  investigators  give  as  a  general  law,  that,  ceteris 
paribus,  the  heat  produced  by  an  animal  is  directly  pro- 
portional to  the  cube  root  of  the  square  of  the  weight, 
while  Reichert  thinks  that  "if  an_y  distinct  relation  exists 
between  bod}'  weight  and  the  quantitj'of  heat  produced 
it  is  in  direct  proportion." 

Those  interested  in  studying  this  question  more  closely 
are  referred  to  papers  b}'  Rcsenthal.t  Reichert, |  and 
Richet,§  the  latter  of  whom  takes  up  a  discussion  of  the 
effect  of  artificial  conditions  of  the  skin,  such  as  shaving 
an  animal,  coating  it  with  oil,  clothing,  etc. 

§  6.  C'ALORniETRY  IN"  Patholoot. — The  chief  use  of 
calorimetry  in  jjathology  has  been  in  connection  with 
the  study  of  fever.  Some  interesting  results  have  also 
been  olHained  from  investigating  the  effects  on  the  sys- 
tem, of  the  products  of  the  gi-owth  of  specific  micro- 
organisms; these  latter  will  be  taken  up  in  k;  7,  on  "calo- 
rimetry in  experimental  pharmacology,"  so  that  the 
present  section  will  deal  only  with  calorimetry  in  fever. 

Lavoisier's  theory,  that  animal  heat  resulted  from 
combustions  in  the  body,  gained  general  acceptance  about 
the  beginning  of  the  nineteenth  century,  and  from  that 
time  until  1803  there  was  a  strong  feeling  among  pathol- 
ogists that  pyrexia  was  the  direct  result  of  abnormally 
great  oxidation  in  the  body.  The  conflicting  theory  put 
forwai'd  in  ]Sfi3  was  that  of  Traube.||  who  atri-ibuted  the 
pyrexia  to  retention  of  body  heat,  due  to  a  constriction 
of  blood-ves.sels  in  the  skin,  the  result  of  which  was  to 
keep  the  heat  of  the  blood  from  being  lost  by  radiation 
at  the  surface,  Traube's  chief  opponent  at  this  time 
was  Liebermeister,  who  attrilnited  the  rise  in  tempera- 
ture to  an  increased  heat  ju'oduction,  denying  that  an 
increased  heat  retention  ever  took  place. 

Numerous  experiments  have  been  made  by  indirect 
calorimetry,  to  deteriuine  whether  there  was  an  increased 
oxidation  of  food  or  of  the  tissues  in  fever,  and  the  oxy- 
gen used,  the  CO2  given  off,  and  the  nitrogenous  waste 
excreted  have  all  been  taken  int<i  account.  The  results 
of  these  researches  have  not  been  in  harmony,  but  from 
some  of  the  most  trustworthy  we  would  gather  that 
while  the  fever  is  on  the  rise,  there  is  an  increase  in  the 
oxygen  used  and  the  CO..  given  off,  while  the  opposite 
is  true  for  the  decline  of  pyrexia.  While  the  fever  re- 
mains constant  more  oxygen  is  used  and  more  COj  is  given 
off  than  in  health  (nutritive  conditions  being  the  same), 
but  there  is  not  as  high  a  percentage  increase  as  when 

*  See  Richet's  "  Dictionnaire  rte  Phvslol.,"  vol.  Hi.,  p.  135, 
t  Rosenthal,  Arch,  i.  PhvsioL.  1S89.  p.  31. 
JReichPrt.  fniv.  Med.  Mag.,  18'.«i.  vol.  ii.,  p.  225. 
8  Rii'hi'l.  article  "  Ohaleur,"  in  Richet's  "  Dictionnaire  de  Physiol,," 
Paris,  1.'<9S.  vol.  iii.,  pp.  127-l;38. 
II  Traube,  Allgem.  med.  Centralzeitung,  1863-*t. 
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the  temperature  is  rising.  Most  observers  found  that 
the  respirator}'  quotient  (vol.  COj  -7-  vol.  O)  is  the  same 
in  fever  as  in  health,  but  Regnard,*  one  of  tlie  most 
competent,  says  that  it  is  diminished,  Avhicli  would  mean 
tliat  tlie  character,  as  well  as  the  amount,  of  metabolism 
was  aiiected  in  fever. 

Such  experiments  as  these  give  valuable  information 
about  the  chemical  processes  in  tlie  body  during  fever, 
and  show  that  in  fever  there  is  increased  o.xidation,  and 
hence  increased  heat  production,  as  a  rule:  but  they  do 
not  settle  the  question  at  issue  between  Liebermeister 
and  Traube,  viz. :  "Does  heat  dissipation  enter  as  an  es- 
sential factor?"  This  can  be  answered  only  by  direct 
calorimetry.  as  pointed  out  by  Senator  f  wlieu  he  under- 
tooli  tlie  first  thorough  series  of  investigations  on  the 
subject. 

Leyden  had  already  made  this  question  the  subject  of 
c-alorimetric  research.'but  Ids  method  was  the  imsatisfac- 
tory  one  of  partial  calorimjtry  by  baths.t  His  results, 
however,  were  in  harmony  with  tliose  of  Senator  and  of 
Wood,  in  1880,  tlie  hitter's  experiments  being  the  most 
complete  we  have  in  calorimetry  on  fever.  These  ol)- 
servers  all  find  that  both  heat  production  and  heat  dissi- 
pation play  an  important  part  in  fever,  thus  showing 
that  each  o'f  the  older  theories  of  Liebenneister  and  of 
Ti'aube  was  partly  right,  but  neither  entirely  so.  This 
position  has  been  substantiated  by  practically  all  later  in- 
vestigations. Our  present  views  concerning  the  general 
pathology  of  fever  cannot  be  better  given  than  by  the 
following  quotations  from  some  of  the  numerous  gener- 
alizations of  Wood :  ^ 

(a)  "The  rise  of  ten.perature  in  fever  is  not  dependent 
altogether  upon  increased  heat  production,  as  in  fever 
there  certainly  is  sometimes  less  production  of  heat  in 
the  organism  than  there  is  at  other  times  when  the  bodily 
temperature  remains  normal;  also  excessive  heat- produc- 
tion may  occur  even  at  the  expense  of  the  accumulated 
material's  of  the  organism  without  elevation  of  the  body 
temperature." 

(3)  "  In  fever  a  daily  temperature  variation  occurs 
which  is  parallel  to  that"  .seen  in  health,  and  did'ers  from 
the  normal  variation  ouly  in  having  a  higher  mean." 

(>•)  "  In  fever  vaso-motor  paralysis,  when  produced,  is 
followed  by  an  immediate  fall  of  temperature  similar  to, 
but  greater  than,  that  which  is  produced  by  a  like  dis- 
turbance in  health." 

(A)  "The  decrease  of  heat  production  which  follows 
section  Qf  the  cord  is  much  greater  in  the  fevered  than 
in  the  normal  animal." 

(f)  "The  so-called  inhibitory  heat  nervous  system  is 
not  paralyzed  in  fever,  but  is  less  capable  than  in  health 
of  answering  promptly  and  ijowerfully  to  suitable  stim- 
uli; in  other  words,  it  is  in  a  condition  of  paresis  or  par- 
tial palsy." 

(0  "The  clinical  succession  and  phenomena  of  a  febrile 
paroxysm,  such  as  that  of  an  intermittent,  seem  plainly 
Ici  dejiend  upon  the  nervous  system  for  their  arrangement 
and  relation." 

()/)  "  Irritative  fever,  if  it  exists,  is  produced  hy  an 
action  of  the  nervous  system." 

(W)  "Fever  occurring  in  cases  of  blood  poisoning  is 
often,  and  probably  always,  the  result  of  a  direct  or  in- 
direct action  of  the  poison  upon  the  nervous  s3-stem,  and 
hence  is  a  neurosis." 

According  to  Mosso,]  there  are  two  kinds  of  fevers: 
one  produced  by  the  nervous  system,  and  one  independ- 
ent of  the  nervous  system,  wliich  has  its  origin  in  the 
tissues  themselves.  He  claims  that  cocaine  produces 
fever  through  the  nervous  .system;  while  cidtures  ot 
staphylococcus  pyogenes  aureus,  injected  into  the  blood, 

*  Regiiard,  "  Reoherrties  expc'riiuentales  sur  les  variations  patholo- 
giques  des  combustions  respiratnirt-s."  Paris,  1878. 

+  Senator,  "  UnTersuotiungeu  iiber  den  tleberliaften  Process,"  etc., 
Berlin,  1873,  p.  2. 

i-  See  §  4,  "  Calorimetrv  by  Baths." 

SWood,  "Fever:  A  Study  in  Morbid  and  Normal  Physiology." 
Philadelphia.  18.80 ;  also  "  Smithsonian  Contributions  to  Knowledge," 
No.  357,  pp.  254  et  seq. 

1!  Mosso,  Arch.  Ital.  de  Bio!.,  1890,  vol.  xlii.,  p.  483. 


produce  fever  by  direct  action  on  the  tissues.  He  has 
found  that  chloial  will  prevent  the  rise  of  cocaine  fever, 
but  is  without  effect  on  the  fever  produced  by  the  staphy- 
lococcus. 

This  question  of  the  probable  different  origin  of  differ- 
ent fevers  is  an  exceedingly  interesting  one,  and  would 
afford  a  fruitful  field  for  further  research.  Certain  drugs 
will  influence  one  kind  of  fever  but  not  another,  and  a 
careful  study  of  this  question  would  throw  light  not 
only  on  the  action  of  drugs,  but  on  the  pathology  of 
fever  itself. 

Before  leaving  the  subject  of  calorimetiy  in  fever, 
two  clinical  papers  should  be  mentioned,  since  each  was 
written  with  dii'ect  reference  to  pievious  calorimetric 
work,  and  deal  with  the  relation  of  the  nervous  system 
to  fever.  After  reading  them,  one  can  scarcely  "doubt 
that "  fever  of  purely  nei'vous  origin  "  exists.  The  papers 
are  those  of  Drs.  Hale  White  and  5Iary  Putnam-Jacobi,* 
White.f  after  a  masterly  review  and  synopsisof  fourteen 
cases  of  lesions  of  the  central  nervous  system,  with  cHni- 
Ciil  histoiy  and  post-mortem  findings,  concludes  tliat  the 
results  of  "Wood's  experiments  on  dogs  are  corroborated 
by  clinical  ami  pathological  observations  on  man. 

^  7.    C'AI.Ora.METRY     IX     EXPERIMESTAI.     PhARM.\COI,- 

OGY. — In  this  section  it  is  not  proposed  to  discuss  the 
physiological  action  of  the  drugs  and  poisons  considered, 
but  simply  to  show  which  of  these  suljstances  have  been 
investigated  by  direct  calorimetry,  and  what  direct  calo- 
rimetry has  done  for  medicine  along  this  line.  Unfortu- 
nately, many  of  the  findings  which  will  be  mentioned 
are  based  upon  too  few  experiments,  so  that  the  value  of 
this  section  will  be  to  call  attention  to  work  thus  far 
completed,  ami  needing,  for  the  most  part,  corroboiation, 
rather  than  to  show  positively  established  facts  in  connec- 
tion with  the  drugs  or  poisons.  Only  researches  employ- 
ing direct  caloiimetry  are  mentioned. 

Drvgs. 

Antifchvin. — Hare  '  finds  that  antifebrin  reduces  normal 
temperature,  and  in  so  doing  affects  both  heat  production 
and  heat  dissipation. 

In  fever  it  reduces  pj-rexia  chiefly  by  decreasing  heat 
production.  It  seems  to  have  little  effect  on  pepsin  fever 
(see  Pepsin,  this  section), 

Antipyiin. — Wood,  Reichert,  and  Hare'  find  that  anti- 
pyrin  lessens  heat  production  independently  of  any  action 
on  the  circulation.  They  think  it  influences  the  chemi- 
cal changes  in  the  bixly  through  the  nervous  sj'Stem. 
especially  the  heat-inhibitory  centre. 

Girard  ■'  found  that  a  lesion  (piqftre)  on  the  median  side 
of  one  of  the  corpora  striata  produced  less  effect  after 
giving  antipyrin  than  before. 

Martin  •■  desti-oyed  Ott's  inhibitory  heat  centre,  and 
found  that  antipyrin  produced  an  increase  of  heat  dissi- 
pation, the  same  dose  not  always  giving  the  satne  quan- 
titative I'esidts.  Hi'ut  production  was  reduced  in  four 
out  of  six  cases.  He  compared  h^-droquinone,  antipj'iin, 
thallin,  and  kaii'in,  and  all  gave  the  above  result.  "As 
a  rule,  heat  jiroduction  followed  heat  dissipation,  in  its 
tips  and  downs,  although  the  drugs  sometimes  reversed 
matters,"  especially  antipyrin. 

Gottlieb "  attributes  the  fall  of  body  temperature,  after 
antipyrin,  exclusively  to  increased  heat  dissipation.  He 
says  there  is  no  concomitant  diminution  in  heat  produc- 
tion. 

Atropine. — According  to  Ott,*  atropine  causes  increased 
licat  production  and  increased  heat  dissipation,  the  effect 
on  heat  production  being  the  greater — consequently  tem- 
perature rises. 

Lewis'  finds  that  small  doses  of  atropine  produced 
increased  heat  production  and  diminished  heat  dissipa- 
tion, while  with  lai'ge  doses  the  temperature  fell  with  in- 
creased lieat  dissipation  in  spite  of  increased  heat  pro- 
duction. 


*  Jacobi.  Journ.  of  Nerv.  and  Ment.  Dis.,  1890.  vol.  xvii.,  p.  373. 
+  White,  Guy's  Hospital  Reports,  1883-84,  vol.  xxvii.,  p.  48. 
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Caffeine.  — Reichert '  timls  that ,  imder  Ciiffeiue,  heat  pro- 
duction is  always  incri-ased,  while  heat  dissipation  is  not 
affected  in  any  constant  way.  Curare  modities  but  does 
not  check  thcactiou  of  caffeine. 

OirboUe  Jc/i?.— Hare  '  (p.  525)  gives  a  summary  of  his 
work  with  carbolic  acid  as  follows:  "Carbolic  acid  pos- 
sesses considerable  power  in  lowering  normal  bodily  tem- 
perature. It  possesses  more  intlueuce  over  pyretic  tem- 
perature than  does  salicylic  acid,  generally  preventing  a 
rise  or  causing  a  fall  of  tevnperature.  but  sometimes  fail- 
inn-  to  do  so.  "its  mode  of  decreasing  normal  bodily  tem- 
perature is  as  yet  not  fully  understood,  although  it 
would  seem  probaVtle  that  it  acts  on  both  heat  functions. 
When  reducing  bodily  temperature  in  fever,  it  acts  chiefly 
bv  liecreasingheat  production,  although  it  affects  both 
functions." 

Chlofiil—'Qeva.n  Lewis'  says:  "Hamniarsten's  state- 
ment tliat  the  rapid  fall  of  temperature  is  dependent 
upon  diminished  heat  ]u-oductiou  ...  is,  I  consider,  fal- 
lacicuis:  in  fact,  all  my  observations  tend  to  confirm  the 
statement  previously  made,  viz.,  that  the  heat  production 
is  greatly  increased",  and  that  the  fall  of  temperature  is 
reaUy  dependent  upon  the  increased  dispersion  of  heat 
from  the  body,  ensuing  from  exposure  during  very  gen- 
eral vascular  dilatation." 

Coo'iiie. — As  the  resvdt  of  a  very  complete  research 
Reichert' finds  that  cocaine  increases  both  heat  produc- 
tion and  heat  dissipation.  Its  action  on  heat  production 
is  nmch  the  greater,  so  that  temperature  rises.  Curare 
seriously  interferes  with  the  action  of  cocaine. 

fVnr/V.— See  experiments  of  Kemp  and  of  Reichert, 
§  5,  Calorimetrv  in  Physiology. 

^  Eryuti ne.—'Ersotme.  according  to  Bevan  Lewis."  pro- 
duces a  fall  in  heat  production,  with  fall  in  temperature, 
followed  bv  a  rise  in  both. 

IIi/dicrjiunoM.—See  Martin's ■•  "Researches  on  Antipy- 
riu."  above. 

lli/'i-tci/iimine. — Bevan  Lewis'  found  that  hyoscyamine 
ahvavsjjroduced  great  commotion  in  heat  production  and 
heat  dissipation,  but  no  constant  effect  could  be  ascribed 
to  it. 

K/iirin.See    Martin's    "Researches   on    Antipynn,  ' 

above. 

j\>„,.j„._Ott'i>  found  that  neurin  produced  fever  by 
action  on  the  nervous  system  independently  of  the  circu- 
lation. 

Pepsin.— TiUnv   forms  of    commercial    pepsin,    when 
rubbed  up  with"water  or  salt  solution,  and  injected  into 
the  blood,  produce  a  decided  fever  apart  from  their  action 
on  the  circulation.     This  fever  is  the  result  of  an  effect 
on  both  heat  production  and  heat  dissipation,  the  former 
being  the  more  affected.     The  active  substance  in  these 
cases  is  not  pepsin,  but  proteiwes  and  peptones,  which 
are  found  along  with  the  pepsin  (see  Ott/'aud  Wood, 
Reichert,  and  Hare  •'). 
Peptone. — See  Pepsin,  above. 
Proteose-^. — See  Pepsin,  above. 
Phenol. — See  Carbolic  Acid,  above. 
Pieroto.rin\\AS   found  by  Bevan   Lewis'   to  increase, 
enormously,  heat  pro<iuction.     The  effect  lasted  longer 
than  that  of  strychnine.     Heat  production  then  fell  to  a 
minimum  just  before  convulsions  set  in. 

Quinine.— WooA.  Reichert,  and  Hare'  investigated  the 
action  of  quinine  with  the  calorimeter,  and  found  both 
heat  production  and  heat  dissiiiation  to  be  affected,  "We 
quote  them  as  follows:  "AVe  do  not  think  that  our  results 
are  sufficient  to  positively  determine  whether  heat  pro- 
duction or  heat  dissipation  is  the  function  wliich  is  pri- 
marily influenced. "  Tliey  think  that  quinine's  chief  value 
is  due  to  its  "stimulating  or  restoring  the  normal  tone  of 
the  centres  which  are  connected  with  thermogenesis,  so 
as  to  enable  them  to  resist  the  morliiflc  fever-producing 
influences. 

Another  author*  finds  that  doses  of  0.1  to  0.2  of  qui- 
nine lower  the  heat  production  in  rabbits.    In  normal  ani- 

*  These  observations  were  found  among  tlie  writer's  notes  without 
'     a  reference  to  the  original  paper. 


mals  the  diminution  is  from  eight  to  eighteen  per  cent. ,  in 
animals  with  fever  from  piqure  the  diminution  may  be 
as  high  as  forty  per  cent. 

Salicylic  Acid. — Hare'  finds  that  salicylic  acid  can  i-e- 
duce  normal  temperature  slightly:  it  has  little  power 
over  the  temperature  in  fever.  In  reducing  normal  tem- 
perature it  probalil}'  acts  on  both  heat  production  and 
heat  dissipation ;  its  action  on  fever  is  uncertain  and  ir- 
regular. 

Sohniine. — Thisalkaloid  was  studied  by  Bevan  Lewis,' 
who  found  that  its  vaso-motor  eft'ect  produced  diminished 
heat,  dissipation  of  lieat,  with  consequent  rise  of  temper- 
ature. This  rise  took  place  in  the  face  of  an  enormously 
reduced  heat  production. 

Stiiiehiiine. — Bevan  Lewis'  found  that  strychnine  in- 
creased heat  production — the  best  eft'ects  were  from  small 
doses.     Chloral  counteracts  the  eft'ect  of  strychnine. 

jT/irtHjj;.— Martin-'  fo\ind  that  thallin  regularly  in- 
creased heat  ilissipation,  but  had  no  constant  effect  on 
heat  iiroduction  (see  also  Antipyrin,  above). 

B.\CTEKiAL  Poisons. 

Tuberculin. — D'Arsonval  and  Cliarrin*  found  that 
tuberculin  raised  the  rectal  temperature  and  at  the  same 
time  diminished  heat  production. 

Pyocyiineus  (bacillus), — C'ertain  poisons  produced  by 
this  bacillus  had  the  same  effect  as  tuberculin  mentioned 
above.* 

Pyocjcnes  aureus  (staphylococcus).  —  See  account  of 
Mossti's  work  in  §  6,  Calorimetry  in  Pathology. 

Georye  T.  Kemp. 

'  Hare,  Ther.  Gaz.,  18.S;,  p.  :W. 

-  Wood,  Reichert.  nnrt  Hare.  Ther.  Gaz.,  188ii,  p.  »11. 

3  Girard.  Rev.  uie'd.  de  la  Stusse  Romaude,  1SS7. 

»  Martin,  Ther.  Gaz..  ISST.  p.  3S!i. 

'  Gottlieb,  Arch.  f.  exp.  Path.  u.  Pharm.,  1S91,  vol.  .x.wiii.,  p.  ISl. 

«  Ott.  Ther.  Gaz..  IS.sT.  p.  .il4. 

'  Bevan  Lewis,  West  Riding  Asylum  Reports,  LSTii,  vol,  vi.,  pp. 
«-64. 

»  Reichert.  Ther.  Gaz.,  1S91,  p.  S49. 

'Reichert,  Univ.  Med.  Mag..  1889.  vol.  1.,  p.  448;  and  Ther.  Gaz.. 
1891,  p.  349. 

"  Ott,  Joum.  of  Nerv.  and  Meut.  Dis.,  1884. 

CALYCANTHUS.— (Pi'operly  r>utneria.)—X  genus  of 
three  aperies  of  shrulisin  tlie  family  Ciihicantliuceu',  gi-ow- 
ing  in  the  United  States.  The  I'lark  and  leaves  of  B. 
fertilix  (Walt.)  Kearney,  commonly  known  as  the  sweet- 
scented  shrub  or  straw'berry  shruli.  are  used  in  domestic 
practice  as  an  antiperiodic. "  The  plant  ischiefly  of  inter- 
est because  of  the  poisonous  nature  of  the  seeds,  sheep 
being  killed  bv  eating  the  fruit.  An  alkaloid,  calycau- 
thine,  has  been"  extracted  by  Dr.  R.  G.  Eccles  from  these 
seeds.  li.  11.  Rush//. 

CAMDEN,  S.  C— Situated  in  the  piuewood.  sandhill 
region  (if  the  State,  about  30  miles  from  Columbia  and 
tw-t'iity  hours  from  New  York.  It  is  a  town  of  3,500 
inhabitants,  between  l.iO  and  '200  feet  above  sea  level, 
and  is  a  winter  health  resort  particularly  suitable  for 
cases  of  pulmonary  tuberculosis.  The  soil  is  very  dry 
and  porous,  so  that  after  a  heavy  shower  the  roads  are 
not  wet.  the  water  quickly  soaking  into  the  sandy  soil. 
The  water  sup|ily  and  drainage  are  said  to  be  good  and 
the  accommodations  excellent^  there  Iteing  two  hotels  anrl 
a  number  of  boarding-houses.  Tlie  climatic  data  are  ;is 
follows: 

Mean  temperature  (Fahrenheit):  spring,  (il. 90° ;  sum- 
mer, 79.32=;  autumn.  62.26":  winter.  45.16".  Average 
annual  rainfall  for  twenty  years.  42, 22  inches.  The  cold- 
est noon  temperature  iii  "February.  1890,  was  50':  in 
March.  40" :  in  April,  50'.  The  warmest  noon  teiupera- 
ture  was:  in  February.  83';  in  March,  81";  in  April,  86" 
(Solly).  The  prevailing  winds  are  south  and  southwest. 
In  February  and  March  there  are  some  high  winds,  but 
generally  the  air  is  remarkably  soft,  dry.  and  balmy. 


*  D'Arsonval,  Arch,  de  Physiol.,  1S94,  p.  30:;. 


571 


Camp  Diseases. 
Camp  Diseases. 


REFERENCE  HANDBOOK   OF  THE  JIEDieAL  SCIENCES. 


"Frosts  occur  at  uight  ouh",  and  snow  is  exceptional." 
The  exact  number  of  sunny  days  is  not  known,  but  is 
said  to  be  large.  The  relative  humidity,  though  not 
known  for  this  place,  is  probablj'  not  very  different  from 
that  at  Aiken,  which  is  59  per  cent,  for  December,  Janu- 
ary-, and  Februar}'. 

The  especial  advantages  claimed  for  this  region  as  a 
health  resort  are  "  its  dry,  balmy,  bracing  air,  with  con- 
ditions favorable  for  constant  out-of-door  life  "  ;  its  dry, 
sandy  soil:  the  pines,  and  its  easy  accessibility. 

Camden  would  appear  to  be  a  good  resort  for  the  open- 
air  treatment  of  pulmonary  tuberculosis,  for  cases  not 
suitable  for  the  colder  regions  or  altitudes ;  also  for  con- 
valescents from  influenza,  pneumonia,  or  pleurisy,  and 
for  those  who  merely  desire  to  escape  the  dampness  and 
cold  of  the  Northern  winter.  Edirord  0.  Otis. 

CAMP  DISEASES. — There  are  no  diseases  peculiar  to 
the  sciUlier,  liut  thnse  by  which  he  is  chieHy  affected  are 
such  as  not  infrequently  occur  among  males  of  the  mili- 
tary age  in  civil  life.  The  conditions  of  military  ser- 
vice, however,  are  often  such  that  various  factors  predis- 
posing to  deviation  from  the  standards  of  health  are 
greatfy  increased  in  potency;  while  the  directly  exciting 
causes  often  operate  much  more  frequent!}-,  act  over 
longer  periods,  and,  in  llie  case  of  infectious  diseases,  not 
rarely  assume  greater  virulence.  Since  all  these  diseases 
have  their  counterparts  in  civil  life,  any  extended  dis- 
cussion of  their  etiology,  pathology  and  s^vmptoniatol- 
og}'  is  unnecessary  in  this  connection ;  and  the  treatment 
of  such  diseases  also  varies  in  no  wise  from  that  employed 
by  the  more  advanced  members  of  the  medical  profession 
throughout  the  civilized  world.  There  remains,  then,  for 
discussion  the  relative  importance  of  various  di.seases 
as  affecting  tlie  health  of  troops :  the  predisposing  causes, 
in  so  far  as  they  are  influenced  liy  military  service  and 
conditions ;  the  special  methods  of  infection  and  the  dis- 
semination of  infectious  material;  and,  finally,  tlie  means 
of  preventing  such  diseases,  as  based  chiefly  upon  the 
special  military  conditions  by  which  the  occurrence  of 
the  disease  is  favored  or  brought  about. 

Excluding  traumatism,  the  causes  which  chiefly  im- 
pair the  health  and  efficiency  of  troops,  in  garrison  or 
during  campaign,  nia}'  be  grouped  according  to  their 
relative  importance,  as  follows: 

1.  Diseases  of  an  infectious  character,  the  spread  of 
which,  in  the  military  service,  is  favored  b_y  the  aggre- 
gation of  j'oung  and  susceptible  individuals,  ignorant  or 
careless  in  regard  to  matters  of  personal  hygiene,  living 
under  conditions  implying  intimate  personal  relation- 
ship, constant  contact  and,  frequently,  overcrowding. 
In  many  instances  the  necessities  of  military  service  re- 
quire an  existence  in  unhealthful  localities,  favorable  to 
the  development  of  pathogenic  micro-organisms  and  im- 
der  circumstances  in  which  their  opportunities  for  dis- 
semination and  entrance  into  the  sj'stem  are  much  greater 
than  iu  civil  life.  Inaildition.  the  occurrence  of  these  dis- 
eases is  also  often  markedly  favored  by  depression  of  the 
powers  of  vital  resistance,  depending  upon  great  fatigue, 
exposiire  to  inclemencies  of  weatlier,  insufficient  or  im- 
proper food,  impure  water  and  vitiated  air.  These  dis- 
eases assume  far  greater  importance  during  active  service 
in  the  field  than  iu  garrison,  being  tlie  chief  cause  of  in- 
efficiency among  troojjs  dui'ing  camjiaign. 

2.  Diseases  due  to  immoral  or  intemperate  habits:  as 
favored  by  an  enforced  celibacy,  the  absence  of  whole- 
some home  restraint  and  the  monotony  often  attaching 
to  garrison  life.  These  diseases  are  factors  of  the  first 
importance  in  time  of  peace  in  raising  the  sick  rates  of 
an  army,  but  during  active  warfare  or  field  service  they 
sink  into  comparative  insignificance. 

3.  Diseases  the  causative  agents  iu  which  are  tm- 
Ivnowu,  but  which  appear  to  be  largely  excited  by  expo- 
sure to  cold,  wet  and  dampness,  whether  they  be  found 
in  camp  or  garrison.  These  affections  have  but  little 
tendency  towaril  a  fatal  result,  and  their  iin]iortance 
from  the  military  standpoint  lies  in  the  consiilerable  i^ro- 
portion  of  temporarj'  unfitness  for  service  which  they 


produce.  The  number  of  soldiers  who  are  temporarily  in- 
ca])acitated  for  all  or  part  of  their  duty,  from  these  causes, 
is  always  large. 

4.  Affections  due  to  extremes  of  temperature.  Such 
are  obviously  related  to  climate  and  season,  and  are 
largel}'  influenced  by  nature  of  service:  being  naturall_v 
much  more  frequent  among  troops  on  campaign  than 
among  those  in  garrison. 

5.  Disease  due  to  an  improper  dietary;  this  being 
largely  dependent  upon  facility  of  supply  and  transpor- 
tation, and  hence  being  obviously  more  frequent  among 
troops  on  active  campaign  or  serving  at  remote,  isolated, 
and  newly  established  stations. 

6.  Disease  directly  induced  b}-  military  service.  This 
may  be  of  a  functional  or  organic  nature,  and  is  largely 
dependent  upon  the  muscular  labor  involved  in  the  exe- 
cution of  military  movements,  the  method  of  disposing 
the  equipment  upon  the  person,  and  the  mental  condition 
often  residfing  from  field  service  and  conflict.  Patho- 
logical conditions  of  this  character  are  rarely  observed  in 
garrison,  but  are  by  no  means  infrequent  during  cam- 
paign. 

In  the  detailed  consideration  of  the  diseases  of  the 
soldier,  it  is  obvious  that  only  such  as  exert  a  certain 
positive  influence  upon  military  efficiency  require  dis- 
cussion. To  consider  a  number  of  rare  affections,  from 
the  lialiility  to  which  the  soldier  is  no  more  free  than 
the  young  man  of  the  military  class  in  civil  life,  and 
upon  the  occurrence  of  which  military  service  appears  to 
exert  neither  positive  nor  negative  influence,  is  clearly 
both  imnecessary  and  undesirable. 

I.    INFECTIOUS  DlSE.\SES. 

Asiatic  CHOLF.iiA. — Orrnrrerire. — The  military  history 
of  cholera  begins  with  the  year  IT.iT,  when  the  British 
troops  iu  India  suffered  greatly  from  its  attacks.  It  is 
said  that  one  division  of  5,000  men  had  500  deaths  from 
cholera  in  a  single  day.  In  1817,  according  to  Rosse,  iu 
a  force  under  Hastings  the  onset  of  a  cholera  epidemic 
was  so  sudden  that  sentries  fell  as  if  struck  b_v  lightning, 
audit  required  three  or  four  men  to  stand  a  tour  of  guard 
diity  of  two  hours.  In  five  days  there  were  5.000  deaths,- 
and  the  commaud  was  almost  destroyed.  Iul821,  cholera 
made  such  ravages  in  the  armies  of  Turkey  and  Persia 
that  it  forced  military  operations  in  Mesopotamia  to  be 
brought  to  an  end.  In  the  years  1830-1831  cholera  ex- 
tended all  over  Europe  and  was  shortly  afterward 
brought  to  this  country.  Troops  were  attacked  at  a 
numtier  of  stations.  At  Fort  Dearborn,  on  the  present 
site  of  Chicago,  it  is  stated  by  Rosse  that  2(f0  men  out  of 
a  garrisciu  of  1.000  were  admitted  to  hospital  with  cholera 
in  the  course  of  seven  days.  During  the  Crimean  War 
there  were  7,375  cases  of  cholera  in  the  British  army, 
with  4,513  deaths.  In  the  French  army,  at  the  same 
time,  there  were  12,258  cases  with  6.013  deaths.  Among 
the  French  troops  composing  the  ill-fated  Dobrutscha 
expedition,  it  is  said  that  at  one  time  no  less  than  10,000 
men  lay  dead  or  struck  down  by  cholera.  Out  of  one 
battalion,  besides  those  already  dead,  500  sufferers  were 
carried  in  the  waffons,  Coustan  states  that  in  one  divi- 
sion of  \0.rm  nien  there  were  2.0.36  deaths.  In  1866, 
during  the  war  between  Austria  and  Prussia,  more  deaths 
occurred  from  cholera,  in  the  armies  of  the  latter  country, 
than  resulted  from  battle.  At  the  close  of  the  Civil  War 
our  troops  suffered  severely  from  cholera;  there  being, 
iu  1866,  2,813  cases  and  1.269  deaths.  In  1867  there  were 
504  cases  and  230  deaths,  and  in  1868  there  were  7  cases 
and  3  deaths.  Cholera  almost  destroyed  a  body  of  re- 
cruits marching  from  Leavenworth  to  Fort  Hays,  iu  Kan- 
sas, and  was  also  epidemic  at  Fort  Riley  and  other  stations. 
It  was  carried  by  recruits  from  New  York  to  California, 
Louisiana.  Texas  and  Georgia.  In  1866  it  also  broke  out 
in  Brazil  and  the  Argentine,  and  was  carried  by  the  armies 
into  Paraguay.  Inthe  outbreak  of  1873.  in  this  country, 
our  army  was  little  affected,  there  occurring  but  12  cases 
with  8  deaths:  and  since  that  year  there  have  been  no 
further  deaths  from   this  cause    in    our  service.     The 


672 


REFERENCE  HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


<'anip  Diseases, 
('amp  Diseases, 


French  army  bas  suffered  witli  tlu'  civil  papulation  dur- 
ing the  various  outbreaks  of  cholera  in  France  and 
Algeria.  Rosse  states  that  iu  Paris,  for  the  period  1832- 
49.  and  again  in  1858,  the  mortalitj'  from  this  cause  was 
14.76  per  thousand  among  the  civil  population,  and  42. 59 
per  thousand  among  the  garrison  troops.  In  many  later 
instances,  however,  especially  in  the  outbreaks  of  1884  and 
1893,  the  greater  care  as  to  sanitary  conditions  in  the  mili- 
tary service  preserved  the  soldiers,  wliile  deaths  occurred 
in  the  surrounding  civil  population.  In  the  British  army, 
during  the  decaile  18^^-97.  cholera  occurred  among 
troops  iu  India,  Egypt,  China,  and  Ceylon.  In  India, 
for  this  decade,  the  admission  rate  per  thousand  was 
1.8;  the  death  rate,  1.29.  Cholera  figures  almost  annu- 
ally in  the  returns  for  the  Russian  army,  certain  military 
garrisons  of  which  are  located  in  regions  at  which  the 
disease  endemically  prevails.  Recent  figures  for  cholera 
iu  the  Russian  armv  are  as  follows: 


Admissiuns  per 
l.OK)  streuglh. 

Deaths  per 
l.aiO  strenglh. 

1S90      

o.tw 

4.3 

1.61 
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DiSBemiiiatliiii  (iikI  Iiifirtion. — The  specitic  causative 
agency  in  cholera  is  given  off  chiefly  by  the  bowels,  and 
to  a  less  degree  in  the  vomitus.  The  length  of  time  dur- 
ing which  the  stools  of  a  cholera  ]iatient  are  infectious  is 
unknown,  liut  it  probably  is  a  considerable  period.  As 
with  typhoid  fever,  apparently  healthy  persons  appear  at 
times,  during  an  epidemic,  to  act  as  ho.sts  for  the  liacilli 

■  and  play  a  part  in  the  propagation  of  the  disease.  "While 
the  disease  at  times  follows  contact  with  the  sick,  it  may 
fairly  be  regarded  as  only  slightl_v  contagious  and  not 
likely  to  be  contracted  except  by  indirect  infection.  The 
latter  undoubtedly  occurs  by  way  of  the  alimentary  tract. 
There  is  no  proof  that  air  ever  serves  as  the  vehicle  for 
the  transmission  of  cholera  bacilli ;  though  in  this  disease, 
as  in  typhoid  fever,  its  dissemination  by  this  means  should 
be  regarded  as  possible.  Water  has  long  been  recognized 
as  the  chief  agent  in  the  spread  of  cholera;  and  abundant 
circumstantial  evidence  to  this  eft'cct  is  fortitied  by  a 
number  of  instances  in  which  the  specific  etiological 
factor  lias  been  discovered  in  suspected  water  by  bacterio- 
logical investigation.  Many  instances  have  been  reported 
in  wliicli  the  infection  of  a  water  supply  was  followed  by 
outbreaks  in  communities  further  down  the  stream.  In 
the  epidemic  of  Hamburg,  in  1892,  the  part  played  by  an 
infected  water  supply  was  most  marked ;  the  proportion- 
ate number  of  cases  being  eight  times  greater  in  that 
part  of  the  city  in  which  unflltered  water  was  supplied, 
than  in  the  part  in  which  the  drinking-water  was  par- 
tially puriticd  by  sand  filtration.  Recently,  among  the 
British  troojis  at  Umballa,  iu  India,  an  epidemic  of  chol- 
era promjUly  ceased  as  soon  as  a  sui>i>ly  of  sterilized 
water  was  provided  for  ilrinking  purposes.  Cholera 
bacilli  flourish  best  in  sluggish  streams,  and  especiall_y 
in  water  containing  a  considerable  ])roportion  of  organic 
matter.  Under  certain  circumstances,  not  as  yet  fully 
understood,  the  bacillus  is  capable  of  rapid  multiplica- 
tion in  water,  but  man\'  saprophytic  micro-organisms  are 
hostile  to  its  development  and  appear  to  destroy  its  vital- 
ity in  the  course  of  a  few  hours  or  days.  Any  specific 
contamination,  however  small,  is  capable  at  times  of  im- 
parting to  enormous  (juantities  of  water  the  power  of 
originating  the  disease.  Earth  undoubtedly  may  serve  as 
a  medium  for  the  development  of  the  bacillus  outside  the 
human  body.  At  Lucknow,  90  soldiers  oiit  of  600  died  of 
cholera  apparently  as  a  result  of  placing  fresh  sand,  taken 
from  the  bank  of  a  river  used  as  a  general  bathing  place. 
in  a  filter  from  which  water  was  drawn  for  the  use  of  the 
command.     Food  cfmtaminated  b_v  eliolera  discharges  also 
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rarel.y  directly  infected,  but  is  contaminated  by  manipula- 
tion with  unclean  hands,  by  contact  with  infected  objects, 
by  dust  containing  the  specific  germs,  or  by  the  agency 
of  flies  which  have  recently  fed  on  cholera  discharges. 
In  India,  medical  ofticers  now  regard  the  latter  as  one  of 
the  more  common  agencies  by  which  the  spread  of  chol- 
era is  accomplished.  In  the  Burdwan  prison,  where 
other  means  of  infection  were  scarcely  possible,  it  is  said 
by  Buchanan  that  an  epidemic  was  directly  traceable  to 
flies  which  were  carried  over  the  ijrison  wall  by  a  high 
wind  blowing  from  the  direction  of  s<ime  native  houses, 
in  which  the  disease  had  ociurred.  During  the  outbreak 
in  the  Gaya  jail,  Macrae  foxuid  that  milk  to  which  flies  in 
the  jail  w-ere  given  access  invariably  became  infected 
with  comma  bacilli ;  and  he  concluded  that  '■  flics  should 
be  looked  on  in  the  light  of  poisonous  agencies  of  the 
worst  kind  during  cholera  epidemics."  The  cholera  ba- 
cilli may  he  carried  in  fomites,  jiarticularly  in  baggage, 
rags,  or  clothing,  soiled  with  the  fa'cal  discliarges  of  the 
sick.  Under  such  conditions  they  retain  their  vitality  for 
considerable  jieriods.  though  they  are  readily  destroyed 
by  sunlight  and  desiccation.  As  in  typhoid  fever,  the  dis- 
ease germs  may  be  carried  into  camp  or  barracks  on  the 
shoes  of  individuals  who  have  visited  an  infected  latrine 
or  locality.  ^Marching  troops,  when  infected,  have  done 
much  to  s]iread  the  disease  to  districts  in  which  it  was 
previously  unknown. 

The  period  of  incubation  of  cholera  is  usually  about 
three  days,  but  this,  under  rare  circumstances,  may  ex- 
tend to  as  much  as  ten  days. 

Pi-edixposinff  Cnuscx. — Cholera  prevails  endemically  iu 
India,  from  which  it  extends  from  time  to  time.  It  ap- 
pears to  be  a  settled  fact  that  where  the  disease  prevails 
in  an  endemic  form  it  does  not  occur  in  great  epidemics. 
A  severe  ovitbreak  appears  to  confer  upon  the  locality 
attacked  a  nifire  or  less  complete  immunity ;  the  durabil- 
ity of  which,  so  far  as  India  is  concerned,  appears  to  last 
for  a  number  of  years.  A  high  temperature  is  a  predis- 
posing cause  of  great  importance;  Init  while  many  epi- 
demics have  ceased  with  the  advent  of  cold  weather,  this 
is  Ijy  no  means  always  the  case.  In  the  tropics,  cholera 
prevails  to  the  greatest  extent  at  the  close  of  the  dry  sea- 
son. A  moderate  rainfall  tends  to  cause  the  further  de- 
velopment of  the  disease,  but  where  the  rains  are  heavy 
and  continiied,  a  marked  diminution  in  the  occurrence 
of  cholera  is  observed.  There  is  a  general  consensus  of 
opinion  that  the  incidence  and  severity  of  the  disease  are 
greater  among  negroes  than  among  whites.  In  the 
United  States,  during  the  epidemic  at  the  end  of  1866, 
the  mortalitN'  among  the  white  troops  was  77  per  thou- 
sand, while  among  the  colored  troops  it  was  135  per 
thousand.  "When  the  disease  prevails  endemically.  the 
native  population  appears  to  enjoy  a  considerable  but 
not  absolute  immunity  to  it.  In  tlie  Hedjaz  and  in  the 
sparsely  populated  parts  of  Arabia,  it  is  said  by  Fauvel 
that  the  disease  manifests  only  a  feeble  tendency  to  prop- 
agate itself  among  the  native  population.  This  immu- 
nity, however,  is  not  shared  by  strangers  visiting  a  locality 
endemically  affected.  As  a  race,  the  Chinese  ajipear  to 
be  notablv  free  from  the  ravages  of  cholera,  probalily 
chiefly  from  their  general  use  of  sterilized  water  in  tea. 
In  any  outbreak  of  this  disease,  numbers  escape  attack 
through  their  hereditary  or  gradually  acquired  powers  of 
resistance.  For  epidemics  of  cholera  a  stratum  of  moist 
soil  pervious  to  air,  iu  which  organic  material  is  decom- 
posing, affords  the  most  favoralile  condition.  General 
sanitary  defects,  by  which  the  specific  fouling  of  soil  and 
water  is  possible,  are  essential  to  the  development  of  an 
epidemic. 

It  has  long  lieen  observed  that  the  poorer  quarters  of  a 
community  suffer  by  far  the  most  during  a  cholera  visi- 
tation. Epidemics  "also  prevail  more  severely  in  low- 
lying  regions  than  on  high  ground.  Insufficient,  poor, 
o"r  coarse  food,  improper  clothing,  and  inadequate  shelter 
favor  the  occurrence  of  cholera;  and  physical  and  mental 
depression  are  both  markedly  predisposing  causes.  Over- 
crowding is  also  a  factor  of'  importance.  Those  affected 
with  eatarrh  of  the  intestinal  tract  and  diseases  of  the 
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digestive  apparatus  are  particularlj-  susceptible  to  chol- 
era infection. 

Prop/ii/ln.n's. — In  view  of  the  fact  that  in  practically 
ever}'  instance  of  an  outbreak  of  cholera,  in  regions  or 
communities  in  ■n-hich  it  is  not  cnileniic,  its  origin  has 
been  traced  to  importation  from  abroad,  it  is  manifest 
that  where  practicable  a  s_vstem  of  (juarantine  should  be 
established  as  soon  as  the  danger  of  an  introduction  of 
the  infection  is  recognized.  No  person  from  the  infected 
locality  should  be  admitted  within  the  military  lines 
without  undergoing  examination,  and  after  detention 
under  observation  for  a  ]ieriod  of  ten  days.  All  clothing 
and  similar  articles  should  be  disinfected  before  being 
passed;  suppliesintendedfor  food,  luiless carried  thiough 
the  affected  district  in  unbroken  packages,  should  not  be 
admitted.  Special  cliolera  hospitals,  in  readiness  for  an 
outbreak,  .should  be  established  and  provided  with  a  spe- 
cial staff  of  attendants.  They  should  not  be  located  at 
too  great  a  distance  from  the  troops,  from  the  rapid  na- 
ture of  the  disease.  Such  hospitals  should  possess  sepa- 
rate facilities  for  the  isolation  and  treatment  of  suspects 
as  well  as  well-defined  cases  of  cholera. 

When  the  disease  prevails,  all  soldiers  suffering  from 
<liarrha>a.  no  matter  how  insignificant  it  may  appear, 
should  be  regarded  as  suspicious  and  shoidd  be  subjected 
to  the  same  vigilant  supervision  as  applies  to  recognized 
cholera  patienfs.  for  many  of  these  cases,  though  mild,  are 
nevertheless  true  cholera  and  capable  of  disseminating  this 
disease.  Because  of  their  apparently  innocent  nature 
these  cases  often  escape  the  attention  their  importance 
demands:  and  unless  it  be  borne  in  mind  that  they  are  a 
grave  menace  to  all  with  whom  they  are  associated,  and 
are  treated  as  such,  they  can  lie  regarded  only  as  most 
dangerous  sources  for  the  dissemination  of  disease — far 
more  so  than  the  severe  cases  which  attract  attention 
from  the  outset.  Frequent  inspection  of  latrines  should 
l)e  made  and  the  character  of  the  di'icharges  noted  in  this 
connection.  Convalescents  from  cholera  should  be  kept 
isolated,  and  the  evacuations  from  the  bowels  should 
be  disinfected,  until  bacteriological  examination  demon- 
strates that  the  specific  micro-organism  causing  the 
disease  lias  disappeared  from  the  discharges.  Such  indi- 
viduals should  be  returned  to  their  respective  organiza- 
tions only  after  a  disinfecting  bath  and  after  donning  a 
complete  outfit  of  clothing  sterilized  tlu'oughout.  The 
antecedents  of  each  case  of  cholera  should  be  investigated, 
and  all  those  who  have  been  in  immediate  as.sociation 
with  the  patient  .sliould  be  placed  under  observation. 

As  cholera  germs  can  live  and  imdtiply  for  a  time  out- 
side the  bodv  in  the  presence  of  decomposing  organic 
material,  more  particularly  that  of  animal  mattei'.  there 
should  be  a  thorough  removal  of  every  sort  of  filth  and 
refuse  from  the  camp  or  garrison.  Thorough  cleansing, 
airing,  painting,  or  lime-washing  should  be  carric'd  out 
wherever  indicated.  It  should  not  be  forgotten  that,  al- 
though desirable  at  all  times,  measures  of  cleanliness  taken 
beforehand  are  of  far  more  value  for  protection  against 
cholera  than  policing  which  is  delayed  until  after  the 
disease  has  actually  made  its  appearance.  All  water 
used  for  drinking  ]iurposes  should  be  sterilized,  prefer- 
ably by  heat.  Under  all  circimistances,  in  time  of  chol- 
era, an  immediate  and  searching  examination  of  the 
sources  and  conduits  of  the  water  supply  sliould  be  made, 
when  it  is  in  anv  way  open  to  the  suspicion  of  im])urity, 
When  pollution  is  found  to  have  occurred,  every  care 
should  lie  taken  to  prevent  such  pollution  from  continu- 
ing and  the  water  from  being  titilized.  When  the  water 
supply  is  believed  to  be  at  fault,  bathing  of  the  person, 
except  with  boiled  water,  should  be  discouraged.  For 
marching  troops,  great  care  should  be  taken  to  prevent 
the  use  of  water  from  the  supplies  of  infected  towns. 
Tea  has  been  much  used  by  British  troops  during  out- 
breaks of  cholera  in  India,  as  being  more  palatable  than 
ordinacy  boiled  water.  Acidulated  drinks  containing 
sulphuric  acid,  acetic  or  citric  acid,  may  sometimes  lie 
given  with  advantage.  Red  wine  is  also  recognized  as 
destructive  to  the  cholera  bacillus,  and  a  ration  of  this, 
taken  diluted  in  water,  might  well  be  issued  during  an 


epidemic.  The  food  supplied  should  be  abundant,  simply 
prepared  and  readily  digestible.  Particular  care  should 
be  taken  to  insure  the  condemnation  and  rejection  of  any 
food  of  unsound  character  cajiable  of  exciting  a  diarrhoea. 
With  the  exception  of  acid  fruits  protected  by  an  outer 
rind,  as  oranges  and  lemons,  no  article  of  food  should  be 
eaten  that  has  not  been  subjected  to  a  boiling  temperature 
in  its  preparation.  Under  no  circumstances  should  the 
use  of  uncooked  vegetables  in  salads  be  jiermitted.  All 
food  and  drink  should  be  carefully  protected  against 
access  b_v  flies,  since  some  of  these  may  have  previously 
come  in  contact  with  cholera  discharges.  Prior  to  use, 
all  vessels  used  for  the  cnoking.  serving,  or  storing  of 
food  should  be  sterilized  by  immersion  in  boiling  water. 
The  purchase  of  food  or  drink  by  the  men  at  points 
outside  of  military  control  should  lie  prohibited.  The 
hands  of  all  should  be  washed  before  eating.  Troops 
should  be  well  clothed,  sufficiently  to  protect  against 
cold,  chilling  and  moisture.  Itisduring  outbreaks  of 
intestinal  disorders  that  the  use  of  the  abdominal  band 
is  of  most  advantage.  The  clothing  should  be  frequently 
changed,  washed,  and  sunned. 

There  should  be  no  unnecessary  exposure  to  sun,  rain, 
or  night  air:  and  no  drills  or  fatigue  other  than  to  fur- 
nish occupation  and  needful  exercise.  The  size  of  the 
guard  and  the  length  of  the  tours  of  duty  should  be  re- 
duced as  much  as  military  conditions  permit.  In  addi- 
tion to  fatigue,  nothing  is  more  conducive  to  the  spread 
of  the  disease  than  fear  and  unusual  excitement,  and  a 
quiescent  state  of  mind  should  be  enjoined  upon  all.  In 
general,  the  troops  should  be  regarded  as  engaged  in 
campaign  against  an  insidious  and  implacable  enemy, 
and  the  attention  of  every  officer  should  be  devoted  to 
superintendin.s  the  conduct  of  his  subordinates  with 
special  reference  to  this  view. 

In  time  of  impending  epidemic,  troops  should  be  scat- 
tered. A  cliange  of  soil  and  locality  often  appears  to  be 
of  advantage,  and  camps  shoulil  be  moved  as  often  as 
a  new  case  appears.  Troops  that  have  fallen  liack  be- 
fore the  advance  of  the  disease  have  often  escaped  seiz- 
ure, or  have  avoided  further  sickness  if  withdrawn  sub- 
sequently to  their  attack. 

A  temporary  abandonment  of  an  infected  locality  is 
strongly  to  be  recommended.  When  the  disease  has  actu- 
ally occurred,  efforts  at  disinfection  should  be  primarily 
directed  toward  the  vomitus  and  fsecal  matter.  These 
should,  as  far  as  possible,  be  burned.  If  the  cases  occur 
on  board  transports,  the  excreta  should  be  received  in 
vessels  and  not  discharged  overboard,  particularly  if  in 
harbor.  The  disinfection  includes  that  of  the  barracks, 
tent,  or  place  occupied  by  the  .sick,  and  the  articles  of 
clothing  and  bedding  with  which  they  may  have  come 
in  contact:  and  upon  its  promptness  and  thoroughness, 
together  with  isolation  of  all  those  attacked  by  cholera 
and  their  attendants,  depends  the  arrest  of  the  epidemic. 
If  due  care  in  regard  to  cleanliness  and  disinfection  he 
observed,  there  is  comparatively  small  risk  that  the  dis- 
ease will  spread  to  those  who  nurse  or  otherwise  attend 
upon  the  sisli. 

As  a  method  of  prophylaxis  against  cholera,  inocula- 
tions with  a  specially  prepared  virus  have  been  systema- 
tized and  successfully  practised  in  India  by  Haffkine. 

A  large  number  of  individuals — upward  of  100.000 — 
have  been  inoculated  by  him  against  cholera:  among 
them  a  number  of  wiiiteand  native  soldiers  in  the  British 
service.  While  the  results  have  vaiied  greatly,  they  are 
on  the  whole  distinctly  favorable.  Among  1.526  non- 
inoculated  soldiers  at  Dinapore  and  C'awnpore,  there 
were  25  cases,  while  among  the  208  inoculated  there  were 
no  cases.  In  Calcutta,  from  the  tenth  to  the  four  hun- 
dred and  fifty-ninth  day  after  inoculation,  cholera  visited 
26  houses.  Among  the  263  uuinoculated  inmates  there 
were  14.45  per  cent,  attacked,  while  among  the  137 
inoculated  the  proportion  attacked  was  only  .To  percent. 
The  East  Lancashire  I'egiment  also  received  weak  pro- 
tectiv<>  inoculations.  Some  months  later  it  was  exposed 
t<i  cholera,  and  the  death  rate  showed  the  prophylactic 
value  of  the  inoculation,     .\ccording  to  Simpson.  654  in- 
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<liviiluals  who  were  not  protectert  against  cholera  had, 
during  the  next  two  years,  a  mortality  of  10.86  perxeut. ; 
while  of  402  members  of  the  same  households,  inoculated 
by  him,  the  mortalitj-  from  cholera,  during  the  same 
period,  was  but  2.99  per  cent. 

Bubonic  Plague. — (kcurvence. — With  the  recent  oc- 
<;urrence  of  plague  in  the  Philippine  and  Hawaiian 
Islands,  this  disease  at  once  assumes  a  practical  im- 
portance to  the  army  medical  officer.  Plague  has  not 
in  recent  years  figured  to  any  extent  among  the  dis- 
eases affecting  troops;  but  numerous  epidemics  have 
been  reported  in  the  past.  The  destruction  of  the 
Assyrian  army,  recorded  in  2  Kings,  was  ]irobably 
•due"  to  plague:  and  the  disease  described  by  Thuc^vd 
ides  as  atfectiug  the  2(tO,000  men  immured  in  Athens, 
during  the  Pelopounesian  War,  presented  the  symptoms 
of  the  catarrhal  form  of  this  disease.  Plague  rav- 
aged the  armies  of  the  Crusaders,  and  it  is  said  that  in 
the  first  Crusade  no  less  than  50,000  men  died  of  this 
disease  before  Antioch.  The  soldiers  of  Cromwell  died 
of  plague  as  well  as  typhus ;  and  it  prevailed  among  both 
French  and  English  during  the  first  occupation  of  Egypt. 
In  1S16  i)lague  was  introduced  into  Arabia  by  the  Egy])- 
tian  army,  and  it  has  since  prevailed  there  eudemicall}'. 
An  epidemic  of  this  disease  is  said  to  have  occurred  as 
late  as  1828,  in  the  Russian  expedition  against  Turkey. 
Plague  prevails  endemically  in  China.  Western  Asia. 
^ortliern  Africa,  and  perhaps  India ;  from  which  jioints 
it  has  from  time  to  time  extended.  It  has  recently  vis- 
ited Uruguay.  Brazil,  Mexico,  and,  in  this  country.  Cali- 
fornia. It  has  also  liecn  lately  transported  to  New  Zea- 
laiiil.  JIadagascar,  South  Africa.  New  Guinea,  and  a 
number  of  islands  in  the  Pacitic,  among  which  are  pos- 
sessions of  our  own.  Recently  it  has  occurred  among 
the  employees  of  the  Quartermaster's  Dejiartmcut  at 
Manila. 

Predisposinri  Cfi'isen.  — The  mortalit}-  from  bubonic 
plague  varies  with  different  epidemics.  Race  exerts  a 
marked  influence  both  on  the  occurrence  of  the  disease 
and  the  mortality.  Of  late  years,  whites  in  the  Orient 
have  rarely  contracted  the  disease:  and,  when  so  affected, 
the  mortality  is  low.  In  the  epidemic  at  Hong-Kong,  in 
1894,  Lawson  states  that  the  percentage  mortality  of 
those  attacked  was  as  follows:  Europeans,  18.2;  Jap- 
anese, 60:  Malays,  100;  Chinese,  93.4.  The  disease  is 
pre-eminently  favored  l)y  w.uit.  privation  and  lack  of 
proper  sanitation.  Meteorological  conditions  appear  to 
have  little  infiueuce  on  the  occurrence  of  plague. 

Propaffdfiiin  and  Disseminatinn. — Plague  has  arisen  so 
unifonuly  in  unclean  places  that  filth  is  regarded  as  an 
essentialfactor  in  its  propagation  and  spread.  Almost 
without  exception,  plague  centres  have  been  character- 
ized by  a  soil  polluted  by  decomposing  animal  material 
and  bv  the  overcrowding  of  a  dirtv  and  insufficiently 
nourished  jiopulation.  Plague  bacilli  have  been  isolated 
from  the  dust  of  infected  houses,  and  the  affection  is  gen- 
erally regarded  rather  as  a  ground  than  a  water  disease. 
When  the  microbe  is  removed  from  a  soil  saturated  with 
organic  filth,  it  appears  to  lose  much  of  its  vindence.  In 
the  epidemic  in  Hong-Kong,  in  1894.  Lawson  was  im- 
pressed with  the  jiarf  which  dust  and  dirt  played  in  the 
transmission  of  the  disease.  The  bacillus  has  been  shown 
to  be  capalile  of  surviving  f(u-  two  weeks  in  water,  and 
hence  the  supply  used  for  drinking  and  purposes  of 
cleanliness  should  be  pure.  While  the  disease  appears 
undoubtedly  to  be  transmitted  by  air.  this  is  possible 
only  within  a  small  radius,  and  there  is  considerable  evi- 
dence to  show  that  it  may  be  transmitted  by  means  of 
food.  The  disease  may  be  spread  by  means  of  clothing 
and  other  articles  which  have  been  used  by  plague  pa- 
tients; but  is  most  often  dis.seminated  by  human  inter- 
course. Aoyama  believes  that  the  plague  bacillus  gains 
entrance  to  the  bddv  largely  through  skin  wounds,  and 
much  less  frequently  than  lias  been'supposed  by  way  of 
the  respiratory  and  alimentary  tracts.  The  fact  that 
there  may  be  no  local  manifestations  at  the  point  of  en- 
■    trance  is  important. 


A  large  number  of  animals,  particulally  rats,  mice, 
and  small  rodents,  are  susceptible  to  the  disease.  Rats 
die  in  great  numbers  in  pest -smitten  districts,  sometimes 
before  the  epidemic  occurs  in  luunau  beings.  There  can 
be  little  doubt  that  these  animals  play  the  most  impor- 
tant part  in  distributing  the  ilisease  over  wide  areas, 
wlien  it  has  once  brtikenout.  This  has  been  aliundantly 
proved  in  the  case  of  Bombay,  where  observation  has 
.shown  that  the  emigration  of  plagvie-infected  rats  to  dis- 
tricts comparatively  free  from  the  disease  has  been  at- 
tended b}'  an  extensive  outbreak  in  those  places.  In 
addition  to  the  pus  of  suppurating  buboes  and  the  blood, 
the  bacilli  have  also  been  found  in  the  sputum,  urine, 
and  fa^cesof  liolh  men  and  animals.  Further,  it  has  been 
shown  that  the  flea  is  frequently  an  agent  by  which  in- 
oculation is  made  from  affected  to  sound  animals.  Pest 
bacilli  have  been  found  in  the  stomach  contents  of  these 
inserts,  and  fleas  taken  from  plague-afflicted  rats  have 
been  made  the  means  of  communicating  the  disease  to 
health}-  animals.  Nuttall.  Yersin,  and  Ogata  have  found 
pest  bacilli  in  large  numbers  in  the  bodies  of  flies  in  an 
infected  locality.  ^  Even  after  forty -eight  hours'  reten- 
tion in  a  clean  receptacle  without  infecte<l  food,  infected 
flies  were  full  of  virulent  plague  bacilli.  The  experi- 
ments of  Nuttall  and  Ogata  also  tend  to  show  that  ants 
and  mosquitoes  may  be  the  carriers  of  this  disease,  the 
latter  producing  infection  by  direct  inoculation.  Bed- 
bugs appear  to  digest  and  destroy  the  bacilli.  From  the 
facls  stated,  with  "regard  to  the  powers  of  comparatively 
rapid  multiplication  of  the  bacillus,  its  wide  dissemination 
b}'  the  excreta  and  l.iy  animals  and  insects,  it  maj'  be 
understood  how  extensively  soil  and  habitation  may  be- 
come infected  and  how  ditiicult  it  may  be  to  arrest  the 
ravages  of  the  disease.  The  important  part  played  by 
infection  of  a  locality  is  strikingly  sliow;i  by  the  rapid  fall 
in  the  number  of  cases  where  an  infected  site  is  aban- 
doned and  the  inhabitants  placed  in  tents. 

General  Principles  of  Prnpliylaxis.  — The  most  important 
safeguards  against  tlie  development  of  plague  are  clean- 
liness of  jiei'son  and  surrovmdings,  good  drainage,  free 
ventilation,  and  a  war  of  extermination  against  rats  and 
mice.  In  addition,  the  prophylactic  use  of  Hattkine's 
anti-plague  serum  appears  tobe  of  great  inijiortance. 
SVhen  the  disease  makes  its  appearance,  the  sick  should 
be  at  once  isolated  in  tent  hospitals,  and  all  who  have  come 
in  close  contact  with  them,  or  have  been  exposed  to  the 
same  conditions,  should  be  quarantined  and  kept  under 
observation  for  ten  days.  The  belongings  and  surround- 
ings of  the  patient  should  be  carefully  disinfected.  The 
sputum,  urine,  fa?ces,  and  dressings  from  suppurating 
buboes  should  be  burned.  Only  healthy  persons,  free 
from  abrasions,  sores  or  ulcers,  should  be  allowed  near 
the  sick  ;  and  such  should  be  required  to  maintain  scrupu- 
lous personal  cleanliness  and  take  a  disinfectant  bath 
once  daily.  The  troops  should  receive  abundant  food 
and  pure  "water;  and  the  necessity  for  personal  cleanli- 
ness and  the  frequent  change  of  clothing  impressed  upon 
them.  The  use  of  well-fitting  shoes  and  great  care  of 
the  feet  is  necessary,  §ince  there  is  considerable  evidence 
to  sliowthat  inocid"ation  usually  takes  place  in  the  lower 
extremities.  Soldiers  should  "avoid  infected  districts, 
except  under  competent  authority. 

If  proper  care  be  taken,  the  liability  of  white  troops 
to  contract  this  disease  appears  slight.  At  Hong-Kong, 
in  1894,  of  300  British  soldiers  who  volunteered  to  assist 
in  the  sanitary  policing  of  infected  houses,  but  10  con- 
tracted the  dis"ease;  in  Poona,  in  1897,  of  over  900  white 
soldiers  so  engaged,  not  one  became  infected.  In  the 
latter  instance  the  precautions  taken  included  a  hearty 
meat  meal  before  beginning  the  work  of  the  day:  the 
retention  in  camp  of  all  cases  of  slight  ailment  or_  those 
presenting  cuts  or  abrasions;  immediate  disinfection  by 
antiseptic"  solutions  of  cuts  or  bruises  incurred  during 
the  work,  and  the  thorough  sunning  of  the  clothing 
worn,  for  the  rest  of  the  day,  after  return  to  camp. 

In  addition  tg  the  destruction  of  rats,  preferably  by 
traps  and  ferrets,  precaution  should  be  taken  to  prevent 
infection  by  means  of  insect  life.     Such  individuals  as 
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recover  from  the  disease  should  be  kept  in  quarantine  for 
at  least  a  month.  Kitasato  has  found  the  bacillus  of 
plague  in  the  blood  as  long  as  three  weeks  after  the  be- 
ginning of  convalescence. 

The  system  of  preventive  inoculation  against  plague, 
as  devised  by  Hatfkine,  has  been  carried  out  on  an  ex- 
tensive scale  in  India  during  the  past  si.x  j'ears.  As  with 
cholera,  the  method  has  been  systematically  tested  by  in- 
oculating a  certain  portion  of  the  inhabitants  of  districts 
e-xposed  to  infection,  leaving  others  uninoculated;  and 
then  observing  the  proportion  of  cases  of  the  disease, 
and  of  fatal  cases,  among  the  two  classes.  The  results 
have  been  distinctly  successful. 

At  Poona,  inoculation  was  practised  with  anti-plague 
serum  on  the  native  followers  of  the  artillery  troops 
stationed  at  that  point.  While  everything  was  done  out- 
side of  inocidation  to  prevent  the  spread  of  the  disease, 
in  8.59  uninoculated  there  were  nevertheless  143  cases 
with  98  deaths;  in  671  inocidated  there  were  33  cases 
with  17  deaths.  Had  the  inoculated,  living  imder  the 
same  roof,  belonging  to  the  .same  families  and  sharing 
the  same  food  and  drink,  been  equally  affected,  the  pro- 
portionate number  of  tleaths  woidd  have  been  77.  The 
inoculation,  therefore,  reduced  the  death  rate  77.9  per 
cent.  In  1898,  at  Hubli,  3.815  persons  not  inoculated 
with  anti-plague  serum  had  446  attacks,  while  26,428 
persons  twice  inoculated  had  only  31  attacks.  If  the 
latter  had  suffered  proportionally  as  much  as  the  non- 
inocidated  they  should  have  had  3,089  attacks.  Such 
e.xamples  might  be  largely  multiplied.  In  a  statement 
published  in  June,  1899,  Haffkine  states  that  in  the  large 
number  of  inoculations  made  with  anti-plague  serum  the 
difference  in  number  of  attacks  occurring  in  inoculated 
and  uninoculated  was  over  80  per  cent.,  often  approach- 
ing 90  per  cent.  The  lowest  in  his  experience  was  77.9 
per  cent.  The  case  mortality  also  was  only  lialf  as  great 
among  the  inoculated. 

C'EREBTio  Spin.\i-  MENINGITIS. — Occurrence.' — No  great 
epidemics  of  this  disease  appear  to  have  occurred  among 
troops,  but  the  affection  is  one  which  prevails  in  all 
armies  and  is  remarkable  for  the  high  mortality  given 
by  those  affected.  Sharp  but  distinctly  localized  out- 
breaks occur  annually  in  all  the  larger  armies;  and  in 
our  own  service  <-ases  of  the  disease  were  reported  in  all 
but  six  years  of  the  period  1868-98.  The  affection  may 
fairly  bo  regarded  as  a  camp  disease;  more  deaths  occur- 
ring in  our  army  in  the  calendar  year  1898.  during  the  war 
with  Spain,  than  had  occurred  altogether  in  the  previous 
sixteen  years  of  peace.  For  the  period  1868-84  the  death 
rate  from  this  disease  was  .0.5  per  thousand  strength;  for 
the  decade  188.5-94  it  was  .02  per  thousand,  while  for  the 
fourteen  months.  May,  1898.  to  .July,  1899,  the  death  rate 
■was  .70  per  thousand.  In  the  German  army,  during  time 
of  iieace.  the  admission  rates  are  much  the  same  as  our 
own  under  similar  conditions,  being  given  as  follows: 

Admissions 
Period.  per  1,000 

strengtb. 

1881-S2  to  iaS.5-86 , 0.03 

1886-R7  to  1K90-91  07 

1891-Se  Ici  1S<I.5-9H 08 

1895-96  to  1897-98 07 

Among  our  troops  the  admission  rate  per  thousand 
strength  was  .11  fnr  the  period  189.5-98.  In  1898,  cere- 
bro-spinal  meningitis  was  the  greatest  factor  in  the  total 
mortality  of  the  Belgian  army,  amounting  to  .35  per 
thousand. 

PncJisjiofiing  On/ses. — The  disease  is  most  common  in 
individuals  of  the  military  age.  Though  want,  priva- 
tion and  poor  ventilation  usually  seem  to  predispose  to 
the  disease,  there  is  abundant  evidence  to  demonstrate 
that  these  conditions  are  not  essential  to  its  causation. 
The  disease  usually  occurs  during  winter  and  early 
spring,  although  it  may  make  its  appearance  at  anv  time. 
For  the  period  from  May.  1898.  to  .July.  1899.  the  death 
rate  in  our  army  from  this  disease  was"  .13  per  thousand 
strength  during  the  month  of  January;   about  twice  as 


high  as  in  any  other  month  of  the  period.  For  Decem- 
ber it  was  .07;  for  June  and  July,  1898,  it  was  .06  and 
.05,  respectively.  Hirsch.  Notter'and  Firth,  and  others 
state  that  the  disease  is  unknown  in  the  tropics.  During 
the  period  of  fourteen  months  just  mentioned,  however, 
the  death  rate  from  this  cause  was  .71  per  thousand 
strength  for  troops  serving  in  the  United  States;  .34  for 
troops  serving  in  Cuba;  .16  for  those  in  Porto  Rico,  and 
.26  for  those  in  the  Pacific  islands.  An  epidemic  of  a 
most  fatal  type  occurred  on  a  transport  at  Casilda,  in 
southern  Cuba,  during  the  occupation  of  that  island  by 
our  forces.  Of  those  attacked,  all  died  within  thirty- 
six  hours.  The  epidemic  abruptly  terminated  on  sending 
the  troops  ashore. 

Infection,  and  Disxerninatwn. — It  is  difficult  to  offer  any 
satisfactory  explanation  as  to  the  manner  in  which  infec- 
tion occurs  or  to  the  way  in  which  the  specitic  micro- 
organism is  eliminated  from  the  affected  individual. 
Whether  it  enters  the  body  through  the  alimentary  or  the 
respiratory  tract,  or  through  lesions  of  the  integument, 
it  is  not  possible  to  .say.  It  is  proliably  directly  commu- 
nicable from  the  sick  in  a  mild  degree  only;  biit  there  is 
consideralile  evidence  to  show  that  the  infection  may  be 
introduced  into  a  locality  by  infected  persons  and  things. 
Abbott  and  others  are  inclined  to  the  belief  that  cases 
occurring  during  an  epidemic  are  infected  from  some 
common  source,  and  that  they  are  prcdis]iosed  to  such 
affection  by  some  unusual  local  condition.  This  opinion 
is  supported  by  the  fact  that  the  disease  shows  no  spe- 
cial tendency  to  progress  along  continuous  lines  or 
through  contiguous  localities.  It  has  been  known  to 
appear  in  two  regiments  in  a  camp,  while  a  third, 
located  between  the  infected  regiments,  escaped.  Love 
states  that  at  New  Orleans,  in  1847,  the  disease  attacked 
one  regiment  which  was  quartered  in  poor  liarracks,  built 
on  a  damp  soil  and  which  was  .supplied  with  poor  cloth- 
ing, while  an  adjacent  regiment,  more  favoralily  housed 
and  clothed,  escaped  entirely.  Depressing  influences, 
whatever  their  nature,  appear  to  be  a  predisposing  cause. 

Prophyhi.riit. — With  present  defective  knowledge  con- 
cerning this  disease,  it  is  difficult  to  formulate  any  ra- 
tional scheme  of  prophylaxis  against  it.  While  rigid 
isolation  fif  the  sick  has  not  been  shown  to  be  imperative, 
still  this  pecaution  should  invariabh-  be  taken  in  the 
military  service.  As  with  typhoid  "and  measles,  free 
ventilation  should  be  assured,  and  no  considerable  ag- 
gregation under  one  roof  of  those  sick  witli  tliis  disease 
should  be  allowed.  As  a  not  unreasonable  jirecaution, 
all  discharges  and  excreta  should  be  promptly  disinfectetl 
and  accidental  inoculation  on  the  part  of  attendants 
guarded  against. 

As  far  as  the  troops  are  concerned,  free  ventilation,  an 
abundance  of  good  food,  and  the  avoidance  of  fatigue 
should  be  included  in  the  scheme  of  genei'al  proplndaxis. 

Dengue. — While  dengue  is  not  a  disease  which  ap- 
pears to  be  especially  affected  by  the  conditions  of  mili- 
tary service,  our  troops  have  suffered  equally  with  the 
surrounding  civil  class  during  the  epidemics  which  have 
from  time  to  time  occurred.  Since  dengue  is  a  disease 
confined  to  tropical  and  sub-tropical  countries,  the  only 
posts  in  this  country  which  have  been  visited  are  those 
located  in  the  south  and  southwest.  During  1893  the 
affection  prevailed  in  .several  garrisons.  In  1894  the 
disease  occurred  at  Fort  Ringgold,  attacking  1.54  men 
out  of  the  178  stationed  at  this  post.  In  1897  dengue 
appeared  at  Fort  Sam  Houston;  144  cases  developing 
among  the  garrison  of  522,  and  over  100  cases  being 
treated  among  the  families  of  soldiers  and  civilians  at 
the  post.  During  the  same  year  the  garrison  at  Fort 
Mcintosh  suffered  also.  Recently  a  large  number  of 
cases  of  this  disease  have  occurred  among  our  troops  in 
Cuba  and  in  the  Philippine  Islands,  causing  much  tem- 
porary inefficiency. 

The  cause  of  dengue  is  unknown.  Its  outbreak  is 
favored  by  high  temperature  and  geographical  location 
more  than  by  any  other  factors;  it  occurring  chiefly  dur- 
ing summer  and  early  autumn  and  being  checked  by 
frost.     In  its  distribution,  dengue  closely  resembles  yel- 
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low  fever.  Overcrowding  and  tiltli  appear  to  fa vor  its  oc- 
currence. The  mortalitv  is  small,  and  for  soldiers  other- 
wise in  good  health  it  may  be  regarded  as  nil.  The  dis- 
ease, therefore,  is  only  of  importance  as  it  incapacitates 
for  dutv.  The  specitic  cause  of  the  affection  is  supposed 
to  be  given  off  in  the  saliva  and  excretions,  and  perhaps 
from  the  skin.  Its  incubation  period  is  only  a  few  hours, 
a  fact  which  may  explain  its  almost  simultaneous  ap- 
pearance in  large  bodies  of  men. 

Prophylaxis. — In  the  lack  of  knowledge  as  to  the  cause 
or  means  of  spread  of  this  disease,  it  is  not  possible  to 
formulate  detinite  plans  for  its  prevention.  Since  the 
ubiquity  of  the  virus  is  so  great  in  this  disease,  the  estab- 
lishment of  quarantine  would  scarcely  be  effective  even 
if  it  were  justifiable.  The  isolation  of  the  sick,  with  the 
disinfection  of  all  excreta,  clothing  and  surroundings, 
might  be  practised,  but  would  pmliably  not  be  of  any 
great  value  in  checking  an  epidemic.  It  is  fortunate 
that  the  disease  is  mild  in  type,  is  of  short  duration  and 
leaves  no  after-effects — thus  being  of  comparatively  little 
importance  to  the  military  sanitarian. 

DipnTiiEUi.^. — Occurrence. — Diphtheria  is  a  disease 
which  is  of  somewhat  rare  occurrence  among  soldiers. 
It  is  less  common  during  active  tield  service  than  in  gar- 
rison, where  it  not  rarely  retains  a  foothold  in  old.  badly 
constructed  barracks  for  long  periods,  }-early  outbreaks 
occurring  during  each  season  of  cold  weather.  The  dis- 
ease is  relatively  frecpient  among  troops  living  in  case- 
mates— though  at  Fort  Yates  it  occurred  for  a  number  of 
years,  despite  every  effort  to  the  contrary,  among  soldiers 
quartered  in  old  decayed  log  barracks.  At  the  same 
post,  the  troojis  living  in  barracks  of  recent  and  more 
sanitary  construction  were  rarely  affected. 

Figures  for  this  disease  show  a  somewhat  lessened 
prevalence  in  our  army  as  compared  with  those  of  Eng- 
land, France,  and  Russia.  In  the  German  army  the  ad- 
missions for  diphtheria  per  thousand  strength  have  been 
as  follows : 

Period.  Admissions. 

18S1-82  to  188.5-86 1.2 

1886-Sr  to  189IHI1 92 

1891-32  to  l,8ft>-9« 93 

Year  1896-97 ,57 

In  the  Austrian  army,  for  the  year  1897,  only  one  case 
occurred  for  each  10,000  men.  In  our  own  service  sta- 
tistics would  .seem  to  show  that  the  disease  has  of  late 
years  deci'cased  in  both  frequency  and  virulence. 
Whether  this  is  actually  the  case,  or  whether  the  reduc- 
tion merely  depends  upon  more  accurate  modern  meth- 
ods of  diagnosis  and  treatment,  is  a  question  which  can- 
not be  detinitely  decided,  but  it  is  piroljable  that  liotli 
factors  should  be  taken  into  considei'atiou.  During  re- 
cent years,  however,  according  to  Coustan  and  Viry,  the 
disease  has  steadily  increased  in  the  French  army.  In 
our  own  service  the  admissions  for  diphtheria,  per  thou- 
.sand  strength,  since  1860,  have  been  as  follows; 

Admissions 
Period.  per  l.MW 

streugrth. 

1861-66  (civil  war) 3..S9 

1868-S4 .>i 

1885-94 43 

1895-98 78 

Tear  1897 43 

Year  1898  (Spanish  War) .36 

Disseminntiun  (did  Infection. — The  causative  agent  is 
transmitted  from  the  sick  in  tlie  discharges  and  secretions 
of  the  affected  surfaces.  In  diphtheria  affecting  the 
throat  and  fauces  the  disease  is  transmissible  chiefly 
through  infected  particles  of  mucus  or  flecks  of  mem- 
brane, which  may  be  ejected  from  the  mouth  or  nose  by 
the  act  of  coughing  or  sneezing.  When  the  disease  oc- 
curs among  those  in  attendance  on  the  sick,  its  origina- 
tion is  usually  brought  about  by  infection  in  this  manner. 
It  should  be  noted  that  the  bacillus  of  diphtheria  is  very 
resistant  to  drying,  and  when  dislodged  from  the  throat 
in  bits  of  false  membrane  it  maj'  retain  its  vitality  for 
'  a  long  time.  When  such  particles  of  membrane  are  dried 
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and  reduced  to  dust,  infection  may  occur  from  the  in- 
halation of  air  in  which  such  dust  is  suspended.  All 
clothing  and  other  articles  which  have  been  in  contact 
with  the  sick  and  upon  which  saliva  has  been  allowed  to 
dry  may  serve  in  this  way  to  spread  the  infection.  Ab- 
bott states  that  diphtheria  bacilli  have  been  found  in  the 
hair  and  on  the  shoes  of  nurses  in  a  diphthei'ia  waid,  also 
on  a  broom  used  in  the  same  ward.  The  bacilli  niav  be 
inadvertentlj-  conveyed  to  the  mouth  after  handling  in- 
fected articles,  and,  in  fact,  any  direct  or  mediate  contact 
with  the  sick  offers  opportunities  for  infection.  There  is 
no  evidence  that  the  disease  is  ever  transmitted  by  water. 
Jlilk,  specifically  infected  during  handling,  has  been 
known  to  give  rise  to  diphtheria.  Among  the  lower  ani- 
mals, cats  may  be  affected  with  this  disease.  While 
diphtheria  bacilli  are  capable  of  development  on  any 
mucous  or  abraded  surface,  for  the  military  service  in- 
fection may  lie  considered  to  oeem-  through  the  mouth 
and  nose  only.  The  period  of  incubation  is  difficult  to 
determine;  sj'mptoms  of  invasion  often  appear  within 
thirty-six  hours  after  infection,  but  though  they  are 
rarely  delayed  more  than  four  or  five  days,  they  may  be 
absent  longer  and  a  quarantine  of  suspected  cases  for  ten 
days  is  advisable.  Convalescents  fi-omdiphtheiia  should 
be  regarded  as  sources  of  infection  so  long  as  the  specitic 
bacilli  can  be  detected  in  the  throat  or  secretions.  The 
duration  of  infectivity  appears  to  be,  on  an  average, 
about  thirty  days,  though  it  may  be  as  long  as  threeor 
four  months. 

PrediKposirii/  Causes. — Though  widely  diffiised,  diph- 
theria prevails  chieflj'  in  temiierafe  and  cold,  damp  cli- 
mates. Low-lying  districts,  possessing  a  soil  favorable 
to  the  development  of  microbes  and  rich  in  decaying  or- 
ganic matter,  usually  show-  a  greater  prevalence  from 
diphtheria,  especially  if  subject  to  the  continued  preva- 
lence of  cold  winds  with  a  high  rainfall.  In  our  army 
the  disease  is  far  less  frequent  in  the  southern  garrisons. 
Its  greatest  incidence  occurs  in  winter  and  early  spring, 
probably  largely  through  less  free  ventilation  of  barracks 
and  the  depressing  influence  of  a  vitiated  atmosphei'e. 
The  part  long  thought  to  be  directly  played  by  .sewer  gas 
in  the  production  of  diphtheria  was  undoubtedly  due  to 
accompanying  influences  of  the  above  nature."  Over- 
crowding is  a  factor  of  great  importance  in  the  spread  of 
the  disease,  as  is  also  inadequate  sanitary  police.  Epi- 
demic diphtheria,  according  to  Klebs  and  others,  has  a 
well-defined  relation  to  manure  and  compost  heaps,  in 
which  the  germs  find  favorable  conditions  for  develop- 
ment. From  this  it  would  seem  that  the  disease  should  oc- 
cur more  frequently  among  mounted  troops,  and  such  in 
fact  appears  to  be  the  case.  While  figures  for  our  own 
service  are  scarcely  large  enough  for  reliable  comparison, 
it  has  been  found  by  Louguet  that  in  the  French  army,  for 
the  period  1872-85,  the  proportion  of  diphtheria  cases 
among  cavalry  and  infantry  was  in  the  ratio  of  ten  to 
three.  In  the  German  army,  1874-83,  diphtheria  was  more 
than  three  times  as  common  among  cavalry  as  among  in- 
fantry. In  general,  persons  who  have  been  affected  with 
diphtheria  are  especially  liable  to  future  attacks,  as  are 
those  who  suffer  from  acute  or  chronic  inflammations  of 
the  pharynx  or  tonsils. 

Prophyla.ris. — In  the  prevention  of  diphtheria  the  pro- 
vision of  dry,  sunny,  well-aired  barracks,  free  from  over- 
crowding, is  important.  No  accumidation  of  filth  or 
refuse,  and  particularly  stable  manure,  should  be  per- 
mitted in  the  vieinitj-.  Dampness  arising  from  the  use  of 
too  much  water  in  cleansing  baia'ack  floors  should  be 
avoided,  as  often  producing  tonsillar  inflammation  upon 
which  a  diphtheritic  infection  may  be  engrafted.  Laveran 
regards  the  general  use  of  antiseptic  mouth  washes  by  sol- 
diers as  of  advantage  during  the  prevalence  of  the  disease. 
When  the  disease  has  actually  occurred  the  sick  should 
be  at  once  isolated  and  clothing,  bedding,  and  other 
articles  which  have  been  exposed  to  infection  promptly 
removed  and  disinfected.  The  squad  room  of  which  the 
infected  individual  had  been  an  inmate  shoidd  be  disin- 
fected. All  discharges  from  the  point  of  diphtheritic 
invasion  should  be  received  into  a  strong  germicidal  solu- 
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tion,  or  ou  clotlis,  whicli  are  then  burned.  Soiled  bed 
or  body  linen  should  be  at  once  removed  and  disinfected 
before' the  secretions  are  permitted  to  dry  upon  them. 
When  this  is  not  practicable  the  soiled  areas  may  be 
wet  with  strong  disinfectant  solution.  The  floor  should 
be  frequently  mopped  with  a  strong  disinfectant  solu- 
tion; and  tlie  hanging  of  a  damp  sheet  over  the  door 
leading  into  the  room  is  of  advantage.  Eating  uten- 
sils should  be  scalded  after  use  and  all  uneaten  rem- 
nants of  food  at  once  burned.  On  the  part  of  the 
attendants  great  care  should  be  taken  to  disinfect  the 
hands  after  each  manipulation  of  the  patient.  While 
attcn<ling  to  the  patient  a  cotton  masli.  suspended  so  as 
to  shield  the  nose  and  mouth  and  moistened  with  some 
antiseptic  solution,  may  be  worn  to  prevent  possible  in- 
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fectiou  from  ejected  mucus  or  membrane.  Careful  dis- 
infection of  the  room  and  its  contents  is,  of  course,  re- 
quired after  removal  of  the  patient. 

Protectire  InotuJation. — In  preventing  the  occurrence 
of  diphtheria  in  those  exposed  to  infection  the  most  im- 
portant prophylactic  measure  is  that  tlirougli  which  a 
condition  of  iiiimunity  is  conferred  by  the  subcutaneous 
injection  of  blood  serum  from  an  aiiinial  rendei'ed  liighly 
immune  to  this  disease.  As  tlie  immunity  thus  pioduced 
is  not  permanent,  lasting  only  finm  four  to  six  weeks, 
the  procedure  should  be  employed  only  in  the  case  of 
soldiers  who  ha\e  been  presumably  exposed  to  infection, 
or  for  the  protection  of  such  hospital  corps  men  as  are 
about  to  assume  charge  of  diphtheria  patients. 

For  immunization  of  those  exposed  to  the  infection  of 
diphtheria  an  injection  of  400  to  500  antitoxic  units  is 
usually  sufficient. 

Di.^RiinasA  AND  DiARRHCEAL  DISEASE. — Diarrhoea  is 
ordinarily  to  be  regarded  not  as  an  essential  disease,  but 
as  symjitomatic  of  an  effort  on  the  part  of  a  healthy 
bowel  to  relieve  itself  of  irritating  contents  or  of  some 
morbid  internal  condition.  In  the  military  service,  how- 
ever, the  affection  frequently  prevails  among  a  large 
number  of  persons  at  the  same  time  and  place,  and  by 
its  severity,  its  tendency  to  become  chronic,  its  refracta- 
bilit_y  to  treatment,  and  its  tindoubtedly  infectious  char- 
acter, it  may,  tinder  such  conditions,  be  safely  regarded 
as  a  distinct  disease.  Figures  showing  the  prevalence 
of  this  specific  affection  are  not  available  for  our  service, 
owing  to  the  classification  of  all  diarrhoeas,  whether 
symptomatic  or  essential,  under  the  same  heading.  Fur- 
ther, in  the  medical  reports  of  our  army,  conditions  of 


this  character,  together  with  dysentery,  are  classed  to- 
gether as  diarrhceal  disease,  and  hence  must  be  largely 
considered  together.  Under  this  heading  they  brought 
more  men  on  sick  report  during  the  decade  188T-9(> 
than  an}-  other  class  of  diseases,  the  rate  per  thousand 
strength  being  107.09.  Field  service  largely  favors  their 
occurrence,  and  in  nearly  all  wars  they  have  been  the 
most  common  class  of  affections.  For  the  year  of  peace, 
1897,  in  our  army,  the  admission  rate  for  all  diarrhceal 
diseases  was  73.77  and  the  death  rate  zero;  while  during 
the  year  of  war,  1898,  the  admission  rate  was  803.76  and 
the  death  rate  2.14.  These  diseases  are  much  more  prev- 
alent in  hot  climates  than  in  the  temperate  zone,  the  ad- 
missions and  deaths  for  troops  in  the  United  States  alone, 
during  the  year  1898,  being  respectively  247.39  and  1.39- 
per  thousand  strength;  while  for 
tliose  soldiers  .serving  in  the  tropi- 
cal islands  the  admissions  were 
.">■")  1. 54  per  thousand,  and  the  deaths 
.-..44. 

For  diarrhoea  alone  the  average 
annual  rate  of  admission,  during 
the  Civil  War,  was  008.84  per  thou- 
sand strength;  while  the  deaths 
froiu  this  cause  averaged  13.70  per 
thousand.  For  the  period  1868-84 
the  admissions  for  diarrhoea  had 
fallen  to  230.40,  and  the  deaths  to 
.26.  lUT  thousand  strengtli.  For 
the  decade  188.>-94  the  admission 
rate  was  109.65,  and  the  death  rate 
.02.  For  the  year  1897  the  admis- 
sions per  thousand  amounted  to  but 
68.65,  there  being  no  deaths.  For 
the  year  1898,  during  the  war  with 
Spain,  the  admission  rate  rose  to 
274.49,  but  the  death  rate  amounted 
to  only  .27  per  thousiind  strength. 

Diarrhffal  diseases,  in  the  tem- 
perate zone,  are  much  more  prev- 
alent during  hot  weather,  as  is  well 
shown  by  the  accompanying  dia- 
gram. Race  is  a  matter  of  no  small 
importance.  While  our  colored 
troops  are  particularly  susceptible 
to  infection  by  dysentery,  this  is  not 
the  case  with  regard  to  simple  diarrhoea,  to  which  they 
appear  to  present  considerable  immimity.  For  the  de- 
cade of  peace,  1886-95,  the  admissions  per  thousand  of 
white  troops,  for  all  diarrhceal  diseases,  amounted  to- 
115.68;  while  for  the  colored  troops  during  the  same 
period  the  rate  was  99. 75.  During  the  year  1897  the  rates 
of  admission  were  75.78  for  white  troops  and  52.22  for  col- 
ored soldiers.  During  tlie  war  with  Spain  a  proportion- 
ally much  greater  number  of  negro  soldiers  saw  hard 
service  than  did  those  of  the  white  troops,  yet  the  ad- 
missions for  the  former  were  only  187.20  per  thousand 
strength,  while  they  amounted  to  312.72  per  thousand  for 
the  latter.  Age  exerts  a  marked  influence  on  the  occur- 
rence of  diarrhceal  diseases;  the  rates  for  our  service,  at 
various  jieriods  of  life,  for  the  seven  j'ears  1890-96,  be- 
ing as  follows: 

Admissions 
Age.  per  1,00(1 

of  each  class. 

19  years  and  under 203.43 

20  to  24 1;M.19 

25  to  29 98.70 

30  to  at 82 

35  to  39 79 

40  to  44 80.96 

45  to  49 75.68 

For  the  same  seven-year  period  the  admission  rates  for 
all  diarrhceal  diseases,  per  thousand  strength,  were  thus- 
divided  among  various  branches  of  the  service: 

Artillery 133.35 

Cavalry 113.29 

Infantry 96.84 

Medical  Department 34.96 


H'V  'riiuiisjiud  strt'ugth. 
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Diarrha?al  diseases  are  much  less  frequent  among  offi- 
cers tban  among  soldiers. 

As  stateil  above,  iu  mauj-  instances  diarrhoea  is  un- 
doubtedly infectious  and  capable  of  transmission  to 
others  by  means  of  the  excreta.  No  special  micro-organ 
ism  has  "been  shown  to  stand  alone  iu  a  causative  rela- 
tionship to  tlie  disease,  and  the  latter  may  undoubtedly 
be  produced  by  several  forms  of  bacterial  life.  Diarrhoea 
prevails  most  in  damp  soils,  especially  when  contaminated 
^vith  organic  matter.  The  diarrhoea  prevalence  and  death 
rate  are^ notoriously  greatest  among  those  whose  resistive 
powers  are  impaired  by  malnutrition,  exposure  and 
fatigue.  As  with  dysentery,  chilling  and  sudden  changes 
of  temperature  favor  it.  Foul  air  favors  it,  and  want  of 
ventilation  and  light  are  conducive  to  a  high  mortality. 
Density  of  population,  as  a  factor  in  soil  pollution,  espe- 
cially "in  camps,  markedly  increases  the  prevalence  of 
diarrhoea.  Food  is  closel.y  concerned  with  the  epidemic 
prevalence  of  diarrhnia,  not  only  by  predisposing  toward 
it  by  causing  digestive  disorders,  but  also  through  its 
contamination  with  infectious  material  capable  of  di- 
rectly provoking  the  disease.  Bad  water  undouljtedly 
plays  a  pioniinent  part  iu  its  causation,  but  probably 
not  to  the  extent  supposed  by  some.  The  cause  of  epi- 
demic diarrluca  is  undoidjtedly  transmissible  by  means  of 
flies,  and  there  is  considerable  evidence  to  sliovv  that 
air  currents  may  be  the  means  of  its  dissemination. 

A  distinction  should  be  made  between  the  epidemic 
diarrhoea  indicated  by  the  foregoing  and  those  outbreaks 
of  diarrhoea  which  not  rarely  occur  among  troojjs  who 
have  partaken  of  food  in  which  certain  putrefactive 
changes  have  occurre<l.  In  these  cases  the  causative 
agent  is  usually  a  chemical  substance,  and  the  diarrhn-al 
symptoms  produced  are  merely  those  due  to  its  proper- 
ties as  an  irritant  poison. 

Pi-opliylii.vi.i. — The  prevention  of  epidemic  diarrho'a  in 
the  field  depends  upon  tlie  proper  location  of  the  camp, 
the  absence  of  organic  imllution  of  the  soil,  a  pure  water 
supply,  the  careful  selection,  preparation  and  storage  of 
food,  and  the  prompt  disinfection  of  all  excretal  dis- 
charges. 

While  mild  cases,  in  garrison,  may  probably  be  safely 
treated  in  quarters  under  most  circumstances,  in  the  field, 
where  their  infectious  nature  is  suspected,  such  cases 
should  preferably  be  removed  to  hospital  for  treatment; 
particularly  since  cases  of  diarrha>a  may  merely  repre- 
sent the  early  stages  of  infection  with  dysentery,  typhoid 
fever,  or  even  cholera.  From  the  many  causes  through 
which  diarrlioea  may  lie  produced,  it  is  evident  that  no 
general  rule  can  be  laid  down  to  cover  all  contingencies, 
but  each  case  must  be  acted  on  independently,  according 
to  its  merits,  by  medical  otiicers. 

Dysentery.— ^>cfH/V(7?rf. — Of  all  the  diseases  to  which 
troops  are  subject  on  active  service,  especially  in  hot 
climates,  dysentery  is  one  of  the  most  formidable  and  im- 
portant; and  this  almost  equally  on  account  of  its  fre- 
quency, its  severity,  the  difficulty  of  its  treatment  and 
its  proportionately"high  mortality.  The  disease  is  one 
which  is  peculiarly  favored  by  camp  life. 

History  gives  many  instances  in  which  dysentery  has 
become  epidemic  among  troops.  It  made  frightful  rav- 
ages in  the  army  of  Xei-xes,  in480E.c. ;  and  it  is  recorded 
that  in  the  invasion  of  Ital.\'  by  Theodebert,  in  the  year 
538,  one-third  of  liis  force  died  of  this  disease,  compelling 
retreat.  The  army  of  Henry  IV.  was  reduced  three- 
fourths  of  its  effective  strength  before  the  battle  of  Agin- 
court,  through  an  epiilemic  of  this  disease.  In  1773,  half 
the  English  army  at  Ilanau  had  d^vsentery,  which  de- 
creasedon  the  abandonment  of  the  camp :  and  the  same 
occurred  in  1778  in  the  army  of  Prince  William  of  Hesse. 
In  1757  the  Fren<h  army  introduced  an  epidemic  of  this 
disease  among  the  civil  population  of  Jlayence.  In  1793 
it  ravaged  the  French  army  in  I^aly,  and  in  1812  in  Po- 
land. In  Egypt,  Najioleon  lost  more  men  from  dysentery 
than  fi-om  the  plague.  It  prevailed  largely  during  the 
Crimean  War;  and  Laveran  states  that  in  three  months 
there  were  treated,  in  the  hospitals  at  Constantinople, 
9,919  cases  of  diarrha-al  disease— chiefly  dysentery— of 


which  15  per  cent,  proved  fatal.  At  Metz,  in  1870,  it 
was  one  of  the  greatest  causes  of  mortality  in  the  besieged 
army.  In  the  military  operations  in  our  own  countrj',  it 
prevailed  in  the  French  war  of  17.56,  and  during  the 
Revolution  it  became  epidemic  in  the  trenches  before 
Boston,  It  was  most  extensive  and  fatal  during  the 
Seminole  Wariu  1836;  and  the  same  was  the  case  during 
the  war  with  Mexico.  During  the  Civil  War  period, 
July.  1861,  to  June  30th,  1866,  the  average  rate  of  ad- 
mission for  dysentery,  per  thousand  strength,  was  120.88; 
the  death  rate  for  the  same  cause  and  period  was  3.67. 
While  the  admission  rate  varied  but  little  during  these 
years,  the  mortality  steadily  increased ;  tlie  death  rate 
per  thou.sand  strength  for  this  cause  being  1.64  in  1861-63 
and  6.31  iu  1865-66.  Since  the  Civil  War,  its  prevalence 
in  our  country  is  shown  by  the  following  figures: 


Period. 

Admissions  per 
1.000  strength. 

Deaths  per 
1,000  strength. 

IStiS  S4                   

29.M 
6.52 

12.05 

19.91 
2.39 

28.39 

0.59 

l.HK.5-<« 

ISftViW 

is(3K  m 

.10 
.68 
.45 

Year  1897 

Year  1898 

1.86 

The  rates  for  olysentery  in  foreign  armies  in  the  present 
times  of  peace,  like  those  tintil  recently  obtaining  in  our 
own  service,  arc  low.  Among  the  British  troops  sta- 
tioned in  the  United  Kingdom  during  the  decade  1888- 
97,  the  admissions  per  thousand  strength  amounted  to 
.5,  the  deaths  to  .2.  For  the  year  1898  the  admissions 
amounted  to  .7,  the  deaths  to  .08.  The  occurrence  of 
dy.sentery  in  the  German  army  is  shown  by  the  follow- 
ing rates: 

Admissions 
Period.  per  I,(X«) 

strength. 

1881-S2  to  1885-86 1.4 

188(i-87  to  1890-91 24 

1891-92  to  1895-96 31 

Year  1894-95 25 

Year  189.5-96 .57 

Year  1896-97 10 

The  milder  cases  are  not  taken  into  hospital  and  do  not 
figure  in  the  above  rates  for  the  German  army. 

In  the  Austrian  and  Russian  armies  the  rates  of  admis- 
sion, per  thousand  strength,  have  been  as  follows : 


Year. 

Austrian  Army. 

Russian  Army. 

1893    

4.1 
1.3 
1.3 
1.2 
.8 
.6 

3.4 

1^93            

2.1 

1894 

2.0 

2.3 

1896                  

1.6 

1897 

1.7 

The  case  mortality  among  the  Russian  and  Austrian 
armies  during  the  above  period  was  twice  as  high  as  in 
our  own  military  service  or  those  of  England  and  Ger- 
man)'. 

Nothing  more  clearly  shows  the  value  of  modern  mili- 
tary hygiene  and  sanitation  than  the  great  and  progres- 
sive reduction  of  the  rates  for  dysentery,  which  has  oc- 
curred iu  all  ariuies  in  the  last  two-score  years.  Not  only 
has  the  proportion  of  admissions  been  largely  decreased, 
but  the  case  luortality  has  been  reduced  to  an  even  greater 
degree.  In  our  own  armv  the  vast  improvement — as  well 
as  the  favoring  iufluence  of  field  service  on  the  occurrence 
of  this  disease— is  shown  in  the  chai-t  (see  Fig.  1081). 
For  the  French  army  in  Algeria  it  is  stated  by  Coustan 
that  in  1847-48,  out  of  every  1.000  deaths  from  all  causes, 
403  were  from  diarrhoea  and  dysentery,  chiefly  the  latter, 
while  for  the  peiiod  1867-78  this  disease  occasioned  but 
72  deaths  out  of  each  1,000;  and  the  rate  has  fallen  pro- 
gressively since  that  time. 

Predisposing  Causes. — Dysentery  occurs  both  endemi- 
cally  and  epidemically  in  all  climates,  but  is  especially 
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prevalent  in  the  tropics.  For  the  decade  1888-97  the 
adniis.sious  for  this  disease,  among  British  soldiers  in 
India,  China,  the  Straits  Settlements,  Ceylon,  West  Indies, 
Ejiypt  and  Cyprus,  and  Jlauritius,  amounted  to  an  aver- 
age of  la.l'i  per  thousand  for  all;  while  for  the  United 
Kingdom  they  were  but  .5,  and  for  Canada  .1  per  thou- 
sand. In  our  own  army,  for  the  fourteen  months,  3Iay, 
1898,  to  .lunc,  1899.  inclusive,  the  death  rate  from  diar- 
rhoea and  dysentery  is  given  as  1.8  per  thousand  of  troops 
serving  in  the  United  States;  .5.69  for  those  serving  in 
Cuba;  2.08  for  those  in  Porto  Rico,  and  2.48  for  those 
stationed  in  the  Pacific  Islands.  For  the  last  six  months 
of  1897  the  admissions  for  dysenter}-  in  the  Spanish  army 
in  Cuba  amounted  to  72  per  thou.sand  strength,  and  the 
death  rate  to  10  per  thousand  strength.  In  temperate 
climates,  summer  is  the  season  when  the  disease,  like  all 
diarrhoeal  diseases,  prevails  to  the  greatest  extent ;  in  the 
tropics  it  occurs  most  frequentl}-  at  the  close  of  the  raiuy 
season.     Few  facts  in  connection  with  the  relation  be- 
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.\Umission3  lor  Dysenten"  iu  the  Uniled  States  Army,  per  Thousand  .Strength,  lor  the 
Period  l«n-9».  Excluding  the  Year  186". 


tween  dysentery  and  climate  or  season  are  more  clear 
than  those  which  indicate  the  influence  of  vicissitudes  of 
temperature,  and  exposure  to  chilling,  in  determining 
attacks.  The  reduction  of  dysentery  which  has  occurred 
in  the  French  army  has  been  thought  to  be  largeh*  due 
to  the  iirovision  of  conveniences  which  render  unneces- 
sary the  chilling  of  the  soldiers  at  night  while  attending 
to  the  calls  of  nature. 

Djsentery,  though  sometimes  occurring  in  dry  locali- 
ties, manifests  a  decided  preference  for  damp  and  water- 
logged soils.  Of  great  importance  in  its  epidemic  oc- 
currence is  the  saturation  of  the  camp  site  with  organic, 
and  particularly  fsecal,  material.  The  destructive  epi- 
demics of  former  times  undoubtedly  dejiended  largely 
upon  long  occupancy  of  camp  sites,  resulting  in  fouling 
of  both  soil  and  water.  All  cachectic  states  of  the 
constitution  powerfully  predispose  to  dysenteiy.  Scurvy 
and  malaria  are  no  exceptions  to  this  rule,  and  the  latter 
gives  rise  to  a  form  of  the  disease  peculiarly  resistant  to 
treatment.  Fatigue,  exposure,  hardship,  and  anxiety  also 
appear  to  have  no  small  influence  in  determining  its 
occurrence.  A  faulty  dietary,  especially  as  found  in  in- 
sufficient, coarse,  or  improperly  cooked  food,  green  or 
over-ripe  fruits,  an  excess  of  salt  meats,  or  the  over-use 
of  alcoholics,  notoriously  favors  the  disease.  These  points 
were  particularly  well  shown  in  the  happj'  change  in  the 
condition  of  the  British  army  at  the  Ciimea,  in  respect  to 
dysentery,  an  soon  as  its  wants  as  to  diet,  shelter  and 


clothing  were  properly  satisfied.  A  large  number  of  out- 
breaks of  dysentery  have  occurred  during  the  prevalence 
of  tj-phoid  fever,  the  development  of  both  diseases  ap- 
l)areutly  being  favored  bv  the  same  general  conditions. 

Dysentery  is  particularly  liable  to  affect  young  soldiers 
through  their  disregard  of  matters  of  hygiene  and  prob- 
ably greater  individual  susceptibility.  Tiipler  states  that 
during  the  war  with  IMexico  the  death  rate  from  dysen- 
tery was  twice  as  high  in  the  newly  raised  troops  "as  in 
the  old  amij-.  Negro  troops  appear  particularly  liable 
to  contract  dysentery.  In  our  own  service,  for  the  decade 
1879-88,  the  rates  per  thousand  strength  were  as  follows: 

Admissions.     Deaths. 

White  troops 13.65  0.20 

Colored  troops 29.65  .32 

Among  the  British  troops  stationed  in  the  West  Indies, 
for  the  decade  1888-97,  the  rates  for  European  troops, 
per  thousand  strength,  were  6.9  for  admissions,  and  .83 
for  deaths.  For  the  same  period 
the  rates  for  non-European  (negro) 
troops  were  respectively  16.8  and 
.44.  Coustan,  on  the  other  hand, 
notes  an  immunity  to  this  disease 
among  the  natives  of  Northern 
Africa,  citing  an  instance  where 
"  a  French  column  in  Algeria  suf- 
fered severely,  while  the  native 
Arab  followers,  who  set  every  law 
of  hygiene  at  defiance,  escaped 
sickness."  From  the  greater  care 
which  they  are  able  to  give  them- 
selves, and  also  owing  to  their 
greater  attention  to  .sanitary  detail, 
officers  are  much  less  liable  to  dys- 
entery than  arc  enlisted  men. 

Method  of  III  feel  ion. — The  com- 
monest recognized  portal  of  infec- 
tion is  the  mouth;  the  specific 
exciting  cause  of  the  disease 
gaining  entrance  in  contaminated 
water  or  on  uncooked  foods  on 
which  the  organism  is  located. 
Expeiiments  show  that  infection 
can  occur  through  the  rectum,  but 
this  is  undoubtedly  a  rare  mode 
in  Iiuman  beings.  The  instances 
in  which  outbreaks  of  dysentery 
have  been  traced  to  the  use  of  foiil 
water,  paiUcularly  that  contami- 
nated with  ftccal  matter,  are  very  nimierous:  and  of  all 
causes  contributing  to  the  occurrence  of  this  disease, 
that  of  impure  water  is  the  most  important.  In  most 
instances  this  fluid  merely  serves  as  a  vehicle  for  the  in- 
troduction of  the  specific  cause  into  the  sj'Stem,  but  it 
may  at  times,  through  suspended  particles,  have  a  pre- 
disposing influence  through  its  irritative  action  on  the 
bowel. 

Frieur  has  reported  an  epidemic  of  31.t  cases  of  dysen- 
tery occurring  in  1891  in  a  small  garrison  in  the  French 
armj-,  which  he  regards  as  directly  traceable  to  the  use 
of  the  common  latrine  by  the  first  patient,  who,  as  the 
affection  became  more  advanced,  was  unable  to  keep  from 
voiding  his  discharges  on  the  floor  and  seats.  No  case 
appeared  until  six  days  after  the  first  case  was  well  de- 
veloped. He  believes  that  the  affection  was  directly  due 
to  the  dysenteric  discharges  being  mixed  with  the  dirt  on 
the  floor  of  the  latrine  and  being  carried  into  barracks 
on  the  shoes  of  the  soldiers.  The  food  of  the  latter  was 
then  contaminated  with  this  infectious  mateiial ;  a  result 
rendered  very  possible  by  the  absence  of  mess  rooms  in 
French  barracks  and  the  fact  that  the  soldier  of  that  ser- 
vice usually  sits  on  stairways  or  on  the  floors  of  halls  or  > 
barrack  rooms  while  eating  his  food. 

Propliylfiiif. — This  is  naturally  dependent  on  the  eti- 
ology. All  drinking-water  should  be  protected  from  con- 
tamination, and,  when  open  to  the  slightest  suspicion, 
should  be  sterilized  by  heat.     It  is  well  to  keep  in  mind 
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tliat  if  pure  water  be  not  provided  in  a  liot  climate,  tile 
men  n\\\  get  it  from  any  sonree,  however  impure.  Food 
sliould  be  carefully  watched  in  respect  to  its  sufficiency, 
quality,  and  the  thoroughness  of  its  cooking.  When  an 
epidemic  of  the  disease  threatens,  all  raw  fruits  and  vege- 
tables should  be  excluded  from  the  diet;  and.  if  possible, 
hard  bread  and  beans  also,  since  these  are  difficult  of  diges- 
tion and  irritating  to  the  intestinal  canal.  Chilling,  es- 
pecially of  the  alidonien.  should  be  avoided,  and  the  use  of 
the  flannel  band  may  be  advisable.  The  camp  site  shoidd 
be  dry  and  well  drained.  If  the  disease  appears  with  any 
severity  the  camp  should  be  promptly  moved  without 
waiting  for  fiu-ther  developments.  Instances  have  been 
known  where  regiments  were  affected  with  dys(mtery 
every  time  they  encamped  on  a  certain  space,  and  old 
camping  grounds  notoriously  favor  tlu;  occurrence  of  this 
disease.  The  camp  should  be  carefully  policed  to  linu't 
tlie  fly  plague,  and  the  contents  of  latrines  disinfected 
and  covered  twice  daily.  If  ]iossible.  the  excreta  should 
be  burned.  Great  care  should  be  taken  to  prevent  con- 
tamination of  the  water  supply  with  f;ecal  matter,  eitlier 
from  the  location  of  the  latrines  or  from  uncleanly  habits 
on  the  part  of  troo]5s.  Dysentery  |iatients  shoidd  prefer- 
ably be  removed  from  the  locality  in  which  the  disease 
was  contracted.  Inasmuch  as  dysentery  occasionally 
spreads  in  military  hospitals  where  large  numbers  of  such 
cases  are  under  treatment,  the  necessity  of  free  ventila- 
tion, aliundant  air  space,  and  the  prompt  disinfection  of 
the  stools,  bed  pans,  commodes  and  enema  tubes  are 
matters  of  the  first  importance. 

Epide.mic  Infi.ttesz.^. — Occurrence. — In  the  military 
service,  influenza  is  chiefly  of  importance  through  the 
incapacity  for  duty  which  it  produces.  The  military  age 
does  not  include  the  extremes  of  life,  at  which  the  disease 
is  most  fatal,  and  hence  the  mortality  directly  resulting 
from  this  alfection  is  small.  That  it  exerts  an  unfa- 
vorable influence  in  the  production  of  secondary  jineu- 
nionia  and  tulierculosis,  however,  there  can  be  no  doubt, 
though  this  is  not  sIk.iwu  by  statistics.  The  disease  in 
our  army  has  occurred  in  well-defined  epidemics  of  great 
intensity  but  short  duration.  Dviring  recent  years  these 
epidemics  have  occurred  with  much  greater  frequency. 
Following  their  subsidence  there  aiqx'ars  to  have  been  a 
tendency  on  the  part  of  medical  oftiicrs  to  confound  sim- 
ple respiratory  catarrhs  with  this  disease,  even  in  the 
absence  of  any  epidemic  tendencies,  thus  probablj'  un- 
duly raising  the  rates  for  this  affection.  During  the 
Civil  War  the  admission  rates  for  influenza,  per  thousand, 
strength,  amounted  to  60.84.  For  sixteen  years,  1868- 
84,  the  cases  fell  to  an  average  of  9.39  per  thousand 
strength.  During  the  decade  188.5-94,  epidemics  in 
189'3  and  1893  greatly  raised  the  figures  for  this  disease, 
making  the  admissions49.88perthousand  strength.  For 
the  period  lS!l."i-!»sthe  admission  rate  was  44.93.  For  the 
year  1897  tiie  admissions  were  again  increased  to74.3.T: 
while  for  1898  they  fell  to  33.37.  In  foreign  armies  the 
disease  has  prevailed  among  troops  during  the  widespread 
epidemics  which  have  from  time  to  time  occurred.  In 
1893  and  1893  high  rates  for  this  disease  w-ere  given  in  all 
European  armies.  In  the  English  array  the  disease  has 
prevailed  nearly  ever}'  year  since  1889.  In  the  Russian 
army  influenza  appears  annually  as  a  potent  factor  in 
elevating  the  sick  rates. 

Dimeiiiiiiationaiid  Infection. — The  powers  of  resistance 
of  the  specific  organism  appear  to  be  of  a  very  low 
order.  Pfeiffer  found  that  dried  cultures  of  influenza 
bacilli  kept  at  the  ordinary  temperature  were  usually 
dead  in  twenty  liours,  and  that  no  growth  could  be  ob- 
tained from  influenza  sputtun  at  the  end  of  two  days. 
Their  duration  (jf  life  in  ordinary  water  is  also  short, 
death  usually  occurring  in  two  days.  From  these  ex- 
periments, Pfeiffer  concludes  that  outside  the  body  the 
bacilli  cannot  midtiply  under  ordinary  conditions  and 
can  remain  alive  but  a  short  time  only.  The  mode  of  in- 
fection in  the  disease  he  accordingly  considers  to  be 
chiefly  by  direct  contact  with  infective  mucus,  with 
which  the  bacilli  probably  alone  escape  from  the  organ- 
•  ism.     Its  rapid  spread  over  large  areas  was  long  thought 


to  be  explainable  on  the  supposition  that  tbe  infection 
was  air-borne,  but  this  is  probably  due  to  the  combined 
effect  of  ashort  incubation  period,  an  early  infectiveuess, 
a  widespread  susceptibility,  and  the  existence  of  early 
unrecognized  cases.  It  is  impossible  to  say  what  are  the 
conditions  that  favor  its  development  and  spread,  but 
atmospheric  conditions  which  favor  bronchial  irritation 
certainl)'  play  a  part.  The  incubation  period  is  from  two 
to  six  days,  and  perhaps  at  times  the  limits  are  wider.  In- 
fectiousness cotnmeuces  early,  in  many  instances  before 
the  disease  has  fairly  declared  itself.  It  persists  for  some 
time  after  acute  .symptoms  have  subsided,  judging  by  the 
presence  of  Pfeiffer's  bacillus.  While  this  bacillus  ap- 
pears to  be  unable  to  cause  influenza  in  the  lower  ani- 
mals, there  is  abundant  evidence  that  certain  animals 
suffer  with  symptoms  much  like  those  of  influenza  during 
epidemics  of  this  disease.  Dtiriug  the  epidemics  of  1893 
and  1893,  in  our  army,  the  disease  known  as  "  pink-eye," 
regarded  b}'  many  as  a  form  of  influenza,  was  extremely 
prevalent  among  cavalry  horses. 

Pri/phi/la.n'x. — Influenza  is  an  infectious  disease,  the 
spread  of  which  can  be  checked  b\' isolation;  but  when 
the  peculiar  features  of  the  disease  and  the  conditions  of 
military  life  are  considered,  it  nuist  be  admitted  that  iso- 
lation has  its  limitations  and  can  usually  only  mitigate 
rather  than  entirely  prevent  an  epidemic.  In  general, 
however,  it  is  important  as  far  as  possible  to  prevent  the 
contact  of  the  infected  with  the  uninfected.  Soldiers 
affected  with  the  disease,  even  in  a  mild  form,  should  be 
taken  into  hospital,  not  so  much  for  tlieir  own  benefit  as 
in  behalf  of  others.  While  the  disease  prevails,  large 
assemblages  should,  as  far  as  possible,  be  avoided.  There 
should  be  an  avoidance  of  all  influences  which  lower  the 
general  tone,  and  good  ventilation  and  cleanliness  of  per- 
sons and  surroundings  are  of  value.  The  sputum  of  af- 
fected individuals  shoidd  be  treated  in  the  same  manner 
as  if  it  were  tidjerculous.  All  handkerchiefs,  napkins, 
bedding,  clothing,  and  other  articles  used  by  the  sick 
should  be  disinfected  ;  though  when  an  epidemic  is  once 
fairly  established,  the  infection  is  so  widespread  that 
efforts  looking  to  the  control  of  the  disease  are  of  but  little 
avail. 

Malarial  Fev'ers. — Occurrence. — Malaria  has  ravaged 
armies  in  every  age  and  climate,  and  has  frequently 
modified  military  operations  or  brought  about  their  fail- 
ure. Rome  was  saved  fiom  captui-e  by  malarial  fevers, 
which  so  scourged  tlie  besieging  Gauls  under  Brennus 
as  to  cause  their  retreat.  In  the  year  308  the  Roman 
army  in  Scotland  lost  .50,000  men,  out  of  a  total  of  80.000, 
from  this  cause.  No  military  disaster  caused  by  malarial 
infection  was  ever  more  complete  than  that  of  the  British 
expedition  to  the  island  of  Walcheren,  in  1809.  On  this 
occasion  it  has  been  said  that  the  British  were  conquered 
liefore  the  battle.  Out  of  an  effective  force  of  39,319 
there  succumbed  to  the  fever,  between  Ail,gust  38th  and 
December,  no  less  than  23,175  men.  After  the  return  to 
England  there  were  11,503  additional  cases.  But  317 
men,  during  this  disastrous  expedition,  were  killed  by 
the  enemy.  In  the  Seminole  War.  in  Florida,  our  troops 
suffered  severel.y  from  malarial  infection.  In  the  French 
army  before  Sebastopol  there  were  30.633  cases  with 
3.179  deaths.  In  the  Union  forces,  during  the  Civil  War, 
there  were  1,314,744  cases  of  malaria  with  10,063  deaths, 
giving  a  raortality  of  3.93  per  thousand  strength.  "But 
though  the  mortality  from  these  fevers  was  compara- 
tively light,  their  influence  in  detracting  from  the  effi- 
ciency of  the  army  was  very  great,"  as  well  as  largely 
influencing  the  rates  of  discharge  for  disability  on  ac- 
count 01  resulting  anoeuiia  and  chronic  malarial  poison- 
ing. The  so-called  " Chickahomiuy  fever''  was  particu- 
larly severe  in  its  effects.  JIalarial  fevers  prevailed  in  the 
French  army  during  the  Italian  War  in  1859,  and  during 
the  occupation  of  the  papal  states.  Ashmead  states  that 
from  5,995  Japanese  soldiers  sent  to  Formosa  in  1873, 
there  were  6, 105  admissions  to  hospital  for  pernicious 
malarial  fever  during  a  single  year.  In  the  French  ex- 
pedition in  Madagascar,  in  1895,  out  of  a  total  force  of 
33,850    men — soldiers    and    carriers — there    were    7,498 
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deaths :  a  mortality  of  about  33  per  cent.  Nearly  all  these 
deaths  were  from  malarial  fevers.  During  this  e.xpe- 
dition,  with  its  enormous  mortality,  only  7  men  were 
killed  and  94  wounded  by  the  enemj-.  lu  the  same 
year  a  Spanish  expedition  in  the  Philippine  Islands 
■was  scourged  with  malarial  fever.  During  the  last  in- 
surrection in  Cuba  the  Spanish  forces  were  largely  de- 
pleted by  malarial  fevers  of  a  severe  type;  the  admissions 
to  hospital  for  tliis  cause,  during  the  year  1.S9T,  amount- 
ing to  420  per  thousand  strength.  In  189.S,  after  the 
capture  of  Santiago,  one-half  of  our  forces  in  Cuba  were 
at  one  time  incapacitated  for  duty  by  reason  of  malarial 
fever.  This  grave  condition  of  affairs  evoked  an  appeal 
to  the  War  Department,  signed  by  al!  the  higher  ofticers, 
urging  an  immediate  removal  of  these  troops  to  a  more 
healthy  locality  and  using  the  sentence:  "This  army 
must  be  moved  or  perish." 

Until  within  a  comparatively  recent  period,  malarial 
disease,  in  time  of  peace,  constituted  the  prime  factor  in 


year,  showing  the  more  grave  nature  of  the  tropical  in- 
fections. As  far  as  the  United  States  itself  was  concerned, 
the  board  investigating  the  occurrence  of  typhoid  fever 
during  the  war  with  Spain  came  to  the  conclusion  that 
malaria  was  a  comparatively  rare  disease  among  those 
soldiers  who  remained  in  this  country.  As  great" as  has 
been  the  reduction  of  malarial  disease  in  our  own  army 
— to  one-tenth  of  former  rates — the  improvement  in  this 
respect  in  the  German  army  has  been  even  greater.  Of- 
ficial figures  for  the  German  army  are  as  follows : 

Admissions 
Period.  per  1.000 

strenRth. 

1881-82  to  lsa5-S6 113 

18S6-S:  to  1890-91 41 

1891-92  to  1895-96 ""     I'j 

Year  l.'iaViW 55 

Year  1.890-9: 45 


In  the  French 
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army  the  admissions  for  malaiia,  per 
thousand  strength,  are  thus  given 
by  Coustan  for  troops  in  France  and 
Algeria : 

Admissions 
Period.  per  1,000 

strength. 


187.5-' 

1880  . 

1881  . 
1883. 
188.-!. 

1884  . 

1885  . 
1888. 
1889. 
1890. 
1891  . 


■9. 


30.0 

18 

25 

30 

56 

15 

20 

13 

16 

17 

36.1 

24.4 

14.3 


Fig.  1083.— Admissions  for  Malarial  Infections  in  the  United  States  Army,  per  Thousand 
Strength,  for  the  Periml  18i;i-9»,  Excluding  the  Year  1867. 


For  the  British  troops  on  home 
stations  the  admissions  per  thousand 
strength,  for  the  decade  1888-97, 
amounted  to  6.3.  For  the  year 
1898  they  were  increased  to  9..0.  In 
the  Russian  army  the  admi.ssion  and 
mortality  rates  from  malarial  fevers, 
P'r  thousand  strength,  have  been 
as  follows: 


the  constitution  of  the  sick  reports  of  our  army.  Today 
it  occupies  a  minor  po.sition  for  troops  on  the  home  sta- 
tion except  for  a  few  posts,  the  decrease  not  only  having 
been  great  but  steadily  progressive.  This  reduction  has 
been  brought  about  liy  the  withdrawal  of  troops  from 
more  unhcalthful  stations  and  by  greater  atlention  to 
sanitary  detail  at  the  few  malai'ial  posts  at  which  military 
necessity  reiiuires  garrisons  to  he  maintained.  During 
the  last  quarter  of  a  century,  also,  the  disease — espe- 
cially in  the  eastern  portion  of  the  United  States — appears 
to  have  considerably  decreased  in  frequency  and  vir- 
ulence. The  possibiiity  of  retaining  troops  at  stations  on 
the  Potomac  river,  as  an  example,  was  long  a  matter  for 
serious  consideration.  At  Fort  Myer  nearly  all  the  gar- 
rison contracted  malarial  fevers  during  the  season;  of 
AVashington  BarracUs^it  was  at  one  time  officially  reported 
that  during  the  malarial  months  there  were  scarcely 
enough  well  men  to  |ierform  guard  duty;  and  at  Foi-t 
Wasliington  the  jirevalence  of  malarial  fevers  resulted  in 
the  abandonment  of  the  post  as  a  station  for  troops  for  a 
number  of  years.  These  jjosts  still  lead  all  other  stations 
in  the  army  as  regards  malaria,  but  the  number  of  cases 
of  malarial  infection  are  now  very  greatly  reduced.  Fol- 
lowing the  regarrisoning  of  Fort  "Washington,  the  sick 
rates  at  that  station  h;ive  been  by  no  means  sei'iously  high. 
Since  the  Civil  Wav  the  admissions  for  malaria  for  the 
entire  army,  per  thousand  strength,  fell  from  793.7.5  in 
1868  to  78.'88  in  1897.  For  the  "period  1868-84  the  ad- 
mission rates  per  thousand  strength  amounted  to  331.06; 
for  the  decade  1885-94  they  were  92.27.  The  influence 
of  war,  and  especially  the  exposure  to  malarial  infection 
in  the  tropics,  caused  an  increase  to  694.60  in  1898.  The 
death  rate,  too,  was  unusually  high  during  the  last-named 


Year. 

Admissions. 

Deaths. 

1890 

103.3 
79.9 
78.1 
79.1 
57.6 
44.5 
46.5 
47.3 

7.1 

1891 

.05 

1893 

08 

1893 

.07 

1894    

.08 

1895 

.06 

1896 

.08 

1897 

.07 

In  the  Austrian  army  the  cases  of  malaria  amounted  to 
50.3  per  thousand  in  l.sS.i;  to30.6in  1891 ;  to40.4  in  1892; 
to  34.7  in  1.893;  to  28  in  1894;  to  26.1  in  189,5;  to  22.6  in 
1896;  and  to  31.9  in  1897.  The  deaths  from  malaria  per 
thousiind  strength  have  recently  been  as  follows  in  the 
Italian  arm\- : 


Year. 

1893  .. 

1894  . . 
189;>  .. 

1896  .. 

1897  . . 


Death  rate. 
....  0.13 


.10 
.12 
.12 


Manlier  of  Infecfinn. — Since  the  malarial  parasite  has 
not  been  observed  outside  the  body,  and  nothing  is  known 
concerning  its  extra-corporeal  existence,  it  is  impo.ssible 
to  speak  with  certainty  as  to  all  the  modes  of  its  entry 
into  the  system.  This  very  probably  occurs  in  several 
ways.  It  has  recently  been  advanced  by  some  that  the 
disease  is  directly  transmitted  from  man  to  man  only  by 
inoculation,  the  mosquito  serving  as  the  intermediate  host 
and  transmitting  agent  by  which  infection  is  brought 
about.     This  claim,  however,  clearly  lacks  substantiation. 
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It  is  a  matter  of  common  observation  that  tlie  infecting  or- 
ganism of  malaria  must  multiiilj-  indefinitely  oiitside  the 
body  independently  of  man.  In  fact,  malaria  is  most  prev- 
alent where  man  is  not,  and  where  hviman  beings,  through 
the  prevalence  of  this  disease,  cannot  maintain  an  exist- 
ence. Therefore  this  extra-corporeal  multiplication  must 
.demand  something  more  than  a  short  cycle  from  man  to 
mosquito  and  mosquito  to  man.  "Where  this  e.xtra-cor- 
poreal  life  of  the  malaiial  parasite  is  spent  has  not  yet 
iieen  scientiticall}'  demonstrated,  but  both  analog}'  and 
common  experience  point  to  water  as  necessary  to  its 
existence.  The  parasite  in  the  blood  is  polymorphous, 
and  in  the  flagellated  variet_y  it  presents  a  type  well  litted 
to  pursue  an  indejiendent  existence.  In  water  it  may 
assume  other  and  unknown  forms  (|uite  capable  of  in- 
vading the  organism  through  the  walls  of  the  alimentary 
tract.  Certainly  this  is  po.ssible  to  other  somewhat  sim- 
ilar forms  of  life,  as  in  dysentery,  and  tlieie  is  much  evi- 
dence of  a  practical  nature  to  show  that  a  malarial  in- 
fection may  actiially  be  contracted  in  this  way.  Both 
Manson  and  Laveran  believe  that  water  in  which  infected 
mosquitoes  have  died  may  cause  the  disease. 

Military  history  is  full  of  instances  in  which  outbreaks  of 
malarial  "fever  have  occurred  apparently  as  a  result  of  the 
use  of  impure  marsh  water,  and  under  circumstances 
which  leave  little  possibility  for  infection  by  other  means. 
As  a  type  of  these  exaniiiles  may  b'  mentioned  the  well- 
known  outbreak  of  malaria  among  the  French  troops  on 
the  ship  Argo.  and,  like  other  similar  instances,  never  yet 
disproved.  Further,  military  history  presents  many  cases 
in  which  the  rates  for  malarial  fevers  were  greatly  dimin- 
ished on  the  substitution  of  a  pure  for  an  impure  water 
supply.  In  our  own  service  the  following  instances  may 
be  mentioned:  Fort  Brown,  in  18s!l,  had  an  admission 
rate  for  malarial  fevers  of  1,67."). 86  per  thousand  strength, 
with  a  rate  of  38.58  for  constant  sickness.  Distilled 
water  from  the  ice-machine  was  then  provided  for  the 
use  of  the  troops,  and  the  rates  for  1891  became  325.91 
and  8.32,  respectively.  In  1892  the  admission  rates  be- 
came 16.13  per  thousand  strength,  and  the  constant  .sick- 
ness .35.  The  rates  for  this  post  have  never  returned 
to  even  a  small  fraction  of  what  they  were  before  the 
introduction  of  distilled  water,  and  Fort  Brown  has  ceased 
to  be  regarded  as  one  of  the  malarious  stations  in  the 
army.  At  Fort  Ringgold  the  admissions  for  malarial 
fevers  amounted  to  2,30-t  per  thousand  strength  in  the 
year  1885.  Distilled  water  was  supplied  for  the  use  of 
troops — though  its  exclusive  use  was  not  compulsory — 
and  in  1889  the  rates  had  fallen  to  562  per  thousand 
strength.  At  this  time  there  was  considerable  tield  ser- 
vice among  the  troops  stationed  at  Fort  Ringgold,  and 
the  post  surgeon  reported  that  lie  believed  every  ca,se  of 
malarial  fever  could  be  traced  to  an  infection  acquired 
outside  the  post.  In  1897  the  admissions  for  malarial 
fever  at  Fort  Ringgold  amounted  to  but  89.43  per  thou- 
sand strength.  In  the  experience  of  the  writer,  at  Jef- 
ferson Barracks,  the  soldiers  of  that  station  were  severely 
affected  with  malarial  fevers.  On  the  introduction  of 
boiled  water  a  marked  reduction  in  malarial  affections 
was  apparent.  Among  the  ofticers  and  their  families  at 
this  station,  who  were  careful  to  drink  boiled  or  imported 
spring  waters  only,  not  a  case  occurred  save  in  two  chil- 
dren, who  were  shown  habituall)'  to  use  water  from  im- 
pure and  unautliorized  sources.  Later,  at  Washington 
Barracks,  it  was  observed  that  among  the  two  batteries 
of  artillery,  who  drank  untiltered  water,  the  proportion 
of  malarial  cases  was  four  times  as  great  as  among  the 
men  of  the  Hospital  Corps  Company  of  Iivstruetion,  hav- 
ing an  average  strength  of  about  150  men,  who  drank 
only  water  passed  through  Berkefeld  tillers. 

Such  instances  as  the  above  may  be  largely  nmltiplied, 
and  serve  to  emphasize  the  fact  that,  however  else  the 
malarial  organism  may  gain  access  to  the  system,  its  en- 
trance by  means  of  the  water  supply  should  never  he  dis- 
regarded by  the  military  sanitarian.  Grawitz  has  shown, 
in  connection  with  the  infection  of  malaria  by  mosquitoes, 
that  the  disease  is  most  common  in  the  German  army  dur- 
ing spring  when  mosquitoes  are  not  especially  active,  and 


he  regards  a  water  supply  above  reproach  as,a  necessity 
in  pieveutiug  malaria.  It  is  true  that  a  number  of  experi- 
ments have  been  made  in  the  attempt  to  cause  malarial 
infection  by  way  of  the  alimentary  tract.  Healthy  per- 
sons have  been  allowed  to  drink  the  water  from  .sup- 
poseilly  malarious  mai'shes;  enemata  of  similar  waters 
have  been  given  to  other  individuals,  and  even  the  blood 
of  malarial  patients  has  been  drunk  by  uninfected  per- 
sons. These  experiments  were  negative  in  their  results. 
In  the  absence  of  positive  know  ledge  that  the  water  con- 
tained malarial  organisms  in  the  proper  .stage  of  develop- 
ment, the  tirst  experiments  prove  nothing;  as  for  the 
experiment  with  tlie  infected  blood,  it  may  well  be  that 
in  this  intra -corporeal  stage  the  parasite  has  little  powers 
of  resistance  against  the  digestive  jinces.  In  the  light 
of  the  instances  above  quoted  it  may  fairly  be  assumed 
that  some  important  factor  present  in  natural  infection 
was  inadvertently  omitted  from  the  experiments.  On 
the  other  hand,  besides  abundant  experimental  evidence 
to  the  contrary,  the  theory  that  malaria  is  transmitted  by 
water  alone  is  refuted  by  the  tact  that  men  on  board 
ships  anchoi'ed  off  a  malarial  coast,  who  may  not  have 
been  on  shore  and  have  used  nothing  but  distilled  water, 
often  contract  malaria.  There  is  a  very  general  impres- 
sion that  iid'ection  can  occur  througli  the  respiratory 
tract,  though  in  the  absence  of  definite  knowledge  con- 
cerning the  life  of  the  malarial  parasite  outside  of  the 
body,  it  is  evident  that  this  point  is  not  s>i.sceptible  of 
absolute  proof.  Sleeping  on  the  ground,  wliere  the 
emanations  of  a  supposedly  malarious  soil  are  inhaled 
during  repose,  has  long  been  thought  to  favor  the  preva- 
lence of  the  disease  among  soldiers.  It  should  not  be 
forgotten,  in  this  connection,  that  a  wind  which  .serves 
to  carry  a  so-called  malarial  miasm  may  also  carry  in- 
sects serving  as  hosts  tor  malarial  parasites. 

As  a  result  of  modern  investigation,  the  occurrence  of 
the  disease  through  inoculation  by  infected  mos(iuitoes 
has  been  scientifically  demonstrated,  and  it  appears  prob- 
able that  the  organism  frequently  gains  access  to  the 
blood  in  this  manner.  It  lias  not.  however,  been  shown 
that  mosquitoes  in  a  known  malarial  district  harbor  this 
parasite  except  after  sucking  the  blood  of  an  infected 
individual:  and  what  part  they  play,  if  any,  in  the  orig- 
ination of  the  first  cases  of  the  disease  occurring  in  indi- 
viduals penetrating  a  previously  uninhabited  region  has 
not  as  yet  been  worked  out.  That  healthy  persons  may 
be  directly  inoculated  by  mosquitoes  which  have  sucked 
the  blood  of  a  diseased  individual  there  is  no  doubt. 

Predispiisiiig  C'iinsi'.i. — Excluded  from  the  Arctic  zone, 
malaria  appears  to  increase  in  frequency  and  virulence 
as  the  equator  is  approached,  but  this  progression  lacks 
both  constancy  and  uniformity  and  does  not  exactly 
correspond  with  the  isothermal  lines.  Certain  tropical 
countries,  like  Australia  and  New  Caledonia,  are  free 
from  these  fevers.  In  the  island  of  Reunion,  where  it 
was  formerly  unknown,  it  has  recentl_y  appeared,  pre- 
sumably imijorted  by  French  troops  from  Madagascar, 
and  now,  according  to  Man.son,  it  causes  one-tliird  of 
the  deaths  from  all  causes.  In  general,  however,  the 
disease  bears  a  close  relationship  to  warm  climates, 
and  of  late  years  high  mortality  from  malaria  has  oc- 
curred only  in  the  tropics.  In  this  countrj-  the  rates  for 
malarial  disease  are  greatest  among  troops  stationed  in 
the  southwest  and  in  the  Jlississippi  basin,  although  the 
few  posts  on  the  Potomac  river  are  notoriously  malarial. 
During  the  Civil  War,  statistics  gathered  by  the  sanitary 
commission  showed  the  number  .sick  from  malaria  per 
thousand  to  be  proportioned  as  follows : 

In  northern  posts  at  a  distance  from  the  sea  and  great 
lakes,  151;  in  the  lake  region,  193;  at  .seaboard  stations, 
Delaware  capes  to  Savannah,  370 ;  on  the  lower  Missis- 
sippi, 383;  in  Eastern  Florida,  520;  in  the  southwest, 
747. 

Among  our  troops  now  stationed  in  Cuba  and  Porto 
Rico  the  rates  are  high,  but  in  the  Philippine  Islands  the 
rates  for  malaria  have  been  unexpectedly  low.  For  the 
world  at  large  the  present  distribution  of  malarial  dis- 
ease,  as  affected  by  climate,  is  well  shown  by  the  fol- 
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lowing  figures,  per  thousand   strength,  for  the  British 
army. 


YEAR  1898. 

DECADE  1888-97. 

Station. 

a 

i 

S 

J.  c 

B 

1 

a  . 
II 

8 

United  Kingdom 

9.5 

4 

152.1 

ss'.i 

78.5 
39.3 

380..3 
71 

379.2 

829.9 

434 
2.027.8 

o.Vi 

3.87 

.12 

1.22 

6.'37 

'  '.Vfi 

13.89 

0.37 

.25 

4.17 

2.19 

4.13 
1.65 
15.76 
2.28 
16.95 
15.17 
15.26 
67.36 

6.3 

7.2 

14.1 

1.3 

21.9 

1.9 

63.2 

30.2 

579.2 

93.0 

489.6 

95.4 

856.9 

1,815.8 

0.01 
.02 
.08 

'V(B 

■■.06 
.08 

2.76 
.87 

2.36 

.64 

.71 

52.63 

0.23 

.24 

.66 

05 

E^ypt  and  Cyprus 

.85 
.08 

2.58 

1.23 

Mauritius 

2.5.74 
2.77 

China 

14.39 

Straits  Settlements 

India 

West  Africa 

3.18 
12.01 
50.26 

At  certain  military  stations  in  India,  malaria  has  at 
times  been  so  prevalent  that  all  drills  and  parades  have 
had  to  be  discontinued.  In  former  times  the  deatli  rate 
from  this  disease  was  often  e.xtraordiuaril}'  liigh.  Davy 
mentions  an  instance  in  Ceylon  wliere  every  white  soldier 
sent  to  a  certain  station  contracted  malarial  fever ;  out  of 
a  garrison  of  254  men  there  were  20.5  deaths  from  this 
affection. 

Ne.xt  to  climate,  tlie  infiuenee  of  season  appears  to  be 
of  the  most  importance  upon  the  occurrence  of  malaria; 
the  rates  for  troops  throughout  the  United  States  pro- 
gressively attaining  the  maximum  in  September  and  the 
minimum  in  February,  as  is  well  shown  in  the  accom- 
panying diagram  (see  Fig.  lOSSV 

The  relationship  between  malarial  disease  and  marshy 
and  swampy  localities  has  long  been  recognized ;  though 
these  fevers  have  been  known  to  occur  in  localities  not 
especially  marshy,  and,  on  the  other  hand,  to  be  absent 


Fig.  1083.— Distribution  of    Cases  of    Malarial    Fever   by  Moutlis,  per  Thousand  Strength, 
Occurring  in  the  United  States  Army. 


from  'regions  wet  and  swampy.  It  must  be  admitted, 
however,  that  malai-ial  affections  are  much  more  fre- 
quent on  marshy  coasts  and  low  humid  plains  than  on 
higher  ground  where  drainage  of  the  soil  is  more  com- 
plete, and  a  certain  amount  of  moisture  in  the  soil  ap- 
pears to  be  essential  to  the  development  of  the  malarial 


virus.  Marshes  that  are  alternately  flooded  and  partially 
drained  of  water  offer  conditions  most  favorable  to  the 
development  of  malaria.  Under  such  conditions  the  pro- 
fusion of  rank  vegetation,  together  with  decaying  organic 
matter,  does  much  to  favor  it;  thouiih  it  may  occur  on 
barren,  sandy  soils  with  high  ground  watei',  particularly 
if  the  .soil  be  organically  contaminated.  The  broad,  allu-  , 
vial  deltas  of  great  rivers  and  the  valleys  of  smaller 
streams,  in  warm  climates,  are  usually  malarious.  The 
breaking  or  cleaning  of  new  lands,  in  malarious  I'egions, 
usually  results  in  the  appearance  of  malaiia  in  the  imme- 
diate vicinity,  but  liy  prolonged  cultivation  the  disease 
becomes  less  frequent  and  severe,  and  may  linally  disap- 
pear altogether.  The  geological  condition  of  a  soil  ap- 
pears to  play  a  somewhat  important  part  in  the  production 
of  the  viru.s".  An  impervious  surface  soil,  which  does  not 
readily  become  saturated  but  favors  the  rapid  shedding 
of  storm  water,  is  not  regarded  as  favorable  to  the  devel- 
opment of  the  disease.  A  permeable,  shallow  surface 
soil  with  an  underlying  impervious  stratum  may  favor 
the  development  of  malaria  under  conditions  of  very  mod- 
erate rainfall.  In  general,  excessive  or  prolonged  rain- 
fall favors  the  occurrence  of  the  disease.  At  high  alti- 
tudes the  disease  disappears  or  becomes  infrequent.  In 
the  tropics  it  is  said  that  a  height  of  more  than  two 
thousand  feet  is  usually  necessary  to  secure  immunity. 
In  the  Philippine  islands,  however,  our  troops  stationed 
in  the  upland  valleys  of  the  mountain  districts  suffered 
more  from  malaria,  and  from  a  more  fatal  type,  than 
those  in  garrisons  on  the  low  plains  of  the  coast,  even 
the  rice-iield  districts. 

While  troops  may  be  attacked  by  malaria  when  on 
board  ship,  this  is  now  rarely  the  case  in  practice.  Dur- 
ing the  disastrous  expedition  of  the  French  in  Jladagas- 
car,  in  1895,  it  is  stated  by  Lemure  that  not  a  single  fatal 
case  of  malaiia  occurred  on  board  the  thirty  vessels  con- 
stantly maintained  off  the  coast;  many  other  striking  in- 
stances to  the  same  effect  have  been  recorded.  There  is 
a  general  conviction  that  the  malarial  virus  may  lie  car- 
ried by  winds.  In  malarious  regions  near  the  coast  the 
land  breezes,  especially  if  they  traverse  neighboring 
mar.shes,  appear  to  favor  the  disease, 
while  sea  breezes  do  not.  Many  lo- 
calities which  might  otherwise  be 
highly  suspicious,  but  which  are  con- 
tinually' wind-swept,  are  often  free 
from  the  disease.  Under  ordinary 
circumstances  the  virus  of  malaria 
does  not  usuall)'  ascend  verv  high 
above  the  ground;  troops  in  upper 
floors  of  barracks  may  largely  escape 
the  disease  where  those  on  the  lower 
floors  contract  it.  There  is,  however, 
evidence  that  the  malarial  infection 
may  sometimes  be  carried  to  high  al- 
titudes b_v  strong  winds  blowing  up 
narrow,  unhealtliful  valleys.  The 
recognition  of  the  mosquito  as  an 
agent  for  the  transmission  of  this  dis 
ease  has  done  much  to  explain  the  in- 
fluence of  air  currents  in  carrying  the 
disease;  and  the  same  may  also  be 
said  with  regard  to  the  supiiosedly 
baneful  influence  of  night  air,  since 
the  malarial  mosquito  is  not  active 
during  daylight.  Davy  says  of  cer- 
tain Biitish  troops  in  Ceylon  that 
they  were  largely  exempt  from  mal- 
arial fever  as  long  as  they  were  em- 
ployed by  day  only ;  so  soon  as  they 
were  employed  more  by  night  than 
by  day,  |)articularly  in  guarding  con- 
voys and  the  relieving  of  posts,  fever  became  very  preva- 
leiit  and  destructive.  Of  one  company  70  strong,  which 
was  forced  to  sleep  out  in  the  jungle  for  a  single  night,  he 
states  that  every  man  conti-acted  fever  and  many  died. 
Lemure  gives  an  instance  of  a  garrison  of  50  Fi'ench  sol- 
diers in  Madagascar,  of  which  at  the  end  of  two  months 
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6  were  dead,  \'2  liad  liecn  invalided  home,  and  all  tlie  re- 
mainder jiresented  malarial  infections.  At  the  same  time, 
the  conditiim  as  to  health  was  good  among  a  body  of 
marines  doing  similar  duty  at  the  same  place,  but  who 
returned  to  their  ship  at  night  to  sleep. 

E-\perience  shows  that  negroes  native  to  and  living 
in  a  malarions  country  possess  an  undoubted  immunit)- 
to  malarial  fevers.  This  immunity, 
however,  is  lost  to  a  considerable 
exti'nt  after  long  residence  in  a  non- 
malarious  climate,  and  does  not  ex- 
ist to  any  \'ery  great  extent  among 
negroes  native  to  regions  where  this 
disease  does  not  prevail.  The  dif- 
ference in  respect  to  susceptibility 
between  white  strangers  and  native 
blacks  is,  however,  great.  In  the 
British  expedition  up  the  Niger,  of 
14.5  wliites  and  l.")8  negroes,  there 
w('rc  13U  cases  of  fever  with  40 
deaths  among  the  whites,  while 
tliere  occurred  among  the  negroes 
but  1 1  mild  cases,  and  these  onI_y  in 
individiutls  who  had  passed  several 
years  in  England.  In  West  Africa, 
Great  Britain  lias  found  it  scarcely 
possible  to  retain  white  soldiers,  and 
the  garrisons  are  composed  chiefly 
of  native  negroes.  For  the  decade  1888-97  the  ad- 
mission rates  for  malaria,  in  West  Africa,  were  1.81.').8 
for  the  whites,  in  spite  of  special  precautions  biken  to 
prevent  their  infection,  and  but  990.9  among  the  na- 
tive negro  troops;  the  death  rates  for  the  whites  and 
negroes  were  .53.63  among  the  former  and  but  .').T.5  among 
the  latter.  In  our  own  service,  tlie  rates  during  time  of 
peace  have  bei'u  invariably  higher  among  the  whites  than 
in  the  colored  troops,  although  the  dilTcrence  was  but 
slight  as  eoiuiiared  with  tlie  figures  given  above.  Dur- 
ing the  war  with  Spain,  however,  the  rates  for  colored 
troops  were  nuich  higher  than  for  the  whites.  This,  how- 
ever, is  readily  to  be  exjilained  by  the  fact  that  the  negro 
troops  were  nearly  all  engaged  in"  the  tropics,  while  many 
of  the  white  soldiers,  especially  artillery  and  cavalry, 
were  not  moved  from  the  United  States,  or  in  some  cases 
froiu  their  usual  posts.  In  our  army  the  native-born 
white  American  appears  to  be  slightly  more  susceptible 
to  malarial  infection  than  are  soldiers  of  foreign  birth. 
For  the  seven  vears  1890-96,  the  admissions  for  malaria 
jier  thousand  strength  amounted  to  84.2-1  for  American- 
liurn  wliites,  81.94  for  soldiers  of  Irish  birth,  and  74.76 
for  those  of  German  nativity. 

As  is  the  case  with  nearly  all  other  diseases,  age  is  a 
factor  of  great  ini])ortance  "in  predisposing  to  malarial 
infection,  as  is  shown  by  the  accompanying  diagram. 
The  desirability  of  detailing  old  soldiers  for  duty  in 
malarious  stations  is  obvious. 

Dm-ing  time  of  peace,  for  the  seven  years  1890-96,  the 
admission  rates  for  malarial  disease,  according  to  the 
branch  of  service,  were  distributed  as  follows: 

Per  1,000 
strength. 

Artlllerv .■ 103.^ 

Engineers m).m 

Cavalry 11U./9 

Ordnance 80.91 

Medical  Department n.-i.iil 

Infantry iti.SS 

Malarial  fevers  are  much  more  common  among  soldiers 
than  among  officers.  For  the  seven  years  1890-96,  the 
admissions  in  our  army  per  thousand  strength  were  81.74 
for  enlisteil  men  and  40.20  for  officers. 

Common  experience  shows  that  a  considerable  number 
of  individuals,  exposed  to  the  malaiial  poison,  escape  in- 
fection. AVhile  this  may  be  due  to  a  racial  immunity, 
as  already  mentioned,  the"  strongest  predisposing  demerit 
in  the  development  of  infectious  disease,  to  which  malaria 
is  no  exception,  is  a  lowering  of  vital  resistance  through 
.unsanitary  surroundings,  bad  food,  exhaustion,  or  expos- 


ure. Aiuong  these  factors  physical  exhaustion  is  not  of 
the  least  importance,  and  in  this  connection  Coustan  calls 
attention  to  the  fact  that  in  the  late  Madagascar  expedi- 
tion the  proportion  of  deaths  among  the  French  officers 
was  1 :  16.6,  while  among  the  soldiers,  who  were  ex- 
hausted b}'  the  carrying  of  heavy  burdens  and  long 
marching,  the  proportion  was  3 :  5.     Under-fed  or  fasting 
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troops  are  very  susceptible  to  malarial  influences,  and 
early  morning  drills  before  breakfast,  or  late  gtiai'd  duty, 
are  "especially  favoring  factors.  Exposure  to  heat  un- 
doubtedly exerts  an  influence  favorable  to  malarial  infec- 
tion, and'  the  same  is  commonly  believed  to  be  the  case 
with  respect  to  alcoholic  excesses. 

The  acclimation  of  troops  in  a  malarious  country 
cannot  be  counted  upon — military  ex])ericnce  showing 
that  the  morttility  increases  with  the  length  of  the  so- 
journ. One  attack  of  malaria,  unlike  the  eruptive  fevers, 
predisposes  to  another:  and  it  is  an  invariable  rule  in  the 
French  service  to  select  for  expeditions  in  the  tro]iies  only 
such  as  have  not  previously  been  alfected  with  the  dis- 
ease. 

After  residence  in  a  malarious  country,  with  or  with- 
out symptoms  denoting  malarial  infection,  the  disease 
often 'ap])ears  in  a  persistent  form  after  removal  to  a 
region  in  which  there  is  no  malaria.  This  has  commonly 
been  observed  in  recruits  sent  from  malarious  stations  to 
healthful  districts  iu  the  west,  and  was  particularly  evi- 
dent among  our  troops  returned  from  Santiago. 

Prophylaxis. — This  depends  upon  the  application  of 
both  special  and  general  measures  of  prevention,  and  of 
these  the  former  are  probably  of  the  most  importance. 
In  the  avoidance  of  malariarinieclion  by  inoculation  it 
is  evident  that  troops  should  be  shielded  against  the 
attacks  of  insects;  further,  that  the  insects  should  be 
destroyed.  From  the  nature  of  military  service  it  is  ob- 
vious that  soldiers  cannot  always  avoid  being  bitten  by 
mo.squitoes,  especially  in  the  field.  Much  may,  however, 
■be  accomplished  to  this  end,  and  the  less  the  number  of 
bites  the  smaller  are  the  chances  of  infection.  In  garri- 
son all  doors  and  windows  should  be  provided  with 
screens,  and  mosquito  bars  should  be  attached  to  all  beds. 
The  nets  should  be  square,  should  be  hung  inside  a 
fraiuework,  tucked  carefully  under  the  mattress  all 
around  and  stretched  tightly  better  to  allow  the  passage 
of  air.  The  mesh  may  be  fairly  large,  but  should  be  free 
from  rents.  Care  should  be  taken  to  destroy  all  mosqui- 
toes within  the  netting  after  entering.  This  is  best  accom- 
plished by  holding  a  light  at  one  corner  outside  the  net, 
toward  which  the  insects  fly  and  are  readily  despatched. 
In  the  field,  in  malaiious  districts,  soldiers  should  be  fur- 
nished with  squares  of  mosquito  net  or  head  nets  for  use 
at  night.  The  weight  need  not  be  more  than  a  couple 
of  ounces,  and  sucha  protection  would  conduce  much  to 
comfort  and  liealth  and  amply  repay  its  carriage.  _  In 
cam])s.  smudges  made  of  green  boughs  lighted  to  wind- 
ward, so  that  the  smoke  blows  over  the  men.  are  often 
of  great  value.     For  this  purpose  the  eucalyptus  boughs. 
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■where  they  can  be  obtained,  are  said  to  be  particularly  val- 
uable, the  mosquito  having  an  especial  antipathy  to  this 
tree.  Oil  of  pennyroyal,  or  oil  of  cloves,  smeared  in 
small  quantity  over  the  exposed  surface  or  dropped  on 
the  pillow,  may  keep  off  these  insects,  but  being  volatile, 
these  substances  require  to  be  frequently  renewed.  In 
Italy,  pieces  of  onion  are  often  used  for  the  same  pur- 
pose Mosquitoes  which  have  gained  access  t«  barracks 
may  be  destroyed  niechanica!ly,  or  b\'  the  fumes  from 
burning  pyrethrum  powder,  tobacco,  or  even  from  green 
wood.  The  vapor  of  kerosene  oil  or  turpentine  also  kills 
them.  Leggings  are  an  e.xcellent  protection  for  the 
ankles  against  tliese  insects,  but  gloves  or  head  nets  can 
rarely  be  worn  on  the  march.  Still,  except  during  night 
marches,  malarial  infections  are  probably  rarely  acquired 
under  such  conditions.  Since  patients  suffering  from  mal- 
aria are  capable  of  directly  infecting  others  through  the 
agency  of  mosquitoes,  they  should  alwa3'S  l)e  treated  un- 
der mosquito  netting;  and  this  precaution  should  be  con- 
tinued for  weeks  after  the  actual  fever  has  disappeared. 

When  mosquitoes  are  present  in  barracks,  suitable 
conditions  for  their  development  are  usually  foimd  close 
by.  In  the  case  of  the  malaria-carrying  variety,  tliese  are 
small  stagnant  pools.  Where  these  cannot  be  tilled  up 
or  drained,  recourse  should  habitually  be  had  to  culicides 
for  the  destructiou  of  the  larvaj  and  pup.-v.  For  this 
purpose  the  substance  most  available  for  military  use  is 
kerosene  or  mineral  oil.  This  should  be  sprinkled  over 
the  surface  of  the  water,  as  with  a  broom,  until  a  tine 
film  is  produced,  which  destroys  the  larvje  by  cutting 
off  the  sujiply  of  air  and  choking  their  air  tubes.  The 
adult  insects,  which  alight  on  the  surface  to  deposit  their 
eggs,  are  also  destroyed.  This  film  must  spread  over  the 
entire  surface  of  the  water,  and  should  last  at  least  two 
days,  to  kill  the  larvic  as  they  are  hatched  from  the  eggs 
already  laid.  The  quantity  of  oil  required  naturally 
varies  with  the  conditions  met  with.  For  small,  still 
pools  probably  one  omice  of  kerosene  to  each  fifteen 
square  feet  of  water  surface  is  quite  sufficient.  Surface 
vegetation,  sometimes  very  abundant,  m.ay  often  obstruct 
the  mechanical  action  of  the  oil,  un<l  in  waters  even  very 
slightly  running  the  supply  of  the  oil  nuist  be  frequently 
or  continuously  renewed.  Petroleum,  also,  lias  the  dis- 
advantage of  evaporating  somewhat  rapidly  in  warm 
weather.  Potassium  permanganate  will  destroy  the 
larva;,  but  only  in  solutions  having  a  strength  of  five 
parts  to  the  thousand.  Strong  infusions  of  tobacco  are 
fatal  to  the  larva' ;  and  they  are  destroyed  by  powdered 
chrysanthemum  flowers,  as  now  found  in  commercial  in- 
sect powders,  in  the  proportion  of  three  parts  to  the  mil- 
lion. Recently,  Celli  and  Casagrandi  have  shown  that 
gallol,  in  the  ])roportion  of  seven  parts  to  the  million,  is 
the  most  certain  and  effective  agent  in  destroying  the 
larvje  and  possesses  the  advantage  of  great  permanency. 
Whatever  be  the  method  employed,  the  life  history  of 
the  mosquito  shows  that  it  should  be  repeated  at  inter- 
vals of  from  seven  to  ten  days.  The  introduction  of  small 
fish  or  minnows  into  fishless  breeding-places  of  the  mos- 
quito is  of  great  importance,  as  these  feed  greedily  upon' 
the  larvic  and  soon  exterminate  them. 

General  measures  of  prophylaxis  have  been  shown  by 
experience  to  be  of  much  value  in  the  prevention  of  mal- 
aria. It  is  not  advisable  to  take  an  army  into  a  malarious 
country  during  the  fever  season,  and  in  localities  where 
fevers  prevail  to  great  extent  it  is  well  to  retire  to  high 
ground  during  the  malarial  period,  as  is  done  by  the  Eng- 
lish in  India  and  Jamaica  and  by  the  French  in  Guade- 
loupe. In  locating  a  camp  or  post  in  a  malarious  district, 
special  care  should  be  taken  in  the  selection  of  the  site. 
In  general,  the  appearance  of  the  natives  will  give  some 
knowledge  as  to  the  prevalence  of  this  disease  among  them. 

The  abandonment  of  a  highly  malarious  post,  in  time 
of  peace,  is  much  to  be  desired  and  can  usually  be  ac- 
complished. The  retention  of  unhealthful  posts  is  at  the 
expense  of  unnecessary  suffering,  and  in  the  past  nianv 
thousands  of  lives  have  been  uselessly  sacrified  to  tenac- 
ity of  position.  With  marching  troojis.  zones  of  malari- 
ous country  should  be  avoided  or  passed  over  as  quickly 


as  possible.  The  abolition  of  marshes  by  flooding  or 
drainage,  and  the  removal  of  adjacent  shrubbery  and  rank 
vegetation  are  great  prophylactic  measures  in  reducing 
the  amount  of  malaria  in  a  garrison.  Plants  of  rapid 
gi'owth  siiould  be  cultivated  for  the  assistance  which  they 
give  in  removing  moisture  from  the  soil.  For  this  purpose 
the  eucalyptiis,  castor-oil  plant  and  sunflower  appear  to 
be  most  satisfactory,  notonlv  drying  the  ground  but  being 
sliunned  by  moscpiitoes.  Subsoil  diainage  is  often  of 
great  value,  but  this  can  rarely  be  thoroughly  carried  out 
in  the  military  service.  Barracks  should  be  raised  on  piers, 
be  cemented  underneath  and  be  of  two  stories  in  height. 
All  water  used  for  drinking  purposes  should  be  sterilized 
by  heat.  Food  should  be  abundant  and  nutritious.  Dis- 
tributions of  hot  coifee  for  those  on  guard  at  night,  or 
engaged  in  arduous  labor,  are  often  of  value.  The  use 
of  quinine  as  a  prophylactic,  where  troops  are  temporar- 
ily exposed  to  marked  malarial  influences,  is  of  great  im- 
portance, as  has  been  repeatedly  demonstrated.  Not  only 
are  the  cases  of  malarial  infection  greatly  decreased  in 
number  by  its  use,  but  the  character  of  the  cases  which 
occur  is  favorably  modified.  In  general,  a  dose  of  gr.  v. 
once  daily  will  be  sutlicient.  preferably  taken  shortly  be- 
fore any  unusual  exposure  is  anticipated.  Ina  malarious 
country  the  general  issue  of  a  small  dose  of  quinine,  after 
anything  lowering  the  resistive  power,  as  a  forced  march, 
wetting,  or  lack  of  food,  has  much  to  commend  it.  In 
the  Italian  army,  arsenious  acid  has  been  tried  in  the  pre- 
vention of  malaria,  but  witli  little  Siitisfaction.  Expos- 
ure, particularly  to  heat  and  night  air,  and  over-exertion 
should  be  avoided.  Tliesoil  .should  be  disturbed  as  little 
as  possible.  If  this  should  be  necessary,  as  little  as  pos- 
sible should  be  disturbed  at  onetime  and  the  work  should 
not  be  begun  ton  early  in  the  day.  The  minimum  num- 
ber of  men  should  be  employed  in  the  work,  and  only 
such  as  have  not  had  a  previous  malarial  infection. 

^Ie.\si,es. — Occnn-ence. — Among  troops,  this  disease  is 
of  freiiuent  occurrence.  Under  certain  conditions,  when 
developed  imder  conditions  of  want,  hardship,  exposure, 
and  bad  sanitation — and  especially  when  associated  with 
a  scorbutic  taint — the  disease  may  assume  an  extremely 
severe  and  fatal  character.  Formerly  the  occurrence  of 
the  luvmorrhagic  form  of  measles  was  not  infrequent 
among  troops,  and  was  much  tlreaded.  The  exposure, 
often  unavoidable,  in  the  treatment  of  the  sick  in  tent 
hospitals  does  much  to  develop  secondary  bronchitis  and 
pneumonia;  and  to  these  latter  causes  are  to  be  attributed 
also  much  of  the  gravity  which  the  disease  has  assumed 
when  prevailing  among  troops  during  the  existence  of 
hostilities.  In  garrison,  the  mortality  from  this  disease 
is  small ;  for  the  period  of  peace,  1885-94.  in  our  army, 
the  death  rate  was  but  one  one-hundred-and-tentli  of  the 
rate  given  l)y  the  Registrar-General  for  the  total  popula- 
tion of  England  and  Wales  during  the  same  period.  From 
1832  to  1859,  according  to  Rosse,  measles  was  the  cause 
of  2.7  per  cent,  of  deaths  from  all  causes  occurring  in  the 
garrison  of  Paris.  During  the  Civil  War  there  were,  in 
the  L^nion  forces,  75,177  cases  with  5,174  deaths,  the  ad- 
missions per  thousand  strength  during  this  period 
amounting  to  31.72  and  the  deaths  to  2.02.  Among  the 
Confederate  troo])s.  Eve  states  that  measles  prevailed  to 
such  an  extent  that  whole  companies,  battalions  and 
regiments,  under  organization,  had  to  be  disbanded  and 
the  men  sent  home.  During  the  siege  of  Metz,  measles 
was  extremely  prevalent  and  fatal  in  the  garrison.  In 
our  army,  for  the  period  1868-98.  there  occurred  a  total 
of  3,733  cases  with  15  deaths,  giving  an  admission  rate 
per  thousand  strength  of  4..50  and  a  death  rate  of  .017. 

The  disease  appears  to  be  more  prevalent  now  than 
formerly  among  our  troops,  the  rates  being  as  follows: 


Period. 

Admissions 
per  thousand. 

Deattis 
per  ttiousand. 

1868-84 

1.88 
4.83 
13.73 

0.004 

1885-ftt 

.004 

1895-98         

.090 
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The  expansion  of  our  army  witli  a  large  number  of 
susceptible  recruits  at  the  outbreak  of  the  war  with 
Spain,  and  their  aggregation  in  large  cam]is  where  the 
dissemination  of  tiie  disease  was  favored,  did  nuich  to 
raise  the  rates  for  both  admissions  and  mortality  during 
the  last  period  given  above,  the  admissions  for  the  year 
1898  being  25.09  per  thousand  strength  and  the  deaths 
from  this  cause  amounting  to  0.26  per  thousand;  while 
for  the  previous  year  of  peace,  1897,  the  admission  rate 
was  only  .82  per  thousand,  with  no  deaths.  In  the  Ger- 
man army  the  rates  of  admission  for  measles,  for  varying 
periods,  were  uniformly  low,  as  follows: 

Admissions 
Period.  per  1,IKX) 

strength. 

1881-83  to  l&V)-86" 1.4 

1886-87  to  189(H)1 1..5 

1891-93  to  1895-96 8.3 

Year  1896-97 1.1 

For  the  French  arm}-  the  rates  of  admission  per  thousand 
strength,  for  the  live  years  1890-94,  was  9.71.  Coustan 
believes  that  the  sj'stem  prevailing  in  the  French  army, 
of  turning  into  a  common  magazine  for  storage  certain 
articles  worn  by  the  men  only  during  the  period  of  the 
lield  mana'uvres,  greatly  favors  the  dissemination  of  the 
infection  of  measles,  and  hence  partially  explains  the 
high  rates  given  by  that  army.  In  the  Austrian  army, 
for  the  year  1897,  the  admission  rate  was  only  .8  per  thou- 
sand, but  the  proportionate  mortality  was  high,  .03. 

C'olored  troops  appear  to  be  less  susceptible  to  measles 
than  are  white,  but  certain  mild  cases  are  more  liable  to 
esciipe  recognition  in  the  former  class;  the  rates  of  ad- 
mission in  our  army  for  measles,  in  1898,  were  2.").i)l  per 
thousand  whites  and  14.42  for  colored  troops.  During 
the  Civil  War  the  rates  were  30.41  for  white  and  40.65 
for  colored  troops,  this  excess  as  regards  the  negroes  being 
apparently  ilue  to  lessened  efforts  for  the  control  of  the 
disease  among  them.  The  disease  occurs  far  more  fre- 
quently among  recruits  than  among  old  soldiers;  in  the 
Civil  War  the  number  of  cases  depending  upon  the  pro- 
porticm  of  susceptible  individuals  and  occurring  jiarticu- 
iarly  among  country-bred  recruits.  For  the  French  army 
Coustan  gives  the  following  figures,  as  illustrating  the 
effects  of  age  and  length  of  service  on  the  occurrence  of 
this  disease : 


Year. 

Less  thati  one  year 
service,  admissions 
per  1,000  strength. 

More  than  one  year 
service,  admissions 
per  1.000  strengtli. 

1891 

23.6.3 
99.63 

11. as 

14.80 

13.69 

1893 

4.04 

1893 

6.08 

1894                 

7.91 

In  our  own  service,  measles  prevails  to  l_\v  far  the 
greatest  extent  at  the  recruiting  depots;  in  1892,  the  re- 
cruits at  Columbus  Barracks  furnishing  more  than  half 
the  cases  occurring  in  the  entire  army.  The  disease  or- 
dinarily occurs  in  time  of  peace  most  frequently  during 
cold  weather,  when  ventilation  is  conipai-atively  re- 
stricted and  the  opportunity  of  infection  is  most  favor- 
able. During  the  year  of  war  1898,  when  the  number 
of  recruits  was  great,  the  rate  of  admission  was  by  far 
the  greatest  during  June  and  July,  thus  showing  the 
greater  imjiortance  of  length  of  service  as  compared 
■with  season  in  ititluencing  the  occun-ence  of  this  dis- 
ease. During  the  same  year  the  admission  rate  was 
19.82  per  thousand  among  soldiers  stationed  in  the  Unit- 
ed States,  while  thei-e  was  a  total  rate  of  48.25  for  the 
troops  serving  in  the  West  Indies  and  the  islands  of 
the  Pacific.  The  case  mortality  of  measles,  as  already 
noted,  is  capable  of  varying  within  veiy  wide  limits, 
ranging  from  as  little  as  1  or  2  per  cent,  in  some  out- 
breaks to  40  or  50  per  cent,  in  others.  " In  Paris,  during 
the  siege  (January,  1871),  out  of  215  of  the  Garde  Mobile 
■who  took  measles,  86,  or  40  per  cent.,  died;  and  the  mor- 
tality reached  very  nearly  the  same  figures  among  the 
•French  troops  wlio  returned  to  Paris  "after  the  Italian 


war,  40  out  of  129  cases  dj'ing  in  one  hospital  whose 
sanitary  condition  was  biwl."  As  in  typhus  fever,  the 
concentration  of  a  large  number  of  measles  cases,  with 
deficient  ventilation,  appears  unfavorably  to  affect  the 
course  of  the  disease  tlirough  an  intensification  of  the 
virulence  of  the  infection. 

From  analogy,  it  may  be  assiuned  that  the  cause  of 
measles  isaspecific  micro-organism,  but  as  yet  its  special 
nature  has  not  been  determined.  The  infection  is  pre- 
sumably given  off  by  the  breath  and  mucus  from  the 
catarrhal  surfaces,  also  by  exfoliated  epidermis.  The 
poi.son  undoubtedly  is  capable  of  being  air  borne  and 
tends  to  cling  to  fomites  and  remain  in  illy  \-entilated 
spaces.  The  materies  morbi  is  very  tenacious  of  life ;  and 
where  it  once  fairly  establishes  itself,  as  has  been  appar- 
ently the  case  at  Columbus  Barracks,  annual  epidemics 
are  the  rule.  Tllere  is  no  evidence  that  the  (lisease  is 
transmissible  by  water  or  food;  infection  probably  al- 
ways occurs  through  inhalation.  In  a  garrison,  the  dis- 
ease is  not  infreciuently  introduced  by  children.  The 
incubation  period  varies  from  eight  to  twenty  days,  the 
usual  limit  bi-ing  about  eleven  days.  The  infective 
liei'iod  begins  with  the  earliest  symptoms;  it  is  greatest 
while  the  catarrh  and  rash  are  present,  and  probably 
extends  well  into  convalescence.  As  a  general  rule,  in- 
fection is  over  by  the  end  of  the  fourth  week,  provided 
that  cough  and  desquamation  have  ceased.  One  at- 
tack of  lueasles  usually  confers  an  immimity  to  future 
attacks. 

Pi-vphylnxis. — In  civil  life,  vigorous  efforts  are  rarely 
made  to  prevent  the  spi'ead  of  measles.  In  the  military 
service  tlie  opposite  should  be  the  case,  bearing  in  mind 
that  this  disease  is  never  devoid  of  danger,  and,  particu- 
larly in  the  field,  may  assume  a  grave  character.  Further, 
it  causes  the  loss  of  a  considerable  amount  of  service  by 
troops  to  which  the  state  is  entitled.  In  view  of  the 
fact  that  measles  was  mild  under  favorable  conditions 
and  was  often  extremely  fatal  when  the  patients  were  ex- 
posed to  inclemencies,  it  was  seri.iusly  ui'ged,  during  the 
Civil  War,  to  infect  all  susceptible  recruits  with  this  dis- 
ease, and  only  after  recovei'y  to  send  them  to  join  their 
regiments.  The  prevention  inclmles  the  isolation  of  the 
sick  and  the  disinfection  of  all  clothing,  bedding,  and 
surroundings.  The  discharges  should  be  disinfected, 
particularly  those  from  the  mouth  and  eyes.  For  the 
latter  purpose  soft  rags  .should  be  em|iloyed,  and  these 
burned  after  iise.  As  far  as  the  patient  is  concerned, 
Cameron  concludes  that  "so  far  as  figures  are  of  value, 
ample  air  space,  free  draught,  freedom  from  overcrowd- 
ing and  from  effluvium  nuisances,  conduce  most  to  re- 
covery." 

In  the  spring  of  1898  the  writer  carried  out  some  inves- 
tigations with  regard  to  the  production  of  an  artificial 
immunity  against  measles.  The  experiments  were 
abru])tly  interrupted  by  field  service,  but  appeared  to 
be  distinctly  fav(u-able  so  far  as  carried  out.  The  method 
employed  consisted  in  the  subcutaneous  injection  of 
blood  senuu  obtained  from  convalescents  from  measles 
by  means  of  cantharidal  blisters.  The  injections  were 
made  in  children  living  in  an  infected  garrison,  5  to 
10  c.c.  being  administered  in  three  doses  at  intervals 
of  about  forty-eight  hours.  None  of  the  cases  so  in- 
oculated cout'ractid  the  disease,  while  a  considerable 
proportion  of  the  susceptible  and  uniuoculated  children 
became  infected. 

Mumps. — Mumps  occurs  very  frequently  among  troops, 
especially  in  young  soldiers,  "but  its  mortality  is  prac- 
tically nil,  ami,  like  some  other  affections,  it  becomes  of 
im|iortance  merelv  from  the  temporaiy  disability  for 
military  service  which  it  causes.  In  a  total  of  3. 122  cases 
of  mumps  occurring  in  the  United  States  army  for  the 
thirty-one  years  1868-98  inclusive,  there  was  not  a 
single  death"  which  could  be  attributed  to  this  affection. 
The  admission  rate  for  this  disease  for  the  period  1868- 
84  was  3.99  per  thousand;  for  1885-94,  it  was  5.08,  and 
for  1895-98,  it  was  4.05.  The  rate  of  admissions  for 
the  entire  period,  1868-98  inclusive,  was  3.76  per  thou- 
sand. 
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In  the  military  service,  mumps  usually  prevails  in  well- 
defined  epidemics.  A  large  prnportii)n  of  the  cases  occur 
iu  recruits.  Tiie  aggregation  of  such  young  men  at  cer- 
tain stations  for  purposes  of  instruction  is  very  favorable 
to  the  occurrence  of  this  disease :  and  in  1894.  out  of  337 
cases  of  mumps  occurring  in  the  army,  there  were  119 
cases  at  the  two  recruiting  depots  of  Columbus  Barracks 
and  Jefferson  Barracks.  In  the  previous  year,  out  of  a 
total  of  149  cases,  43  cases  occurred  at  the  first-named 
station.  Orchitis  and  atrophy  of  the  testicle  are  very 
common  among  soldiers  affected  with  mumps,  being  pres- 
ent in  about  one-third  of  the  cases.  Coustan  states  that 
in  an  epidemic  among  French  soldiers  in  1891,  every  man 
attacked  developed  orchitis.  Laveran  found  it  211  times 
in  699  cases. 

The  infection  is  supposed  to  be  given  off  by  the  breath 
and  the  secretions  of  the  mouth,  but  as  yet  no  specific 
organism  has  been  isolated.  It  is  not  conspicuously  dis- 
seminated by  means  of  fomites;  in  garrison,  it  frequently 
appears  to  be  introduced  from  outside  by  children.  The 
period  of  incubation  is  reckoned  as  from  fourteen  to 
twenty-five  da^-s.  The  patient  is  regarded  as  infectious 
while  "there  is  any  inflammation  or  tenderness  of  the  sali- 
varj-  glands.  Sanitary  precautions  consist  in  the  isola- 
tion of  the  patient  and  the  disinfection  of  his  clothing 
and  equipment.  Beyond  the  cleansing  and  disinfection 
of  the  cuspidors  in  the  squad  room,  no  further  preventive 
measures,  in  view  of  the  comparative  trivialit.y  of  the 
afl'ection,  will  usually  be  necessary.  Among  soldiers 
mumps  not  infrequently  occurs  in  close  as.sociation  with 
measles,  but  this  apparent  relatif)nship  is  probably  to  be 
regarded  as  accidental.  The  disease  is  most  common 
during  the  colder  weather. 

Acute  Ckoupous  Psecmokia..  — Occurrence. — Pneu- 
monia is  a  disease  which,  as  might  be  expected,  consid- 
ering the  conditions  of  military  life,  though  not  one  of 
the  most  common  to  which  the  soldier  is  exposed  on  ser- 
vice, is  yet  not  of  infrequent  occurrence  nor  unproduc- 
tiv  of  considerable  mortality.  Though  ordinarily  the 
disease  occurs  only  sporadically,  at  times  it  appears  to 
take  on  a  distinctly  contagious  character;  and  well- 
defined  epidemics  of  pneumonia  among  sfildiers,  either  in 
garrison  or  in  the  field,  are  by  no  means  infrequent. 
Under  such  conditions  it  is  rea.sonable  to  assume  the  ex- 
istence of  s.'-nie  common  depressing  influence,  liy  which 
a  number  of  individuals  are  predisposed  to  an  infection, 
to  which,  under  ordinary  circumstances,  they  would  be 
largely  unsusceptible.  In  considering  the  prevalence  of 
this  disease  in  the  military  service,  it  should  not  be  for- 
gotten that  pneumonia  may  either  occur  primarily  or  be 
consequent  to  some  other  disease,  particularly  influenza 
and  measles;  and  it  is  particularly  during  epidemics  of 
the  latter  affections  that  the  rates  for  pneumonia  attain 
their  niaximimi.  While  the  disease  occurs  to  some  ex- 
tent among  troops  in  garrison,  it  is  considerably  favored 
by  the  exposure  incident  to  field  service. 

The  rates  in  our  army  for  pneumonia,  since  the  Civil 
War,  have  steadily  decreased  as  a  result  of  the  greater 
care  given  to  the  comfort  and  welfare  of  the  soldier,  as 
shown  by  the  following  figures: 


Period. 

Admissions  per 
1.000  strength. 

Deaths  per 
1.000  strength. 

1861-66  (Civil  War) 

32.4.5 
6.53 
4.28 
3.66 
4.84 
2.96 

7.79 

1868-84 

1  01 

1885-94 

.76 

189.5-98 

.51 

Year  1898  (war  with  Spain)      

S3 

Year  1897 

.21 

The  case  mortality  of  the  disease  has  also  greatly  di- 
minished, but  this  is  probably  due  to  a  more  rational  line 
of  treatment  than  to  any  decrease  in  the  virulence  of  the 
infection.  As  coiupared  with  the  rates  for  foreign  ser- 
vices, those  for  our  army  are  extremely  low.  In  the 
German  army  the  admissions  and  deaths  from  pneumonia 
have  been  as  follows: 


Period. 


1881-82  to  18a5-«6 
1886-87  to  1890-91 
1891-92  to  1K95-96 
Year  1896-97 


Admissions  per       Deaths  per 
1,000  strength.     1,000  strength. 


11.0 

0.19 

10.5 

.43 

9.3 

.36 

6.7 

.25 

It  is  seen  that  iu  the  German  army  the  death  rate  has 
latterly  increased  while  the  proportion  of  cases  has  di- 
minislied.  a  fact  which  can  be  explained  only  on  the  sup- 
]>osition  of  an  increase  in  the  gravity  of  the  affection. 
In  the  Russian  armv  tlie  following  are  the  recent  rates: 


Tear. 

Admissions  per 
1,000  strength. 

Deaths  per 
1,000  strength. 

1890 

10.4 
10.2 
8.7 
10.7 
7.7 
8.3 
7.7 
0.4 

0.99 

1891 

.90 

1892 

.81 

1893                              

.87 

1894 

.62 

1,195                    

.66 

1896 

.62 

l,s-97 

.49 

In  the  Austrian  army,  for  the  year  1897,  the  admissions 
for  pneumonia,  per  thousand  strength,  amounted  to  o.l, 
while  the  death  rate  was  .49. 

Diaseminatioti  ond  Infection. — The  specific  micrococ- 
cus of  pneumonia  discovered  by  Surgeon-General  Stern- 
berg, of  the  I'nited  States  army,  is  found  in  the  spu- 
tum of  practically  all  persons  suffering  from  this  disease. 
It  has  also  been  found  in  acute  peii-  and  endocarditis, 
acute  pleuritisand  empyema,  actite  meningitis,  and  otitis- 
media.  After  death  it  may  be  found,  in  varying  numbers, 
scattered  throughout  the  body.  It  has  been  found  to  be 
constantly  present  in  the  mouth  cavity  of  healthy  indi- 
viduals, and  by  some  has  been  thought  to  be  present  in 
the  mouth  of  every  one  at  some  time  or  other.  While  the 
micro-organism  usually  loses  much  or  all  of  its  virulence 
by  artificial  cultivation,  its  original  qualities  are  retained 
in  sputum,  blood,  and  other  pathological  exudates  for 
considerable  periods,  according  to  Abbott  for  as  long  as. 
fifty-five  days,  even  in  the  dried  condition.  It  is  not  un- 
likely, therefore,  that  dried  jmeumonic  sputum,  when 
ground  into  dust  and  inhaled,  may  induce  the  occuiTence 
of  the  disease  in  susceptible  individuals.  This  condition 
of  susceptibility  is,  however,  essential.  "There  must  be 
some  predisposing  cause,  for  the  micrococcus  is  widely 
disseminated,  and  is  often  present  iu  the  mouths  of 
healthy  persons  without  producing  any  ill  effect.  Under 
ordinary  circumstances  the  jirotective  mechanism  of  the 
body  prevents  invasion."  Since  tlie  micro-organism  of 
jineumonia  is  so  fre<|uently  present  in  the  mouth,  it  is 
probable  that  the  sporadic  cases  of  the  primitive  disease 
so  commonly  seen  are  the  result  of  auto-infection  depend- 
ing upon  a  lowered  vital  resistance.  As  the  lungs  are 
the  seat  of  attack,  it  is  probable  that  the  infective  organ- 
ism gains  entrance  by  the  air  passages,  though  there  is 
some  evidence  that  it  may  lie  Ijrought  to  the  lungs  from 
distant  parts  by  the  vascular  or  lymphatic  circulation. 

Predisjiimnff  Cii".v'«. — An\oug  the  predisposing  causes 
of  pneumonia  those  of  latitude  and  season  are  of  impor- 
tance; the  disease  being  most  common  in  cold  climates 
and,  as  shown  in  the  accompanying  diagram,  during  late 
winter  and  early  spring.  The  negro  race  appears  to  be 
especially  susceptible  to  the  disease ;  the  rates  per  thou- 
sand for  our  own  service,  for  the  decade  1879^8,  being 
7.53  for  admissions  and  1.79  for  deaths  among  the  colored 
troops,  and  but  4.46  and  .76  respectively,  for  the  white 
troops.  Among  the  whites,  figures  for  the  seven  years 
189()-96  showed  the  American-born  to  be  about  20  per 
cent,  more  liable  to  contract  the  disease  than  soldiers 
born  in  Ireland,  Germany  or  England.  Age  appears  to 
be  a  factor  of  no  small  importance :  soldiers  under  twenty- 
five  years  of  age  and  over  fift_v  years  being  more  than 
twice  as  liable  to  contract  the  disease  as  those  between 
twenty-five  and  thirty -five  years  of  age.     Among  the  sev- 
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'  eral  arms  of  the  service  the  admission  rates  per  thousand 
strength,  for  the  period  1^90-96,  were  4.13  for  cavahy, 
3.46  for  iufantr_y  and  2.95  for  artillery. 

Pneumonia  is  especially  apt  to  follow  upon  exposure 
to  sudden  and  extreme  ^'ariatious  in  temperature.  Troops 
returning  from  .service  in  the  tropics,  and  especially  such 
as  are  insulliciently  clothed  for  the  colder  climate,  are 
particularly  liable  to  this  disease.  AVetliug  ap])ears  not 
Infrequeutiy  to  precipitate  an  attack,  as  do  exhaustion 
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Fig.  J(K>.— Distribution,  by  Months,  of  Cases  of  Pneumonia  Occurring 
Army,  per  Thousand  Strength,  During  the  Decade  IS' 

and  alcoholism.  The  disease  often  occurs  in  soldiers  who, 
after  having  been  exhausted  by  fatiguing  exercise,  ex- 
pose themselves  while  sweaty  to  chilling  draughts.  In- 
sufficient heating  of  baiTacks  has  been  thought  to  favor 
pneumonia.  Repeated  outbreaks  sometimes  occur  in  tlie 
same  buildings,  especially  in  casemates.  It  is  a  matter 
of  common  knowdetige  that  epidemics  of  this  disease 
among  troops  often  occur  at  the  same  time  as  epidemics 
of  pneumonia  or  influenza  in  cavalry  horses  with  whom 
the  soldiers  come  in  frequent  contact. 

Pnipliylnxis. — From  what  has  been  said,  it  is  evident 
that  measures  having  reference  to  the  prevention  of 
pneumonia  among  troops  are  particularly  those  which 
look  to  the  maintenance  of  a  higli  ph_vsical  tone.  Good 
and  sufficient  food,  suitable  clothing  and  shelter,  rational 
exercise  in  the  open  air.  cleanliness  of  i)ei'son  and  tem- 
perate haliits  are  all  iniportimt.  Chilling  after  drills  and 
exercise  should  be  avoided. 

When  pneumonia  assumes  an  epidemic  or  infectious 
type  the  patients  should  be  isolated.  All  the  precautions 
required  in  the  case  of  tuberculosis  should  be  taken  in 
this  disease  also.  Attendants  on  pneumonia  cases  should 
be  well  nourished  and  have  sufficient  rest ;  it  being  borne 
in  mind  that  by  being  overworked  and  in  constant  asso- 
ciation with  the  patient  the}'  offer  the  conditions  most 
favorable  to  their  own  infection. 

Scarlet  Fever. — This  affection  can  scarcely  be  re- 
garded as  a  soldier's  disease;  being  rare  in  our  own  army, 
though  less  uncommon  in  those  of  other  nations.  Dur- 
ing the  period  1868-98,  there  were  reported  in  our  service 
only  160  cases  in  a  total  numerical  strength  of  859,908 
men.  Of  these  160  cases  there  were  but  6  deaths.  The 
disease  occurs  in  garrison  rather  than  in  camp,  there  being 
but  12  cases  during  the  3-ear  of  war  with  Spain.  Of  these 
12  cases,  however,  3  were  fatal,  wliile  of  148  cases  occur- 
ring during  the  previous  thirty  years  of  peace  but  3  suc- 
cumbed, thus  showing  the  unfavorable  influence  of  the 
exposure  unavoidably  incident  to  treatment  in  field  hos- 
pitals. The  admission  rate  per  thousand  strength  was 
.19  for  the  period  1868-84;  .18  for  the  period  188.5-94, 
and  .21  for  the  period  1895-98.  In  the  Austiian  army, 
for  1897,  the  admission  rate  is  given  as  .30  per  thousand 
strength  and  the  death  rate  as  .01.  In  the  German  army 
scarlet  fever  has  occurretl  as  follows: 

Admissions 
Period.  per  1,000 

strength. 

1881-82  to  188.5-86 1.2 

1886-8T  to  1890-91 95 

1891-92  to  189.5-96 92 

Tear  1896-97 86 


in  the  Uiuted  States 
75-84. 


Epidemics  of  scarlet  fever  have  frequently  occurred 
among  children  living  at  our  army  posts  without  the 
troops  being  affected.  It  usually  occurs  in  late  winter 
or  early  spring.  The  contagion  of  scarlet  fever  is  proba- 
bly not  developed  until  the  eruption  appears,  and  is  es- 
pecially to  be  dreaded  during  desquamation,  when  the 
poison  is  spread  by  the  tine  particles  of  epidermis  which 
are  disseminated  from  the  person.  The  morbific  agent  is 
very  tenacious  of  life  and  may  cling  to  rooms,  clothing, 
and  other  articles  for  long  perioils, 
retaining  its  power  to  reproduce  the 
disease  under  favorable  conditions. 
The  infection  appears  to  be  given 
off  by  the  breath  and  the  secretions 
from  the  nose,  mouth,  ears  and  kid- 
neys. The  disease  does  not  appear 
to  be  spread  by  water,  although  in- 
fected milk  appears  to  have  caused 
several  outbreaks.  Infection  is  al- 
most always  contracted  by  inhala- 
tion. The  incubation  period  is  from 
one  to  six  days;  the  quarantine  re- 
quired is  usually  fi-om  .seven  to  nine 
weeks,  or  until  ilesquamation  is 
at  an  end.  Preventiou  includes  iso- 
lation of  the  sick  as  a  matter  of 
the  first  importance.  The  apparel, 
equiiimeut  and  former  surrouud- 
ings  of  the  patient  shoukl  be  carefully  disinfected.  All 
discharges  should  be  disinfected  before  removal  from  the 
sick-room,  and  the  arrest  of  contagious  material  from  the 
skin  secured  by  the  application  of  some  antiseptic  oint- 
ment. The  convalescent  soldier  should  not  associate 
with  others  until  all  desquamation  has  ceased,  the  pro- 
cess being  aided  by  repeated  bathing  in  warm  soapsuds. 
Careful  shampooing  of  the  head  is  essential  in  securing 
disinfection  of  the  person. 

Smallpox. — Oceiinvitce. — Until  well  within  the  past 
fifty  years  this  disease  has  prevailed  generally  among 
armies,  being  regarded  as  one  of  the  most  common  and 
at  the  same  time  most  fatal  affections  to  which  troops 
were  ordinarily  exposed.  Its  prevention  among  soldiers 
by  means  of  vaccination  was  not  attempted  until  1831, 
when  this  operation  was  introiluced  in  the  army  of 
Wurtemberg.  Some  years  later  it  was  taken  up  in  other 
armies  and  practised  with  more  or  less  thoroughness. 
During  the  Revolutionary  War  the  failure  of  our  invading 
expedition  into  Canada  was  largely  dtie  to  a  scourge  of 
smallpox  among  the  Continental  forces.  It  was  present 
during  the  war  with  Mexico,  and  during  the  Civil  War 
there  were  18,962  cases  with  7,0.58  deatlis.  In  the  Con- 
federate army  of  northern  Virginia,  from  October.  1862, 
to  .lanuary.  1864,  there  were  2,513cases  and  1,020 deaths. 
During  the  Franco-Prussian  War  the  German  troops, 
who  had  been  carefully  vaccinated,  had  only  278  fatal 
cases  of  smallpox  in  a  total  strength  of  913.967  men; 
among  the  poorly  protected  French  troops  the  deaths 
were  said  to  have  amounted  to  23.400,  and  Coustan  states 
that  during  the  siege  of  Paris  the  mortality  from  small- 
pox among  the  besieged  forces  was  no  less  than  6.76  per 
cent.  In  the  military  hospitals  the  German  wountled 
escaped  variola,  where  the  French  wounded  prisoners 
were  generally  attacked.  The  lesson  was  not  lost  on  the 
French  authorities,  and  a  vigorous  system  of  vaccination 
was  later  instituted,  so  that  92  deaths  from  smallpox  in 
1877  were  progressively  reduced  to  4  in  1890  and  3  in 
1892.  In  the  German  army,  excluding  the  Saxons  and 
Bavarians,  for  the  period  1873-74  to  1896-07.  inclusive, 
there  were  but  17  cases  of  variola  in  a  constant  strength  of 
over  half  a  million  men.  Of  these  cases  but  2  were  fatal. 
In  the  Italian  army  of  204.312  men,  for  the  year  1897, 
there  were  but  2  cases  of  variola ;  hi  the  Russian  army, 
for  the  same  year,  the  admission  rate  per  thousand 
amounted  to  .4.  In  the  British  army,  for  the  period 
18.S8-98  inclusive,  there  were  no  cases  of  smallpox 
among  troops  stationed  in  the  temperate  zone.  In  the 
tropics,  however,  the  disease  prevailed  to  no  small  ex- 
tent ;  the  admissions  per  thousand  strength  being  1.1  for 
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Chiua,  .8  for  ludia.  and  1.7  for  Earypt  and  Cyprus.  This 
difference  was  undoubtedly  due  to  the  general  dissemina- 
tion of  the  disease  among  an  unprotected  native  popu- 
lation. In  our  own  army,  for  the  tliirteen  years  1885-97, 
there  occurred  but  6  cases  of  smallpox,  and  in  these  in- 
stances the  fact  of  previous  vaccination  could  not  be  de- 
termined. In  the  year  1898,  however,  our  troops  on 
foreign  service  were  brought  into  contact  with  an  unvac- 
einated  native  class,  and,  furthermore,  consisted  largely 
of  recruits  hastily  enrolled  in  an  expanded  army  during 
the  war  with  Spain.  These  men,  examined  largely  by 
civilian  physicians  for  enlistment,  were  less  thoroughly 
protected  against  the  disease  by  vaccination ;  and  for  that 
year  the  atlmission  rate  for  the  entire  army  was  .40  per 
"thousand.  For  1898,  from  the  troops  in  Porto  Rico  the 
admissions  were  l.O-l  and  the  deaths  .r>2  pcrtliousand;  in 
the  Pacific  i.slands  the  admis.sions  were  5.51  and  the  deaths 
2.07.  For  the  entire  mihtary  force,  regulars  and  volun- 
teers. May,  1898.  to  June,  1899  inclusive,  the  death  rate 
from  smallpox  was  .57  per  thousand. 

Miinner  iif  Infection. — In  the  great  majority  of  cases 
the  disease  appears  to  be  directly  transmitted  from  the 
sick  to  the  well  tlirough  the  medium  of  the  atmosphere, 
and  this  power  of  ai'rial  convection  is  one  of  the  most 
striking  characteristics  of  smallpox.  Persons  unpro- 
tected by  vaccination  apparently  contract  the  di.sease  by 
simply  breathing  the  air  of  the  space  in  which  a  smallpox 
patient  is  confined.  There  is  no  evidence  for  or  a.gainst 
the  transmission  of  the  disease  by  food  or  drink  or 
through  wounds.  Persons  or  things  which  may  have 
been  in  contact  with  the  patient  are.  however,  callable 
of  conveying  the  contagion.  Power  showed  tliat  the  in- 
fectious agent  could  be  carrieil  by  the  air.  particularly 
when  a  large  number  of  cases  were  aggregated  ami  the 
atmosphere  was  moist,  for  as  much  as  a  mile.  This  is  a 
matter  for  consideration  in  the  establishment  of  isolation 
hospitals.  The  incubation  period  of  the  disease  is  prac- 
tically twelve  days,  and  its  period  of  infectiveness  lasts 
at  least  six  weeks  in  severe  cases.  The  period  of  highest 
infectivity  is  believed  to  be  during  the  stage  of  desquama- 
tion, when  the  morbific  agent,  whatever  be  its  nature,  is 
dispersed  with  the  tine  particles  of  epidermis  that  the 
patient  sheds.  The  disease  appears  to  be  contagious  at 
an  early  stage;  after  exposure  to  an  infection  the  sus- 
ceptible individual  should  be  quarantined  for  a  fortnight. 
A  certain  proportion  of  individuals,  according  to  Notter 
and  Firth  alKiut  five  per  cent.,  appear  to  be  naturally 
inmiune  to  the  disease. 

f^oil  and  climate  appear  to  have  no  influence  on  the  oc- 
currence of  smalljiox.  Season  appears  to  affect  its  prev- 
alence, and  in  temperate  climates  the  mortality  curve  is 
above  the  mean  in  the  late  winter  and  spring.  In  the 
tropics  the  disease  is  said  to  prevail  chiefly  during  the 
hot  season,  the  rains  checking  it  to  a  great  extent.  The 
negro  and  colored  races  are  especially  susceptible  to  the 
disease,  and  these  also  iuffer  a  heavy  case  mortality  when 
vaccination  has  been  imperfectly  performed.  During 
the  Civil  War  the  admissions  among  the  white  troops  for 
variola  and  varioloid  amounted  to  5.5  per  thousand 
strength,  while  the  admissions  of  colored  tniojis  for  the 
same  cause  amounted  to  36.6  and  the  deaths  to  12.3. 

Propliyhi.ru. — For  the  prevention  and  eradication  of 
smallpox,  s_vstematic  vaccination  is  the  measure  of  by  far 
the  greatest  importance.  When  arm-to-arm  vaccination 
was  practised  in  armies,  great  dilliculty  was  found  in 
obtaining  the  necessary  amount  of  virus,  and  it  was  also 
impossilde  to  eliminate  entirely  the  possiliility  of  trans- 
mitting certain  constitutional  diseases.  Animal  vaccine 
disposes  of  this  danger  and  places  at  the  disposal  of  the 
military  sanitarian  as  large  quantities  as  may  be  desired. 
With  improved  virus  and  better  technical  methods,  the 
proportion  of  successful  vaccinations  has  steadily  in- 
creased. In  the  Italian  army,  of  3,095.571  vaccinations 
and  re-vaccinations  made  during  the  period  1867-97  in- 
clusive, Livi  states  tliat  the  success  increased  from  260 
per  thousand  in  1867  to  (i98  jier  thousand  in  1897.  In 
the  last-named  year,  in  the  Belgian  army,  the  number  of 
successful  primary  vaccinations  was  69.91  per  cent. ;  of 


those  previously  vaccinated,  43.21  percent. ;  of  those  said 
to  have  had  smallpox,  20,50  per  cent.  In  our  service. 
Army  Regulations  require  that  as  soon  as  a  recruit  joins 
any  rendezvous,  regiment,  or  post  he  shall  be  examined 
b}'  a  medical  ofiicer  to  ascertain  whether  vaccinatinn  is 
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Fig.  1(186.— The  Influence  of  Vaccination  on  Smallpo.x  in  the  Italian 
Army,  Ba-sprt  on  Fitrures  for  the  Period  ls«7-ltT.  .4,  Never  had  vari- 
ola or  iH-en  \iirriiiati'd  in  <'iiil(ilni"il  iinii  nnt  yet  vaccinated  in  the 
army;  7f.  fiilit-r  IishI  v;iii(>iaor'  lit-cn  vaccinated  in  childhood  and  not 
yet  vaccinaied  in  the  army  ;  ' '.  never  had  variola  nor  vaccinated  in 
childhuiid  and  \aeelnatei[  in  the  arniy  wittimil  .snc<'ess ;  JK  never 
had  varinla  ni>r"  vaceiiiaied  in  eliildlnmd,  and  vaccinated  in  the  army 
with  sui-cess ;  A',  had  variola  or  wa.s  vaccinated  in  childhood,  and 
vaccinated  in  the  army  withitut  success ;  F,  had  variola  or  was  vacci- 
nated in  childhood,  and  vai'cinated  in  the  army  successfully.  (After 
Uvi.) 

required.  In  sudi  cases  as  present  no  evidence  of  success- 
ful vaccination  within  a  reasonable  period  the  operation 
is  to  be  performed  immediately.  The  date  and  result  of 
the  last  vaccination  are  to  be  noted  in  the  company  descrip- 
tive and  deposit  book,  and  also  on  the  descriptive  list  in 
case  of  transfer.  Tliis  system  is  not  sullicienlly  compre- 
hensive and  leaves  too  much  to  the  discretion  of  tlie  med- 
ical officer.  li  should  be  re(|uired  that  all  young  recruits 
be  vaccinated  immediately  on  enlistment,  and  that  they 
be  examined  after  ten  days  and  re-vaccinated  if  the  finst 
operation  has  not  been  successful.  In  such  as  still  prove 
refractory,  the  operation  should  be  repeated  at  the  end  of 
three  months.  In  time  of  epidemic  the  thorough  vac- 
cination of  the  whole  command  should  be  practised. 
For  old  soldiers,  after  being  vaccinated  on  re-enlistment, 
no  repetition  of  the  vticcination,  if  unsuccessful,  will 
ordinarily  be  necessary.  The  practice  of  simultaneously 
making  several  points  of  inoculation,  as  is  done  in  Euro- 
pean armies,  has  much  to  commend  it  as  reducing  liabil- 
ity to  failure.  In  general,  the  total  area  of  the  cicatrices 
should  not  be  less  than  half  a  scjuare  inch.  The  incuba- 
tion of  vaccinia  being  shorter  than  that  of  smallpox,  it  is 
possible  to  modify  or  even  entirely  prevent  an  attack  of 
the  latter,  by  vaccination  performed  some  days  after  in- 
fection. This  is  especially  the  case  with  re-vaccination, 
the  incubation  of  which  is  often  shorter  than  primary 
vaccination.  The  operation,  if  successfully  performed 
within  three  days  after  exposure  to  smallpox,  will  pre- 
vent the  appearance  of  the  symptoms,  and  in  all  likeli- 
hood the  attack  will  be  arrested  or  modified  if  vaccination 
be  performed  as  late  as  the  fifth  day.  The  few  attacks 
that  occur  between  six  and  nine  days  after  successful 
vaccination  are  mild,  and  practically  none  commence 
later.  With  regard  to  what  may  be  accomplished  in  con- 
trolling smallpox,  the  recent  work  of  army  medical  offi- 
cers in  the  Philippines,  Cuba  and  Porto  Rico  is  a  con- 
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spicucius  exiimple.  In  the  latter  island  nearly  a  million 
people  were  vaceinated,  and  the  disease  was  practically 
eradicated.  In  tlie  Cuban  epidemic  at  Holtruin.  where 
12,000  cases  of  the  disease  were  treated,  not  a  single  sol- 
dier of  the  well- vaccinated  command  contracted  small  pn.\, 
though  the  men  were  constantly  engaged  in  sanitary 
police  and  in  guard  duty  at  the  lazarettos  anil  infected 
points. 

In  addition  to  the  prompt  vaccination  of  all  persons 
who  may  have  come  in  contact  with  a  smallpox  case,  the 
patient  sliould  be  carefully  isolated.  All  clothing  and 
other  articles  exposed  to  contagion,  which  cannot  be 
readily  disinfected,  should  be  burned.  During  the  stage 
of  desquamation,  fixation  of  the  contagious  matter  should 
be  accomplished  by  smearing  the  skin  with  olive  oil,  vase- 
line, or  carbnlized  glycerin.  All  discharges  from  the  nose, 
mouth,  and  elsewhere  should  be  received  into  vessels 
containing  a  disinfectant  solution.  The  scabs  which 
have  fallen  off  should,  as  far  as  possible,  be  collected  and 
burned.  Isolation  should  be  maintained  tmtil  tlie  last 
scab  has  disappeared.  The  surroundings  of  a  case  of 
smallpox  should  be  carefully  disinfected.  No  special 
precautions  on  the  part  of  the  attendants,  provided  they 
are  thoroughly  protected  by  vaccination,  appear  to  be 
necessary. 

In  nearly  all  foreign  armies,  vaccine  farms  form  part 
of  the  military  establishment.  In  tiie  French  army  there 
are  five  such  farms,  of  \\  hich  three  are  located  in  France 
and  two  in  Tunis  and  Algeria.  In  our  own  service  ad- 
mirably managed  vaccine  stations  have  been  established 
in  Porto  Rico  and  in  the  Philippines,  since  it  was  found 
to  be  a  matter  of  both  great  difficulty  and  great  expense 
to  import  active  vaccine  virus  from  the  United  States, 
Japan,  or  other  countries.  In  the  stations  in  the  Philip- 
pines the  young  water  Iniffalo  or  carabao  has  successfully 
filled  the  place  of  the  calf  for  the  production  of  vaccine 
virus. 

TtTHERCUi.osis. — Ocnivrence. — Tuberculosis  is  a  di.sease 
which  originates  more  freciuently  in  garrison  than  among 
troops  in  active  campaign:  but,  on  the  other  hand,  the 
arduous  nature  of  the  service  reijuired  under  the  latter 
conditions  is  often  resiionsible  for  the  development  of  a 
previously  latent  infection.  The  disease  is  not  uncom- 
mon among  troops,  a  fact  by  no  means  strange  when  its 
great  prevalence  among  the  civil  population  is  consid- 
ered. It  is  probabl}^  true  that  a  proportionally  greater 
number  of  cases  of  tuberculosis  occur  among  soldiers 
than  among  males  of  the  military  age  in  civil  life,  in 
spite  of  the  former  being  ph^'sically  sound  men;  but,  on 
the  other  hand,  the  disease  is  of  a  somewhat  chronic 
nature,  not  usually  amenable  to  .such  treatment  as  can 
be  given  in  the  military  service,  and  hence  the  early  dis- 
charge of  well-recognized  cases  does  much  to  depress  the 
rates  for  the  army  and  raise  those  for  civil  life.  Military 
service  aiijiears  not  only  to  afford  greater  facilities  for 
contracting  the  disease,  but  also  to  more  certainly  develop 
an  existing  but  latent  infection. 

The  mortality  from  tubercidosis  was  extremely  high 
among  troo]is  at  the  beginning  of  the  present  century, 
but  has  gradually  decreased  down  to  the  present  time  as 
a  restdt  of  mf>re  attention  to  their  welfare.  In  our  own 
service  the  admission  rates  for  tuberculosis,  during  the 
Civil  War,  amounted  to  6.33  per  thousand  strength:  the 
death  rate  to  3.53.  During  the  second  year  of  the  war 
the  admission  rate  was  9.38  and  the  death  rate  3.0.5.  For 
the  period  of  peace,  1868-84,  the  admissions  amounted 
to  4.8S  per  thousan<l  strength,  and  the  deaths  to  l.O.T. 
For  tlie  decade  188o-94  these  rates  fell  to  3.39  and  .59 
respectively:  and  for  the  period  189.V98  they  were  still 
further  reduced  to  3.83  and  .42.  These  rates  are  low 
as  compared  with  those  for  other  armies,  and  reflect 
credit  upon  the  care  given  to  our  troops:  but  their  exist- 
ence, even  at  present  figures,  implies  a  certain  laxity  of 
sanitary  administration.  The  death  rate  from  this  cause 
should"  be  made  to  approximate  zero  through  a  more 
prompt  and  thorough  lOiniiiiation  of  those  aftVcted  with 
tuberculosis,  while  a  higher  physical  standard  in  respect 
to  recruits  would  do  much  to  reduce  the  future  admis- 


sions to  sick  report  from  this  disease.  At  present  our 
rates  are  considerably  raised  by  the  military  sanitarium 
for  the  tuberculous  niaintained  at  Fort  Bayard.  In  for- 
eign armies,  figures  with  respect  to  the  occurrence  of 
tubercidosis,  as  given  by  Marvaud  and  contained  in  recent 
official  reports,  are  as  foffows: 


Country. 


Germany 

Austria . . 

England . 

Ru.ssia. . . 
It;ily 

Spain 


Period. 


1873-79 
1881^91 
1891-97 
1878-81 
1889-91 
1893-W 
1870-83 
1885-90 
1888-97 
1890-97 
187.'>-81 
1882-91 
188t)-91 


Admissions  per 
1,000  strength. 


4.3 

5.7 

2.57 

4.8 

4.7 

1.76 

6.1 

3.5 

3.7 

4.2 

3.16 

3.82 

7.75 


In  the  Russian  and  French  armies  the  death  rates  are 
jiartieularly  high,  being  1.6  and  1.10,  respectively.  The 
lowest  death  rate  is  given  by  the  Belgian  army,  in  whi(-h, 
as  a  result  of  careful  elimination  of  the  tuberctdous,  the 
rate  was  but  .35  per  thousand  strength  in  1898.  For  the 
year  1897  the  death  rate  was  .45  in  the  German  army. 
Among  tlie  British  troops  on  colonial  service,  during  the 
decade  1888-97,  the  lowest  rates  of  admission  were 
given  by  Gibraltar,  1.9,  and  Bermuda,  3.4.  The  highest, 
rates  were  given  by  the  troops  in  India,  4.2,  and  in  Cey- 
lon, 4.1.  For  the  Spanish  ariuy  in  Cuba,  in  1897,  the 
admission  rate  for  tuberculosis  was  reported  to  bo  in 
excess  of  that  for  yellow  fever,  dysentery,  or  typhoid 
fever. 

DixnemirKition  nnd  Infection. — Every  tuberculous  sol- 
dier is  a  source  from  which  the  disease  may  be  pro]iagated 
to  his  comrades.  The  particular  manner  in  wliicli  tlie  in- 
fectious material  is  thrown  off  depends  U|ion  the  anatom- 
ical location  of  the  tuberculous  lesions.  Undoiditedly  the 
disease  is  most  commonly  disseminated  by  infected  spu- 
tum, but  this  is  merely  because  the  specific  bacilli  more 
commonly  find  in  the  respiratory  apparatus  the  conditions 
which  are  favorable  to  their  development.  It  shoidd  not 
be  overlooked  that  under  certain  conditions  the  urine, 
faeces,  or  discharges  from  superficial  lesions  may  be  pro- 
portinnallj'  as  infectious  as  the  sputum. 

In  the  sputum  of  those  affected  with  pulmonary  tuber- 
culosis the  specific  bacilli  are  usually  found  in  enormous 
numbers.  When  such  infected  sputimi  is  diied,  jiulver- 
ized,  and  disseminated  as  dust  by  air  currents,  the  infec- 
tious material  may  be  inhaled  by  those  w  itliin  its  sphere 
of  action,  and,  in  susceptible  individuals,  may  reproduce 
the  disease.  The  same  may  also  occur  with  tuberculous 
urine,  fscces,  and  suppurative  discharges.  In  the  dried 
state  the  vitality  of  the  bacillus  is  very  great,  and  it  has 
been  shown  to  retain  its  viruience  under  these  conditions 
for  as  lon,g  as  from  seven  to  ten  months.  In  the  wet  .state, 
its  virulence  is  retained  for  about  six  weeks;  but  in  this 
condition  it  is  comparatively  harmless,  though  not  en- 
tirely so.  Cornet  found  that  the  dust  in  rooms  occupied 
by  consumptives  contained  virulent  tubercle  bacilli  in 
alarge  proportion  of  cases.  Such  dust,  disturbed  from 
cornices  or  out-of-the-way  places,  even  after  several 
months,  is  often  capable  of  producing  an  infection,  and 
to  its  agencv  the  appearance  of  many  cases  of  obscure 
origin  may  "be  attributed.  In  a  study  of  consumption 
occurring  "in  Philadelphia  it  was  found  that  certain  in- 
fected tenement  houses  were  apparently  responsible  for 
a  large  proiiortion  of  cases;  in  some  instances  etery  fam- 
ily successively  occupying  these  houses  presenting  one 
or  more  casesof  the  "disease  after  an  occupancy  of  any 
duration.  These  observations  have  a  practical  applica- 
tion to  the  military  service  in  connection  with  the  disin- 
fection of  barracks  in  which  a  case  of  this  disease  has 
occurred. 

While  the  breath  in  consumptives  does  not  appear  to 
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convey  the  infection,  fresh  tulierculoiis  material,  after 
infection,  may  be  transmitted  to  food  or  drink  by  un- 
washed hands  or  otlier  ageuc.y,  and  give  rise  to  the  dis- 
ease when  taken  Into  tlie  alimentary  tract.  Vigoura,  in 
ten  examinations  of  the  hands  of  hospital  attendants  in 
wards  where  consumption  was  being  treated,  found  the 
tubercle  bacilli  present  in  two  instances.  In  the  same 
way,  infected  individuals  who  cough  over  food  may  also 
disseminate  the  affection.  Flies  feed  greedily  on  tuber- 
culous material,  and  their  importance  as  carriers  of  the 
specific  bacilli  has  only  recently  been  appreciated.  Much 
evidence  on  this  point  has  lately  been  collected.  Spill- 
man  and  Haushalter  examined  the  flies  and  fly  excreta 
in  a  hospital  ward  and  found  tubercle  bacilli  in  both. 
Hoffman  examined  the  intestinal  contents  of  flies  taken 
from  a  room  where  a  death  from  phthisis  had  recently 
occurred  and  found  the  bacilli  in  four  out  of  six  instances, 
as  well  as  in  the  fly  excreta  on  the  walls  and  furniture. 
Guinea-pigs  inoculated  by  him  with  fly  intestine  became 
tuberculous.  Alcssi  fed"  flies  with  phthisical  sputum 
and  produced  tuberculosis  in  rabbits  inoculated  with 
their  dung.  It  is  thus  apparent  that  food  may  be  read- 
ily contaminated  by  flies  carrying  iufectious  material. 
Tuberculous  meat  may  also  be  a  cau.se  of  the  di.sease ; 
and  in  civil  life  milk  from  diseased  animals  is  not  infre- 
quentlj'  infected.  Clothing  or  other  articles,  when  in- 
fected, may  convey  the  disease  to  those  persons  who 
handle  thein,  and  in  such  instances  the  disease  appears 
to  result  from  infection  by  way  of  the  alimentary  tract. 
Inocidation  through  a  breach  of  the  skin  has  often  oc- 
cuiTed.  but  such  method  of  infection  is  not  common  in 
the  military  service.  When  it  does  occur,  the  process  is 
usually  localized  at  the  site  of  infection.  Direct  infec- 
tion from  the  sick  is  rare,  but  there  appears  to  be  evi- 
dence to  the  effect  that  the  disease  may  be  communicated 
by  the  sick  to  the  well.  In  instances  of  this  sort,  how- 
ever, the  affected  individuals  can  scarcely  be  said  to  have 
been  free  from  the  possibility  of  infection  b}'  indirect 
means  also. 

Predupo»ing  Causes. — The  disease  occurs  in  all  coun- 
tries and  climates,  but  is  especially  prevalent  where  sud- 
den changes  of  temperature  and  damp  atmosphere  favor 
the  occurrence  of  bronchial  irritation,  the  tuberculous 
element  being  thus  engrafted  upon  a  simple  benign  affec- 
tion. A  dr)-,  equable,  sunny  climate  does  much  to  pre- 
vent the  occurrence  of  this  disease,  and  the  same  may  be 
said  with  respect  to  altitude.  Of  the  greatest  importance 
in  determining  the  occurrence  of  this  disease  is  the  so- 
called  tubercidous  diathesis.  There  seems  to  be  no  doubt 
that  certain  individuals  present  a  hereditary  susceptibilitj' 
to  this  disease,  and  this  predisposition  may  generally  be 
recognized  by  the  well-known  physical  signs.  Among 
these  chest  capacity  is  important,  and  it  is  of  interest  to 
know  that,  in  the  German  army,  where  the  chest  of  a 
soldier  does  not  properly  develop  under  physical  train- 
ing, the  man  is  regarded  as  predisposed  to  phthisis  and 
returned  to  civil  life. 

Race  exerts  a  considerable  influence  on  the  occurrence 
of  tuberculosis,  though  no  race  is  exempt.  The  negro 
and  Indian  are  especially  predisposed  to  this  disease. 
Among  the  Apache  Indian  prisoners  removed  from  Ari- 
zona to  Alabama  a  few  years  since,  the  annual  death 
rates  per  thousand,  for  five  years,  were  55,  51,  110,  146, 
110 — almost  wholly  from  tuberculosis.  For  the  white 
race,  nativity  seems  to  be  not  without  influence  in  modi, 
fying  susceptibility.  In  the  United  States  army,  for  the 
seven  years  1890-96,  the  admission  rates  for  tuberculosis, 
per  thousand  strength,  were  3.33  for  American  whites, 
2.97  for  soldiers  born  in  Ireland,  and  but  1.49  for  those 
of  German  birth.  In  the  examination  of  501.068  recruits. 
during  the  Civil  War,  Baxter  states  that  rejections  for 
tuberculosis  were  more  frequent  in  blonds  than  in  men 
of  dark  complexion  i  and  that  the  proportion  of  rejec- 
tions increased  directly  with  the  height.  Age  is  a  factor 
of  great  importance  in  the  occurrence  of  the  disease. 
For  the  period  1890-96  the  admissions  for  tuberculosis  in 
our  army,  per  thousand  of  each  class,  were  proportioned 
as  follows : 


Period.  Admissions. 

19  years  and  under 5.08 

aOtoSt 3.44 

ai  to  29 3.09 

30  to  34 2.69 

33  to  39 . , , 2.70 

40  to  44 '... 1.87 


The  rates  for  infantry  are  slightly  higher  than  for  cav- 
alry and  artillery,  and  nearly  three  times  as  high  as  those 
for  the  Jledical  Department :  the  latter  showing  the  benef- 
icent effect  of  lessened  exposure  and  overcrowding.  For 
the  period  1890-96  the  admissions  were  about  two-thirds 
as  frequent  among  oflicers,  1.98,  as  amons  enlisted  men, 
2.96. 

Nothing  is  better  established  with  regard  to  tuberculo- 
sis than  its  relation  to  overcrowding  and  bad  ventilation. 
As  long  ago  as  1858  it  was  shown  in  the  British  army 
that  the  troops  which  suffered  the  most  from  overcrowd- 
ing presented  the  greatest  amount  of  tuberculosis.  The 
custom  of  living  in  common,  as  in  barracks,  great!)- 
favors  the  occurrence  of  tuberculosis,  since  where  an  in- 
fection of  the  building  lias  occurred  all  the  occupants  are 
equally  exposed  to  the  danger  of  contracting  the  disease. 
Casemates,  from  their  dampness,  defective  ventilation, 
and  want  of  sunshine,  particularly  favor  the  occurrence 
of  tuberculosis  among  troops  quartered  in  them.  No 
more  striking  example  of  the  influence  of  habitations  on 
tlie  frequency  of  tubercidosis  has  been  given  than  that 
reported  by  Davy,  in  1862.  as  witnessed  by  him  at  Fort 
Clarence,  in  England.  At  this  post,  converted  into  a 
military  lunatic  asylum,  the  deaths  from  tuberculosis 
among  officers  and  among  soldiers'  wives,  these  being 
lodged  in  ordinary  houses,  furnished  19  and  18  per  cent, 
respectively  of  the  mortality  from  all  causes.  Among 
the  soldiers  quartered  in  casemates,  tuberculosis  caused 
39  per  cent,  of  all  deaths.  A  susceptibility  to  tubercu- 
losis may  be  acquired  by  individuals,  ordinarily  resistant 
to  the  disease,  through  insutficient  and  improper  food, 
want  of  exercise,  poor  ventilation,  and  uncleanliness  of 
the  person  and  surroundings.  As  in  other  diseases,  any 
circumstance  which  tends  to  lower  the  powers  of  vital 
resistance  favors  infection. 

Prophylaxis. — In  the  military  service  the  prevention  of 
tubercidosis  depends  largely  upon  the  careful  selection 
of  recruits  and  the  avoidance  of  enlisting  such  as  appear 
to  have  a  predisposition  to  this  disease.  If  such  have 
been  enlisted,  they  should  be  discharged.  All  soldiere 
affected  with  the  disease  should  be  promptly  discharged 
from  the  service,  fi-s  their  retention  is  a  menace  to  others. 

Among  other  measures  of  prevention  may  be  mentioned 
the  location  of  barracks  on  dry,  elevated,  sunny  sites; 
the  provision  of  sufficient  cubic  space,  and  thorough 
ventilation;  the  avoidance  of  sharp  corners  or  projecting 
ledges  upon  wdiich  dust  can  collect,  and  the  rendering  of 
floors  impermeable  with  paraffin.  Spitting  on  the  floor 
and  walls,  aside  from  its  being  an  offence  against  neat- 
ness and  decency,  should  be  prohibited  for  sanitary  rea- 
sons. Metallic  spittoons  of  a  pattern  readily  cleansed 
should  lie  provided,  and  should  contain  a  small  quantity 
of  some  odorless  disinfectant  solution  so  as  to  keej)  the 
sputum  in  a  moist  condition.  These  receptacles  should 
be  cleansed  and  scalded  daily.  Box  spittoons  containing 
sawdust,  as  too  often  found,  should  never  be  employed. 
They  are  not  only  a  danger  to  health,  but  are  often 
ignited  by  cigar  and  cigarette  stubs.  It  shoidd  not  be 
forgotten  tliat:  a  squad  room  which  has  contained  a  case 
of  tuberculosis  is  not  safe  for  occupancy  until  disinfected. 
In  the  routine  cleaning  of  barrack  rooms  the  use  of  dust- 
ers should  be  avfiided,  and  all  dust  should  be  removed 
from  shelves  and  projecting  ledges  by  means  of  damp 
cloths.  Meat  from  tuberculous  animals  should  be  re- 
jected for  issue.  An  abundant  diet  containing  a  consid- 
erable amount  of  fat  appears  to  be  of  value  in  the  pre- 
vention as  well  as  treatment  of  this  disease.  Chilling 
and  exposure,  which  favor  bronchitis  and  pleurisy,  pre- 
dispose to  tuberculosis  and  should  be  avoided.  Exercise 
in  the  open  air,  especially  such  exercise  as  increases  the 
mobility  and  capacity  of  the  chest,  is  desirable. 
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With  reference  to  the  measures  to  be  applied  to  tlie 
ailected  individual,  the  disinfection  of  the  sputum  and 
other  discharges  from  persons  suffering  from  various 
manifestations  of  the  disease  is  of  the  most  importance. 
The  patient  should  be  impressed  with  the  fact  that  he  is 
a  possible  source  of  infection,  and  that  it  is  quite  within 
his  ]iovver  to  control  the  spread  of  the  disease  to  others 
b_v  attention  to  a  few  simple  details  that  in  no  way  inter- 
fere with  his  comfort.  Special  spit-cups  should  always 
be  provided  for  the  sick ;  since  otherwise  while  endeav- 
oring to  use  those  on  the'floor  they  will  frequently  cause 
its  contamination.  AVhen  the  spit-cups  cannot  be  used, 
clean  rags  or  rice-paper  napkins  may  be  employed,  and 
these  subsequently  destroyed  bj'  tire.  Bed  or  body 
clothing,  soiled  with  tuberculous  material,  should  be  at 
once  removed  and  disinfected.  The  bedding  of  the 
tuberculous  should  never  be  used  by  the  well.  All 
blankets  should  be  frequently  sunned",  and  great  care 
taken  to  prevent  their  being  shaken  under  circumstances 
which  would  allow  the  dust  to  be  inhaled,  or  become  a 
means  of  infection  to  others.  The  tuberculous  individual 
should  be  provided  with  separate  eating  utensils,  and 
these  disinfected  after  use.  Tlie 
uneaten  portions  of  food  should  be 
burned.  All  personal  contact  be- 
tween the  sick  and  the  well  is  to 
be  avoided. 

Typhoid  Fever.  —  Occurrence. 
— The  history  of  typhoid  fever,  as 
a  disease  of  soldiers,  scarcely  ex- 
tends over  a  period  of  fifty  years, 
it  being  previously  confused  with 
severaf  other  affections.  About 
half  a  century  ago  the  di.sease  was 
differentiated  from  typhus  fever 
by  JIurchison,  both  previousl.v 
being  classed  together  by  medical 
officers  as  "spotted  fever";  and 
undoubtedly  much  of  the  fatality 
which  prior  to  tliis  time  had  been 
regarded  as  due  to  tyijhus  A\as  in 
reality  due  to  typhoid  infection. 
In  addition,  no  distinction  was 
long  made  between  enteric  fever 
and  the  continued  malarial  fevers. 
Shortly  before  and  during  the 
Civil  War,  however,  medical  offi- 
cers were  forced  to  recognize  the 
different  characteristics  of  typical 

cases  of  these  diseases,  and  about  the  same  time  the 
term  "typho-malarial  "  was  adopted  to  cover  that  class 
of  cases" which,  while  they  presented  some  of  the  clini- 
cal symptoms  of  both  diseases,  were  apparently  identi- 
cal vvith  neither.  Later,  the  fact  that  most  of  tliese 
cases  of  typho-malarial  fever  were  in  reality  typhoid  in- 
fections was  strongly  suspected;  but  it  was  not  luitil 
Laveran,  of  the  French  army,  discovered  the  malarial 
parasite  that  the  differentiation  between  enteric  and 
malarial  fevers  was  definitely  made.  In  the  French 
army  the  ofBcial  recognition  of  the  existence  of  a  disease 
Intermediate  between  malaria  and  typhoid  was  with- 
drawn in  1888,  and  about  the  same  time  the  term  typho- 
malarial  was  discontinued  in  our  own  medical  nomencla- 
ture. This  example  has  since  been  followed  in  all  the 
more  important  armies,  and  military  statistics  for  this 
disease,  for  the  past  ten  years,  may  be  regarded  as  much 
more  accurate.  In  the  Russian  army,  however,  even  as 
late  as  1897,  no  small  proportion  of  the  continued  fevers 
were  classed  as  "  undetermined  "  in  nature.  It  is  obvious, 
therefore,  from  the  difficulty  which  has  until  recently 
existed  in  the  recognition  of  typhoid  fever,  that  statistics 
for  the  periods  prior  to  the  past  decade  are  of  little  value 
for  purposes  of  comparison  lietween  different  armies,  and 
even  for  the  .same  service  they  are  not  free  from  i-i-ror. 
For  our  own  army  it  may  safely  be  assumed,  from  a 
better  knowledge  of  the  nature  of  the  typhoid  infection, 
tliat  cases  which  have  been  recorded  as  typho-malarial 
'are  in  reality  largely  cases  of  enteric  fever. 
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Typhoid  fever  at  the  present  time  is  the  most  impor- 
tant disease  affecting  soldiers.  While  it  prevails  to  some 
extent  among  troops  in  garrison,  it  is  among  soldiers  in 
the  field,  and  especially  those  in  camps  of  more  or  less 
permanency,  that  it  makes  its  greatest  ravages.  In  this 
country,  as  in  all  tenijierate  or  tropical  regions,  enteric 
fever  is  so  prevalent  and  its  specific  cause  so  widely  dis- 
seminated that  no  camp  of  any  size  or  permanency  can 
be  expected  to  remain  free  from  its  infection.  In  the 
camps  of  our  army  during  the  war  with  Spain  not  a  single 
regiment  escaped  its  ravages.  According  to  the  board 
appointed  tt)  investigate  the  epidemics  of  typhoid  fever 
during  this  war,  nearly  all  the  regular  troops  and  ninety 
per  cent,  of  the  volunteer  regiments  developed  typhoid 
fever  within  eight  weeks  after  going  into  camp ;  iu  the 
northern  equally  as  much  as  iu  tlic  southern  parts  of  the 
country.  This  condition,  far  from  beingunusual,  iswhat 
has  commonly  prevailed  among  all  troops  iu  active  ser- 
vice ;  and  Davies  particularly  notes  a  number  of  instances 
of  epidemics  occurring  early  in  successive  British  mili- 
tary expeditions.  The  recent  Anglo-Boer  War  in  South 
Africa  was  no  exception  to  this  rule.     It  has  been  re- 
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Fig.  inST.— AdmLs-sions  for  Tvphoifi  and  "  Tvptio-Malarial "   Fevers,  per   Thousand  Strength, 
Occurring  iu  tlie  United  States  Army  During  tlie  Period  1861-98,  E.\cludiug  the  Year  1867. 


peatedly  observed,  especially  in  the  caiups  of  1898,  that 
while  ti'oops  in  camp  are  heavily  .scourged,  the  surround- 
ing civil  population  maj- remain  wholly  unaffected.  The 
conclusion  is  inevitable  that  conditions  ordinarily  found 
in  military  encampments  or  governing  troops  in  the  field 
are  extremely  favorable  to  the  propagation  of  this  dis- 
ease ;  and  this  fact  is  abundantly  demonstrated  by  figures 
for  our  own  service.  During  the  Civil  War  period, 
18G1-66,  the  admissions  for  typhoid  and  typho-malarial 
fever  amounted  to  57.71  per  thousand  .strength,  while  for 
the  sixteen  years  following  the  war,  1868-84,  the  admis- 
sions for  the  same  cause" were  only  6.29  per  thousand 
strength.  Again,  in  1898,  during  the  war  with  Spain, 
the  admissions  for  tvphoid  fever  amounted  to  88.5.5  per 
thousand  strength;  during  the  year  189T  they  amounted 
to  6.35,  and  during  the  decade  1885-94  they  were  only 
5.51  per  thousand  strength.  Throughout  the  period  of 
peace,  1868-97,  the  rates  for  typhoid  fever  showed  no 
very  great  variation  except  for  the  years  1882  and  1883, 
when  sharp  localized  outbreaks  of  the  disease  occurred, 
and  for  the  years  1874  and  1875,  when  the  rates  fell  much 
below^  the  normal.  Of  late  years  the  disease  has  shown 
a  tendency  to  become  slightly  more  prevalent  among  our 
troops,  in"  spite  of  the  much  improved  sanitary  condi- 
tions under  which  the  soldier  now  lives.  It  is  possible 
tiiat  the  reduction  in  the  period  of  enlistment  from  five 
to  three  years,  through  the  greater  proportion  of  more 
susceptible  material  in  the  army  which  is  thus  main- 
tained,  has  had  an  effect  in  neutralizing  sanitary  im- 
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provements  as  far  as  their  influence  on  enteric  fever  has 
been  concerned.  The  relative  prevalence  of  t_yphoid 
fever  in  our  array,  since  the  year  1860,  together  with  the 
remarkable  increase  induced  by  camp  life,  is  shown  by 
the  accompanying  diagram  (see  Fig.  1087). 

During  time  of  peace  the  mortalitj-  from  typhoid  is 
not  high  in  our  anny  as  compared  with  the  countrj-  at 
large.  For  the  year  1896  the  death  rate  was  .48  per 
thousand ;  this  being  lower  than  the  typhoid  mortality 
rates  in  most  of  our  large  cities,  such  as  Washington, 
Chicago,  Pittsburg  and  Philadelphia,  notwithstanding 
the  great  susceptibility  of  men  of  the  military  age  to  this 
disease.  In  the  French  army,  however,  Coustan  states 
that  the  relative  amount  of  sickness  due  tot_vphoid  fever 
is  constantly  five  or  si-^c  times  greater  than  among  the 
civilian  pcipulation.  During  time  of  peace  there  has 
been  no  great  epidemic  of  this  disease  in  our  army,  the 
highest  rates  of  admission  being  given  in  the  years  1883 
and  1883,  when  the  admissions  per  thou.sand,  for  the  en- 
tire arm}',  amounted  to  11.23  and  1.5.06,  respectively. 
The  rates  are  undoubtedly  kept  low  through  the  fact 
that  our  troops  have  in  the  past  been  scattered  in  small 
commands  over  a  large  area,  and  that  an  infection  of  an 
individual  water  supply  was  therefore  not  able  to  affect 
a  large  number  of  troops  at  once,  as  is  often  the  case  in 
foreign  armies.  A  considerable  proportion  of  those  ex- 
posed to  the  infection  have  at  times  contracted  the  dis- 
ease. Viry  and  Coustan  cite  epidemics  in  the  French 
army,  in  1875,  in  which  10  per  cent,  of  those  exposed 
contracted  the  disease  at  Nanly,  18  per  cent,  of  those  at 
Saratory,  and  2.5  per  cent,  at  Brest.  In  1889,  of  the 
troops  at  Dinan,  60  per  cent,  of  the  command  contracted 
typhoid  during  a  single  epidemic.  The  board  which  in- 
vestigated this  disease  during  the  war  with  Spain  con- 
cluded that  not  less  than  one-fifth  of  all  the  troops  located 
at  the  camps  of  mobilization  were  atfectcd  with  tj-phoid 
fever,  either  in  recognized  or  in  unrecognized  forms. 
It  also  stated  that  in  all  probability  the  deaths  due  to  ty- 
phoid fever  amounted  to  more  tlian  80  per  cent,  of  the 
mortality  from  all  causes. 

With  regard  to  the  occurrence  of  typhoid  fever  in  for- 
eign armies,  Coustan  gives  the  rate  in  the  French  army 
as  follows: 


Period. 

Admissions  per       Deaths  per 
1,000  strength.     1,000  strength. 

Before  1888 

From  12  to  31              2 .5 

1888 

13  2                      1  " 

1889 

11.6 
10.5 
10.77 
12.12 
9.59 

1  6 

1890 

1  71 

1891 

1.95 

1893 

1  54 

1893 

Before  1888,  typhoid  fevers  and  continued  fevers  were 
classed  together.  Up  to  1893,  typhoid  was  the  cause  of 
about  one-third  of  all  the  deaths  occurring  in  the  French 
army.  JIarvaud  gives  the  case  mortality  for  tlie  period 
1878-90  as  about  sixteen  per  cent. 

In  the  German  army  reports  the  rates  of  admi.ssion  and 
death  for  typhoid  fever,  per  thousand  strength,  are  given 
as  follows ; 


Period. 

Admissions  per 
1,000  strength. 

Deaths  per 
1,000  strength. 

1881-82  to  1885-86 

5.6 

3.6 

2 

1.7 

1.3 

0.46 

1886-87  to  1890-91 

.28 

1891-92  to  1893-96 

.21 

Tear  1895-96 

19 

Year  1896-97 

16 

The  small  proportion  of  cases  of  this  disease,  together 
with  the  reduction  which  has  steadily  gone  on,  shows 
most  forcibly  the  admirable  sanitary  condition  of  the 
German  army. 


In  the  Russian  and  Austrian  armies  the  admission  rates 
have  of  late  years  been  as  follows: 


Year. 

Russian  army 
per  1.000  strength. 

Austrian  army 
per  1.000  strength. 

1890 

9.6 
7.9 
7.6 
7.2 
6.7 
7.7 
7.9 
8.4 

1891 

1892 

1893 

14  0 

1894 

1895 

3  1 

1896 

35 

1897 

In  1897  the  death  rate  for  the  Russian  army  was  1.37. 

The  admission  rates  for  the  British  army,  at  home  and 
on  foreign  service,  are  given  elsewhere  in  this  section.  In 
the  Spanish  array,  according  to  Coustan,  the  admission 
rate  for  the  year  1886  was  twelve  per  thousand. 

For  the  Italian  army  the  mortality  from  typhoid  has 
recently  been  as  follows : 

year.  iSif'l'^'*^,, 

l.tiOO  strength. 

1893 1.12 

1894 H 

1895 1.15 

1896 1.10 

1897 98 

In  the  Belgian  army,  for  1898,  the  death  rate  from 
typhoid  was  .28  per  thousand  strength. 

EUmiimtion  of  Infictious  ilnterial  by  the  Sick. — It  has 
long  been  recognized  that  the  ftecal  discharges  of  typhoid 
patients  contain  the  specific  bacillus  and  are  a  potent 
factor  in  the  dissemination  of  the  disease.  The  enteric 
bacilli  are  not  usually  found  in  the  stools  earlier  than  the 
seventh  day,  although  the  latter  are  probably  infective 
during  the  incubation  period  and  certainly  during  the 
onset  of  the  disease — and  they  ordinarily  disappear  soon 
after  convalescence  is  established.  In  some  cases,  how- 
ever, the  bacilli  have  been  found  as  late  as  forty-one  days 
after  defervescence.  The  stools  appear  to  gain  in  infec- 
tivity  for  several  days  after  discharge  from  the  sick  per- 
son, but  the  reasons  for  the  increase  in  virulence  are  not 
as  yet  understood. 

The  elimination  of  typhoid  bacilli  by  the  kidneys 
affords  a  ready  means  of  spread  which  has  not  sufficiently 
engaged  the  attention  of  medical  officers:  and  in  inves- 
tigating the  cause  of  typhoid  fever  in  military  camps 
this  mode  of  dissemination  is  too  often  overlooked. 
Enormous  numbers  of  the  bacilli  are  frequently,  though 
apparently  not  invariably,  present  in  the  urine.  When 
they  do  occur,  it  is  late  in  the  disease  and  during  conva- 
lescence. In  38  cases.  Richardson  found  the  bacilli  pres- 
ent in9;  always  in  large  numbers  and  practically  in  pure 
cultures.  They  appeared  only  in  the  later  stages  of  the 
disease  and  persisted  far  into  convalescence.  Smith  fotmd 
them  present  in  3  out  of  7  cases  examined  by  him.  and 
ob.served  that  they  may  be  present  in  sufficient  numbers 
to  render  the  urine  turbid.  Peti'uschky  found  typhoid 
bacilli  in  urine  two  months  after  the  temperature  had 
become  nonnal.  and  calculated  that  in  one  instance  the 
urine  contained  170,000,000  typhoid  germs  In  each  cubic 
centimetre.  In  many  cases  the  urine  in  convalescence 
has  been  found  to  be  swarming  with  typhoid  bacilli, 
while  none  could  be  detected  in  the  f«ces.  In  certain  in- 
stances this  condition  has  been  found  to  persist  for  years. 
Richardson  has  reported  an  old  case  of  cystitis  in  which 
the  bacillus  was  found  in  pure  culture  in  the  urine  five 
jears  after  the  attack ;  and  similar  results  have  been  ob- 
tained h\  Houston  and  others.  Horton-Smith  finds  that 
the  specific  bacilli  are  present  In  the  urine  in  one-fourth 
of  the  cases  of  the  disease,  and,  when  present,  occur  in 
far  greater  quantity  than  in  the  fseces.  In  comparing 
the  two  as  to  the  most  dangerous  and  frequent  cause  of 
the  disease,  he  concludes  that  this  is  "  the  tirine,  and  this 
partly  on  account  of  the  enormous  numbers  of  bacilli 
which  may  occur  in  it,  and  partly  on  account  of  the  ex- 
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cretion  itself.  Thus  the  stools  by  their  color  and  odor  at 
once  attract  attention,  so  that  the  slightest  soiling  of  tlie 
linen  is  at  oiice  noticed  and  the  damage  rectitied ;  but  the 
same  cannot  be  said  of  the  urine."  It  can  readily  be 
seen  how  a  convalescent  from  typhoid  fever,  prematurel}- 
returned  to  duty,  may  infect  the  soil  of  his  innipany 
camp  by  urine  surreptitiously  passed  at  night;  where 
such  contamination  by  faecal  matter  would  be  scarcely 
possible,  and  if  it  occurred  would  be  readily  detected 
and  measures  promptly  taken  to  limit  its  evil  effects. 

It  has  recently  been  questioned  whether  the  sputum  in 
typhoid  fever  may  not  be  infectious.  Investigation  ou 
this  point  by  Williams  and  others  has  given  positive  re- 
sults in  a  numlier  of  instances.  How  early  the  bacilli 
may  appear  and  how  long  they  may  persist  are  matters 
which  have  not  as  yet  been  determined. 

Meth(i(h  i)f  Dusendiiatiun  among  Troops. — The  typhoid 
bacillus  undoubtedly  obtains  entrance  into  the  system  by 
being  swallowed  eitlier  \vith  the  \vatcr  or  with  "the  food, 
or  by  drawing  into  the  mouth  or  pharynx  the 
gernis  susiieniled  in  the  air,  or  by  placing  in  it 
some  spe<itically  contaminated  object. 

In  the  e]iideinics  of  towns  or  large  garrisons, 
water  usually  serves  as  the  vehicle  for  the  in- 
fective agent ;  but  in  military  camps  there  are 
many  modes  of  infection,  and  in  the  typhoiil  epi- 
demics of  1S98  contaminated  water  was  one  of 
the  least  important  factors.  Vaughan  says: 
"  There  probabl)'  were  local  water  supplies  that 
became  sjiecifically  infected  -with  the  typhoid- 
fever  bacillus,  but  infected  water  was  not  the 
great  factor  in  the  cauisation  of  this  disease,"  and 
this  opinion  will  be  shared  by  those  who  had 
experience  in  field  service  during  the  period 
named.  At  Jacksonville,  Lexington,  and  Knox- 
ville,  the  troops  used  the  same  water  supply  as 
the  adjacent  civil  popidation,  yet  one  class  liad 
tyjihoi'd  and  the  other  had  not.  At  Jacksonville 
there  were  only  a  few  sjioradic  cases  in  the  city, 
while  in  the  "adjoining  camp,  with  about  tlie 
same  ijopulation,  the  admissions  to  hospital  for 
tjphoid  fever  were  60  or  TU  per  day.  In  Knox- 
ville  not  a  case  occurred  among  the  citizens  at  a 
time  when  there  were  hundreds  of  cases  among 
the  soldiers.  In  time  of  peace,  however,  the 
part  jilayed  by  drinking-water  in  the  occurrence  of 
ty|ilioid  is  very  great.  Instances  might  be  multipled 
iiiiletinitely  to  prove  this  point,  and  among  the.'^e  in- 
stances ]ierhaps  the  best  examples  have  occurred  in  the 
military  service,  and  particularly  in  the  French  army. 
For  the  year  1886,  among  the  French  troops,  the  number 
of  cases  of  typhoid  fever  amounted  to  somewhat  over 
14  per  thousand  strength.  In  1894  it  liad  been  reduced 
to  slightly  less  than  6  per  thousiind  strength ;  the  result 
being  obtained  by  an  almost  progressive  yearly  decrease. 
In  189.5  the  Minister  of  War  reported  that  in  29  garrisons 
formerly  extremely  subject  to  typhoid  fever,  in  each  of 
which  an  imcontaminated  supply  of  drinking-water  had 
been  provided,  there  had  followed  an  almost  total  disap- 
pearance of  this  disease,  and  the  few  isolated  cases  which 
occurred  were  shown  to  have  originated  outside  the  bar- 
racks. In  those  cases  in  which  a  new  water  supply  had 
been  provided  and  the  water  was  drunk  unfiltered,  epi- 
demics followed  from  time  to  time  on  the  contamination 
of  the  source  and  disappeared  after  the  introduction  of 
Pasteur  filters.  At  Avesnes,  after  the  installation  of  these 
filters,  10.5  cases  in  1891  became,  for  the  next  three  years, 
only  1  annually.  At  Auxerre,  129  cases  in  1893  were  re- 
duced to  1  each  in  1893  and  1894.  At  Melun,  122  cases 
in  1889  fell  to  7.4  for  the  following  five  years.  At  this 
last  post,  in  February,  1895,  38  dragoons"were  suddenly 
attacked,  the  infantry  battalion  in  tlie  same  barracks  hav- 
ing not  a  case.  Investigation  showed  that  the  Pastctir 
filters  had  been  allowed  to  freeze,  and  the  soldiers  had 
been  ordered  to  drink  only  the  weak  infusion  of  tea,  in 
which  the  water  had  been  boiled,  furnished  them.  While 
the  infantry  had  obeyed,  the  dragoons  had  not,  and  had 
'helped  themselves  tothe  Seine  water  from  the  hydrants. 


At  Cherbourg,  with  a  previous  annual  average  of  114.5 
cases,  the  installation  of  Pasteur  filters  in  1890  reduced 
the  cases  to  28,  8,  11,  3,  and  3  in  the  succeeding  five 
years.  At  Dinan,  with  a  previous  annual  average  of 
278  cases,  the  installation  of  Pasteur  filters  in  1890  re- 
duced the  number  of  cases  to  1,  3,  3,  anil  1  respectively 
during  the  next  four  years.  At  Lorient,  until  1889, 
there  was  a  yearly  average  of  170  cases  of  typhoid 
fever  aiuong  the  garrison.  In  1890  filters  were  set  up, 
with  the  result  of  a  decrease  to  58  in  that  year,  while 
the  three  following  years  numbered  2,  1.  and  1  respec- 
tively. In  1894  water  was  brought  into  the  barracks  at 
this  .station  from  a  spring  supposed  to  be  pure,  and  11 
cases  of  typhoid  shortly  appeared.  On  examination  the 
water  was  found  to  be  contaminated,  and  the  disease 
practically  ceased  to  exist  among  the  garrison  upon  its 
disuse.  Viry  states  that  of  194  epidemics  of  typhoid 
fever  occurring  in  garrisons  of  the  French  army  during 
the  period  Janvmry  1st,  1887,  to  January  1st,  1890,  no  less 
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than  187  of  them  could  be  directly  associated  with  a  "de- 
fective, doubtful,  mediocre,  or  infected  water  supply." 
ilany  instances  of  the  relation  of  typhoid  fever  to  drink- 
ing-water of  bad  quality  have  occurred  in  our  own  army. 
At  Jefferson  Barracks  the  typhoid  which  prevailed  en- 
demicallyat  that  station  diminished  greatly  when  a  purer 
supply  was  substituted. 

Except  in  rare  instances,  examination  of  a  water  sup- 
ply during  an  epidemic  of  typhoid  has  failed  to  reveal 
the  specific  germ  of  this  disease.  It  has.  however,  usu- 
all}'  determined  the  presence  of  the  bacillus  coli  com- 
munis, showing  the  probability  of  infection  with  typhoid 
discharges.  In  character,  an  epidemic  of  typhoid  due  to 
an  infected  water  supply  will  be  marked  by  the  sudden- 
ness of  the  outbreak  and  the  siiuultaneous  occurrence  of  a 
large  number  of  cases.  The  accompanying  diagram  (Fig. 
1088)  typically  illu.strates  the  course  of  a  water-borne  epi- 
demic. As  in  most  places  the  water  supply  soon  regains  its 
purity,  no  increase  subsequently  may  be  anticipated  un- 
less a'  second  infection  of  the  water  supply  occurs.  In 
typhoid  spread  by  other  means  than  water,  as  in  cainp 
epidemics,  the  onset  of  the  epidemic  is  gradual.  With 
each  case  additional  sources  of  infection  are  developed, 
and  the  prevalence  of  the  disease  steadily  increases  as 
long  as  efticient  preventive  measures  are  not  taken  and 
there  is  an  abundance  of  susceptible  material. 

Among  articles  of  food,  milk  is  not  infrequently  con- 
taminated with  typhoid  germs  from  infected  water  which 
may  have  been  added  to  it  or  used  to  wash  the  dairy 
ute"nsils.  Many  other  articles  of  food  which  are  eaten 
uncooked  are  "liable  to  spread  the  disease,  especially 
vegetables.  Recently  an  epidemic  of  typhoid  fever  oc- 
curred in  the  Insane  Asylum  at  Northampton,  Mass.. 
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resulting  from  the  use  of  celery  -watered  with  filtered 
sewage.  Among  many  similar  cases  one  was  lately  re- 
ported by  Ferre  in  which  an  epidemic  in  a  school  fol- 
lowed the  use  of  vegetables  watered  with  the  contents  of 
a  cesspool  which  received  the  evacuations  of  the  pupils. 
Watercresses  grown  in  ditches  contaminated  by  sewage 
have  been  known  to  serve  as  the  vehicle  for  the  infectious 
agent.  In  1895  Deshon  reported  several  cases  of  typhoid, 
occurring  at  a  western  station,  which  he  believed  could 
be  traced  to  the  use  of  heavy,  sour  and  indigestible 
bread. 

Among  troops  in  camp  during  warm  weather  the  use 
of  food  contaminated  with  the  typhoid  bacillus,  brought 
from  the  latrines  by  means  of  flies,  to  whose  feet  the 
germs  readily  adhere,  is  a  factor  of  the  greatest  impor- 
tance in  spreading  the  disease.  Numerous  observers  have 
detected  the  specific  bacillus  in  the  excrement  of  flies 
made  to  feed  on  infected  material,  and  colonies  of  typhoid 
bacilli  have  been  shown  to  develop  in  the  tracks  of  these 
insects  which  had  been  allowed  to  settle  on  typhoid  dis- 
charges and  then  made  to  walk  over  a  suitable  solid  cul- 
ture medium.  Vaiighan  states  that,  during  1898,  in  some 
of  the  large  military  camps  where  lime  had  recently  been 
sprinkled  over  the  contents  of  the  latrines,  flies  with  their 
feet  whitened  with  this  substance  were  seen  walking  over 
the  food.  He  also  noted  that  officers  whose  mess  tents  were 
protected  by  means  of  screens  suffered  proportionally 
less  from  typhoid  fever  than  did  those  whose  tents  were 
not  so  protected.  Wlien  flies  are  numerous  in  camp  and 
are  constantly  settling  upon  and  contaminating  all  arti- 
cles in  common  use,  it  is  easy  to  see  that  even  if  the  food 
and  drink  be  protected  from  their  invasion,  an  infection 
may  readily  be  brought  about  by  touching  the  lips  with 
the  fingers  or  other  articles  upon  which  the  typhoid 
bacilli  have  been  deposited.  The  typhoid  epidemics  of 
1898  gradually  decreased  with  the  apjiroach  of  cold 
weather  and  the  disabling  of  the  fly  as  a  carrier  of  the 
infection.  It  is  well  to  remember  that  when  a  strong 
wind  constantly  blows  from  the  same  direction,  a  fly- 
borne  epidemic  will  extend  chiefly  down  wind,  as  this 
insect  always  rises,  and  generally  moves,  in  the  direc- 
tion of  air  currents.  Flies  lay  their  eggs  in  nearly  all 
organic  material,  especially  if  this  be  in  a  putrid  condi- 
tion. Howard  regards  horse  manure  as  the  most  favor- 
able breeding  material,  but  in  the  camj^s  of  1898  the  larvae 
were  often  seen  by  thousands  in  illy-policed  latrines. 
Sprinkling  the  latrines  with  earth,  as  ordinarily  practised, 
did  not  appear  to  destro)'  them.  Care  with  respect  to 
preventing  organic  contamination  of  the  camp  space  and 
in  carrying  out  proper  measures  of  latrine  disinfection 
will  do  much  to  jM'event  their  development.  The  life  of 
the  fly  is  short,  but  the  cycle  of  development  is  rapid. 
According  to  Howard,  under  favorable  conditions  the  egg 
hatches  in  eight  hours,  the  larvse  pass  to  the  pupal  state 
in  from  sixty  hours  to  three  days,  while  from  pupation 
to  the  issuing  of  the  adult  requires  about  five  days.  As 
the  life  cycle  is  complete  in  about  ten  davs  and  the  in- 
dividual insect  lays  about  one  himdred  and  twenty  eggs 
at  a  time,  the  enormous  numbers  in  which  these  insects 
may  occur  in  standing  camps  are  readily  accounted  for. 

Typhoid  fever  may  also  be  transmitted  by  aerial  infec- 
tion from  drains,  water-closets,  latiines,  dust  heaps,  urine 
or  fjiecal  discharges  which  have  been  allowed  to  dry  on 
the  linen  or  person  or  in  receptacles.  In  this  condition 
the  bacilli  are  capable  of  being  cai'ried  considerable  dis- 
tances through  the  air  to  settle  down  on  water,  clothing, 
or  food.  It  is  not  yet  determined  whether  the  disease 
can  be  contracted  by  breathing  air  containing  suspended 
bacilli,  but  certainly  in  the  case  of  mouth-breathers  they 
should  readily  find  tlieir  way  to  the  pharynx  and  thence 
be  washed  into  the  alimentary  canal  by  the  act  of  deglu- 
tition. It  is  true  that  complete  desiccation  soon  destroys 
the  typhoid  germ,  but  in  practice  it  is  not  always  com- 
jiletely  desiccated,  and  Flligge  and  Fischer  have  shown 
that  the  enteric  bacillus  can  successfully  resist  for  a  time 
a  considerable  amount  of  drying.  Allchin,  moreover, 
states  that  but  a  comparatively  slight  current  of  air,  4 
metres  per  second,  is  sufticient  to  raise  germs  into  the 


atmosphere  from  the  surface  of  liquids  or  wet  ground. 
The  dissemination  of  typhoid  by  means  of  dust  was 
undoubtedly  a  potent  factor  in  its  spread,  in  1898,  in 
the  camps  at  Jacksonville  and  Tampa.  In  this  connec- 
tion it  is  interesting  to  note  that,  in  1885,  the  British 
troops  at  certain  stations  in  the  Soudan  used  only  dis- 
tilled water,  yet  typhoid  was  very  prevalent.  No  reason 
for  the  spread  of  the  infection  could  be  shown  except 
that  the  excreta  were  dried,  converted  into  dust,  and 
scattered  over  the  camp  by  the  desert  winds.  In  the 
French  army,  Nollct  was  recently  able  to  determine  the 
presence  of  the  typhoid  bacillus  in  the  dust  of  cracks  in 
the  barracks  at  Cherbourg,  in  which  garrison  typhoid  had 
prevailed  epidemically. 

Personal  contact  also  does  much  to  spread  the  infec- 
tion, especially  among  raw  troops.  Where  lack  of  disci- 
pline permits  the  pollution  of  the  ground  in  the  vicinity 
of  the  camps  by  the  indiscriminate  deposition  of  human 
excreta,  a  certain  jiroportion  of  such  discharges  will  as- 
suredly be  infected  and  portions  may  be  carried  into 
camp  and  tents  on  the  shoes  of  incautious  passers.  Un- 
cleanly seats  in  latrines,  or  the  ground  therein,  may  spe- 
cifically contaminate  the  person,  hands  and  clothing  of 
those  resorting  to  them.  Where  troops  are  detailed  to 
do  the  heavier  labor  about  hospitals,  as  is  often  the  case 
during  epidemics,  the  opportunity  for  an  infection  to  be 
carried  back  into  camp  through  their  agencj'  is  often 
great.  The  board  which  investigated  the  occurrence  of 
typhoid  fever  in  1898  was  struck  with  the  fact  that  men 
who  were  closely  associated  in  the  same  company  or  tent 
almost  simultaneously  developed  typhoid  fever,  appar- 
ently through  a  localized  infection  imparted  from  the 
same  sources. 

Heavy  rains  do  much  to  disseminate  typhoid  among 
encamped  troops,  especially  where  there  is  bad  sanitary 
police.  "Where  sinks  are  dug  in  impervious  soil  and  are 
so  located  as  to  receive  surface  drainage,  they  may  be 
overflowed  l.iv  storm  waters  and  distribute  their  contents 
over  the  adjoining  surface — to  be  later  dried  b_v  the  sun 
and  scattered  as  dust  by  the  feet  of  men  and  animals  and 
the  wheels  of  passing  wagons.  During  the  war  with 
Spain,  in  camps  where  the  tub  sj'stem  for  the  reception 
of  excreta  was  in  use,  careless  handling  and  transporta- 
tion by  the  scavengers  resulted  in  the  scattering  of  faecal 
matter,  much  of  which  was  infected,  almost  broadcast 
over  the  camp  area. 

A  fruitful  cause  of  the  dissemination  of  typhoid 
throughout  a  camp  lies  in  the  fact  that  no  small  propor- 
tion of  soldiers,  with  mild  infections  or  with  ambulant 
cases  of  typhoid,  either  do  not  go  on  sick  report  until 
the  typhoid  condition  is  well  advanced,  or  not  at  all. 
In  many  cases,  also,  the  nature  of  the  comparatively  slight 
prodromal  symptoms  presented  are  not  recognized  by  the 
medical  officer,  and  the  case  for  a  cou.siderable  period  is 
treated  in  quarters  as  one  of  diarrhoea  or  similar  trifling 
affection.  This  is  particularly  true  in  cases,  noted  by 
Allchin  and  others  as  being  not  infrequent,  in  which  the 
individual  has  been  exposed  to  great  hardships,  and  in 
which  the  temperature  is  normal  or  sub-normal  through- 
out the  attack.  As  already  stated,  the  stools  in  typhoid 
fever  are  probably  infective  even  during  the  period  of 
incubation,  and  there  are  probably  a  considerable  propor- 
tion of  cases  in  which  an  infection  docs  not  develop  the 
tj'pical  disease,  through  either  an  attenuation  in  viru- 
lence of  the  specific  germ  or  more  or  less  marked  insus- 
ceptibility on  the  part  of  the  subject.  The  experience 
of  French  medical  officers  in  Algiers  and  Tunis  would 
seem  to  show  that  apparently  healthy  persons  may  long 
carry  tlie  germs  of  typhoid,  which,  later  scattered  under 
favorable  circumstances,  develoj)  the  disease  in  others. 
British  medical  officers  have  noted  the  same  in  India  and 
elsewhere — particularly  during  the  Afghanistan  expedi- 
tion. Many  instances  have  been  recorded  also  in  our 
own  service,  especially  in  the  days  of  Indian  warfare, 
where  outbreaks  of  the  disease  occurred  among  troops 
who  had  been  for  weeks  in  regions  that  were  not 
known  to  have  ever  before  been  penetrated  by  man. 
From  these  facts  army  medical  officers  in  all  services 
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have,  in  tlie  jiast,  favored  a  theory  of  the  cle  noro  origi- 
nation of  typlioid,  or  of  the  metamorphosis  of  the  spe- 
citic  germ  from  tlie  colon  bacillus  under  suitable  con- 
ditions. It  is  eas.v  to  understand,  however,  in  the  light 
of  recent  investigations  as  to  the  infcctiveuess  of  "ty- 
phoid urine,  how  the  microbe  of  this  disease  can  be 
carried  with  troops  for  long  periods  without  its  pres- 
ence being  suspected,  and  then  give  rise  to  au  epidemic 
when  favorable  conditions  are  encountered.  Since  the 
period  of  incubation  is  tw-elve  or  fourteen  days — or  even 
in  some  cases  as  long  as  twenty-three  days — it  is  obvi- 
ous that  infected  individuals  may  be  passed  as  healthy 
and  sent  to  other  stations,  there  to  develop  the  charac- 
teristic symptoms  of  the  disease  and  to  serve  as  the 
starting-point  for  new  epidemics.  This  was  repeatedly 
shown  to  have  occurred  amorjg  recruits  sent  out  from 
Jefferson  Barracks — formerly  endemicallj^  afEeeted  with 
typhoid  fever — to  western  stations.  Further,  convales- 
cents from  typhoid,  returned  to  duty  at  too  eai'ly  a  date, 
maybe  unrecognized  but  potentagents  in  the  origination 
of  the  disease  in  others.  All  these  classes  of  cases  are 
particularly  a  menace  to  the  health  of  a  command  under 
canvas,  since  by  their  agency  every  latrine  in  the  camp 
may  become  infected,  and  the  probability  of  contamina- 
tion of  the  camp  space,  and  perhaps  tentage,  by  infected 
urine  and  saliva  is  so  great  as  to  approach  certaint}'. 

Direct  contagion  from  the  obviously  diseased  to  the 
healthy  plays  a  strong  part  in  the  spread  of  enteric  fever. 
There  is  no  reason  for  positive  belief  that  the  poison  is 
given  off  in  the  breath  or  the  emanations  from  the  body, 
but  it  is  probabl}'  contained  only  in  the  urine,  the  fa-ces 
and,  to  some  extent,  the  saliva.  If  these  be  properly  dis- 
infected and  disposed  of,  if  strict  cleanliness  be  observed, 
and  if  attention  be  paid  to  the  disinfection  of  the  soiled  lin- 
en, the  risk  of  contagion  may  be  reduced  to  a  minimum. 
Nevertheless,  it  has  not  been  found  possible  with  all  pre- 
cautions entij'ely  to  prevent  the  spread  of  the  disease  to 
the  attendants.  During  the  typhoid  epidemics  of  1898 
the  admissions  for  this  disease  from  the  Medical  Dejiart- 
ment  and  Hospital  Corps  amounted  to  193.41  per  thou- 


1898  and  the  decade  1888-97,  the  rates  per  thousand  of 
Englisli  troops  at  different  stations  were  as  follows: 
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Fig.  10.S9.— Chart  Showing  the  Distribution  by  Months,  per  Thousand  Strength,  of  Cases 
Diagnosed  as  Enteric  and  Typho-Malarial  Fever,  Occurring  in  the  United  States  Army  During 
the  Decade  1875-84. 

sand  strength,  when  the  rate  for  the  army  as  a  whole 
was  88.56.  This  fact  specifically  demonstrates  the  im- 
mediately transmissible  character  of  the  affection. 

Causes  Preilisposing  to  Typhoid  among  Troops. — Tj-phoid 
fever  occurs  in  all  climates,  outside  the  polar  regions, 
but  increases  in  prevalence  as  the  equator  is  approached. 
In  the  British  army,  distributed  as  it  is  all  over  the  world, 
the  prevalence  of  typhoid  varies  greatly.     For  the  year 


On  averaging  together  the  figures  for  tlie  two  cold 
stations,  the  United  Kingdom  and  Canada,  foi'  the  decade 
1888-97,  the  admissions  jier  thousautl  strength  are  seen 
to  be  1.25,  the  deaths  .22,  and  the  constantly  sick  .22. 
For  the  same  period  the  average  rates  for  the  remaining 
stations,  located  in  hot  climates  or  in  the  tropics,  were :  ad- 
missions, 13.4;  deaths,  2.97;  constantly  sick,  1.92.  From 
these  figures  it  appears  that  British  soldiers  in  hot  cli- 
mates or  in  the  tropics  are  almost  e.xactlj'  ten  times  as 
liable  to  contract  the  disease  as  those  serving  in  cool  cli- 
mates: while  the  liability  to  death  from  this  disease  is 
fourteen  times  greater.  The  apparently  shorter  course 
run  by  typhoid  in  the  tropics,  as  expressed  by  the  rates 
for  constant  sickness,  is  merely  due  to  the  higher  rate  of 
mortality,  by  which  the  elevation  of  the  former  figures, 
through  tardy  convalescence,  is  prevented.  In  our  own 
service,  for  the  year  1898,  the  admissions  for  this  disease 
per  thousand  troops  stationed  in  the  tropical  islands 
were  102.18  and  the  deaths  13.88; 
while  of  troops  wilhin  the  United 
States  during  the  same  period  the 
admission  rate  was  85. 4G  and  the 
death  rate  was  8. 79.  It  .should  be 
remembered,  however,  that  troops 
were  e-Xjiosed  to  tropical  infiu- 
cnces  but  a  small  ])ai't  of  that  j'car, 
and  th;it  for  fidl  jieriods  of  sei'- 
vice  th(^  difference  in  rates  would 
imdoubtedly  have  been  much 
greater.  Within  the  limits  of  the 
United  States  the  influence  of  lo- 
cality is  marked.  The  amount  of 
typhoid  fever  in  tlie  Department 
of  Texas  is  almost  twice  as  high 
as  in  any  other  military  depart- 
ment. In  1890  it  was  more  than 
six  times  as  high  as  in  the  depart- 
ments of  the  East,  California,  and 
Arizona.  In  1897  it  was  fourteen 
times  as  high  as  in  California,  and 
much  higher  than  in  the  other  de- 
partments. Coustan  states  that 
typhcjid  fever  is  far  more  preva- 
lent in  Algiers  and  Tunis  than  in 
France. 

As  to  season,  the  disease  pre- 
vails especially  in  our  arm}-  dur- 
ing the  late  summer  and  early 
autunm.  For  the  decade  1875-84,  as  shown  by  the  ac- 
companying diagram,  the  disease  occurred  least  fre- 
quently "during  March  and  April  and  prevailed  most  ex- 
tensively in  Augu.?t  and  September.  In  the  French  and 
German  armies  it  prevails  to  the  greatest  extent  during 
and  after  the  manoeuvres  in  August  and  September;  n 
the  Austrian  army  its  prevalence  is  greater  during  the 
July  manceuvres.     Certain  notable  outbreaks  have  oc- 
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curred  in  the  spring,  but  these  are  invariably  to  be 
traced  to  a  localized  water-borne  infection  and  are  excep- 
tions to  the  general  rule. 

Jlilitary  experience  shows  that  an  infection  of  enteric 
fever  often  fixes  persistently  upon  a  single  barracks,  post, 
or  district.  As  a  rule,  in  those  localities  in  which  the 
disease  is  endemic,  it  will  be  found  that  iinsanitary  con- 
ditions abound;  notably  impure  water  supply,  defective 
methods  and  arrangements  for  the  disposal  of  excreta, 
and  want  of  care  in  respect  to  preventive  measures.  In 
India,  typlioid  fever  has  been  found  to  be  a  more  diffi- 
cult disease  to  eradicate  from  military  posts  than  cholera, 
persisting  with  great  tenacity  and  recurring  year  after 
year  in  spite  of  all  efforts — and  it  has  even  been  found 
necessary  to  abandon  stations  for  this  reason.  Within 
these  endemically  infected  areas  newcomers  are  especially 
liable  to  attack,' those  long  resident  in  .such  a  zone  ap- 
pearing to  acqidre  a  relative  immunity  through  repeated 
mild  infections.  Great  importance  was  attached  bj"  Pet- 
tenkofer  to  the  lieight  of  the  ground  water  in  endemi- 
cally infected  regions :  a  low  ground  water,  in  his  opinion, 
always  coinciding  with  outbreaks  of  the  disease.  Tliis 
relation  between  the  disease  and  ground  water  appar- 
ently holds  true  for  certain  localities  only  and  need  re- 
ceive no  serious  consideration. 

Negroes  and  other  colored  races  undoubtedly  possess 
an  immunity,  in  their  native  countries,  to  typhoid  fever. 
By  some  tliis  is  regarded  as  a  racial  characteristic;  by 
others  as  an  acquired  immunity  resulting  from  an  at- 
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was  responsible  for  1.41  per  cent,  of  the  sickness  and  43 
per  cent,  of  the  mortality  among  the  English  soldiers,  and 
for  only  .03  per  cent,  of  the  sickness  and  .4  per  cent,  of  the 
mortality  among  tlie  native  forces.  For  the  white  race, 
nativity  appears  to  be  a  factor  of  some  slight  importance. 
In  the  United  States  arm}-,  during  the  seven  _years  1890- 
96,  the  admission  rate  for  typhoid  fever  f  romthe  native- 
born  Americans,  per  thousand  strength,  was  5.69,  for 
the  soldiers  of  German  nativity,  5.41,  and  for  the  soldiers 
born  in  Ireland.  5.02. 

Typhoid  fever  is  especially  a  disease  of  j' oung  soldiers. 
How  much  greater  their  susceptibility  actually  is  can 
best  be  appreciated  by  reference  to  the  accompanying 
diagram  (Fig.  1090),  in  which  the  number  of  admissions 
are  seen  to  decrease  arithmetically  by  almost  exactly  one- 
half  during  each  five-year  periodupto  the  age  of  thirty- 
five.  Not  only  are  young  men  more  liable  to  contract 
this  disease,  but  the  mortality,  also,  among  those  affected 
is  higher.  Thus  for  the  period  1890-96,  in  our  army,  the 
deaths  per  thousand  of  each  class  were  as  follows:" 

Age.  Death  rate. 

19  years  and  under 3.32 

30to34 95 

25  to  29 69 

30  to  34 23 

The  case  mortality  for  this  period  was  16.02  per  cent,  for 

soldiers  nineteen  years  of  age  or  under;  9.21  per  cent,  for 

those  twenty  to  "twenty-four  years  of  age,  and  8.89  for 

those  thirty  to  thirty-four  years  of 

age. 

Length  of  service,  in  which  fac- 
tor age  must  of  course  be  considered 
to  enter,  also  markedly  influences 
the  occurrence  of  typhoid.  The  re- 
port of  the  surgeon-general  for  1885 
shows  the  relative  prevalence  of 
this  disease,  excluding  small  frac- 
tions, among  men  of  different  peri- 
ods of  service,  to  be  as  follows; 


FIG.  1000.- 


-Admlsslons  for  Typhoid  Fever,  per  Thousand  of  Each  Class,  Divided  According  to 
AKe,  in  the  I'nited  estates  Army  During  the  Seven  Years  1890-96. 


Percentage 
Length  of  service.  of  cases. 

6  months  and  under 48.0 

Over  (i  and  under  12  months  ...  16 

Over  1  and  under  2  years U 

Over  2  and  under  3  years 5..5 

Over  3  and  under  4  years  4.5 

AH  over  5  years 7 

Length  of  service  not  stated  ...    4.5 


tack  of  the  disea.se  during  childhood.  In  India  the  blood 
of  the  natives  has  been  recently  shown  to  give,  in  most 
instances,  a  positive  reaction  with  Widal's  test.  In  our 
own  service  the  disease  is  undeniably  less  frequent 
among  the  negro  troops  than  among  the  whites.  For 
the  period  1867-83  the  admissions  per  thousand  white 
soldiers,  for  typhoid,  not  counting  typho-malarial  fevere 
as  then  recognized,  amounted  to  3. .58,  while  the  admis- 
sions for  colored  troops  were  2.59  per  thousand  strength. 
For  the  year  1887  the  admission  rate  for  white  soldiers 
amounted  to  4.25,  and  for  colored  soldiers  .93.  During 
the  decade  1887-96  the  admission  rate  for  white  soldiers 
amounted  to  4.74,  and  for  negroes 2.43.  It  is  interesting 
to  note  that  for  our  few  Indian  soldiers,  during  this 
period,  the  admission  rate  for  typhoid  was  only  .47. 
During  the  year  of  war  (1898)  the"  relative  insusccptibil- 
it}'  of  negro  troops  as  regards  typhoid  fever  was  espe- 
cially noticeable,  the  admission  rate  being  93.24  per 
thousand  white  and  27.64  per  thousand  colored  troops — 
this,  too,  in  spite  of  the  fact  that  as  a  class  the  negro 
regiments  saw  harder  service.  On  the  other  hand,  when 
the  disease  has  actually  occurred  \hv.  case  mortalit}'  has 
been  much  higher  among  the  negroes  than  among  the 
whites.  Typhoid  fever  occurs  only  exceptionally  among 
the  native  troops  in  India,  and  tlieir  immunity  as  com- 
pared with  the  immunity  of  white  soldiers  serving  in 
tiiat  country  has  long  been  noted.  As  illustrating  how 
great  this  difference  in  susceptibility  really  is,  it  may  be 
stated  that,  in  1893,  of  the  forces  in  India,"  typhoid  fever 
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In  respect  to  English  soldiers  in  India,  Eyre  and  Spot- 
tiswoode  state: 

"  The  susceptibility  of  young  soldiers  to  this  fever  is 
clearly  shown  in  the  length  of  residence  in  India;  for 
while  the  death  rate  from  tj'phoid  was  4.98  per  thousand 
in  the  first  and  second  years'  service,  among  those  in 
their  third  to  sixth  years  and  seventh  to  tenth  years  it 
wasl.55  and  .55  respectively."  The  report  of  the  Sani- 
tary Commissioner  of  India  for  1896  states  that  out  of 
the  total  number  of  deaths  at  all  ages  from  enteric  fever, 
78  per  cent,  were  between  twenty  and  twenty-four  years 
of  age  and  36  per  cent,  were  in  the  first  year  of  resi- 
dence. In  India,  the  prevalence  of  the  disease  appears 
to  depend  chiefly  upon  the  amount  of  susceptible  mate- 
rial presented. 

The  influence  of  the  branch  of  service  upon  the  preva- 
lence of  typhoid  fever  is  by  no  means  small.  For  the 
period  1867-83  inclusive,  the  admission  rates  per  tliou- 
sjind  strength  were  as  follows:  cavalry,  19;  infantry, 
4.6;  artillery,  2.5.  For  this  period  the  cavalry  tluis  suf- 
fered more  than  seven  times  as  much  from  typhoid  as 
did  the  artillerj-,  and  nearlj'  five  times  as  much  as  the 
infantry,  while  its  death  rate  was  more  than  three  times 
greater  than  cither  of  the  others.  This  great  difference 
was  largely  due  to  the  active  field  service  against  Indians 
required  at  that  time  of  mounted  troops.  For  the  seven- 
year  period  1890-96.  the  admission  rates  per  thousand 
strength  were  8.03  for  the  cavalry,  5.74  for  the  infantry, 
and  4.74  for  the  artillerj-.   In  time  of  peace  the  personnel 
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of  the  medical  department  is  affected  less  tlian  any  of 
ithe  above  arms  of  tlie  service;  but  during  the  war  with 
Spain  it  sulfered  more  than  twice  as  much  as  any  of 
them. 

Overcrowding  among  troops  certain!}-  predisposes  to 
epidemic  typhoid  fever;  Marvaud  gives  figures  to  show 
that  in  the  French  army  the  mortality  from  tliis  disease 
bears  a  wcll-dctined  relationship  to  the  number  of  men 
aggregated  at  a  post.  In  camp,  the  effects  of  over- 
crowding are  jiarticularly  noticeable.  Tliis  is  perhaps 
due  in  part  to  a  lowered  vital  rcsistauce  in  the  individual, 
but  is  probalily  chietlv  dependent  on  the  greater  intensity 
of  the  infection  resulting  from  the  rapid  propagation  of 
the  typhoid  bacillus  on  a  soil  more  highly  contaminated 
with  organic  material,  on  which  it  possible  acquires 
more  virulent  qualities. 

Uncleanliness  of  person  and  surroundings  is  a  power- 
ful factor  in  the  development  of  the  disease  among  troops. 
Particularly  is  this  the  case  with  regard  to  the  care  and 
disposition  of  the  e.xcretfi.  the  most  important  and  diffi- 
cult problem  presented  to  the  military  sanitarian  in  the 
field.  The  common  method  of  disposal  of  e.\creta  and 
refuse  in  camp — by  pits — offers  many  facilities  for  tlie 
development  and  spread  of  the  specific  micro-organisms. 
All  collections  of  tilth  are  liable  to  contamination  and 
hence  to  become  foci  of  infection.  In  garrison  the  accu- 
mulation of  organic  matter  under  floors,  together  with 
the  seepage  of  moisture  as  a  result  of  the  use  of  exces- 
sive amounts  of  water  in  cleansing,  affords  an  excellent 
medium  for  the  development  of  the  microbe. 

The  influence  of  great  fatigue  as  a  factor  in  the  occur- 
rence of  typhoid  has  lieen  particularly  noted  by  medical 
officers  in  foreign  services.  The  arduous  and  exhausting 
mananivres  which  take  place  j-early  in  all  the  larger 
European  armies  are  invariably  followed  by  outbreaks  of 
t)'phoid.  It  is  well  known  that  by  over-exertion  the  bac- 
tericidal power  of  the  blood  is  diminished  and  suscepti- 
bility to  disease  greatly  increased.  Coustan  mentions, 
as  applying  in  this  connection,  the  experiments  of  Charrin 
and  Roger,  in  which  rats  made  to  turn  a  wheel  until  ex- 
hausted succumbed  readily  to  inoculation  with  an  atten- 
uated culture  of  anthrax,  while  similar  animals  not  so 
■exhausted  resisted  the  same  inoculation. 

Insufficient  or  improper  food,  through  the  malnutrition 
or  digestive  disturbance  which  results  from  its  use,  may 
facilitate  the  invasion  of  the  organism  liy  the  typhoid 
bacillus. 

Prophylaxis. — In  the  prevention  of  an  epidemic  of  en- 
teric fever  among  troops  in  garrison,  a  pure  water  supply 
is  of  the  first  importance.  If  the  water  supply  be  regarded 
as  liable  to  pollution  it  should,  in  garrison,  be  filtered 
through  the  Berkefeld  apparatus  before  being  used  for 
drinking  purposes.  In  the  field,  and  sometimes  in  garri- 
son, water  is  best  sterilized  by  boiling — preferabh'  by  the 
Forbes  apparatus.  If  the  water  is  originally  pure,  as 
water  in  springs,  deep  or  artesian  wells,  or  unpolluted 
surface  waters,  it  will  only  be  necessary  to  insure  against 
its  contamination  before  use.  AVith  troops  in  camp, 
while  the  water  should  be  good,  an  early  and  correct  di- 
agnosis of  the  cases  of  this  disease  which  first  appeared 
is  quite  as  essential.  Since  in  camps  enteric  fever  is 
more  directly  propagated  from  the  sick,  and  the  latter 

■  can  through  their  discharges  soon  disseminate  the  dis- 
ease through  large  bodies  of  troops,  the  prompt  recogni- 
tion and  isolation  of  these  cases,  with  the  disinfection  of 
their  excreta,  equipments,  tentage,  and  .surroundings,  is 
of  the  greatest  importance.  As  alreadj'  intimated,  the 
diagnosis  of  this  disease  is  frequently  a  matter  of  much 
dilBctdty  and  may  be  impossible  in  all  instances,  but 

■  constant  watchfulness  on  the  part  of  medical  officers  will 
reduce  this  error  to  the  minimum.  The  board  investi- 
gating the  typhoid  epidemics  prevailing  during  the  war 
with  Spain  concluded  that  less  than  half  of  the  cases  of 
this  disease  which  occurred  were  correctly  diagnosed; 
but  stated  its  opinion  that,  in  recognizing  this  proportion, 
the  army  surgeon  probabl}'  did  better  than  the  average 
physician  throughout  the  country  does  in  his  private 
j)ractice.     Any  such  error  of  diagnosis,  however,  implies 


too  great  reliance  upon  the  mere  clinical  sy.inptoms  of 
enteric  fever — which,  it  has  been  stated,  are  frequently 
modified  or  largely  lacking — and  a  too  infrequent  use  of 
modern  and  more  precise  means  of  diagnosis,  as  found  in 
the  AVidal  test  with  blood  serum  and  the  diazo  reaction  in 
the  urine.  It  is  obvious  that  under  many  conditions  of 
military  service,  particularly  with  marching  troops,  the 
former  test  can  scarcely  be  applied,  but  In  a  fixed  camp 
or  garrison  it  can  always  be  carried  out — and  the  tech- 
nique of  the  diazo  reaction  is  possible  under  any  circum- 
stances. These  tests  should  be  habitually  applied  to 
every  case  presenting  fever  the  nature  of  "which  is  not 
promptly  and  definitely  recognized  as  being  other  than 
typhoid.  Since  the  Widal  and  diazo  reactions  may  not 
be  given  at  certain  sta.ges  of  enteric  fever,  the.y  should 
be  repeated  one  or  more  times  in  possibly  stispicious 
cases. 

When  typhoid  fever  is  recognized  as  existing,  the  af- 
fected individual  should  promptly  be  isolated.  If  in  gar- 
rison, the  clothing  and  bedding  of  the  patient,  together 
with  the  water-closet  or  latrine  used  bj'  him,  should  be 
disinfected.  .  If  the  case  occurs  luider  canvas  these  pre- 
cautions are  required,  and  in  addition  the  disinfection  of 
the  clothing  and  bedding  of  tho.se  sheltered  with  him 
should  be  sterilized.  The  tent  itself  should  be  disin- 
fected. If  possible  thecamji.  or  at  least  that  of  the  com- 
pany organization  in  which  the  case  occurred,  should  be 
moved.  If  this  be  not  possible,  the  site  occupied  b}'  the 
infected  tent  should  be  vacated,  policed  and  exposed  to 
the  sun.  It  should  not  again  be  occupied.  In  many  in- 
stances it  would,  in  addition,  be  desirable  to  freely  scat- 
ter fresh  lime  over  the  former  tent  area. 

Since  many  cases  of  enteric  fever  in  camp  will  not  be 
recognized,  it  .should  be  the  rule  to  regard  all  human  ex- 
creta as  infected,  and,  where  a  camp  has  a  permanency 
of  more  than  three  or  four  days,  systematically  to  carry 
out  measures  for  the  destruction  of  its  presumably  nox- 
ious qualities.  The  cost  of  an  epidemic  of  typhoid  will 
be  many  times  the  additional  expense  of  these  justifiable 
precautions.  In  all  camps  of  any  permanency  the  use  of 
excavated  latrines  should  be  prohibited,  and  either  the 
trough  system  or  crematories,  as  now  used  in  our  army, 
provided.  Under  the  same  conditions,  urine  tubs  .should 
be  provided  for  night  use  and  their  utilization  enforced. 
Careful  police  of  the  camp,  with  cremation  of  refuse, 
should  l)e  carried  out,  to  limit  soil  contamination  and 
prevent  the  development  of  the  fly  plague.  A  careful 
sanitar_v  police  is  very  effective  in  preventing  the  devel- 
opment of  these  insects  in  very  great  numbers ;  but  where 
the  plague  actuall}'  exists  the  only  recourse  is  to  abandon 
the  infected  area  for  a  new  site,  preferably  to  be  located 
to  the  windward  and  at  a  distance  of  at  least  two  miles. 

Other  general  methods  of  prophylaxis  consist  in  the 
allotment  of  abundant  space  in  the  arrangement  of  the 
camp;  the  free  exposure  of  the  interior  of  tents — and  of 
their  contents — to  sunlight  and  fresh  air;  cleanliness  of 
person  on  the  part  of  the  troops;  an  abundance  of  good 
food  and,  in  time  of  epidemic,  the  avoidance  of  exhaust- 
ing drills  and  exercises.  It  is  important  that  a  presum- 
ably infected  camp  site  should  promptly  be  abandoned; 
though  if  troops  be  allowed  first  to  become  generally  in- 
fected the  procedure  is  not  as  efficacious  in  controlling 
typhoid  fever  as  in  some  other  diseases. 

With  respect  to  the  measures  to  be  applied  to  prevent 
further  spread  of  the  infection  from  the  sick,  the  proper 
disinfection  of  the  excreta  is  of  the  first  importance.  All 
discharges  shotdd  be  received  in  a  solution  of  milk  of 
lime.  The  nates  of  the  patient  should  be  cleaned  with 
paper  and  afterward  with  a  bit  of  compress  cloth  wet 
with  a  dilute  disinfectant  solution.  The  bed  pan  should 
be  covered  with  rubber  sheeting  and  removed  at  once. 
In  garrison,  the  contents  of  the  bed  pan  should  be  thor- 
oughly mixed  and  allowed  to  stand  for  half  an  hour 
before  pouring  into  the  slop  hopper;  in  the  field  it  should 
be  burned  at  once.  The  practice  of  burying  typhoid 
discharges,  after  measm'es  of  disinfection  by  chemical 
means,  is  strongly  to  be  deprecated.  In  certain  instances 
all  the  bacilli  undoubtedly  will  not  be  destroyed,  and  it 
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has  been  shown  that  they  not  only  develop  in  organically 
polluted  ground  but  may  grow  upward  through  a  con- 
siderable deptli  of  earth.  Even  if  buried  deeply  there  is 
always  a  possibility  of  their  future  disturbance.  Whether 
in  camp  or  garrison,  the  cloth  compresses  used  to  cleanse 
the  patient  should  be  destroyed  by  fire.  The  bed  pan, 
rubber  cover,  and  slop  hopper  should  be  cleansed  witli 
disinfectant  solution,  and  the  two  former  wiped  drj'. 
Both  should  be  placed  in  a  closed  receptable  to  prevent 
access  by  flies.  All  sputum  should  be  received  in  spit 
cups  containing  a  disinfectant  solution.  Feeding  uten- 
sils should  be  cleansed  in  boiling  water  immediately 
after  use,  and  any  uneaten  renmauts  of  food  at  once  dis- 
infected by  burning  or  scalding.  All  bed  linen,  body 
clothes,  and  towels  soiled  by  discharges  should  be  im- 
mediately rolled  in  a  clean  sheet  wet  in  bichloride  solu- 
tion, anil  removed  for  appropriate  disinfection.  Bed 
spreads  and  blankets  should  be  sunned  and  aired  as  often 
as  possible.  The.y  should  not  be  shaken  any  more  than 
is  absolutely  necessary.  Bed  and  body  linen  should  be 
changed  daih' :  rubber  sheets  should  be  used  over  the 
mattresses.  Flies  should  be  kept  away  from  the  patient, 
not  only  for  his  comfort,  but  to  prevent  the  transmission 
of  the  disease  to  others  by  their  agency. 

After  attending  to  the  "wants  of  a  typhoid  patient,  the 
hands  of  the  attendant  in  each  instance  should  be  rinsed 
in  a  disinfectant  solution  and  then  washed  in  warm  water, 
u.sing  soap  and  a  nail  brush. 

The  urine  of  patients  convalescent  from  this  disease 
should  be  examined  at  frequent  intervals  for  the  typhoid 
bacillus.  Return  of  convalescents  to  duty  or  quarters 
before  this  bacillus  has  been  absent  from  the  urine  for  at 
least  one  week  should  not  be  permitted.  To  effect  the 
sterilization  of  the  urine,  where  this  bacillus  is  present, 
Richardson  and  others  recommend  the  use  of  urotropin, 
in  doses  of  gr.  x.  three  times  a  day.  Salol  and  other  sub- 
stances appear  to  have  little  value  for  this  purpose. 

Pretentin  Inoeidation. — The  problem  of  preventive  in- 
oculation against  typhoid  fever,  now  receiving  much  at- 
tention, has  a  special  importance  for  the  military  sani- 
tarian. Bokenham  endeavored  to  produce  a  prophylactic 
and  curative  serum  by  the  immunization  of  horses 
through  the  repeated  injection  of  living  and  dead  cultures 
of  the'bacillus ;  but  the  serum  thus  obtained  was  not  of 
sufficiently  great  potency  to  give  it  a  practical  value, 
and  no  means  could  be  "found  of  precipitating  or  con- 
centrating what  strength  the  serum  contained.  Pfeiffer, 
Wright  and  Semple,  and  others,  then  endeavored  directly 
to  produce  in  man  the  immunity  which  it  was  shown 
could  be  created  in  animals.  At  first  these  investigators 
cultivated  virulent  cultures  on  agar,  making  up  an  emul- 
sion of  these  cult\u'es  with  bouillon  so  that  each  cubic 
centimetre  contained  aboutSmgm.  of  fresh  agar  growth. 
The  microbes  were  then  killed  by  exposure  to  a  temper- 
ature of  56°  C.  for  several  hours.  Of  this  emulsion  1  c.c. 
was  used  as  a  dose,  the  liquid  being  well  shaken.  Re- 
cently Wright  has  attained  more  satisfactory  results  by 
cultivating  the  bacilli  directly  in  bouillon.  After  incuba- 
tion at  37°  C.  for  a  period  of  from  fourteen  to  twenty -one 
days,  the  culture  is  sterilized  bj-  exposure  to  a  tempera- 
ture of  CO"  C.  for  five  minutes.  This  is  done  by  drawing 
the  emulsion  into  small  sterile  tubes,  which  are  sealed 
and  placed  in  a  beaker  of  cold  water  which  is  gradually 
raised  to  the  desired  temperature,  and  this  is  maintained 
for  the  period  above  noted.  Agar  tubes  are  then  inocu- 
lated with  the  material  to  make  sure  of  its  sterility. 
Before  injection,  .5  per  cent,  of  lysol  is  sometimes  added 
to  neutralize  any  accidental  contamination.  The  amount 
used  for  human  inoculation  is  two-fifths  of  the  miuinumi 
amount  which  would  b(>  fatal  to  a  guinea-pig  weighing 
250  gm.  The  immunizing  material  appears  to  be  valu- 
able rather  on  account  of  its  antimlcrobic  than  its  anti- 
toxic properties. 

While  the  reaction  following  the  inoculation  is  usually 
slight,  it  is  at  times  somewhat  severe.  Rigors,  nausea, 
and  a  tendency  to  syncope  sometimes  occur.  There  is 
a  well-marked  local  "reaction,  which,  however,  never  ad- 
vances to  suppuration.     Where  the  inoculation  is  success- 


ful, the  blood  serum  acquires  the  specific  agglutinative 
property  to  a  marked  degree.  Cameron  found  in  his 
own  case  that  at  the  end  of  twenty  days  the  agglutinat- 
ing power  of  his  blood  serum  was  increa.sed  forty  times; 
and  an  increase  to  this  extent  has  been  shown  by  other 
observers  to  be  a  common  result.  In  general,  the  aggluti- 
nating property  is  equal  to  that  conferred  by  an  attack 
of  the  disease  itself.  It  is  not  linown  how  long  the  in- 
fluence of  the  inoculation  persists;  and  when  a  protection 
lasting  more  than  two  years  is  desired,  it  is  recommended 
to  insure  a  good  reaction  by  repeating  the  inoculation 
after  an  interval  of  one  week. 

At  present,  experience  with  these  inoculations  has  not 
been  sufficiently  comprehensive  to  warrant  the  drawing 
of  exact  conclusions.  The  inoculations  have  been  car- 
ried out  on  a  considerable  scale,  however,  with  the  sanc- 
tion of  the  British  military  authorities,  on  soldiers  volun- 
tarily submitting  to  the  operation  before  leaving  fur  the 
recent  scene  of  hostilities  in  South  Africa.  Poulerton 
states  that  reports  so  far  received  from  South  Africa  show 
that  tyjihoid  fever  has  occurred  at  the  rate  of  six  to  the 
thousand  among  the  inoculated  and  nine  to  the  thousand 
among  the  uninoculated.  Figures  given  bj'  Wright  based 
upon  11,395  British  soldiers  in  India  show  that  .95  per 
cent,  of  the  inoculated  contracted  the  di.sea.se  where  2.5 
per  cent,  of  the  uninoculated  were  attacked.  These  re- 
sults, while  not  brilliant,  are  certainly  encouraging,  and 
render  the  method  well  worthy  of  general  use  among 
young  soldiers;  particularly-  since  the  inoculation,  when 
properly  perfonned,  is  quite  free  from  danger. 

Tvpiirs  FE^■ER. — Occurrence. — A  chapter  might  be  de- 
voted to  the  historical  pathology  alone  of  typhus  or 
spotted  fever.  The  disease  is  as  old  as  the  disputes  of 
nations,  and  has  prevailed  in  formidable  e])idemics  among 
troops  in  the  field  from  400  B.C.  down  nearlj'  to  the  pres- 
ent time.  During  peace  it  has  always  been  of  compara-  ■ 
tively  subordinate  importance,  although  its  occurrence 
in  armies  has  given  rise,  from  time  to  time,  to  disastrous 
outbreaks  among  the  civil  population.  It  is  known  to 
have  prevailed  during  the  Peloponnesian  war;  and  in 
1489  it  destroj-ed  17,0()0of  the  troopsof  Ferdinand  at  the 
siege  of  Grenada.  In  1528,  at  the  siege  of  Naples,  over 
5,000  of  the  French  nobility  lost  their  lives  from  typluLS 
in  a  period  of  about  three  weeks,  and  the  French  army 
of  30,000  men  was  almost  destroyed.  In  1542,  in  the 
German  army  at  Ofen,  according  to  Hauser,  typhus- 
claimed  30,000  victims.  Before  Metz,  in  1552,  the  be- 
sieging Spanish  army  lost  30,000  men  in  less  than  two 
months,  compelling  the  abandonment  of  the  siege.  The 
roads  taken  by  the  retreating  army  were  said  to  have 
been  lined  with  the  dead  and  dying.  In  155fi,  it  deci- 
mated the  army  of  Maximilian  II.  In  1620,  the  Bavarian 
troops  serving  in  Bohemia  lost  over  20,000  men  from 
spotted  fever.  In  1628  and  1632  the  disease  ravaged  the 
Swedish  army.  Both  the  Royal  and  Parliamentary  ar 
mies  in  England,  in  1643,  suffered  severely ;  in  the  wars  of 
Louis  XIV.  it  caused  enormous  losses  in  the  French  army. 
At  the  siege  of  Torgaii  in  1760,  it  is  said  that  over  30,000 
men,  out  of  a  total  of  35,000,  died  of  this  disease  in  a  few 
months.  Typhus  is  reported  as  having  been  one  of  the 
great  factors  in  the  mortality  of  our  troops  during  the 
Revolution;  and  in  1790  the  losses  among  the  Russians 
from  this  disease  were  so  great  that  operations  against 
the  Turks  had  to  be  suspended.  In  1799  typhus  deci- 
mated Genoa  and  the  French  force  besieging  it.  The 
greatest  recorded  ravages  of  this  disease,  however,  oc- 
curred during  the  wars  of  the  first  Napoleon.  At  Sara- 
gossa,  out  of  100,000  people,  .54,000  died,  chiefly  from 
epidemic  typhus.  At  Dantzic  and  Wilna,  in  1803,  and 
during  the  "retreat  from  Moscow,  vast  numbers  of  French 
troops  are  recorded  as  having  perished  from  typhus.  In 
May,  1812,  the  Bavarian  allies  of  the  French  mustered 
28,600men;  in  February,  1813,  it  is  said  that  this  disease 
liad  left  but  2,500  to  bear  arms.  In  August,  1813,  the 
first  Prussian  army  of  60,000  men  had  lost  one-sixth  of 
its  strength  from  an  epidemic  of  typhus.  Murchison 
states  that  in  Mayence  alone,  of  the  60,000  French  troops 
composing  the  garrison  in  1813-14,  no  less  than  25,000 
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died  of  typhus  in  six  months.  According  to  Rawlinson, 
of  the  French  ai'mies  around  Paris,  after  the  retreat  from 
Russia.  40,000  men  are  recorded  as  having  died  of  typhus 
in  six  weel<s,  one-fifth  of  the  reinaininsr  force  being  sieli. 
This  disease  raged  in  all  the  contending  armies  during 
the  Crimean  "War,  particularly  among  tlic  French  troops. 
Aitken  says:  "In  the  spring  of  ly.")*!  it  was  computed 
that  more  than  17,000  men  of  the  French  force  perished 
in  less  than  three  montlis,  chiefly  from  typhus. "  Bau- 
dens  declared  that  of  the  typhus  cases  in  hospital  in  Feb- 
ruary, 1856,  two-thirds  were  devoted  to  certain  death. 
The  deaths  during  this  outbreak  ainongthe  French  medi- 
cal officers  amounted  to  48,  and  thei-e  W'as  scarce!}'  one 
tliat  escaped  attack. 

Typhus  undoubtedly  did  not  occur  during  the  Civil 
War,  although  there  were  a  small  number  of  cases  diag- 
nosed as  this  affection.  These  were  undoubtedly  ful- 
minant typlioid.  It  prevailed  among  the  French  troops 
in  Mexico,  especially  on  board  the  ships  which  conveyed 
the  colored  contingent  from  North  Africa.  Coustan  says 
that  the  French  troops  in  Mexico  "suffered  a  cruel  lo.ss." 
In  1862-63,  and  again  in  1867.  typhus  attacked  the 
French  garrisons  in  Algeria;  JIarvaud  stating  that  of 
one  body  of  3,500  troops,  1,200  died.  Its  existence  dur- 
ing the  Franco-German  War  in  1870-71  is  disputed. 
During  the  Russo-Turkish  AVar  in  1878  it  was  said  that 
at  one  time  tlie  cases  of  typluis  were  so  numerous  in  the 
Turkish  army  as  to  threaten  its  disorganization,  and  the 
conditions  in  the  Russian  army  were  not  much  better. 
After  the  capture  of  Plevna,  ac<-ordingto  Coustan,  50,000 
men  out  of  a  total  of  120.000  died  during  the  period  of 
inactivity,  and  in  May  and  .June  of  1879  it  is  stated  that 
half  the  Russian  forces  near  Constantinople  were  pros- 
trated with  this  disease. 

Typhus,  in  the  military  service,  is  essentially  a  disease 
of  camps  and  sieges.  Of  late  years  ty  plius  has  lost  much 
of  its  dangerous  character.  Its  geographical  distribution 
is  not  great,  and  at  present,  in  time  of  peace,  it  occurs 
only  among  troops  stationed  in  Southeastern  Europe, 
where  the  disease  is  endemic.  In  the  Russian  army  for 
the  period  1890-97,  the  rates  per  thousand  were  as  fol- 
lows: 


Tear. 

Admissions. 

Deaths. 

1890 

O.B 

.9 

l.» 

"j 
.3 

i 

0,0t 

1891 

.07 

1893  . .      .           

.14 

1893 

1894 

.05 

1895 

.03 

1896 

.02 

1897     .     ,                   

.03 

In  the  Austrian  army  there  were  9  cases  in  1897,  4  in 
1896,  and  8  in  1894.  there  has  been  no  well-authenti- 
cated outbreak  of  this  disease  in  our  armv  within  the 
past  lialf-ceutury.  A  number  of  epidemics  of  typhus 
have,  however,  occurred  in  the  civil  population  of  the 
country — tlie  infective  agent  being  in  everj'  case  im- 
ported from  abroad. 

Direct  and  Predisposinrj  Causes. — The  specific  exciting 
cause  of  tvphus  fever  has  not  aij'et  been  isolated,  though 
undoubtedly  surh  a  factor  exists.  Recently,  in  Russia, 
it  is  said  that  the  disease  has  been  experimentally  pro- 
duced by  inoculation  with  tin-  blood  of  typhus  patients. 
It  is  universally  admitted  that  the  most  important  influ- 
ences predisposing  to  its  epidemic  occurrence  are  want, 
misery,  and  hardship.  Typhus  appears  to  be  largely 
favored  by  overcrowding  and  lack  of  proper  ventilation. 
Cold  weather,  as  shown  in  the  Crimean  War,  indirectly 
promotes  its  occurrence  among  troops  for  these  reasons. 
Viry  notes  that  typhus  was  ]irevalent  in  puldic  institu- 
tions in  the  city  of  Metz,  in  1870,  when  it  did  not  appear 
among  the  French  troops  living  in  shelter  tents  just  out- 
side the  walls.  Poor  food,  dampness,  fatigue,  and  other 
conditions  lowering  the  resistive  powers — together  with 
rsychical  depression — have  much  to  do  with  epidemics 
of  this  disease. 


Typhus  fever  is  lughly  contagious,  in  tlie  strict  sense 
of  the  word:  and  there  is  probably  no  disease  which  has 
been  proportionately  more  fretinently  contracted  from  the 
siclv  by  theirattendauts.  At  Plevna,  nearly  all  the  medical 
otficers  were  attacked:  during  the  Crimean  War  12.8  per 
cent,  of  medical  officers  and  only  .4  per  cent,  of  line  of- 
ficers, among  the  French  troops,  died  from  typhus.  The 
specific  virus  appears  to  be  distinctly  transmissible  fi'om 
the  sick  to  the  well  through  the  siu'roimding  atmos]ihere. 
While  nothing  is  known  of  the  causative  agent,  infection 
appears  to  occur  by  way  of  the  air  passages.  The  poison 
may  be  harbored  by  and  carried  from  place  to  jilace  in 
fomites.  .Jacquot,  in  speaking  of  typhus  in  the  Crimea, 
says  that  "  wherever  troops  affected  with  tyjihus  have 
camped,  the  dejections  and  excretions  which  have  .satu- 
rated the  ground  are  fatal  to  troops  which  follow  them." 
The  morbific  agent  appears  to  exist  long  in  infected 
clothing  and  dwellings.  The  activity  of  the  specific 
virus  is  favored  b_y  unsanitary  conditions,  and  where  the 
disease  is  introduced  among  troops  which  are  poorly 
nourished  and  clothed  and  living  under  conditions  im- 
]ilying  overcrowding,  there  is  everj"^  likelihood  of  an  e]3i- 
demic  outbreak  of  the  fever.  The  incubation  period  is 
variously  stated  at  from  six  to  fourteen  days,  though 
there  appear  to  be  some  well-authenticated  cases  in  which 
it  was  not  more  than  from  two  to  five  days.  The  disease 
is  most  common  during  the  period  of  youth  and  early 
maturity,  as  found  in  young  soldiers;  but  the  mortality 
is  lower  than  among  those  of  greater  age. 

Prerentitiii. — It  is  manifest  that  the  prophylactic  meas- 
ures against  the  di.sease  are  those  that  aim  to  prevent  its 
introduction  from  without,  and  those  that  are  designed 
to  eliminate  all  local  conditions  favorable  to  its  develop- 
ment. Quarantine  against  infected  points  should  be  rig- 
orously maintained.  AVhen  the  disease  occurs  among 
troops  in  garrison,  the  sick  and  well  sliould  promptly  be 
placed  under  canvas:  for  the  fnfluence  of  fresh  air  upon 
the  virulence  and  vitality  of  this  disease  is  undoid)tedly 
of  the  highest  importance.  The  command,  if  large, 
should  be  broken  up  into  smaller  bodies.  Especial  at- 
tention sliould  be  given  to  the  prevention  of  overcrowd- 
ing, to  insuring  tlie  abundance  and  proper  preparation 
of  food,  to  the  avoidance  of  fatiguing  exercise,  and  to  the 
maintenance  of  strict  sanitary  police.  Careful  watch 
should  be  kept  for  suspicious  cases,  and  these  should  be 
at  once  isolated.  It  should  not  be  forgotten  that  the  ag- 
gregation of  large  numbers  of  the  sick  increases  greatlj' 
their  mortality,  as  avcU  as  the  danger  to  the  attendants. 
Tent  hospitals  should  preferably  be  used,  tlie  supply 
of  fresh  air  being  unlimited  and  the  floor  space  allowed 
to  each  patient  being  about  two  hundred  square  feet. 

As  the  contagion  is  especially  virulent  near  and  about 
a  patient,  attendants  should  avoid  inhaling  the  emana- 
tions or  exposing  themselves  unueces.sarily  to  such  in- 
halation, unless  protected  by  a  previous  attack.  Thev 
sliould  not  stay  in  the  immediate  vicinity  of  typhus 
Iiatients  longer  than  necessary  and  should  never  sleep  in 
a  w-ard.  They  should  take  plenty  of  sleep  and  good 
food,  and  should  frequently  employ  disinfectant  solu- 
tions on  the  face  and  hands.  The  attendants,  like  the 
sick,  should  of  course  be  quarantined.  Careful  disin- 
fection of  bed  and  body  clothing  and  excreta  is  always 
called  for.  The  barracks  or  wards,  as  well  as  all  articles 
of  furniture,  clothing,  or  equipment  contained  in  it, 
sliould  be  disinfected  and  thoroughly  aired  after  removal 
of  the  patient. 

Yellow  Fever. — Occurrence. — Tellow  fever  is  essen- 
tially a  disease  of  tropical  and  sub-tropical  countries,  and 
is  ordinarily  restricted  to  well-defined  geographical  limits. 
Bodies  of  "troops  serving  within  these  limits  for  any 
length  of  time  have  uniformly  been  more  or  less  affected 
by  It.  In  1648,  "there  occurred  in  Havana,  and  in  the 
fleet  of  Don  .Juan  Pujados,  a  great  pest  of  putrid  fevers 
which  remained  in  the  iiort  almost  all  summer.  A  third 
part  of  the  garrison  and  a  larger  part  of  the  crews  and 
passengers  of  the  vessels  died."  The  disease  was  ex- 
tremely fatal  among  the  British  troops  which  subse- 
quently captured  Havana:  and  it  is  interesting  to  note 


601 


ramp  Diseases. 
Camp  Diseases. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


that  the  regiment  of  loyal  Americans  recruited  for  tliis 
expedition,  largely  from  the  south,  wus  least  affected. 
In  1740,  in  the  expedition  against  Carthagena,  its  effects 
were  most  disastrous.  In  1780  a  force  of  8.000  Spanish 
soldiers  was  landed  at  Havana,  and  in  two  months  it 
lost  3,000  men  from  this  disease.  In  Hayti,  during  the 
rebellion  of  the  blacks,  the  French  army  of  veterans 
was  practically  annihilated  by  yellow  fever.  Of  this 
epidemic  Lemure  wrote:  "In  1S03  an  army  under  the 
orders  of  General  Leclerc  embarked  for  San  Domingo. 
The  effective  strength,  on  leaving  Brest,  was  58, 545  men. 
In  four  months  50,270  men  were  dead ;  chiefly  of  yellow 
fever,  which  gave  83.5  per  cent,  of  the  mortality.     Of 
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Fig.  1091.— Dlstriliution  bv  Months  of  Deaths  from  Vellow  Fever  In 
the  Spanish  Aririy  in  Tuba,  per  Thousand  Strength,  During  the 
Epidemies  of  1S7U  and  ISO). 

the  8,375  men  remaining,  3,000  were  sick  or  wounded. 
In  1809,  seven  years  later,  this  army  was  reduced  to  300 
men,  who  returned  to  France. "  The  French  also  suffered 
severely  during  their  occupation  of  Jlexico.  According 
to  Coustan,  there  were  1.705  cases;  the  fever  breaking 
out  six  days  after  the  troops  landed  at  Vera  Cruz.  Dur- 
ing the  Civil  War  there  were,  in  the  Union  forces,  1,371 
cases  and  436  deaths:  and  in  1867  the  disease  attacked  a 
number  of  Southern  posts  and  caused  1,520  cases  with 
453  deaths.  For  the  period  1868-84  the  disease  recurred 
almost  annually  among  such  troops  as  were  stationed  in 
the  South,  the  average  for  the  whole  army  for  tliis  period, 
per  thousand  strength,  giving  a  rate  of  .78  for  admis- 
sions and  .33  for  deaths.  For  the  peiiod  1885-96  inclu- 
sive, there  were  no  cases  of  vellow  fever  in  our  service. 


In  1897  there  were  7  cases  with  3  deaths;  and  in  1898,  at 
Santiago,  there  were  604  cases  with  70  deaths.  For  the 
period  1868-98  the  rate  for  admissions  was  1.17,  and  for 
deaths  .26  per  thousand  strength.  The  Spanish  army  in 
Cuba  has  always  suffered  severely  from  this  disease,  es- 
pecially during  the  epidemics  of  1876,  1877,  and  1896. 
The  British  and  French  troops  stationed  in  the  West 
Indies,  have  been  repeatedly  attacked. 

JS'oture  and  Mode  of  Dissemination. — With  regard  to 
the  nature  of  the  materies  morbi  of  yellow  fever  nothing 
is  as  yet  known,  though  investigations  by  many  army 
medical  officers  have  been,  and  are  now  being,  vigor- 
ously prosecuted ;  hence  it  is  impossible  to  say  definitely 
whether  it  is  disseminatetl  by  water,  air,  or  insects.  It  is 
safe  to  regard  the  excreta  of  a  yellow-fever  patient  as 
especially  infectious.  There  is  an  abundance  of  evidence 
to  show  that  yellow  fever  may  be  transmitted  in  clothing, 
merchandise,  or  similar  articles.  Such  fomites  as  have 
lieen  in  the  immediate  vicinity  of  yellow-fever  patients 
are  to  be  regarded  as  especially  dangerous.  Infected  habi- 
tations in  the  yellow-fever  belt  are  probably  the  chief 
points  from  which  the  disease  is  spread.  Apparently,  the 
yellow-fever  patient,  removed  to  good  surroundin,gs,  is 
not  so  greatly  to  be  feared  as  is  the  place  in  which  the 
sufferer  contracted  liis  infection.  Experience  has  shown 
that,  with  proper  precautions,  tho.se  in  attendance  on  the 
sick  are  not  especially  liable  to  contract  the  disease;  and 
yellow-fever  patients  have  often  been  treated  in  the  same 
wards  as  susceptible  patients  without  the  disease  having 
been  disseminated.  Such  practice,  however,  is  of  course 
highly  undesirable.  While  the  patient,  therefore,  does 
not  ordinarily  aft'ect  others  directly,  he  undoubtedly  gives 
off,  presumably  in  his  discharges,  the  virus  of  the  dis- 
ease, and  this  is  capable  of  infecting  a  particular  locality 
and  thus  of  giving  rise  to  the  disease  in  others.  Outside 
the  body  the  micro-organism  probably  undergoes  devel- 
opment in  the  .soil.  The  incubation  period  of  the  disease 
is  short,  varying  from  one  to  five  da}'S. 

Predisposing  Causes. — Absolute  immunity  to  yellow 
fever  is  not  possessed  by  any  race  as  a  peculiar  charac- 
teristic; though  relatively  speaking,  those  individuals 
who  arc  permanent  residents  in  the  endemic  zones  ex- 
hibit less  liability  to  contract  it  than  do  strangers  newly 
arrived  from  colder  latitudes.  In  general  terms  it  may 
be  considered  that  the  susceptibility  to,  and  mortality 
from,  yellow  fever  vary  directly  with  the  distance  from 
the  equator  of  the  place  of  nativity  and  residence  of  the 
individual.  According  to  Barton,  of  each  1,000  deaths 
from  yellow  fever  which  occurred  in  New  Orleans  in  the 
epidemic  of  1853,  the  distribution  of  mortality  was  as 
follows: 

Native  Creoles 3.58 

Strangers  from  Wpst  Indies,  Mexico,  and  South  America  6.14 

Strangers  fmin  Soiithi-rii  fnited  States 13.22 

Strangt^rs  fmin  Spain  iiu<i  Itaiv 22.06 

Strangers  fr.  Jill  MlddU-  fnited  States 30.69 

Strangers  from  New  York  and  New  England^ 32.83 

Strangers  from  Western  United  States 44.23 

Strangers  from  tYance  48.13 

Strangers  from  British  America 50.24 

Strangers  from  <  i  real  Britain ,52.19 

Strangnrs  from  (iennany 133.01 

StrangtTs  from  Scandinavia 163.26 

Strangers  from  ,\nsiria  and  Switzerland 220.08 

Strangers  from  tlie  Netherlands 338.94 

Long  ago  Blair  wrote  that  among  the  West  India  island- 
ers in  the  Seamen's  Hospital  at  Demerara,  Guiana,  the 
percentage  of  deaths  from  yellow  fever  was  6.9;  among 
French  and  Italians  it  was"  17.1;  among  English,  Irish, 
and  Scotch,  it  was  19.3 ;  among  Germans  and  Dutch  it  was 
20 ;  among  Swedes.  Norwegians,  and  Russians  it  was  27.7. 
It  has  been  thought  that  the  Creole  and  the  African,  irre- 
spective of  place  of  birth  or  of  residence,  possess  a  racial 
immunity  to  yellow  fever.  This,  however,  does  not  ap- 
pear 1o  be  the  case.  Such  a  relative  immunity  is  prob- 
ably only  the  result  of  an  attack  of  the  disease  itself, 
which  in  early  life  may  be  so  mild  as  scarcely  to  be  rec- 
ognized; or,  to  a  much  less  degree,  it  may  be  due  to  the 
transmission  of  a  relative  unsusceptibility  from  ancestors 
immunized  for  generations  through  attacks  of  the  disease. 
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It  should  be  noted  that  the  immunity  to  this  disease  uu- 
doulitediy  possessed  by  nmn_v  natives  in  tlie  yellow-fever 
belt  is  more  or  less  completely  lost  after  they  remove  to 
cooler  latitudes,  and  that  such  individuals  on  theirreturn 
to  the  zone  of  endemic  yellow  fever  often  exhibit  a  suscep- 
tibility equal  to  that  of  total  strangers  to  the  district. 
There  is.  therefore,  no  reason  to  believe  that  the  negro  pri- 
marily possesses  any  greater  powers  of  resistance  than 
does  the  white  man  under  the  same  conditions,  or  that  the 
negro  born  and  resident  in  cold  climates  is  as  imsuscepti- 
ble  as  the  negro  from  the  yellow-fever  belt.  An  acquired 
or  an  inherited  immunity  is  the  essential  factor.  It  should 
be  noted  that  yellow  fever  prevailed  among  the  negro 
troops  at  New  Orleans  during  the  Civil  War  and  caused 
considerable  mortality.  Thus  also  for  the  year  1898,  the 
rates  in  our  army  for  this  affection,  per  thousand  strength, 
were  as  follows: 

Admissions.     Deaths. 

White  troops n.40  l.(M 

Colored  troops 59.19  7..ii 

The  negroes  recruited  for  our  service  are  itirely  drawn 
from  districts  in  which  the  disease  has  prevailed.  The 
great  difference  above  noted  in  favor  of  white  troops, 
however,  is  largely  to  be  explained  by  the  fact  that  the 
colored  troops  of  our  army  were  nearly  all  present  at 
Santiago,  while  a  much  less  proportion  of  the  total  white 
troops  were  so  exposed.  Further,  one  colored  regiment, 
on  account  of  its  supposed  relative  unsusceptibility  to  this 
disease,  was  selected  to  do  guard  and  police  work  at  the 
yellow-fever  hospital,  thus  largely  increasing  its  oppor- 
tunities for  infection.  A  fair  comparison  of  the  suscepti- 
bility of  the  unacclimated  white  with  that  of  the  negro 
native  to  the  yellow-fever  zone  may,  however,  be  drawn 
from  the  British  troops  in  the  West  Indies.  For  the  dec- 
ade 1888-97  the  rates  for  yellow  fever,  per  thousand 
strength  of  these  troops,  were  as  follows : 


Europeans 

Non-Europeans  . 


Ad- 
missions. 


3.0 

.4 


Deaths. 


1.66 
.15 


Constant 
sickness. 


0.16 
.02 


Prophylaxis. — As  a  preventive  of  the  occurrence  of  yel- 
low fever  among  troops,  expeditions  into  an  endemically 
Infected  district  should  not  be  carried  out  during  the  rainy 
season.  Troops  intended  ]iermanently  to  garrison  infected 
points  will  be  with  advantage  recruited  from  the  native 
and  immune  population.  Whether  in  camp  or  in  ganison, 
general  prophylactic  measures  of  great  importance  have 
reference  to  carefid  sanitary  policing,  free  ventilation,  an 
avoidance  of  overcrowding,  and  a  pure  watei'  supply, 
with  proper  means  of  maintaining  personal  cleanliness. 
During  the  Civil  War  the  comparative  freedom  from  yel- 
low fever  of  Union  troops  garrisoning  New  Orleans  was 
regarded  as  chiefly  due  to  the  vigorous  sanitarj-  measures 
introduced  by  General  Butler.  Recently,  in  the  occupation 
of  Cuba,  the  value  of  proper  sanitation  in  controlling  the 
disease  has  been  strongly  demonstrated.  Troops  shotild 
be  prohibited  from  entering  infected  towns,  and  particu- 
larly from  entering  houses  and  shops.  When  an  epi- 
demic occurs  among  the  surrounding  population,  a  care 
ful  quarantine  should  be  maintained.  With  the  out  break 
of  the  disease  among  the  troops  all  cases  should  be 
promptly  isolated,  orefcrably  in  tents.  All  discharges 
from  the  sick,  especiall_y  the  vomit  and  excreta,  should 
be  disinfected ;  if  possible,  b_v  fire.  The  clothing  and 
e([uipments  of  the  soldier,  and  those  with  which  he  may 
have  come  in  contact,  should  be  disinfected :  as  should 
the  tent  or  barrack  in  which  the  case  occurred.  If  pos- 
sible, the  troops  should  be  moved  to  a  locality  in  which 
the  fever  has  not  been  known  to  occur.  In  this  country 
troops  have  habituall}'  been  transferred  from  southern 
stations  to  Atlanta,  when  an  outbreak  of  tlie  disease  was 
apprehended.  If  such  a  locality  is  not  available,  the 
troops  should  be  moved  to  high  ground — preferably  to 


an  elevation  of  at  least  fifteen  hundred  fear.  Jloving 
camp  even  a  mile  or  so  may  avert  an  epidemic,  and  this 
procedure  should  be  repeated  u])on  the  ajiiiearance  of 
every  new  case.  Depopulation  of  an  infected  area  is  es- 
sential, a  fact  repeatedly  detn(jnstraled  in  our  o^vn  ser- 
vice; as  at  Fort  IJrown  in  1882  and  at  Santiago  in  1899. 
If  the  disease  appear  on  board  a  transport,  the  sick  should 
be  treated  on  deck  and  landed  as  soon  as  pos.sible.  A 
predisposition  to  the  disease  appears  to  be  caused  by 
fatigue,  especially  when  combined  with  exposure  to  the 
sun  ;  by  the  immoderate  use  of  alcohol,  and  by  insuflicient 
or  improper  food.  No  prophylactic  medication  is  known 
to  be  of  value.  Various  methods  of  ]ireventive  inocula- 
tion have  been  devised,  notably  by  Freire  and  Sanarelli, 
but  experience  has  shown  these  to  be  without  effect. 

Diseases  Due  to  Intempekate  or  iM.yoRAL  Habits. 

Alcoholism.— The  attitude  of  the  soldier  toward  the 
use  of  intoxicants  is  largely  determined  prior  to  his  en- 
trance into  the  military  service.  That  the  majority  of 
such  soldiers  as  actually  become  drinking  men  after  en- 
teting  the  army,  do  so  as  a  result  of  social  environment, 
cannot  for  a  moment,  however,  be  doubted.  To  drink 
and  ask  the  companionship  of  others  in  consuming  alco- 
holic beverages  is  the  first  step  toward  the  development 
of  the  dnmkard  in  the  army,  as  in  civil  life.  The  idea 
that  social  superiority  attaches  to  an  ability  to  consume 
large  quantities  of  alcoholics  still  exists  to  a  certain  ex- 
tent among  a  few  soldiers  of  a  lower  class:  and  by  such, 
a  novice  in  the  art  of  drinking  may  be  assailed  with  ridi- 
cule and  contempt.  Such  men  are  largelj-  responsible 
for  the  idea  which  sometimes  prevails  among  recruits 
that  a  physical  tolerance  of  alcohol  is  an  essential  at- 
tribute of  the  seasoned  soldier,  and  that  only  he  who  is 
able  to  imbibe  his  .share  of  intoxicant  without  apparent 
effect  has  demonstrated  his  fitness  to  enter  upon  the  pro- 
fession of  arms.  Besides  the  above  class,  a  niunber  of 
soldiers  undoubtedly  acquire  the  habit  of  alcoholism 
through  favorable  opportunity,  particularly  if  they  are 
men  without  aim  or  purpose  in  life  beyond  the  "per- 
functory accomplishment  of  routine  duties:  men  who 
are  possessed  of  no  internal  resources  for  their  amuse- 
ment, and  to  whom  the  normal  military  existence  is 
burdensome,  dull,  and  monotonotis.  A  certain  class  of 
susceptible  individuals  ajjpear  to  be  mai'kedly  influ- 
enced in  their  use  of  alcohol  by  atmospheiic  conditions- 
and  excessive  heat,  cold,  and  moisture  have  been  ob- 
served to  develop  a  latent  desire  for  drink  on  the  part  of 
soldiers  which  would  piobably  otherwise  have  remained 
dormant.  A  small  number  of  periodical  drunkards  are 
true  degenerates.  Without  apparent  cause,  in  the  face 
of  promises  and  protests  to  the  contrary  ami  in  spite  of 
inevitable  court  martial,  disgrace,  and  punishment,  alco- 
holic excesses  are  begun  and  continued  until  exhausted 
nature  brings  the  debauch  to  a  close.  Then  follow  deep 
contrition  and  humiliation,  renewed  and  earnest  prom- 
ises of  reform,  and  an  apparently  sincere  attempt  to 
repair  the  damage  done  to  health  and  character:  a  period 
of  steady  habits,  and  again  a  sudden  plunge  into  alco- 
holic excesses.  A  large  proportion  of  inebriates,  how- 
ever, as  found  in  the  military  service,  are  men  of  unstable 
mental  equilibrium,  indecision,  and  weak  character. 
Such,  tmder  any  conditions  out  of  the  ordinary,  find  the 
mental  strain  beyond  their  power  of  endurance  and 
promptly  seek  relief  iu  the  nerve-benumbing  effects  of 
alcohol. 

Fi-eqnene)i  nf  Alcoholism. — In  the  army  the  abuse  of  al- 
cohol is  one  of  the  most  potent  factors  b.y  which  military 
efficiency  is  impaired ;  and  in  the  past  drunkenness  has 
been  largely  looked  upon  as  a  distinctively  military  fail- 
in"g.  Its  influence,  as  well  as  its  prevalence,  however,  is 
indifferently  shown  by  statistics.  All  alcoholics  do  not 
enter  hospital,  and  a  certain  proportion  succumb  to 
other  affections,  as  gastritis,  cirrhosis,  and  nephritis,  in 
the  occurrence  and  ultimate  result  of  which  the  use  of 
intoxicants  may  have  played  no  minor  part.  Further, 
the  term  alcoholism  includes  many  pathological  condi- 
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tions  and  their  symptoms,  these  varj'ing  according  to  the 
quantity  of  alcohol  taken  and  the  frequency  with  which 
it  is  consumed.  Ciirouic  drunkenness  occurs  chiefly 
among  old  soldiers;  and  this  class  is  naturally  not  pro- 
portionately represented  on  the  sick  reports  as  compared 
with  younger  men,  among  whom  the  use  of  intoxicants 
more  "frequently  occurs  in  the  nature  of  periodical  ex- 
cesses. Acute  alcoholism  not  rarely  terminates  life,  and 
even  at  as  recent  a  period  as  the  decade  1886-95  it  stood 
sixth  in  order  of  importance  in  detennining  the  annual 
mortality  among  white  troops.  The  proportion  of  dis- 
charges and  constant  non-elflciency  from  this  cause  is. 
however,  at  all  times  low. 

The  amount  of  alcoholism  in  our  service  has  steadily 
decreased  in  the  past  fifteen  years;  this  having  been  ac- 
complished through  greater  "care  in  the  selection  of  re- 
cruits, a  growing  sentiment  in  favor  of  temperance  in  the 
social  class  from'which  the  soldieris  drawn,  greater  efforts 
on  the  part  of  the  authorities  for  the  elimination  of  in- 
ebriates from  the  service,  and,  finally,  through  the  estab- 
lishment of  canteens,  the  favorable  intluence  of  which  is 
discussed  subsequently. 

The  following  tableshows  the  prevalence  of  alcoholism 
in  the  military  forces  of  the  United  States  during  the 
thirty  years  of  peace  1868-97,  inclusive ; 


Year. 

Mean 
strength. 

Numlier  of  cases 
admitted  to  hospital 
per  1,000  strength. 

Number  of  cases 

of  delirium  tremens 

per  1.000  strength. 

ise.** 

47,473 
35,221 
31,831 
29,430 

2fi,8H 
27.909 
27.021 
23,.575 
24,S8tt 
23.707 
2:^.381 
23.964 
;M.I104 

2:^.22•.' 

2;).239 
2=3.4:^9 
24,034 

24,i;« 

23..572 
2:l,.S41 
24,726 
2,5,1)(I8 
24,234 
23,369 
24,203 
2.-.,287 
35,376 
25,304 
35,119 
25.417 

32.59 

37.70 

38.20 

45.80 

47..50 

49.40 

58.10 

68 

64..50 

.59 

59.40 

65.10 

61 

57.60 

68.70 

66 

62.10 

53..50 

42.80 

46.70 

40.20 

41.40 

40.70 

40 

37.20 

33.80 

30.90 

30.10 

28.80 

27.80 

18t)9 

1870 

1871  

1872 

1873 

1874           

1875 

187H            

1877 

187S     

1879 

1880    

1881 

1882 

1883 

1884 

1885 

1.57 

1886 

1.01 

1887           

.88 

1888 

1889 

.93 
.51 

1890 

.86 

1891     

.90 

1892 

.78 

1893 

.55 

189+ 

.82 

1895 

.83 

1896 

.39 

1897 

.58 

In  1898,  during  the  war  with  Spain,  the  admission  rate 
fell  to  15.1 ;  the  more  active  operations  and  novelty  sup- 
plyingmuchof  the  desired  excitement,  while  the  unusual 
conditions  undoubtedly  attracted  a  superior  and  more 
temperate  class  of  young  men  to  the  colors. 

Admissions  for   Alcoholism  and  Its  Results,  peu 
1,000  Strength,  188.5-97. 


Year. 

White 

troops. 

Colored 
troops. 

Total  for 
the  army. 

1885 

59.00 
50.21 
50.88 
43.97 
45.64 
■44.45 
44.19 
41.19 
37.23 
33.79 
32.16 
31.20 
30.02 
42.37 

4.00 
4.67 
3  33 
4!55 
2.07 
5.39 
3.39 
8.35 
7.47 
4.79 
-6.47 
5.70 
4.62 
4.89 

54.00 

1886         

47.09 

1887 

46.31 

1888 

40.12 

1889                           

41.43 

1890 

40.73 

1891                   

40.01 

1892 

37.23* 

1893    

33.97 

1894 

30.94 

1895 

.30.11 

1896 

29.06 

1897 

37.86 

Decade  1886-95 

38.69* 

*  Including  Indian  soldiers. 


The  remarkable  difference  existing  between  the  white 
and  black  troops  of  the  United  States  service  as  regards 
the  prevalence  of  inebriety  is  illustrated  in  the  preceding 
table — statistics  which  cover  extended  periods  and  which 
show  that  there  is  approximately  only  one-tenth  as  much 
alcoholism  among  the  negro  regiments  as  among  the 
white  troops.  Few  colored  soldiers  are  hard  drinkers, 
and  as  far  as  beer  and  other  malt  liquors  are  concerned, 
there  apparently  exists  a  racial  distaste  for  these  bev- 
erages. It  is  well  recognized  that  where  negro  troops 
replace  white  soldiers  in  a  post,  the  canteen  profits  from 
beer  and  wine  are  greatly  diminished  while  the  sales  of 
cigars  and  confectionery  are  proportionately  increased. 

This  racial  difference  as  regards  the  use  of  alcoholics 
is  further  shown  by  statistics  for  the  British  army  cov- 
ering the  European  and  non-European  troops  in  the  West 
Indies.  For  the  year  1897  the  admission  rate  per  thou- 
sand strength,  for  the  former  class,  was  15.6,  while  the 
death  rate  was  .74.  For  the  native  (negro)  troops  dur- 
ing the  same  year  the  admission  rate  from  this  cause 
was  .6,  while  the  death  rate  was  nil. 

As  to  the  amount  of  drunkenness  existing  in  foreign  ser- 
vices as  contrasted  with  our  own,  no  accurate  comparisons 
can  be  drawn,  from  the  fact  that  abroad  none  but  the  se- 
vere cases  of  alcoholism  appear  on  sick  report.  Drunken- 
ness, however,  is  fairly  prevalent  in  England  and  Ger- 
many— much  less  so  among  the  Latin  nations,  who  are 
comparatively  free  from  alcoholic  excess.  In  France, 
where  absinthe  is  much  employed,  the  rates  are  said  by 
Laveran  to  be  only  about  one-tenth  as  high  as  in  the  Eng- 
lish service,  and  Viry  states  that  for  the  fifteen  years  187.5- 
90  the  deaths  from  the  use  of  alcohol  in  the  French  army 
amounted  to  only  11.5  annually,  a  considerable  proportion 
of  these  occurring  in  Algeria.  In  Italy  and  Spain  the 
rates  are  even  lower  than  in  France,  and  during  the  oc- 
cupation of  territory  by  our  troops  as  a  result  of  the  late 
war,  it  was  a  matter  of  frequent  comment  that  an  intoxi- 
cated Spanish  soldier  was  rarely,  if  ever,  seen. 

In  both  the  British  and  French  services  the  amount  of 
alcoholism  is  much  greater  among  troops  serving  in  the 
colonies  than  among  those  at  the  home  stations. 

Influence  of  Akuhul  on  Mililnrti  Efliciency. — The  effect 
of  moderate  drinking  in  the  production  of  an  increased 
amount  of  sickness  is  well  illustrated  by  the  data  col- 
lected by  Carjienter  relative  to  British  troops  serving  in 
India,  based  upon  17,331:  moderate  drinkers  and  9.340 
abstainers.  Of  the  former  class  he  found  that  1  out  of 
every  7.28  soldiers  was  admitted  to  hospital,  whereas  of 
the  latter  group  but  1  out  of  every  14.47  was  so  admitted. 
Still  more  favorable  to  the  abstinence  class  are  the  figures 
for  the  average  number  of  days  spent  in  hospital ;  tlie 
moderate  drinkers  losing  102  days  per  thousand  as  com- 
pared with  an  average  for  the  abstainers  of  36.4  days. 
According  loan  editorial  in  The  British  Medical  Journal, 
the  admissions  to  military  hospitals  in  India,  during  the 
year  1891,  amounted  to  5  per  cent,  for  abstainers  and  to 
10.4  percent,  for  all  others.  Madden  states  that  in  three 
benefit  associations  in  England,  during  the  five  years 
1884-88,  there  were  lost  by  "each  laborer  26.20,  24.68".  and 
27.66  weeks  through  illness — an  average  of  26.18  weeks: 
while  during  the  same  period,  in  the  "Sons  of  Temper- 
ance," whicli  admits  only  total  abstainers  to  membership, 
the  average  number  of  weeks  lost  by  each  mem- 
ber were  7.48 — less  than  one-third  the  rate  given  in  the 
other  organizations. 

As  to  the  actual  effect  of  alcohol  upon  the  death  rate, 
it  is  obvious,  as  already  remarked,  that  military  statistics 
furnish  little  information  on  this  point,  since  only  acute 
cases  of  intoxication  are  noted  on  the  records.  Chronic 
alcoholism,  however,  while  it  cuts  no  figure  in  military 
statistics,  imparts  a  peculiarly  grave  character  to  all  dis- 
eases occurring  in  drunkards,  and  does  much,  through 
the  organic  changes,  local  congestions,  and  nervous  de- 
pression which  result  from  the  continued  use  of  intoxi- 
cants, to  bring  about  a  fatal  termination  in  any  serious 
affection. 

Alcohol  is  one  of  the  most  frequent  causes  of  insanity 
and  suicide  in  the  militarv  service.     In  civil  life  some 
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writers  attribute  two-thinlsof  all  mental  diseases  to  alco- 
hol, and  it  is  said  to  be  the  chief  cause  of  self-destruction 
in  England,  Germany,  and  Russia.  According  to  Mad- 
den, in  the  _vears  l.ST.s  and  1879  it  was  found  that  iu  •il 
per  cent,  of  all  male  lunatics  in  the  as\'lums  of  (.Terniany 
the  mental  condition  could  be  directly  traced  to  the  use 
of  alcoholics.  In  Austria,  according  to  Gauster,  40  per 
cent,  of  insanity  occurring  in  males  could  be  ascribed  to 
alcoholic  excesses.  In  our  military  service  no  figures  as 
to  the  intlucuce  of  inebriety  upon  insanity  are  available; 
but  for  the  seven  years  1887-93.  out  of  VS-l  suicides  oc- 
curring during  that  period,  alcoholism  was  offlcially  re- 
ported as  being  the  cause  in  81.3  per  cent. 

AVith  regard  to  the  use  of  alcohol  upon  niarcfiing  troops 
Rosse  states:  "The  experience  of  the  Ashantee  War  in 
1876  shows  that  alcoholic  drinks  are  hurtful.  The  men 
whodid  not  touch  the  supjilementary  ration  of  rum  pre- 
sented a  mortality  and  morliidity  inferior  to  the  other 
soldiers."  This  statement  will  be  supported  by  all  who 
have  served  with  troops  on  campaign. 

As  to  the  effect  of  drunkenness  upon  military  morals 
and  the  maintenance  of  discipline,  no  argument  is  re- 
quired to  show  that  the  infractions  of  discipline  are 
largely  the  result  of  alcoholic  stimulation.  It  was  noted 
of  the  British  troo])s  in  India,  in  1891.  that  of  all  minor 
offences  1.. 5  were  committed  by  abstainers  to  every  6.7 
committed  by  moderate  drinkers.  As  expressed  by 
Smart,  "  the  medical  and  court-martial  records  after  pay 
day,  in  all  camps  where  whiskey  can  be  procured,  fur- 
nish data  sufficient  for  insistence  on  its  exclusion  as  the 
cause  of  much  disease  and  many  injuries  and  accidental 
deaths." 

As  summed  u]i  by  Parkes:  "When  deban-ed  from 
spirits  and  fermented  liciuids.  men  are  not  only  better  be- 
haved but  are  far  more  cheerful,  are  less  irritable,  and 
endure  better  the  hardships  and  perils  of  war.  The  cour- 
age and  endurance  of  a  drunkai'd  are  always  lessened; 
but  in  a  degree  far  short  of  drunkenness,  spirits  lower, 
while  temperance  raises,  the  boldness  and  cheerfulness  of 
spirit  which  a  true  soldier  should  possess.  If  spirits 
neither  give  strength  nor  sustain  it  against  disease,  are 
not  protective  against  cold  and  wet,  and  aggravate 
rather  than  mitigate  the  etfects  of  heat ;  if  their  use  even 
in  moderation  increases  crime,  injures  discipline,  and  im- 
pairs hope  and  cheerfulness ;  if  the  severest  trials  of  war 
have  not  been  merely  borne,  but  most  easily  borne  with- 
out them;  if  there  is  no  evidence  that  they  are  protective 
against  malaria  and  other  diseases,  then  the  medical  offi- 
cer will  not  be  justified  in  sanctioning  their  issue  or  their 
use  mider  any  circumstances." 

Woodhull  adds:  "It  is  not  necessary  to  insist,  from 
theoretical  or  medical  grounds  alone,  upon  the  mischief 
that  ;ilcohol  causes  soldiers.  The  observation  of  any  otti- 
cer  of  experience  is  enough.  Li(iuor,  besides  weakening 
men  physically,  tampers  with  their  will  power,  disturbs 
their  temper,  makes  them  less  trustworthy  even  when 
sober,  is  at  the  bottom  of  almost  every  violation  of  disci- 
pline, and  is  the  one  agent  that  can  convert  a  regular 
force  into  a  mob.  The  absence  of  licjuor  usually  means 
a  clear  guard-house.  Abmidant  liquor  means  a  heavy 
sick  list,  a  large  guard  report,  and  a  general  feeling  of 
doubt  as  to  the  command.  It  follows  without  saying 
that  if  the  use  of  alcohol  is  hurtful  in  a  personal  and  in  a 
martial  sense  to  the  private  soldier,  who  is  the  lowest 
unit  in  the  military  scale,  it  is  very  much  more  mischiev- 
ous iu  its  ultimate  consequences  when  an  officer,  who  is 
so  potent  with  those  beneath  him,  is  its  victim." 

For  the  United  States  service  the  discussion  of  alcohol- 
ism would  be  incomplete  without  reference  to  the  can- 
teen, which,  more  than  any  other  one  factor,  has  brought 
about  a  reduction  in  drunkenness  and  its  results. 

This  institution,  officially  kno%vn  as  the  post  exchange, 
had  its  origin  in  our  service  at  Vancouver  Barracks  in 
1880.  but  it"  was  not  until  February.  1889.  that  the  insti- 
tution was  recognized  by  the  AVar  Department,  and  rules 
and  regulations  for  its  establishment  and  government 
published  to  the  army. 

The  purpose  of   the  army   canteen,  as   offlcially   an- 


nounced, is  to  supply  troops  with  goods  at  a  low  rate  of 
profit  and  to  afl'ord  rational  recreation  and  amusement  to 
all  enlisted  men.  The  sale  of  ardent  spirits  is  strictly  pro-, 
hibited  therein;  but  commanding  officers  arc  authorized 
to  permit  liglit  beer  and  wine  to  be  sold  by  the  drink,  on 
week  days,  in  a  room  set  apart  for  the  purpose,  when 
in  their  opinion  such  action  is  promotive  of  temperance. 
Gambling  of  any  character  is  forbidden.  Eacli  canteen 
is  managed  by  an  officer  selected  by  the  post  conunander 
for  his  fitness  for  the  position,  he  being  allowed  one  or 
more  enlisted  men  as  assistants;  under  recent  orders 
civilians  only  being  allowed  to  serve  as  barkeepers.  As 
showing  the  favor  with  which  the  system  was  received, 
it  is  only  necessary  to  say  that  iu  1894,  five  years'after  its 
inauguration,  there  were  75  canteens  in  successful  opera- 
tion, and  that  during  that  year  the  total  receipts  were 
81,417,079.63 ;  of  which  sum  no  less  than  §304,649.91  were 
returned  to  the  men  as  dividend  profits. 

The  effect  of  the  introduction  of  the  canteen  system 
upon  the  rates  for  alcoholism  was  prompt  and  marked. 
For  the  decade  1878-87  the  average  number  of  admissions 
for  alcoholism  and  its  direct  results  amoimted  to  64.38 
per  thousand  of  white  troops.  This  rate  diminished  dur- 
ing the  next  ten  j-ears  in  proportion  as  canteens  were 
gradually  established  at  various  posts,  omitting  frac- 
tions, in'the  following  ratio:  44,  46.  44,  44,  41,  37r34,  33, 
31,  30.  On  observing  the  admissions  for  alcoholism 
for  the  seven  years  188o-91  which  immediately  pre- 
ceded the  general  establishment  of  the  canteen  system 
upon  a  satisfactory  basis,  it  is  fomid  that  a  yearly' aver- 
age of  1,314.8  men  found  it  necessary  to  apply  for  treat- 
ment from  this  cause;  while  for  the  six  years  1893-97, 
after  canteens  had  been  generally  instituted  throughout 
the  army,  an  average  of  only  938.4  men  annually  re- 
quired attention  for  this  reason — a  reduction  amoimting 
to  33.6  per  cent.  In  1890  there  were  17  posts  at  which 
the  admission  rate  for  alcoholism  exceeded  10  per  cent, 
of  the  strength.  In  1891  the  number  of  such  posts  had 
decreased  to  11,  and  iu  the  six  subsequent  j'ears  dimin- 
ished at  the  following  rate:  10,  7,  4,  .5,  3,  3.  This  favor- 
able showing  for  the  army  at  large  was  duplicated  in  the 
case  of  each  iudividual  post,  the  introduction  of  the  can- 
teen failing  iu  no  instance  to  be  promptly  followed  bj-  a 
diminution  of  alcoholisiu.  For  certain  stations  this  im- 
provement was  extraordinary.  In  1889,  AVillet's  Point 
had  an  admission  rate  for  alcoholism  of  233.97  per  thou- 
sand. In  1890,  the  3-car  when  the  canteen  was  estab- 
lished at  that  post,  it  fell  to  157.50,  and  in  the  next  year 
amounted  to  only  70.46.  At  Fort  Sjiokane  the  amount 
of  sickness  resulting  from  intoxicants  was  reported  by 
the  surgeon  as  having  diminished  50])er  cent,  during  the. 
six  months  following  the  institution  of  the  canteen.  At 
Fort  Douglas,  iu  1888  and  1889.  the  total  number  of  ad- 
missions attributed  to  alcohol  amounted  to  about  85  per 
thousand  strength;  while  during  1892-94  this  rate  fell  to 
53.95  per  thousand  strength;  and  such  instances  might 
be  multiplied  many  fold. 

As  to  the  value  of  the  canteen  in  the  tropics  as  well  as 
at  home  stations,  in  reducing  alcoholism,  all  are  agreed. 
A  report  by  O'Reilly  upon  the  condition  of  the  British 
troops  in  Jamaica  states  that  the  canteen,  from  which  the 
men  can  always  procure  beer,  has  been  largely  instru- 
mental iu  the  disuse  of  stronger  spirituous  liquors  and  in 
a  lessening  of  the  evils  which  followed  the  free  use  of 
spirits  in  the  tropics.  In  referring  to  the  condition  of  the 
Fourteenth  United  States  Infantry  at  Manila,  Card  well  ex- 
ju'esses  liis  belief  that  a  great  improvement  shown  in  the 
figures  for  venereal  disease  and  alcoholism  in  this  regi- 
ment was  due  to  the  establishment  of  a  canteen,  kept  un- 
der admirable  discipline ;  and  he  adds ;  "  Cool  American 
beer  as  a  substitute  for  the  '  beno  '  of  the  native  gin  shops 
has  a  most  beneficent  effect." 

The  cases  of  deliriuiu  tremens  will  be  accepted  by  all 
as  furnishing  reliable  data  by  which  the  gravity  of  the 
admissions  for  alcoholism  may  be  determined.  It  is, 
therefore,  of  interest  to  observe  that,  for  the  seven-year 
period  above  noted  prior  to  the  coiuplete  adoption  of  the 
canteen  system,  the  average  annual  admissions  for  this 
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cause,  actual  numbers,  were  23.8;  while  for  the  six-year 

period  of  peace  following  the  establishment  of  this  sys- 
tem the  average  number  of  men  admitted  yearly  for  de- 
lirium tremens  was  16.6,  a  reduction  of  81.3  per  cent,  in 
this  serious  class  of  cases.  It  can  scarcely  be  doubted 
that  this  remarkable  decrease  was  ehietiy  influenced  by 
the  substitution  of  beer — a  milder  lieverage,  which  rarely 
produces  such  effects — for  distilled  liquors,  whose  free 
use  is  well  known  to  result  in  great  mental  excitement 
and  nervous  exhaustion. 

It  is  recognized  that  alcoholism  and  insanity  are  closely 
related  through  the  direct  intlueuce  exerted  by  intoxi- 
cants in  the  production  of  mental  aberration.  Hence  it 
is  not  surprising  to  find  that  the  average  number  of  cases 
of  insanity  annually  coming  uiuler  treatment  was  3.5.1 
for  the  seven-year  period  188-'J-91.  prior  to  the  comjilete 
establishment  of  the  canteen  system,  and  only  24  as  an 
annual  average  for  the  six  subsequent  years,  1892-97. 
These  figures  show  a  reduction  in  insanity  amounting  to 
31.7  per  cent.  As  to  the  number  of  days  of  service  lost 
annually  from  insanity,  the  improvement  since  the  insti- 
tution of  the  canteen  is  even  more  marked.  Figures 
for  the  3'ears  188.5  and  1886  are  not  available;  but  for 
the  five-year  period  1887-91,  the  average  number  of 
days  lost  was  1,563,  while  for  the  six  years  1892-97 
the  service  annually  lost  to  the  government  from  this 
cause  amounted  to  only  924,5  days — a  decrease  of  40.9 
per  cent. 

The  canteen — for  the  maintenance  of  good  order  in 
which  a  commissioned  officer  is  held  responsible— is  an  aid 
to  discipline  as  well  as  to  the  health  and  morals  of  troops. 
It  providesa  resort  which,  while  imder  thorough  military 
control,  offers  inducements  to  the  men  to  remain  at  home 
and  spend  their  idle  time  within  the  limits  of  the  post; 
this  condition  obviously  being  far  prefer.-ible  to  the  one 
formerly  existing,  when  the  nearest  and  most  generally 
patronized  places  of  anuisement  and  refreshment  were  the 
grog  shops,  usually  with  brothel  annexes,  which  marked 
the  limits  of  each  military  reservation.  Except  with  the 
most  dissolute  class  of  men.  the  soldier  is  well  satisfied  to 
patronize  the  canteen  to  the  exclusion  of  outside  saloons: 
knowing,  as  he  does,  that  he  receives  good  value  for  his 
money  in  articles  of  excellent  quality,  and  fully  appreci- 
ating that  the  profits  of  the  institution  ultimately  accrue 
entirely  to  his  benefit,  and  are  not.  as  is  the  case  with 
outside  establishments,  diverted  to  the  advantage  of 
others.  Besides  the  congenial  resort  which  it  furnishes, 
the  influence  of  the  profits  of  the  canteen  in  promoting 
contentment  among  troojiscaii  scarcely  l)e  overestimated, 
contributing  as  they  do  to  imjirovemeut  of  the  food,  to  the 
attainment  of  wholesome  amusement,  and  totlie  jirovision 
of  much  by  which  the  soldier's  life  is  made  less  irksome 
and  he  himself  rendered  more  ellieient  in  the  ]ierformance 
of  his  military  duties.  The  best  index  of  the  content- 
ment of  troops  is  to  be  found  in  the  rate  of  desertions, 
since  it  is  obvious  that  the  soldier  who  is  well  siitisfied 
with  his  lot  will  not  endeavor  to  escape  from  the  per- 
formance of  his  military  obligations.  That  tlie  canteen 
system  has,  from  this  standpoint,  operated  to  the  general 
welfare  of  the  men  is  undoubted,  the  desertions  and 
percentage  of  desertions  in  the  regular  army,  from  1885 
to  1897  inclusive,  being  as  follows: 
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From  the  above  table  it  is  observed  that  during  the 
first  3' ear  after  the  canteen  system  was  authorized  the 
rate  of  desertions  fell  26  per  cent.,  while  during  the  next 
year,  as  the  system  was  more  generally  established,  the 
rate  was  further  reduced  to  49  per  cent.  For  the  five 
years  previous  to  the  establishment  of  the  first  officially 
recognized  canteen  the  uuml)er  of  men  annually  desert- 
ing from  the  service,  per  thoussmd  strength,  amounted 
to  101 ;  while  for  the  eight  years  immediately  subsequent 
to  the  institution  of  this  s}-stem  the  anntial  number  of 
desertions  was  reduced  to  50  per  thousand  strength. 
The  decrease  noted  has  been  practically  progressive,  and 
for  the  two  jears  immediately  prior  to  the  war  with 
Spain  scarcely  one-fourth  the  number  of  men.  as  com- 
pared with  the  three  years  immediately  prior  to  the  in- 
troduction of  the  canteen  system,  found  tlie  military  ser- 
vice so  uncongenial  as  to  desire  to  escape  from  com]) feting 
their  terms  of  enlistment.  These  results  are  certainly 
most  gratifying,  and  there  is  no  reason  for  believing  that 
with  the  development  of  the  canteen  along  its  legitimate 
lines  of  growth  a  still  further  decrea,se  in  the  present 
small  rate  of  desertions  may  not  be  c(mfidently  antici- 
pated. 

Drunkenness  is  certainly  prevented  liy  the  constant 
military  supervision  to  which  the  canteen  is  subiected. 
The  men  themselves  are  usually  careful  not  to  indulge 
in  alcoholics  to  the  point  of  inebriety :  while  such  few 
individuals  as  are  inclined  to  be  forgetful  of  the  dangers 
of  excess  are  usually  restrained  by  companions,  or  by 
those  connected  with  the  canteen,  from  passing  the 
bounds  of  actual  intoxication.  Should  such  a  condi- 
tion actually  result  the  drunken  individual  is  rarely  left 
to  his  own  devices  or  permitted  to  become  offensive, 
but  is  usuallv  prevailed  upon  by  others  to  return  to 
barracks  without  committing  any  breach  of  discipline. 
Hence,  brawls  and  disturbances,  with  resulting  court 
martial,  have,  since  the  introduction  of  the  canteen  sys- 
tem, become  relatively  infrequent,  and  pay  day.  fonnerly 
synonymous  with  debauchery  and  riotous  disturbances, 
is  now  scarcely  to  be  distinguished  by  its  effects  from  any 
other  day.  As  illustrating  the  marked  reduction  of  con- 
victions for  drunkenness  and  for  complications  arising 
therefrom,  since  the  establishment  of  the  canteen,  the  fol- 
lowing figures,  from  the  reports  of  the  judge  advocate 
general,  are  of  interest: 
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From  the  above  figures  it  is  evident  that  coincident 
with  the  thorough  establishment  of  the  canteen  system 
there  has  occurred  a  decrease,  amounting  to  considerably 
more  than  one-half  of  the  drunkenness  which  formerly 
tended  to  the  impairment  of  discipline,  to  the  demoraliza- 
tion of  individuals,  and  to  the  occurrence  of  assaults,  in- 
juries, and  deaths.  It  is  idle  to  deny  that  this  excellent 
result  has  been  largely  due  to  the  attraction  furnished 
by  the  canteen,  combined  with  the  military  discipline 
which  prevails  in  that  institution  and  which  reduces  to 
a  minimum  the  possibility  of  dangerous  alcoholic  excesses. 

The  opportunity  given  the  men  of  purchasing  light. 
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nutritious  lunclies  in  the  canteen  is  also  certainly  of  much 
benefit.  Jluny  articles  of  food  not  obtainable  in  the 
company  mess  are  thus  brought  within  reach,  and  the 
monotony  which  often  pertains  to  company  cookery  may 
in  this  manner  be  agreeably  interrupted.  It  is  probable, 
too,  that  this  feature  does  much  to  prevent  tlie  intem- 
perate use  of  alcoholics.  The  gastric  cravings  of  hearty 
and  idle  men  are  thus  satislied,"and  a  sandwich  with  the 
beer  largely  decreases  the  desire  for  an  additional  quan- 
tity of  the  latter. 

It  is  claimed  by  the  advocates  of  total  abstinence  that 
through  the  sale  of  beer  in  tlie  canteen  the  health  and 
morals  of  the  soldiers  are  impaired ;  that  such  tacit  encour- 
agement on  the  part  of  the  government  favors  indulgence 
in  alcoholics,  and  that  drinking  habits  are  thus  formed 
by  those  who  might  otherwise  have  remained  sober  men. 
These  objections  are  purely  theoretical,  and  are  at  vari- 
ance with  facts  as  observed  since  the  establishment  of  the 
canteen.    The  sale  of  beer,  under  suitable  restrictions,  un- 


briugs  with  him  into  the  service  the  result  oT  the  moral 
moulding  to  which  he  has  been  subiected  during  child- 
hood and  youth  in  civil  life,  and  does  not  change  his 
nature  or  moral  standards  concerning  alcoholics  with  the 
mere  donning  of  the  uniform.  The  vice  of  drunkenness 
is  certainly  no  longer  either  directly  initiated  or  aggra- 
vated as  a"  result  of  military  service,  and  if  the  opinions 
held  by  some  are  correct  as  to  the  moral  conditions  ob- 
taining in  the  army,  then  its  cause  must  be  sought  for 
within  the  social  classes  and  the  conditions  of  environ- 
ment from  which  the  human  material  composing  the 
army  is  drawn.  It  is  certain  that  there  has  been  no  more 
drunkenness  to  be  found  in  the  army — if  indeed  there 
has  not  been  less — during  the  past  few  years  than  has 
occurred  in  the  corresponding  classes  of  civil  life. 

Vexere.vl  Disease. — Of  all  causes,  venereal  disease  is 
the  one  which,  in  time  of  jieace,  brings  the  soldier  often- 
est  to  hosjiital  and  which  most  affects  his  efficiency — this 
being  particularly  the  case  in  our  own  service. 
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Fig.  1092  — AveraEe  Annual  Admissions,  per  Thousand  StrenRth,  for  all  Venereal  Diseases,  in  the  More  Important  Armies  of  the  World, 

tor  the  Three  Years  1S90, 1891  and  1893. 


doubtedly  results  in  good  rather  than  in  evil  to  the  troops 
at  large,"and  may  properly  be  looked  upon  as  a  safety 
valve  for  those  accustomed"  to  regard  the  use  of  a  certain 
amount  of  liquor  as  both  harmless  and  proper.  Compar- 
atively few  men  to-day  become  inebriates  through  a  taste 
for  alcoholacquired  in  the  military  service ;  and  wliile  there 
are  a  certain  few  individuals  who  may  imbibe  too  much 
beer  on  pay  day,  they  constitute  a  class  which,  in  the  ab- 
sence of  a  mild  beverage  of  this  character,  would  probably 
resort  to  stronger — and  frequently  sophisticated— liijuors 
outside  the  limits  of  the  command.  That  beer-drinking, 
viewed  in  the  abstract,  is  unpi'oduetive  of  good,  will  be  ad- 
mitted by  all;  that,  when  properly  controlled,  its  sale  in 
canteens^  rather  than  its  pi-ohibition,  redounds  to  the  .gen- 
eral health,  morals,  and  military  efficiency,  few,  if  an_v,  who 
are  conversant  with  the  subject  will  attempt  to  deny. 
It  is  certainly  unfortunate  that  the  temperance  element 
in  civil  life,  which  is  so  constantly  endeavoring  to  enact 
legislation  against  the  sale  of  alcoholics  of  any  character 
in  the  military  service,  cannot  be  brought  to  regard  the 
matter  from  ti:e  practical  rather  than  from  the  sentimental 
aspect,  and  thus  assist  in  controlling  and  largely  cvirtail- 
ing  an  evil  which  it  is  powerless  to  prevent,  but  which, 
if  its  efforts  toward  restrictive  legislation  should  be  suc- 
cessful, would  undoubtedly  be  greatly  increased. 

It  may  here  be  remarked  that  the  view  is  commonly 
entertained  by  the  civilian  class  just  mentioned  that  the  sol- 
dier is  a  sinner  above  sinners  and  requires  special  legisla- 
tive measures  to  safeguard  him  against  his  weakness — the 
fact  being  wholly  ignored  that  the  army  is  recruited  from 
the  general  communitv.  and  merely  reflects  the  (pialities 
of  the  latter,  whether'they  be  good  or  bad.     The  recruit 


The  following  table  shows  the  ratio  of  admissions  per 
thousand  strength  for  all  forms  of  venereal  disease  in  the 
principal  armies  of  the  world,  compiled  from  the  most 
available  and  reliable  data : 
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73.46 
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44 

R79 
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44  6 

69 

.53.1 

36 

76.73 
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409.9 

1893 

4fl8 

64.5 
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93.3 

45.8 

73.08 
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466 

1894 

40  9 

B4.8 

92 

54.3 

80.40 
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511.4 

1895 

84.8 

48.1 

73.70 

173.8  1  522.3 

*In  the  case  ot  Germany,  1873-74,  1874-75,  and  so  on. 
+  Bosnia  and  Herzegovina  were  occupied  in  this  year. 
t  Compulsory  examination  ot  prostitutes  abandoned. 
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Among  European  armies  Germany  has  by  far  the  low- 
est rate.  Russia  and  France  come  next,  then  Austria- 
Hungary,  tlien  the  home  army  of  Holland,  then  Italy. 
No  continental  aimy  included  in  the  above  comparison 
has  .so  high  a  rate  as  that  shown  by  the  United  States 
army — and  with  xis.  moreover,  the  actual  prevalence  of 
venereal  disease,  through  its  concealment  to  a  consider- 
able extent  by  the  men,  is  probably  greater  than  the  re- 
turns indicate.  The  small  amount  of  these  diseases  in 
the  army  of  Japan  is  noticeable. 

In  all  the  above  armies,  with  the  exception  of  those  of 
Great  Britain  and  the  United  States,  some  special  regula- 
tions are  in  force  for  preventing  the  spread  of  venereal 
disease.  These  generally  consist  of  weekly  or  fortnightly 
examination  of  the  men  for  the  detection  of  venereal  dis- 
ease, non-commis.sioned  officers  and  married  men  being  in 
some  services  exempted,  together  with  registration  and 
periodical  examination  of  all  women  ascertained  to  be 
leading  a  life  of  prostitution.  In  the  Italian  army,  reg- 
ulations of  this  latter  kind  were  relaxed  in  1888. 

In  the  case  of  most  of  the  above  armies  the  comparison 
may  be  carried  into  further  details  as  follows : 

Mean  annual  admission  Rate  per  1,000  for  Three  Tears,  1890-92. 
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In  these  three  years,  then,  the  German  army  had  scarcely 
more  than  one-thirty -second,  and  no  Euro]iean  army  had 
as  much  as  one-eleventh,  of  the  amount  of  sj'philis  which 
devastated  the  British  troops  in  India.  The  Dutch  troops 
in  the  East  Indies,  with  an  exceedingly  high  ra  te  of  vene- 
real disease  generally,  did  not  suffer  from  syphilis  one- 
third  as  much  as  did  the  white  soldiers  of  the  IBritish  In- 
dian service;  in  which  the  rate  has  risen  rapidly  since  the 
period  included  in  t  he  above  comparison,  while  at  the  .same 
time  it  has  materially  declined  in  the  Dutch  East  Indies. 

Si/p7iilis. — Figures  with  regard  to  syphilis  are  of  par- 
ticular importance  as  directh'  bearing  upon  the  military 
efficiency  of  an  arm}'.  The  disease,  even  at  best,  seri- 
ously undermines  the  constitution  and  renders  the  soldier 
at  all  times  less  resistant  to  invasion  by  acute  disease  and 
to  its  fatal  termination.  Even  in  many  cases  ultimately 
returned  to  duty,  the  men  ha\e  frequently  been  in  hospi- 
tal for  considerable  periods  and  are  prone  to  later  mani- 
festations from  a  temporarily  latent  infection.  In  such 
instances  the  state  has  not  only  paid  the  man  for  the 
time  he  was  unfitted  for  dut}',  but  receives  back  a  doubt- 
full}'  efficient  soldier,  extremely  liable  to  break  down 
under  the  fatigue  and  privations  of  field  service. 

The  prevalence  of  constitutional  syphilis  in  the  United 
States  army,  during  the  past  thirty  years,  has  been  as 
follows : 


Tear. 

Admissions 
to  hospital  per 
l.OOn  strength. 

Year. 

Admissions 
to  hospital  per 
1.000  strengtli. 

1868 
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97 
69.4 
67.7 
60.3 
.55.7 
47.3 
60 
.59.6 
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47.7 
44.3 
49.4 
47.6 
40.1 

1883 

35.6 

1869 

1884 
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1885 

24  8 

1871 

1886 

223 

1872 
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1874 
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1888 

1889 

22.9' 
22  2 
22 

1875 
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19.7 

1876 

1891 

14  7 

1877 

1892 

16 
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1893 

13  6 

1879 

1891 

141 

l.ssn 

1895 

11.1 

1881 

1896 

10.9 

1882 

1897 

12 

During  the  year  1898  the  admissions  for  this  cause  were 
only  10  per  thousand. 

As  is  seen  by  the  above  figures,  syphilis  has  apparently 
diminished,  during  the  past  thirty  years,  to  one-tenth  of 
the  amount  existing  in  1868.  Wliile  it  is  probable  that  a 
certain  proportion  of  this  reduction  is  due  to  a  more  ac- 
curate differentiation  between  the  hard  and  soft  venereal 
sores,  the  fact  nevertheless  remains  that  the  reduction  in 
syphilis  has  been  not  only  great  but  steadily  progress- 
ive. 

In  the  various  armies  on  the  European  continent  the 
tendency  appears  to  be  rather  toward  a  reduction  than 
an  increase  of  syphilitic  infection:  but  in  the  British  army 
at  home,  and  particularly  among  the  British  troops  in  In- 
dia, a  serious  feature  of  recent  years  has  lieen  the  dispro- 
portionately great  increase  in  the  amount  of  primary  and 
secondary  forms  of  this  disease.  This  growth  was  not 
great  prior  to  1884.  when  the  Contagious  Diseases  Act 
was  revoked,  but  since  that  time  the  advance  has  been  so 
extensive  and  rapid  as  to  be  appalling.  In  the  follow- 
ing tables  the  rapid  development  of  syphilitic  disease 
among  the  British  troops  in  India  is  well'shown;  though 
figures  for  primary  syphilis  cannot  be  given  for  the 
period  prior  to  1887,  as  the  hard  chancre  was  not  re- 
quired to  be  differentiated  from  the  non-syphilitic  sore 
until  that  year,  and  then  only  in  part: 

Secoxdart  Syphilis,  Ratio  of  admission  per  1,000  Strength. 
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1887.... 
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29.4 

1892 

102.6 

57.8   ■ 

1888. . . . 

72.1 

32.4 

1893 

129.3 

61.6 

1889. . . . 

1W.3 

51.2 

1894 

173 

74.6 
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135.6 

66.3 

18» 

174.1 

84.9 

1891.... 

104 

60 

In  1893,  of  the  British  troops  in  India,  venereal  disease 
caused  466  admissions  per  thousand  strength.  No  less 
than  2,619  men,  or  equivalent  to  more  than  two  regi- 
ments, remained  constantly  in  hospital  throughout  the 
year  from  this  cause.  Each  case  required  treatment,  on 
an  average,  for  thirty  days,  and  the  average  rate  of  non- 
efficiency  for  each  British  soldier  in  India  was  twelve 
daj's  lost.  The  admissions  for  syphilis  alone  were  275 
per  thousand.  Of  70,642  British  soldiers  serving  in  In- 
dia on  the  15th  of  .luly,  1894,  19,892,  or  28  per  cent,  had 
been  admitted  to  hospital  for  syphilis  since  their  arrival 
in  India:  and  only  26,247  men,  or  37  percent.,  had  never 
suffered  in  or  out  of  India  from  any  venereal  disease.  Of 
the  13,000  soldiers  who  returned  to  England  from  India 
in  1894,  over  60  per  cent,  are  reported  as  having  suffered 
from  some  form  of  venereal  disease.  In  189.5,  an  average 
of  4.5  men  per  thousand,  or  3,200  of  a  total  force  of  71,- 
031  British  soldiers  in  India,  were  constantly  in  hospital 
for  venereal  disease.  But  these  figures  by  no  means  rep- 
resent the  total  amount  of  inefficiency  due  to  this  cause. 
Man}'  cases  of  secondary  syphilis,  in  the  British  service, 
hai'e  in  the  last  few  years  been  treated  by  hj'podermic 
injection  of  mercury  without  admission  to  hospital,  and 
do  not,  therefore,  figure  in  the  returns:  while  a  large 
number  of  men  who  have  been  discharged  from  hospital 
as  nominall}-  cured  are  fit  for  service  only  under  peace 
conditions.  Among  5,822  men  detailed  for  field  service 
with  the  Chitral  relief  force,  462,  or  nearly  8  per  cent., 
had  to  be  rejected,  prior  to  military  operations,  for  exist- 
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ing  venereal  infec- 
tion ;  379  more,  or  an 
additional  4.5  per 
cent. .had  subsequent- 
ly to  be  transferred 
from  the  field  hospi- 
tals to  the  base  for 
the  same  cause.  On 
a  basis  of  8  per  cent, 
rejected  before  start- 
ing on  field  service, 
and  4.5  per  cent, 
more  subsequently 
invalided  for  disease 
contracted  before 
crossing  the  frontier. 
8,880  men  out  of 
the  total  British  In- 
dian force  of  71,031 
would  have  to  be  put 
down  as  useless,  from 
this  one  cause,  for 
field  operations.  The 
report  of  the  Depart- 
mental  Committee 
says :  "In  1895  vene- 
real disease  attacked 
the  British  troops  in 
India  to  an  unprece- 
dented extent.  Out 
of  the  enormous  total 
of  523  cases  of  vene- 
real per  thousand 
troops,  syphilis  con- 
tributed nearly  one- 
balf,   i.e.,    259    cases 

per  thousand,  a  figure  many  times  greater  than  the  high- 
est of  which  we  can  find  any  record  in  the  statistics  of 
continental  armies  for  recent  years  either  at  home  or 
abroad.  Venereal  disease  caused  more  than  one-third  the 
total  amount  of  sickness  from  all  causes,  the  constant  dis- 
ablement of  8,200  men  out  of  a  total  force  of  71.000  and  a 
vast  amount  of  partial  disability  and  unfitness  for  any 
but  routine  duties."  In  the  mountain  campaign  of  1897. 
it  is  stated  that  out  of  an  actual  strength  of  16.600  British 
troops  on  active  service,  492,  or  3  per  cent.,  were  incapac- 
itated during  the  campaign  from  venereal  disease.  The 
16,600  troops  in  the  field  were  drawn  from  a  force  of 
■21,439  men.  Of  these,  989  were  rejected  as  unfit  for  ac- 
tive service  on  account  of  venereal  disease.  Hence  1,481, 
or  nearly  7  per  cent,  of  the  total  strength,  were  disquali- 
fied for  service  through  this  cause. 

As  illustrating  the  constantly  increasing  proportion  of 
venereal  diseases,  among  British  troops  in  India,  as  com- 
pared with  all  affections  of  a  non- venereal  character,  the 
following  figures  are  of  interest: 

Mean  Admission  Rate  for  Non-Venereal  Diseases. 
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Fig.  1(193.— Chart  Illustrating  the  Admissions  for  Venereal  Diseases,  per  1,000  Strength,  among  British  Troops  In 
India,  1860-95.  1,  All  venereal  diseases;  2,  all  venereal  ulcers,  primary:  3,  primary  syphilis,  proper  (1887-95 
only);  4,  secondary  syphilis.     (From  report  of  Royal  Sanitary  Commission.) 
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In  this  service,  also,  the  present  greater  virulence  of 
Tenereal  disease,  as  compared  with  former  periods,  is  at- 
tested by  a  longer  average  duration  of  treatment  and  by 
an  increase  in'the  numbers  of  invalidings  and  deaths 
due  to  venereal  disease,  as  shown  in  the  following 
table : 
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Year. 

Average  duration 

of  each  case  of 

venereal  disease. 

Days. 

Ratio  of  men  dis- 
charged for  vene- 
real disease  to  total 
number  discharged. 
Per  cent. 

Ratio  of  deaths 

due  to  syphilis  to 

total  deaths. 

Per  cent. 

25.93 
25.68 
28.39 
29.07 
29.50 
29.01 
29.82 
30.77 
31.49 

3.0 
7.7 
7.2 
6.3 
10.9 
9. 
3.7 
10.3 
15.8 

0.1 

1SK8 

l.Kh9 

.4 
.5 

ISW) 

1891 

\mi 

I8!B 

1.S84 

1895 

.6 
.3 
.8 
.5 
.4 
1.5 

As  showing  the  extraordinary  prevalence  of  syphilis  in 
the  British  army  as  a  whole  it  is  of  interest  to  note  that, 
according  to  Longuet,  this  disease,  in  1888,  was  fifteen 
times  more  prevalent  among  British  than  among  French 
soldiers ;  while  for  the  year  1896  the  number  of  constantly 
sick  from  this  cause,  per  thousand  strength,  was  14.22 
in  the  British  service  and  only  1.29  in  the  United  States 
army. 

Itis  probable  that  there  is  less  syphilis  among  the  sol- 
diers of  the  various  European  nations,  excluding  Eng- 
land, than  exists  among  the  tinmarried  male  civilians  of 
the  same  class,  since  tiiose  which  appear  to  be  severely 
infected  with  constitutional  disease  are  promptly  dis- 
charged from  the  military  service. 

In'the  United  States  service,  gonorrhoea,  in  contradic- 
tion to  syphilis,  has  been  steadily  on  the  increase  for  the 
past  fifteen  years ;  thus  showing  that  there  has  been  no 
improvement  in  the  morals  of  the  United  States  soldiers 
as  regards  chastitv.  In  1885.  the  admission  rate  for  this 
cause" was  37.76  per  thousand,  while  in  1897  the  rate  was 
56.21  per  thousand.  For  the  year  1896  the  number  con- 
stantly sick  from  this  cause  in  the  British  service  was 
9.15,  as  compared  with  3.22  in  the  United  States  army 
for  the  same  period.  In  1890  the  admissions  for  gonor- 
rhoea, per  thousand  strength,  were  37.9  for  the  French 
army. 

In  the  latter  service,  according  to  Marvaud,  venereal 
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disease  of  all   varieties  has  steadily  diminished,  as  fol- 
lows: 

Admissions 
Period.  per  1.000 

strength. 

1862-69 106 

1872-79 74 

1880-88 55 

1889-90 45 

Causes  Affecting  the  Prevalence  of  Venereal  DiseaM 
ntiionr;  Soldiers. — The  influence  exerted  by  race  upon  the 
prevalence  of  venereal  disease  is  undoubtedly  not  suffi- 
ciently appreciated  by  medical  officers.  A  marked  dif- 
ference in  this  respect  exists  even  among  the  various 
armies  of  Europe,  where  similar  measures  of  prophylaxis 
against  venereal  infections  are  in  vogue;  but  it  is  when 
tiie  rates  for  Asiatic  forces  are  compared  with  those  for 
white  troops  serving  under  the  same  conditions  that  the 
gi-eatest  difference  is  observed — this  being  particularly 
the  case  with  reference  to  syphilis.  It  is  undoubtedly 
true  tliat  this  latter  disease,  introduced  only  compara- 
tively recently  among  the  wliite  and  negro  races,  commits 
far  greater  ravages  among  those  in  which  it  has  not  long 
prevailed  than  among  peoples  who  have  acquired  a  com- 
parative immunity  to  the  affection  transmitted  through 
a  syphilized  ancestry  extending  through  scores  of  gener- 
ations. It  appears  to  be  true,  also,  that  certain  races 
possess  in  large  degree  peculiar  powers  of  resistance  to 
gonorrhoeal  infection ;  a  quality  long  since  demonstrated 
to  exist  in  certain  individuals  of  even  the  most  suscept- 
ible peoples.  The  following  table,  taken  from  the  report 
of  the  commission  investigating  the  prevalence  of  vene- 
real diseases  among  the  British  troops  in  India,  well 
shows  the  great  difference  in  the  admission  rates  for 
Europeans  and  Asiatics  in  respect  to  venereal  disease: 

Ratio  per  1,000  Strength. 


Dutch  Army  in  the 
East  Indies. 

ENGLISH  Army  in  India. 

Year. 

European 
Troops. 

Asiatic 
Troops. 

British 
Troops. 

Native 
Troops. 

■S 

1 

1 

Si 

'IJ 

>T5 

1890 

1891 

153.9 
43 

U 
40 
37 

43.6 

483.9 

413 

4t0.9 

370 

410 

434.7 

11.0 
11.6 

9.7 

8 

7.8 

9.6 

248.0 

243.6 

223.5 

218 

191.8 

225 

301.9 

164 

160.4 

190.9 

247.6 

195 

503.6 

400.7 

409.9 

4««. 

511.4 

458.3 

18.3 
16.3 
17.1 
17.9 

17.7 

17.4 

41.1 
37.9 

1892 

39.(i 

1893 

36.4 

1894 

32.3 

MeanforSyeais 

37.5 

From  this  it  is  seen  that,  in  the  Dutch  East  Indies,  Asiatic 
troops  suffer  f  i<im  all  venereal  diseases  slightly  more  than 
one-half  as  much,  and  from  syphilis  but  about  one-fourth 
as  much,  as  do  Europeans.  In  the  British  forces  in  India 
the  native  troops  do  not  suffer  from  venereal  disease  one- 
twelfth  as  much,  nor  from  syphilis  one-eleventh  as  much, 
as  the  white  troops.  It  is  probable  that  in  India  caste 
feeling  lielps  to  deter  the  native  soldier  from  consorting 
with  the  lowest  and  most  dangerous  class  of  prostitutes, 
but  his  great  freedom  from  venereal  disease  can  be  ex- 
plained only  on  tlie  ground  of  racial  insusceptibility.  It 
is  of  interest  to  note  that  wliile  the  admission  rate  for  Brit- 
ish troops  in  India  has  more  than  doubled  since  1881, 
among  the  native  troops  there  has  been  no  appreciable 
increase.  An  inference  which  may  be  legitimately  drawn 
from  this  fact  is  that  venereal  disease  has  not  increased 
to  any  remarkable  extent  among  the  loose  women  of  the 
country  generally,  but  that  among  the  class  with  whom 
the  Britisli  soldier  ass<iciates  there  has  been  an  increase 
out  of  all  proportion  to  tlieir  numbers  directly  as  a  result 
of  such  relations;  botli  the  native  women  and  the  British 
soldiers  presenting  rates  far  in  excess  of  their  racial 
normals.  As  between  whites  and  negroes  the  greater 
resistance  to  venereal  infection  lies  with  the  former, 
probably  through  a  longer  exposure  to  the  processes  of 
immunization  through  heredity.      Comparative  figures 


for  these  two  classes  in  the  United  States  service,  for  all 
venereal  diseases,  are  as  follows; 


Tear. 

Admission  rate 

per  1,000  strength. 

Whites. 

Admission  rate 

per  1,000  strength. 

Colored. 

Admissions 
per  1,1X10  strength 
for  entire  army. 

1884 

75.00 
80.00 

72.13 
78.08 
84.86 
73.02 
70.61 
75.71 
74.94 
82.21 
75.57 
80.04 
81.80 

75.89 

101.00 
76.00 

■■95.^ 
98.51 
82.75 

105.39 
80.18 
86.94 
49.00 
47.46 
52.26 

m.S3 

114.60 
78.48 

78  00 

1885 

80.00 

1886 

74  37 

1887 

74.37 

1888 

80.07 

1889 

84  66 

1890 

75.21 

1891 

73.46* 

1893 

76.r2  * 

1893 

73.08* 

1894 

80.43* 

1895 

73.73 

1896 

78.08 

1897 

Decade    1886- 
95 

84.59 
• 

76.33* 

*  Including  Indian  troops. 

No  satisfactory  explanation  of  the  sudden  and  marked 
reduction  of  the  admission  rates  for  the  colored  troops 
for  the  years  1893-96  can  be  offered.  The  experience  of 
the  British  in  the  West  Indies  shows  a  higher  percentage 
of  venereal  disease  among  colored  troops  than  among 
white  soldiers,  syphilis  being  more  than  twice  as  com- 
mon among  the  former  as  among  the  latter. 

Another  point  well  worthy  of  careful  consideration  is 
found  in  tlie  fact  that  venereal  infection,  particularly  of 
a  syphilitic  nature,  appears  to  take  place  more  certainly 
and  to  assume  a  much  more  severe  character  when  rela- 
tions are  entered  into  between  individuals  of  different 
racial  characteristics  tlian  when  both  are  of  the  same  na- 
tionality ;  the  aliens  suffering  in  this  respect  to  a  greater 
degree  than  the  resident  population.  It  would  almost 
seem  as  if  there  were  localized  varieties  of  venereal  dis- 
ease the  product  of  special  environment,  to  one  of  which  a 
race  might  be  relatively  insusceptible,  although  at  the 
same  time  falling  an  easy  prey  to  tlie  allied  diseases  pre- 
vailing among  peoples  of  other  countries.  Troops  quar- 
tered among  an  alien  but  not  entirely  hostile  population 
almost  invariably  suffer  worse  in  respect  to  venereal  dis^ 
ease  than  those  at  home.  In  the  Austrian  army  a  large 
increase  in  such  diseases  followed  the  occupation  of  Bos- 
nia-Herzegovina in  1878;  the  French  troops  in  Algiers  are 
more  affected  with  venereal  disease  than  those  in  France, 
and  the  same  is  true  to  a  marked  degree  in  tlie  case  of  the 
British  troops  in  India  and  those  of  the  Dutch  in  Java. 
In  speaking  of  the  native  troops  stationed  in  Bengal,  it 
has  been  said  with  respect  to  venereal  diseases  that  the 
"  Gurkhas,  being  foreigners,  have  higher  rates  than  other 
native  troops."  These  conditions,  however,  do  not  obtain 
when  a  command  is  moving  or  during  campaign.  The  fol- 
lowing tables  well  illustrate  the  points  just  advanced; 

Amount  of  Venereal  Disease  Among  French  Troops  in  France 
AND  in  Algeria,  Compared.    tAdmissions  per  1,000  strength.) 


Troops  in  France. 

FRENCH  Troops  in 
Algeria. 

Year. 

0 

I 

.2 

0. 

.a 

'.J 

1 

i.sna 

8.3 
8.4 
7.4 

5.6 
5.8 
5.3 

27.4 
25.3 
23.5 

41.3 
39.5 
36.1 

15.0 
1.5.0 
13.2 

11.9 
12.1 
11.4 

28.6 
32.5 
26.6 

55.5 

1893 

60.6 

1894 

51.2 

admissions  per  1.000  strength.  for  the  decade  1.s87-96, 
British  Troops  in  India  and  at  Home  Stations. 


Disease. 

British  army  on 
the  home  stations. 

British  army  in 
India. 

Primary  syphilis 

Secondary  syphilis 

Gonon'hoea 

59.2 
35.9 

86.2 

127.5 
62.2 
176.3 
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Amount  of  Venereal  Disease  among  the  Dutch  Troops  at 
Home  and  in  the  East  Indies  compared.  (AdmissioDsper  1,000 
.<!trength. ) 


Froops 

ABROAD. 

At  Home. 

European 
Troops. 

Asiatic. 
Troops. 

Tear. 

1 

1 

.22 

1 

=  11 

s 

a. 

1^1 

a  a,  a 

^ 

S 

18851 

1886 

1887  t 

1888 

1889  J 

1890 

1891 

1892 

1893 

18M 

No  r 
the 

13 

18 

13.4 

10.8 

13.3 

eturn 
se   ye 

83 

42A 

39.7 

do 

41 

s  for 
ars. 

96 

60.4 

53.1 

46.8 

54.3 

58.9 

60 

61.8 

53 

49.8 

53.9 

43 

44 

40 

37 

335.0 

411 

447.7 

384 

417.6 

430 

399 

396,9 

330 

379 

393.9 

471      < 

509.5 

437 

467.4 

483.9 

443 

440.9 

370 

416 

15.7 

15 

16.3 

12.9 

12.6 

11 

11.6 

9.7 

8 

7.8 

188.0 

143 

221 

203 

2.W 

237 

233 

213.8 

310 

184 

203.7 

1.58 

237.3 

315.9 

366.6 

248 

243.6 

223.5 

218 

191.8 

Climate  also  appears  to  influence  the  prevalence  of 

venereal  disease,  as  well  as  its  intensity  and  character;  a 
tropical  climate  appearing  to  lower  the  vital  resistance  as 
regards  invasion  by  venereal  infection,  to  induce  disease 
of  unusually  severe  type,  and  to  cause,  in  syphilis,  the  de- 
termination of  superficial  rather  than  deep-seated  lesions. 
The  araoiiiit  of  venereal  disease  also  bears  a  close  relation 
to  the  age  of  the  soldiers;  young  men,  and  particularly 
young  recruits,  being  especially  liable  to  such  disease. 
The  proportion  of  married  men  among  the  troops  natu- 
rally exerts  a  marked  influence  on  the  occurrence  of  such 
affections;  figures  for  the  British  army  in  India,  for  the 
years  1867-72,  showing  that  the  percentage  of  admissions 
for  venereal  di.sease  among  marrieil  men  was  one-fiftieth 
.of  the  percentage  for  the  unmarried.  As  might  have  been 
expected,  recent  investigations  in  the  British  service  in 
India  show  that  cases  of  venereal  disease  are  much  less 
numerous  among  abstainers  than  among  those  habituated 
to  the  use  of  alcoholics.  In  the  French  army,  during  the 
year  1887,  it  was  found  that  the  amount  of  venereal  dis- 
ease for  each  garrison  depended  directly  upon  the  amount 
of  clandestine  jirostitution;  the  prevalence  of  these  affec- 
tions varying  directly  with  the  rigor  with  which  surveil- 
lance of  prostitutes  is  maintained.  According  to  von 
Tophy,  the  relative  venereal  morbidity  in  the  armies  of 
AiLstria,  Germany,  France  and  Italy  "bears  a  close  rela- 
tionship to  the  prevalence  of  this  class  of  diseases  among 
the  civilians  in  the  district  in  which  the}^  are  quarterect, 
and  hence  all  measures  for  the  restriction  of  the  disease 
should  primarily  be  applied  to  the  civil  population.  The 
amount  of  venereal  disease  also  depends,  according  to 
Jeannel,  upon  the  virulence  of  the  type  of  the  affection 
as  found  in  foreign  countries,  and  upon  the  facility  of 
communication  with  the  civil  classes. 

Meamres  Looking  to  the  Diminution  of  Venereal  Disease 
among  Troops. — Since  no  systematic  attempt  has  been  off! 
cially  made  for  this  end,  within  the  limits  of  the  United 
States,  through  the  control  of  prostitution  in  its  relations 
to  our  military  service — save  at  Memphis  and  Nashville, 
during  the  Civil  War,  —it  is  necessary  to  turn  for  data  on 
this  subject  to  the  ample  experience  of  other  nations.  In 
our  small  armj-,  containing,  as  it  has  in  the  past,  a  large 
proportion  of  man-ied  soldiers  and  scattered  in  small  de- 
tachments over  a  vast  territory,  the  necessity  for  the  re- 
striction of  venereal  disease  among  troops  through  the 
control  of  prostitution  has  not  been  markedly  manifest; 
and  the  execution  of  such  restrictive  measures  would  in- 
deed have  been  impracticable  at  home  stations.  With  the 
altered  conditions  and  changed  moral  and  social  environ- 
ment wliich  have,  however,  resulted  from  recent  acquisi- 
tion of  foreign  territory  and  contact  with  alien  races,  the 
subject  at  once  assumes  a  vast  importance,  believing,  as  we 
must,  that  the  experience  of  the  United  States  as  regards 
the  occurrence  of  venereal  disease  among  troops  will  not 
be  greatly  different  in  this  respect  from  that  of  England, 
Prance,  Holland,  and  other  countries  holding  tropical  col- 


onies. That  we  may  profit  in  the  future  from  their  mis- 
takes of  the  past,  and  treat  this  matter  forcefully,  practi- 
cally and  with  an  absence  of  sentiment,  is  much  to  be 
desired,  but,  in  view  of  the  varying  political  conditions 
controlling  the  policy  of  a  republican  form  of  government, 
this  is  a  result  which  is  scarcely  to  be  anticiiiatcd. 

On  examining  the  figures  given  in  the  British  Army 
Medical  Department  Report  for  1883,  as  illustrating  the 
influence  of  restrictive  legislation  in  England  upon  the 
prevalence  of  venereal  disease,  the  fact  which  chiefly  at- 
tracts the  attention  is  the  enormous  difference  between 
the  number  of  admissions  for  primary  syphilis  in  the 
districts  in  which  iirostitution  was  regulated  as  compared 
with  the  admissions  in  the  stations  not  under  tiie  Conta- 
gious Diseases  act.  In  the  former  the  average  annual 
rate  for  a  period  of  thirteen  years  was  50  per  thou,sand ; 
in  the  latter  the  admission  rate  was  118  per  thousand. 

The  following  table  gives  the  total  admissions  for  pri- 
mary syphilis  and  the  average  strength : 

Average   Strength    and   Total   Admissions   for   Primary 
Syphilis,  1870-^. 


Fourteen  stations  under  the 
act. 

Average  strength 47,394 

Total  admissions 31,105 


Fourteen  stations  not  under 
the  act. 

Average  strength 19,218 

Total  admissions 29,583 


If  these  figures  be  compared,  it  is  observed  that  if  in  the 
subjected  stations  the  ratio  of  admissions  had  been  the 
same  as  for  those  not  under  the  act,  the  total  admissions 
for  primary  .syphilis  would  have  been  73,9.52.  It  is  thus 
obvious  that  41.848  men  were  prevented  from  contracting 
the  worst  form  of  venereal  disease,  in  this  one  grou]3  of 
stations,  owing  to  the  enforcement  of  the  provisions  of 
the  Contagious  Diseases  act.  The  number  constantly  in 
hospital  for  primary  syphilis  was  only  3.97  per  thousand 
in  the  group  under  the  act,  while  in  the  group  in  which 
regulations  were  not  in  force  it  was  9.16  per  thousand. 
The  actual  number  constantly  in  hospital  in  the  subjected 
group  was  188,  but  if  it  were  in  the  same  proportion  as 
in  the  group  not  under  the  act,  the  amount  would  have 
been  434;  it  is  therefore  evident  that  there  was  a  daily 
saving  of  246  men  from  being  sick  in  hospital  with  pri- 
mary syphilis.  In  May,  1883,  the  act  was  practically 
done  away  with,  the  compuLsory  examination  of  prosti- 
tutes having  then  ceased  ;  and  the  following  tables  are  of 
interest  as  showing  the  disastrous  results  of  interfering 
with  .such  an  essential  regulation: 

Constantly  in  Hospital  per  1,000  Strength,  Primary  Syphilis. 


Tear  or  Period. 

Group  of  stations 
under  the  act. 

Group  of  stations 
not  under  the  act. 

1870-82 

3.97 

j|fj{- Act  modified 

916 

1883 

15.81 

1884 

14.01 

ADMISSIONS  to  Hospital  per  1,000  Strength,  Primary  Syphilis. 

Year  or  Period. 

Group  of  stations 
under  the  act. 

Group  of  stations 
not  under  the  act. 

1870-82 

50 

Jg^j- Act  modified 

118 

1883 

188 

1884 

160 

Browning  has  compared  the  admissions  for  primary 
syphilis,  in  the  j-ear  1873,  at  Chatham-Sheerness  and  Lon- 
don, one  subjected  to,  and  the  other  not  under,  the  act; 
the  average  strength  of  each  being  about  4.000  men  and 
the  places  not  far  apart.  Forthe  former  station  the  admis- 
sions for  this  cause  were  only  17  per  thousand  for  the  period 
mentioned,  while  for  London  the  admissions  were  187  per 
thousand.  Before  the  act  came  into  force  the  admissions 
at  Chatham-Sheerness  were  94  per  thousand  (average  of 
1860-66V  Prom  1867  to  1882  the  rate  was  only  49  per 
thousand.    On  abolishing  the  compulsory  examination  of 
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prostitutes  the  i-alio  for  primary  syphilis  rose,  in  1884. 
to  141  per  thousand.  The  average  for  London  for  1867 
to  1882,  not  under  the  act,  was  181  per  thou,sand. 

Tlie  effect  of  tlie  Contagious  Diseases  act  in  tlie 
United  Kingdom  in  the  numbei'  of  admissions  for  gonor- 
rhtea  was  not  so  niarlied  as  in  tlie  case  of  primary  syph- 
ilis ;  the  ratio  of  admissions  for  this  cause  was  84  per 
thousand  in  the  subjected  group,  while  in  the  stations 
not  under  the  act  the  ratio  was  105  per  thousand.  It  is 
computed,  however,  that  the  act  prevented  about  12,000 
cases  of  gonorrhoea  during  the  period  1870-82  at  the  four- 
teen stations  where  the  regulations  were  in  force. 

Previous  to  1885,  in  the  British  service  in  India,  lock 
Iiospitals  had  been  e.stablished  for  the  treatment  of  women 
suffering  from  venereal  diseases.  All  prostitutes  living 
in  cantonments  were  registered  and  subject  to  medical 
examination.  In  many  cases  special  quarters  were  al- 
lotted to  them  in  regimental  or  cantonment  bazaars,  and 
women  evading  the  rules  were  subject  to  ejectment  from 
cantonments.  In  that  year  the  Indian  Government  de- 
cided that  a  certain  number  of  these  lock  hospitals  should 
be  closed,  with  a  view  to  a  comparison  being  made  of 
the  results  at  these  stations  and  at  protected  stations.  In 
1887  the  results  obtained  showed  that  there  had  been  a 
marked  and  progressive  increase  of  venereal  disease  at 
stations  in  which  the  lock  hospitals  had  been  closed,  and 
the  percentage  of  disease  compared  most  unfavorably 
with  the  percentages  at  the  stations  at  which  these  insti- 
tutions had  been  maintained.  The  hospitals  previously 
closed  were  directed  to  be  re-opened,  but  in  1888  all  control 
over  prostitution  In  India  was  done  away  with  bj'  an  act 
of  Parliament.  Since  1887,  the  last  full  \'ear  of  the  protec- 
tive system,  there  has  been  an  advance  of  primary  venereal 
disease  of  137  per  cent.,  and  of  secondary  disease  of  188 
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Tig.  1(KW.— Chart  Showini?  the  Influence  of  Laws  Refrulatinp;  Prostitution  in  the  Rohilk- 
band  District,  India,  and  Cape  Town.  South  Africa,  upon  the  Admissions,  per  Thou- 
sand StrenRth,  for  Pninary  and  Secondary  Syphilis,  from  the  British  Troops  Stationed  at 
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regulations.  18.H4-88.  averape  admissions,  371 :  Rohilkhand.  without  regulations.  1.SS9-97. 
average  admissions,  370:  Rohilkhand.  with  regulations.  1884-S8,  average  admissions, 
132;  Cape  Town,  with  regulations,  1889-97,  average  admissions.  168.     (After  Browning.) 


per  cent. ;  a  progressive  severity  of  cases  expressed  by 
an  average  stay  in  hospital  of  31.5  da3's  in  1895  as  com- 
pared with  26  in  1887,  and  a  temporary  inefficiency  of  the 
force  exemplified  by  the  fact  that  in  1895,  out  of  68,331 
men  in  cantonment  36,681  were  in  hospital  for  tlie  above 
average  period,  of  whom  22,702  were  suffering  from 


syphilis.  The  number  constantly  inefficient  from  venereal 
disease  was  3,164.  The  invaliding  from  this  cause  ad- 
vanced from  1.13  per  cent,  under  restrictive  measures  to 
5  per  cent,  in  the  statistics  for  1895.  In  regard  to  the  prev- 
alence of  venereal  disease  in  India  in  1894-95,  the  army 
sanitary  commission  wrote:  "The  results  of  experience 
in  India  since  1885,  when  a  number  of  lock  hospitals  were 
closed,  and  in  subsequent  years  when  all  restrictive  meas- 
ures were  gradually  removed,  show  that  a  progressive 
increase  of  venereal  diseases  has  taken  place  among  the 
British  troops  serving  in  India;  and  there  is,  tinfortu- 
nately,  no  assurance  that  this  increase  has  reached  its 
limits." 

In  the  year  1889  a  Contagious  Diseases  act  was  brought 
into  force  at  Cape  Town,  South  Africa,  and  in  the  same 
year  all  regulations  for  checking  the  spread  of  venereal 
disease  were  done  away  with  in  India;  so,  for  a  period 
of  eight  years  it  is  possible  to  compare  India,  minus  reg- 
ulations, with  Cape  Town  and  an  act  in  force.  For  the 
five  years  previous  to  the  act  coming  into  force  at  Cape 
Town,  the  average  admissions  for  primary  and  secondary 
syphilis  were  871  per  thousand  of  strength.  The  Rohilk- 
hand district  of  India,  for  the  years  1889-96,  had  just  the 
same  proportion  of  admissions,  viz.,  370  per  thousand, 
both  stations  not  being  under  a  Contagious  Diseases  act. 
For  the  nine  years  (1889-97)  during  which  the  act  was 
in  force  at  Cape  Town,  the  admissions  gave  an  average 
of  178  per  thousand;  Rohilkhand,  for  a  like  number  of 
years  (1880-88),  having  nearly  the  samenumber  of  admis- 
sions, 134  per  thousand,  both  stations  being  under  a  Con- 
tagious Diseases  act.  The  accompanying  chart  graphi- 
cally shows  the  influence  of  the  acts  upon  the  admissions 
for  syphilis  in  these  two  stations;  the  heavy  vertical  lines 
marking  the  abolition  of  all  restrictions  in  India,  this 
being  followed  by  an  immediate  and 
extraordinary  rise;  and  also  showing 
the  point  at  which  unrestricted  prosti- 
tution in  Cape  Town  came  under  official 
control,  a  remarkable  and  permanent 
decrease  resulting.  To  such  a  con- 
vincing argument  of  the  value  of  con- 
trolled prostitution  it  would  be  almost 
superfluous  to  add. 

Browning  states  that  previous  to  the 
Contagious  Diseases  act  coming  into 
force  at  Cape  Town,  venereal  diseases 
of  all  kinds  were  rampant,  and  the  ad- 
missions to  the  military  iiospital  from 
this  cause  appalling,  they  having 
reached  828  per  thousand  of  strength. 
At  no  other  region  where  British  troops 
were  stationed  did  the  admissions  reach 
such  proportions.  On  comparing  the 
admissions  to  hospital  for  venereal  dis- 
eases for  the  quinquennial  period  be- 
fore the  act,  and  the  years  following 
the  act,  a  vast  difference  in  the  total 
sick  with  venereal  disease  was  appar- 
ent. The  average  for  all  forms  of  ven- 
ereal disease  for  the  j-ears  1884-88  was 
674  per  thousand,  while  the  average 
for  the  years  1889-97  was  only  349. 
This  was  not  a  gradual  fall  which 
miglit  be  accounted  for  by  an  improve- 
ment in  morals,  but  a  sudden  descent 
from  828  per  thousand  in  1888  to  347 
jier  thousand  in  1889,  and  the  rate  is 
still  decreasing.  In  1896  it  was  only 
216  per  thousand. 

In  comparing  the  figures  for  all 
forms  of  venereal  disease  at  Cape 
Town,  it  appears  that  not  only  has  the 
number  of  venereal  cases  fallen  since  the  act  came  into 
force,  but  of  late  years  a  large  proportion  of  such  affec- 
tions consisted  of  milder  complaints.  These,  before  the 
act.  constituted  84  per  cent,  of  the  total;  for  the  eight 
years  subsequent  to  the  act  they  averaged  49  per  cent.  It 
is  interesting  to  notice  the  great  fall  in  the  admissions  fdr 


612 


J 


REFEREKCE  HANDBOOK   OF  THE  JEEDICAL  SCIENCES. 


Camp  Diseases. 
Camp  Diseases. 


constitutional  syphilis.  In  1888  the  ratio  for  this  disease 
was  309  per  thousand,  while  in  1896  it  was  onl_y  27  per 
thousand.  The  average  rate  for  the  quinquennial  period 
1884-88  was  137  per  thousand,  falling  to  51  per  thousand 
for  the  period  1889-97.  The  disease 
was  rapidly  increasing  when  no  regu- 
lations were  in  force,  but  twelve  mouths 
after  the  act  was  promulgated  the  num- 
ber of  attacks  fell  to  what  must  be  con- 
sidered a  satisfactory  ratio  imder  the 
circumstances,  and,  with  the  exception 
of  the  years  1893,  1894,  and  1895,  the 
figures  were  under  50  per  thousand. 

That  the  supervision  and  control  of 
prostitution  produce  a  beneficial  effect 
on  the  general  health  of  the  troops  at 
Cape  Town  is  evident  from  comparing 
the  total  admissions  per  thousand  of 
strength  for  all  forms  of  disease,  other 
than  venereal  disease,  before  the  act, 
with  the  admissions  after  the  act.  For 
the  five  years  previous  to  the  act,  the 
average  annual  rate  for  diseases  other 
than  venereal  affections  was  553  per 
thousand  of  strength,  while  for  the 
years  after  the  act  (1889-97)  the  ad- 
missions were  503  per  thousand,  a  fall 
of  about  10  per  cent. 

Browning  concludes  that  the  Con- 
tagious Diseases  act  of  the  Cape  of 
Good  Hope  lias  "been  the  means  of 
preventing  thousands  of  soldiers  in 
the  garrison  at  Cape  Town  from  being 
incapacitated  b_y  venereal  diseases,"  and 
that  "  the  men  who  still  contract  such 
complaints  .suffer  from  a  milder  form 
than  existed  prior  to  the  act  coming 
into  force."  He  believes  that  "  the  act  is  a  humane  one, 
relieving  the  sufferings  of  hundreds  of  prostitutes  and 
also  alleviating  the  distress  of  women  who,  though  not 
strumpets,  contract  venereal  disease." 

In  the  province  of  Piuar  del  Rio.  Cuba,  during  its  re- 
cent occupation  by  United  States  troops,  the  following 
order  was  published  and  enforced :  '"  Clandestine  prosti- 
tution will  not  be  tolerated.  Prostitutes  shall  be  regis- 
tered. They  shall  live  in  such  locations  as  are  indicated. 
Each  prostitute  shall  have  a  book.  In  this  her  name, 
age,  nationality,  and  address  shall  be  recorded.  She  shall 
be  examined  at  least  once  a  week  by  a  phjsician,  and 
the  examining  phjsician  shall  sign  the  book.  This  ex- 
amination shall  be  good  only  for  one  week.  Any  prosti- 
tute doing  business  when  her  book  is  not  signed  to  date 
shall  be  jiunislicd.  She  shall  not  change  her  residence 
without  the  permission  of  the  sanitary  inspector.  The 
proprietors  of  houses  of  prostitution  will  be  held  account- 
able for  the  condition  of  the  houses  and  of  the  inmates, 
also  for  the  orderly  conduct  of  those  living  in  or  visiting 
such  houses.  No  litjuor  shall  be  sold,  given  away,  or 
drunk  in  houses  of  prostitution.  Each  prostitute  will  be 
required  to  provide  the  means  necessary  for  securing  her 
own  and  her  visitors'  cleanliness.  Cases  of  venereal  dis- 
ease must  be  at  once  reported  to  the  health  inspector. 
When  venereal  disease  is  traced  to  any  particular  person, 
such  person  will  be  subjected  to  punishment."  As  to 
the  results  which  followed  the  enforcement  of  this  order, 
Kneedler  writes :  "  In  connection  with  the  matter  of  regu- 
lated prostitution,  this  command  has  been  in  Cuba  three 
months  and  numbers  three  thousand  men.  These  men 
have  free  access  to  the  towns.  I  have  not  been  able  to 
find  more  than  nine  men  who  have  contracted  venereal 
disease  in  the  Department  of  Pinar  del  Rio." 

In  the  report  concerning  the  sickness  among  the  British 
troops  composing  the  Dongola  expeditionary  force,  in 
1896,  the  chief  medical  officer  says:  "On  first  arriving 
at  Wady  Haifa  there  was  some  trouble  found  in  checking 
clandestine  prostitution.  There  were  a  large  number  of 
native  women  who  were  living  just  outside  the  English 
lines,  and  it  was  from  these  women  that  the  men  con- 


tracted disease.  There  was  a  licensed  brothel  under  su- 
pervision in  the  native  town  of  Wady  Haifa,  and  the 
women  there  were  periodically  examined.  Very  few 
cases  of  disease  were  contracted  there.     Stringent  police 
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Fig.  1095.— Admissions  lor  AH  Venereal  Diseases,  per  Thousand  Strength,  among  the  British 
Troops  at  Cape  Town,  Before  and  After  the  Regulation  and  OfHcial  Control  of 
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precautions  were  taken,  and  a  military  patrol  was  placed 
outside  the  camp  to  prevent  women  i'rom  coming  near, 
and  this  answered  so  effectively  that  after  a  few  weeks 
the  nuisance  was  almost  stopped  and  there  were  hardly 
any  admissions  afterward  for  venereal." 

For  the  period  1863-65  the  Italian  army  had  an  admis- 
sion rate  for  venereal  disease  of  130  per  thousand;  this 
falling  in  1874-76,  as  the  result  of  sauitaiy  inspection  and 
careful  control  of  prostitution,  to  66  ])er  thousand. 

Such  facts  as  are  given  above  may  be  greatly  multi- 
plied, and  there  can  be  no  doubt  that  the  intelligent 
regulation  of-  prostitution  results  in  a  great  decrease  in 
venereal  disease ;  this  is  to  be  accomplished  by  a  sj'stem  in- 
cluding careful  registration  and  surveillance  and  frequent 
official  medical  inspection.  The  latter  requirement  is  of 
the  greatest  importance,  a  fact  of  which  the  British  Sani- 
tary Commission  in  India  was  full_y  convinced  when  it 
reported:  "We  are  satisfied  from  the  evidence  that  the 
frequent  examination  of  women  is  the  most  efficacious 
method  of  controlling  the  disease."  These  examinations 
should  be  made  in  private,  and  only  in  the  presence  of 
official  examiners.  The  latter  may  be  females  who  have 
been  sufficiently  trained  for  the  intelligent  discharge  of 
this  duty.  JNIilitary  garrisons  attract  to  their  vicinity 
lewd  women  of  the  lowest  character,  and  largely  subjects 
of  venereal  affections.  Such  being  the  case,  great  care 
should  be  taken  to  prevent  loitering  or  importuning  by 
this  class  or  b}^  their  male  associates  within  the  limits  of 
the  command."  Particularly  in  the  tropics  it  is  desirable 
that  no  females  should  be  employed  in,  or  in  the  imme- 
diate vicinity  of,  the  barracks,  since  there  is  evidence  that 
such  women  are  frequently  the  source  of  aggravated 
forms  of  venereal  disease.  Clandestine  prostitution 
should  be  prevented  as  furnishing  a  high  rate  of  venereal 
disease.  Colin  noted  that  of  33  syphilitic  French  soldiers, 
14  were  infected  by  public  prostitutes  and  18  by  women 
employed  in  so-called  wine-shops.  All  public  prostitutes 
.should  be  segregated  within  well-defined  limits  as  re- 
gards residence  and  public  solicitation  severely  punished. 
Brief  printed  instructions  should  be  furnished  these 
women  as  to  the  dangers  and  prevalence  of  venereal  dis- 
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ease  and  the  importance  of  cleanliness  as  a  measure  of 
prophylaxis.  Next  to  medical  inspection,  it  is  probable 
that  care  in  maintaining  cleanliness  of  the  person  is  the 
most  important  factor  in  the  prevention  of  venereal  dis- 
ease; it  having  been  experimentally  determined  that  in- 
fection from  the  non-syphilitic  venereal  sore  may  usually 
be  prevented  by  a  thorough  cleansing  of  the  parts  with 
soap  and  water  if  done  within  ten  minutes  from  the  time 
of  exposure.  When  diseased,  such  women  should  be  at 
once  isolated  in  a  proper  institution.  Apart  from  the 
great  importance  of  such  action  upon  the  general  wel- 
fare, it  is  merely  a  matter  of  humanity  to  these  un- 
fortunates that  they  should  have  the  benelits  of  medical 
treatment,  with  rest  and  care  in  hospital,  until  tliey  are 
cured.  Obedience  to  these  regulations  should  be  en- 
forced by  police  authority,  and  public  exposure,  as  far  as 
the  occurrence  of  venereal  disease  is  concerned,  should, 
as  far  as  possible,  be  prevented.  It  should  not  be  for- 
gotten that  when  official  control  becomes  too  rigorous 
the  number  of  avowed  public  women  undergoes  diminu- 
tion, while  clandestine  prostitution  increases. 

The  large  amount  of  venereal  disease  occurring  among 
troops — a  condition  entirely  preventable  and  dependent 
upon  vicious  indulgences  on  the  part  of  the  .soldier — has 
led  many  to  suggest  the  institution  of  measures  calcu- 
lated to  prevent  its  occun-ence  through  the  imposition  of 
penalties  upon  those  offending  in  this  respect.  It  has 
been  suggested  that  those  incapacitated  for  duty  from 
this  cause  be  deprived  of  their  pay  while  rendering  no 
service  to  the  government;  that  their  privileges  be  re- 
stricted, or  that  confinement  l)e  imjiosed.  All  these  plans 
are.  however,  readily  defeated  by  the  concealment  of  the 
disease;  and  the  proper  imposition  of  punishment  for 
this  cause  could  be  made  only  with  the  assistance  of  a 
careful  system  of  inspection.  In  the  Frencli  service  a 
month's  imprisonment  was  at  one  time  imposed  upon 
every  venereal  case  after  discharge  from  hospital,  but 
this  led  the  men  to  conceal  their  di.seased  condition  from 
the  medical  officers  and  p'ace  themselves  in  the  hands  of 
empirics,  and  the  order  was  revoked.  It  is  certainly  sub- 
versive of  discipline  and  unjust  to  the  more  continent 
class  of  men  that  they  are  obliged  to  perform  the  extra 
duty  which  results  from  the  entrance  into  hospital,  as  a 
result  of  their  own  misconduct,  of  those  by  whom  such 
work  Should  rightfully  have  been  done.  Such  a  condi- 
tion of  atfairs  obviously  puts  a  premium  upon  participa- 
tion in  vice,  and  it  is  much  to  be  regretted  that  no  satis- 
factory method  for  its  punishment  has  as  yet  been  devised. 
Where  measures  for  the  control  of  prosritution  can  be 
carried  out,  the  soldiers  affected  with  venereal  disease 
should  be  required  to  state  where  and  from  whom  it  was 
contracted,  with  a  view  to  the  proper  segregation  and 
treatment  of  tlie  women  indicated.  In  the  British  ser- 
vice, however,  during  the  existence  of  the  cantonment 
laws.  Welch  states  that  some  difficulty  was  experienced, 
in  the  attempt  to  identify  the  source  of  venereal  infection, 
through  the  unwillingness  of  the  soldiers  to  expose  their 
co-partners  in  vice. 

Man}'  soldiers  affected  with  venereal  disease  hesitate  to 
declare  its  existence  through  the  official  publicity  neces- 
sarily given  to  all  cases,  and  through  reluctance  to  have 
their  names  entered  upon  the  records  in  connection  with 
diseases  of  this  character.  As  a  result  of  such  action  the 
condition  is,'  in  many  instances,  aggravated  either  by  be- 
ing left  without  treatment  or  by  the  employment  of  patent 
medicines  or  unskilled  advisers.  Where  venereal  dis- 
ease is  concealed,  the  offender,  if  detected,  should  be 
severely  pimished ;  and  where  su^h  practice  is  general  the 
system  of  weekly  inspection,  as  is  customary  in  England 
and  on  the  Continent,  may  have  to  be  employed.  This, 
in  tact,  has  lately  been  carried  oul:  ainong  certain  of  our 
regiments  in  the  trojiics.  It  should  be  thoroughly  under- 
stood by  the  men  that  it  is  greatly  to  their  interest,  in  the 
way  of  cure,  to  declare  the  existence  of  such  a  disease  as 
soon  as  its  appearance  is  noted.  To  further  assist  in  the 
accomplishment  of  this  object,  it  should  be  required  that 
all  non-commissioned  officers  knowing  of  the  existence 
of  cases  of  venereal  disease  in  their  troop  or  company 


should  be  held  responsible  for  the  prompt  appearance  of 
the  sick  men  before  a  medical  officer. 

It  would  certainly  be  of  advantage  to  the  military  ser- 
vice if  a  short  seiies  of  lectures  by  medical  officers  were 
required  to  be  delivered  annually  for  the  purpose  of  ac- 
quainting soldiers  with  the  grave  and  far-reaching  con- 
sequences that  are  likely  to  result  from  immoral  conduct, 
particularh-  from  clandestine  prostitution;  the  impor- 
tance of  early  treatment  and  the  dangers  of  concealment ; 
the  intractable  character  of  syphilis  and  the  necessity 
for  prolonged  medication;  the  dangers  resulting  to  the 
healthy  from  the  presence  of  concealed  venereal  disease 
in  barracks.  Such  lectures  would  be  of  .special  value  at 
recruiting  depots.  Chastity  should  be  inculcated.  The 
common  idea  that  celibacy  increases  sickness  and  mortal- 
ity should  not  be  encouraged,  since  although  many  single 
men  renounce  marriage  because  of  bad  health  or  disease, 
this  is  a  cause  not  met  with  in  the  army,  where  there  is  an 
enforced  cclibac)'  analogous  to  that  of  priests,  who,  al- 
though single,  live  as  long  as  married  men. 

Insanity  axd  SriciDE. — These  are  best  discussed  in 
this  connection,  since  they  are  largely  dependent  upon 
the  personal  habits  of  the  soldier,  particularly  in  relation 
to  alcoholism. 

Mental  diseases  have  undergone  a  considerable  diminu- 
tion in  our  service  during  the  past  few  years,  this  un- 
doubtedly resulting  from  the  greater  provision  officially 
made  for  the  intellectual  needs  and  recreation  of  the 
soldier,  together  with  the  withdrawal  of  troops  from 
small  isolated  posts  and  their  concentration  near  large 
centres  of  population.  The  following  figures  show  the 
rates  for  this  cause  for  a  period  of  thirty  years: 


Admissions 

Year. 

Admbsions 

Year. 

Admissions 

Tear. 

per  1.0(10 

per  l.aio 

per  l.noo 

strength. 

stren^h. 

strHngth. 

1868 

1.7 

1878 

1.5 

1888 

1.7 

1869 

1..5 

1879 

1.9 

1889 

1.3 

1870 

2.1 

1880 

2.1 

1880 

1.3 

1871 

2.0 

1881 

2.5 

1891 

1.5 

1873 

2.4 

1882 

2.8 

1892 

1.9 

187:^ 

2.2 

188-3 

3.0  • 

1893 

1.3 

1874 

1.8 

1884 

2.1 

1894 

.9 

1875 

2.2 

1885 

1.4 

18a5 

7 

1876 

1.4 

1886 

1.4 

1896 

.8     ■ 

1877 

1.6 

1887 

1.9 

1897 

.8 

In  contrast  with  the  conditions  prevailing  in  our  .ser- 
vice, as  shown  above,  insanity  would  seem  to  be  steadily 
on  the  increase  in  the  French  army.  The  figures  given 
below  refer  to  troops  on  home  service  and  in  Algeria,  as 
sanitary  statistics  are  not  ])ublished  regarding  the  garri- 
sons at  various  other  colonial  stations: 


Year. 

Number  of  men 
invalided  for     ' 
mental  alienation. 

Year. 

Number  of  men 

invalided  for 

mental  alienation. 

1877 

62 

2* 

ti 

63 

If 

64               1 

l.SM 

73 

1878 

l,S,s.i 

120 

1879 

1886 

112 

18S0 

1887 

130 

1881 

1888 

1.50 

1882 

1889 

158 

1883..     . 

1890 

198 

In  the  British  army  the  rates  for  mental  disease  for  the 
ten  years  1887-96  are  given  as  follows: 


Admissions 
Station.  per  1.000 

strength. 

England  1.2 

SooUand  1.8 

Ireland 1.6 

Gibraltar 1. 

MaltJi 1.7 

Canada 8 


Admissions 
Station.  per  1,000 

strength. 

Bermuda 1.5 

West  Indies 7 

Cevlon 1.3 

China 1.2 

Straits  Settlements 1.5 

India 1.7 


From  the  above  figures  it  is  seen  that  tropical  service, 
contrary  to  what  might  be  expected,  does  not  apparently 
increase  the  liability  to  insanity. 
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The  military  spirit,  which  naturallj'  cultivates  indiffer- 
ence to  life,  is'  undoubtedly  favorable  to  self-destruction, 
and  does  much  to  raise  the  rates  for  suicide  in  the  mili- 
tary service  above  those  prevailing  in  civil  life.  In  ad- 
dition to  this  feeling  the  soldier,  constantly  under  the 
control  of  others,  separated  from  home  and  friends  and 
often  occupying  isolated  and  lonely  stations,  is  more 
prone  to  melancholia  and  mental  depression  and  the  ten- 
dency toward  suicide  occurring  therefrom.  In  the  United 
States  service,  after  the  Civil  War,  the  rate  for  suicide 
had  increased  greatly  until  within  the  last  three  years, 
when  there  wasa  sudden  and  great  diminution.  For  vari- 
ous years  the  rates  have  been  as  follows: 


Tear. 
1868 

Suicide* 
per  1,000 
strenglU. 
0.44 

Year. 

1889 

1894 

1896 

1897 

Suicides 
per  1.000 
strength. 
0.83 

1873 

1878       

51 

63 

79 

43 

1883 

1.10 

39 

In  1898,  a  year  of  war,  the  rate  greatly  diminished,  being 
only  .04  per  tliousand  strength.  The  suicides  for  the 
seven  years  1887-93  inclusive  amounted  to  a  total  of 
134  cases:  officers  7,  and  enlisted  men  137.  These  were 
divided  according  to  the  branch  of  the  service  as  follows: 

Infantry 64 

Cavalry 38 

Artillery 15 

Ordnance 5 

Engineers 2 

Medical  and  Hospital  Corps 7 

All  others 13 

Of  these,  51  were  under  30  years  of  age,  56  were  between 
30  and  40,  and  27  were  over  40.  The  methods  of  self- 
destruction  employed  were ; 

Gunshot 97 

Poison 26 

Drownintr 4 

Throat-cutting 3 

Sevcrinp  radial  artery 1 

Sullociition 1 

SiranK^uIation 1 

Cru.shing  liy  railroad  train 1 

In  87  instances  the  causes  of  the  suicide  were  undeter- 
mined. In  the  others  the  causes  were  reported  to  be  as 
follows : 

Alcoholism 42 

Itespondeucy 13 

Insanity 10 

Love  troubles 6 

Teniponu'v  iiu'Ulal  aberration 5 

Fear  nf  i'  lurt  martial 5 

Donicslic  tri'Ut'lt'S 3 

Fear  of  results  .  .f  syphilis 2 

Losses  1)V  ^'ambling 2 

Charge  of  tlieft 2 

Jealousy 2 

Homesickness 1 

Nervous  depression 1 

Failure  to  obtain  promotion 1 

Tired  of  living 1 

Distaste  for  service 1 

For  the  four  years  1894-97,  of  the  58  suicides  committed, 
only  3  occurred  in  the  first  year  of  enlistment :  thus  cor- 
roborating the  general  impression  that  self-destruction 
prevails  chiefly  among  old  soldiers.  It  will  be  observed 
that  in  our  army,  recruited  by  voluntary  enlistment  and 
with  a  short  term  of  service,  the  suicides  from  dislike  of 
the  service  or  other  reasons  depending  upon  a  militarj'  life 
are  much  less  frequent  tliau  in  foreign  armies  inaintainetl 
by  compulsory  enrolment. 

According  to  ilillard,  the  rate  per  thousand  for  suicide 
for  the  entire  British  armv  during  the  period  1852-56  was 
.155;  for  the  period  1859-66  the  rate  was  .26;  in  1866- 
70  it  was  .443.  In  1873  it  had  fallen  to  .25.  For  the 
British  army  on  the  home  stations  the  rate  was  .23  in 
1897,  .21  in  1896,  and  .20  as  an  average  for  the  preced- 
ing ten  years.  For  stations  outside  the  United  Kingdom 
these  latter  rates  were  practically  doubled.  In  most 
cases  the  causes  of  suicide  were  stated  to  be  unknown. 
In  others,  they  were  variously  reported  as  hy  pochondria- 
,sis,  disappointment  in  love,  excessive  drinking,  dishke 


of  the  service,  fear  of  pimishmcnt,  insanity  following 
diseases  like  malaria  and  typhoid  fever,  and  "temporary 
insanity."  The  cliief  methods  selected  for  self-destruc- 
tion were,  in  order  of  preference,  shooting,  hanging, 
drowning  and  throat-cutting. 

In  the  Frencli  army  serving  at  tlie  home  stations,  the 
rate  for  suicide,  as  given  by  Vir\',  was  .47  for  the  period 
1862-69,  and  .29  for  the  years  "1872-90.  In  a  study  of 
69  cases,  9  of  which  occurred  in  sergeants,  Arnould  di- 
vided the  causes  as  follows : 

Fear  of  punishment 21 

Mental  alienation  from  disease 13 

Unknown 12 

Disappointment  in  love 9 

Hypochondriasis ^ . .    8 

Alcoholism 6 

Viry  states  that  only  one-sixteenth  of  the  suicides  among 
French  soldiers  are  attributed  to  dislike  of  the  service; 
the  greater  number  being  due  to  the  fear  of  punishment, 
Ijrought  about  by  neglect  of  duty  and  not  by  the  sever- 
ity of  discipline.  In  Algeria  and  Tunis,  for  the  period 
1872-90,  the  suicide  rate  was  .08  per  tliousand. 

In  the  Prussian  army,  1829-38,  Baudin  states  that  the 
suicides  avei-aged  .50  per  thousand  strength.  From 
1846  to  1863  the  rate  was  .46;  from  1867  to  1872  it  was 
.60.  For  the  entire  German  army,  1873-78.  tlie  rate 
was  .61,  and  from  1878  to  1888  it  was  .67  per  thousand. 
The  Saxon  army  corps  is  .said  to  liave  had  an  unusually 
high  rate,  the  suicides  for  a  long  time  av'eiaging  .92.  The 
rate  for  suicides  in  the  German  army  is  nearly  twice  as 
great  as  that  for  the  French  service.  In  1889-90  the  pro- 
portional nmnber  of  suicides,  calctdated  for  each  thou- 
sand deaths  from  all  causes,  was  as  follows: 

Under  one  year  of  service 87.7 

From  one  to  two  vejirs'  service 30.9 

From  two  to  three  years*  service 25.9 

From  three  u '  fi  i;u-  years'  service 8.6 

Four  years'  service  and  upward 38.8 

The  causes  of  suicide  may  be  roughly  divided  into  one- 
third  due  to  fear  of  punishment,  one-half  to  mental  dis- 
eases, and  the  remainiler  divided  into  disappointment  from 
various  causes  and  dislike  of  the  service. 

In  the  Austrian  army  tlie  rate  for  self-destruction  is  ex- 
tremely high,  having  been  .97  in  1870 and  .81  in  1873.  For 
the  former  year,  suicide  was  relatively  four  tiiues  more  fre- 
quent in  non-commissioned  officers  than  in  jirivates.  Of 
late  the  mortality  from  suicide  represents  1.5  per  cent,  of 
the  general  mortality,  and  this  rate  appears  to  be  increas- 
ing. As  in  the  German  army,  more  than  half  the  suicides 
occur  during  the  first  year  of  service;  and  mutilations  of 
the  index  finger,  middle  finger  and  thumb  of  the  right 
hand — to  incti]iacitate  for  military  service — are  common. 
One-third  of  the  suicides  are  ascribed  to  dislike  for  the 
service,  one-third  to  fear  of  punishment  and  one-third  to 
melancholia.  About  70  per  cent,  are  accomplished  by 
shooting  and  20  ]ier  cent,  by  hanging. 

In  the  Italiiin  armv,  in  1887,  the  rate  for  suicide,  per 
thousand  sti'ength,  was  .30.  In  1888  it  was  .45,  and 
in  1889  it  was  .38.  Three-fourths  of  the  cases  are  offi- 
cially attributed  to  causes  foreign  to  the  military  service. 

Diseases  Induced  by  Exposure. 

Bronchitis.— This  affection,  in  our  army,  is  one  of  the 
most  frequent  causes  wdiereby  soldiers  are  rendered  tem- 
porarily incapacitated  for  duty.  Its  mortality  in  young 
men  of  the  military  age,  when  occurring  idiopathically, 
is,  however,  small."  In  the  United  States  service  the  ad- 
missions for  bronchitis,  since  the  year  1860.  liave  under- 
gone a  certain  decrease  during  the  period  of  peace,  being 
as  follows : 

Admissions 
Period.  Per  1.000 

strength. 

1861-66  (Civil  War) 92.94 

1868-84 Il-ra 

18&5-94 68.6, 

1895-98 '5-48 

Year  1897 ,59.72 

Year  1898  (war  with  Spain) 100.65 
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Bronchitis  may  be  brought  about  by  a  great  variety  of 
causes.  There  are  those  who  regard  it  as  largely  due  to 
the  invasion  of  some  specific  micro-organism  as  yet  un- 
determined; and  any  irritant  gas  or  dust  may  produce  it. 
In  the  military  service,  however,  the  evidence  that  an 
important  part  in  its  origination  is  played  by  exposure  and 
cold,  particularly  the  latter,  is  conclusive.  Reports  for 
our  army  have  for  many  years  shown  its  greatest  preva- 
lence tooccur  in  the  more  northern  military  dei.iartmeuts 
and  posts;  and  the  remarkable  influence  of  cold  weather 
in  inducing  this  disease,  as  determined  by  months,  is  well 
shown  in  tbe  accompanying  diagram.     It  wouhl  seem  to 
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Fig.  lOfHJ.— Distribution 


of  (_'njiies  of  Bronchitis  in  the  L'nitt^d  suites 
Thousand  Strength,  for  the  Decade  187o-18»4. 


be  abundantly  demonstrated  that,  for  our  army,  idiopathic 
bi'onchitis  chiefiy  results  from  exposure  to  cold;  this  in- 
terrupting theeliminative  functions  of  the  skin,  whereby 
an  increased  duty  is  thrown  on  the  pulmonary  mucous 
membrane,  thus  inducing  internal  congestion.  This  hy- 
pothesis largely  explains  the  comiuonly  observed  fact 
that  outbreaks  of  considei'able  magnitude  not  infrequentl.v 
occur  among  troops  who  are  naturally  exposed  to  the 
same  meteorological  and  environmental  conditions.  Age 
is  a  factor  of  great  importance  in  the  occurrence  of  the 
disease,  very  young  and  very  old  .soldiers  being  particu- 
larly liable  to  it.  For  the  period  1890-96.  figures  showing 
the  distribution  of  bronchitis,  according  to  age,  are  as 
follows : 

AdmissiODS 
Age.  per  l.OtX)  of 

each  class. 

19  vears  and  under l.lS.ns 

20  t«  34 83.70 

25  to  29 60.66 

30  to  34 57.15 

35to39 .53.98 

40to44 60.52 

45  to  49 61.39 

50  t«  .54 70.75 

55  to  59 88.60 

The  greater  exposure  incident  to  mounted  service  ex- 
plains the  higher  rates,  for  the  above  period,  given  by 
cavalry,  76.08  per  thousand  strength,  as  compared  with 
infantry,  63.18  per  thousand  strength.  The  same  condi- 
tion explains  the  greater  frequency  of  this  affection 
among  troops  in  the  field  as  compared  with  those  in  gar- 
rison; the  proportion  of  cases  during  the  year  of  war 
(1898)  being  almost  twice  as  great  as  dui-ing  the  previous 
year  of  peace  (189T).  In  many  instances  wetting  of  the 
person,  where  an  earlv  cutaneous  reaction  is  not  secured, 
is  followed  by  bronchitis.  In  barracks,  many  cases  appear 
to  be  directly  associated  with  the  use  of  an  excessive  quan- 
tity of  water  for  the  cleansing  of  floors,  with  the  damp 
atmosphere  thus  produced. 

In  the  prevention  of  idiopathic  bronchitis  the  avoidance 
of  surface  chilling,  whether  from  insufficient  pi-otection. 
draft  or  wetting,  is  extremely  important.  AVet  clothing 
should  be  replaced  by  dry  as  soon  as  possible,  the  body 
being  wiped  and  rul)lied  vigorously'  to  restore  capillary 
circulation.     The   barracks  should  be  dry,  warm,  and 


well  ventilated  without  being  drafty.  The  clothing 
issued  should  be  of  good  quality  and  suited  to  the  climate 
and  season.  More  than  that,  its  proper  use  should  be 
enforced,  and  soldiers  should  not  be  allowed  to  go  from 
warm  barracks  into  a  cold,  damp  atmosphere  without 
donning  additional  protection  or  seeing  that  their  outer 
garments  are  well  buttoned  up.  On  guard,  especially  in 
wet  or  foggy  weather,  it  is  important  that  the  person  be 
well  protected.  "When  men  are  wet  and  chilled  from 
exposure  the  issue  of  hot  soup  or  coffee  is  desirable. 
During  a  march  in  cold  or  wet  weather,  it  would  seem 
that  mouth-bieathers  are  more  liable  to  be  affected  with 
bronchitis.  As  far  as  possible,  duty 
which  implies  exposure  to  inclem- 
ent weather  should  be  avoided. 
There  is  no  doubt  that  troops  long 
in  the  field  and  habituated  to  ex- 
posure are  less  liable  to  contract 
bi'onchitis  as  a  result  of  such  ex- 
posure. 

RnEr.\rATisM  and  Myalgia. — 
Under  this  heading  are  included,  in 
our  official  n<mienclature.  all  affec- 
tions of  a  rheumatic  nature  not  spe- 
cifically diagnosed  as  rheumatic 
fever.  Until  188-1,  rheumatic  fever 
was  also  included  in  figures  for 
rheumatism  in  general,  and  hence 
statistics  for  subacute  and  muscular 
rheumatism  are  not  satisfactory 
prior  to  that  year.  These  affections 
are  responsible  for  a  large  amount 
of  inefficiency  and  loss  of  service, 
notwithstanding  the  fact  that  many  such  cases,  through 
their  insignificance,  receive  treatment  and  are  returned 
to  duty  without  being  taken  up  on  sick  report.  On  the 
other  hand,  it  is  probable  that  the  rates  for  subacute 
rheumatism  and  myalgia  are  unduly  raised  by  fraud, 
since  these  affections  are  the  ones  most  frequently  se- 
lected by  malingerers  for  simulation.  Since  188-1  the 
admissions  to  sick  report  for  these  causes,  per  thousand 
strength,  have  been  as  follows: 

Period.  Admissions. 

Decade  1SS4-93 f3..'W 

Year  1894 fES.33 

Year  1895 W.ng 

Year  1S96 79.33 

Year  1897  fi.1.12 

Year  1898 72.88 

While  the  cause  of  these  affections  is  unknown,  they 
are  markedly  influenced  in  their  frequency  by  moisture, 
and  to  a  less  degree  by  cold.  They  attain  their  maximum 
jirevalence  among  troops  in  this  country  in  early  spring 
and  late  fall,  coinciding  with  the  jieriodsof  greatest  rain- 
fall. In  their  geographical  distribution  they  are  highest 
in  those  militai'}'  dejiartments  in  which  the  humidity  is 
greatest;  and  in  posts,  in  those  in  which  damp  casemates 
and  old.  badly  constructed  barracks  are  in  use. 

Among  our  troojis  the  negro  soldiers  appear  to  be  far 
more  prone  to  affections  of  this  character  than  the  whites, 
the  rates  for  these  two  classes  being  as  follows ; 


Army,  by  .Months,  per 


Period. 

Admissions  per 
1.000  white  soldiers. 

Admissions  per 
1,000  negro  soldiers. 

1884-93 

79.68 
62.87 
61.40 
75.79 
61  .SO 
68.28 

121.60 

1894 

72.87 

189.5                  

95.07 

1896 

117.74 

1897    

100.74 

1898 

132.81 

The  great  difference  shown  b_v  the  above  figures  is 
even  more  noteworthy  when  it  is  considered  that  the 
negro  troops  have,  during  the  above  period,  been  largely 
stationed  in  military  departments  in  which,  for  white 
soldiers,  the  affections  under  consideration  are  of  relatively 
infrequent  occurrence.  The  figures  for  1898.  when  both 
classes  came  under  practically  the  same  climatic  influ- 
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ences,  probably  show  very  closely  the  greater  suscepti- 
bility of  the  negro  race.  These  diseases  occur  more 
frequently  among  young  soldiers  than  among  those  of 
somewhat  longer  service,  probably  through  greater  care- 
lessness with  regard  to  exposure.  In  the  class  of  very 
old  soldiers  the  rate  is,  however,  high. 

In  the  prevention  of  subacute  rheumatism  and  myalgia 
dryness  of  person  aud  surroundings  appears  to  be  by  far 
(if  the  most  importance.  Wetting  of  the  person  by  rain 
should,  as  far  as  possible,  be  avoided,  and  damp  clothing 
and  bedding  should  be  at  once  removed  and  dried.  Water- 
proof clothing,  rendered  impervious  by  tlie  use  of  wool 
fat,  should  be  issued;  and  all  clothing  should  be  sufficient 
and  adapted  to  climate,  season,  and  weather.  Barracks 
should  be  warm,  dry.  and  well  ventilated,  should  have  a 
sunny  exposure,  and  should  be  located  on  a  dry  site.  The 
use  of  casemates  as  quarters  for  troops  is  to  be  vigorously 
opposed.  Where  these  affections  largely  prevail  in  a 
post  or  barrack,  a  general  inspection  of  cellars  and 
foundation  walls  is  indicated. 

Acute  Articul-\r  Rheumatism. — Figures  for  the 
United  States  army  with  regard  to  tlie  prevalence  of 
rheumatism  are  not  comparable  for  the  period  prior  to 
1884  with  the  period  subsequent  to  that  year.  From  1861 
to  1884  the  official  nomenclature  included  all  fonns  of 
rheumatism  under  the  same  heading;  but  from  1884  to 
the  present  time  the  ditferentiation  of  rheumatic  fever 
has  been  required.  Since  the  year  just  named,  the  admis- 
sion rates  for  acute  articular  rheumatism  have  been  as 
follows : 

Admissions 
Period.  per  1,1(10 

strength. 

1885-94 .5.10 

1895-98 5.26 

Year  1897 4.36 

Yearl898 7.03 

These  rates  for  acute  articular  rheumatism  are  much 
lower  than  those  of  nearly  all  foreign  armies.  In  the 
German  army  the  occurrence  of  this  disease  has  been  as 
follows : 

Admissions 
Period.  per  1,0(X) 

strength. 

1881-82  to  188.5-86 9.2 

1886-87  to  1890-91 9.8 

1891-92  to  1895-96 8.9 

Year  189.5-96 7.7 

Year  1896-97 6.8 

In  the  Austrian  army  the  rates  for  acute  articular  rheu- 
matism appear  to  be  higher  than  in  any  other  service, 
during  the  past  few  years  having  attained  the  following 
high  proportion 

Admissions 
Year.  |>er  1,(100 

strength. 

1893 11.3 

1894 12.2 

1895 11.6 

1896 10.4 

1897 9.2 

The  true  nature  and  origin  of  acute  articular  rheuma- 
tism are  still  unknown.  Taking  into  consideration  the 
many  forms  in  which  the  disease  manifests  itself,  it  is 
certain  that  no  neurotic  theory  and  no  theory  of  per- 
verted metabolism  can  fully  account  for  all  the  phenom- 
ena presented,  many  of  which  strongl_y  suggest  a  microbic 
infection.  No  micro-organism  has  as  yet  been  shown  to  be 
the  cause  of  rheumatism  ;  but  the  same  is  also  true  of  such 
undoubtedly  microbic  diseases  as  measles,  scarlet  fever, 
whooping-cough,  aud  syphilis.  The  strongly  marked 
hereditary  preilispositioii  to  rheumatism  causes  no  diffi 
cuhy,  for  the  same  fact  is  observed  in  tuberculosis. 
That  exposure  to  cold  and  wet  is  often  a  factor  in  the 
causation  of  a  rheumatic  attack  is  analogous  to  what  is 
often  observed  in  pneumonia.  Exposure,  however,  is  a 
factor  of  such  importance  in  the  occurrence  of  rheuma- 
tism in  the  military  service  that,  in  default  of  acctu-ate 
information  as  to  its  specilic  cause,  the  disease  is  most 


conveniently  classed  with  those  induced  by,  cold,  wet, 
dampness,  and  exposure. 

Rheumatism,  in  its  prevalence,  has  a  certain  relation  to 
season.  Coustan  showed  that  for  the  French  army  the 
amount  of  rheumatism  was  much  greater  during  the 
winter  months  than  during  spring  or  summer;  in  autumn, 
rheumatism  was  only  about  one-third  as  prevalent  as 
in  winter.  Local  conditions,  as  shown  by  statistics  for 
our  army,  appear  to  have  far  more  influence  upon  the 
occurrence  of  rheumatism  than  do  geographical  consid- 
erations. Race  exerts  a  certain  influence;  the  admissions 
for  this  disease  being  lower  for  white  troops  tlian  for 
colored  troops.  Age  is  a  factor  of  some  im]iortancc,  the 
rates  for  the  seven  years  1890-96,  per  thousand  strength, 
being  as  follows : 

Admissions 
Age.  per  l,aiO  of- 

each  class. 

19  vears  and  under 8.61 

20  to  24 5.71 

35  to  29 4.1 1 

30  to  34 4.06 

;i5  to  39 4.36 

40  to  44 5.01 

45  to  49 5.58 

There  appears  to  be  no  great  difference,  with  reference 
to  the  branch  of  service,  as  regards  liability  to  ilicumatism. 
Exhaustion  and  chilling — especially  wetting — often  ap- 
pear to  markedl_y  favor  the  disease;  yet  it  undoubtedly 
happens  at  times  that  regiments  may  be  long  exposed  to 
damp,  wet,  cold,  sudden  and  violent  changes  of  temper- 
attire,  aud  be  obliged  to  sleep  on  wet  ground  with  but 
scanty  protection,  yet  no  cases  of  acute  rheumatism  fol- 
low. The  disease  appears  to  be  less  prevalent  in  garri- 
son than  in  the  field;  when  it  occurs  in  garrison  it  woidd 
seem  that  the  causative  agent  finds  its  most  favorable 
field  for  development  in  damp,  illy  drained  barracks  and 
casemates,  and  the  same  applies  to  damp  bedding  or 
clothing.  Recurrences  of  rheumatism  may  be  fresh  infec- 
tions, or  they  may  jiussibly  be  caused  by  renewed  activity 
on  the  part  of  germs  lying  quiescent  in  some  part  of  the 
organism,  as  with  tuberculosis.  As  the  individual  who 
has  been  infected  with  syphilis  is  always  syphilitic,  .so  it 
may  be  that  the  soldier  who  has  once  suffered  from  rheu- 
matism may  be  permanently  rheumatic,  aud  temiiorary 
diminution  of  the  powers  of  vital  resistance  by  chilling 
may  suffice  to  produce  a  second  attack. 

It  is  evident  that,  in  the  absence  of  knowledge  as  to  the 
etiologj' of  acute  rheumatic  fever,  if  is  difficult  to  formu 
late  any  definite  plan  for  its  prevention.  As  a  matter  of 
the  first  importance  in  reducing  the  rates  for  ilieuma- 
tism,  all  those  once  affected  with  the  di.sease  should  be 
eliminated  from  the  service.  Much  may  be  done  toward 
preventing  the  development  of  rheumatic  attacks  among 
soldiersljy  insuring  dry,  sunny  barracks;  by  frequent  ex- 
posure of  bedding  and  clothing  to  the  sun;  by  the  prompt 
changing  of  wet  garments;  and,  in  the  field,  by  the  loca- 
ti(m  of  camps  on  well  drained  sites  and  the  adoption  of 
measures  calculated  to  keep  the  men  above  the  surface 
of  the  ground  while  asleeji.  A  sutliciency  of  clothing, 
especially  of  woollen  material,  i.s  of  importance 

Affections  Depending  on  Extremes    of    Tempera- 
ture. 

Insolation. — Sunstroke  is  one  of  the  most  serious 
calamities  that  may  overtake  troops  in  the  tropics :   and 
prostration  aud  the  extinction  of  vitality  by  extreme  heat 
are  also  common  in  temperate  climates  during  the  heated 
peiiod.     Military  history  is  full  of  instances  of  the  dis 
astrous  eflect  of  sunstroke.     It  is  reported  by  Morehead 
that  in  India,  in  1858,  the  Seventy-first  Regiiiient  lost  89 
men  by  death  from  insolation  between  the  5th  of  May  and 
the  loth  of  August.     The  frequency  of  sunstroke  among 
the  British  troops  in  India  was  very  great  when  the  soldier 
carried  the  same  weight  aud  wore  the  same  clothing  as 
in  England,  but  became  much  rarer  when  special  mod 
ifications  were  adopted  for  tropical  service.    In  the  ex  pedi 
tion  of  General  Bugeaud  in  Algeria  more  than  200  men 
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were  reported  as  having  been  sunstruck ;  but  in  the  opera- 
tions of  the  French  arm_v  in  Mexico  insolation  was  rare, 
probably  through  the  altitude  of  the  region  in  which  the 
■campaign  was  conducted.  Viry  states  that,  on  July  8th, 
1853,  two-thirds  of  a  Belgian  regiment  were  struck  down 
hy  heat  during  a  march;  and  that  during  the  last  war  in 
Italy,  on  a  hot  July  da}',  no  less  than  2,000  men  of  one  di- 
vision of  the  French  army  fell  in  the  I'anks  from  sunstroke. 
In  1878  the  Austrian  troops  occupying  Bosnia  lost  many 
men  from  this  cause ;  one  regiment  on  the  march  having 
830  cases  with  31  deaths,  while  the  total  number  of  cases 
of  insolation  during  the  campaign  amounted  to  2,131. 
Sunstroke  is  said  to'be  particularly  common  in  Germany, 
and  it  is  stated  that  on  May  21s"t,  1827,  the  troops  ma- 
nanivring  near  Berlin  were  com]iletcly  disorganized  by 
heat — entire  sections  falling  along  the  route  and  the  cav- 
alry losing  many  liorses.  During  tlie  recent  war  in  South 
Africa  the  British  lost  many  men  from  sunstroke.  In 
our  own  service  but  little  marching  has,  in  the  past,  been 
done  during  the  heated  season,  but  during  the  ten  years 
1888-97  there  were  nevertheless  523  cases  of  heatstroke. 
During  the  campaigns  in  Cuba,  Porto  Rico,  and  the 
Philippines,  the  number  of  cases  of  sunstroke  was  very 
large. 

It  is  excess  of  internal  heat  rather  than  sunshine  which 
results  in  the  phenomena  known  as  insolation  ;  and  hence 
the  condition  may  occurat  night  if  the  atmosphere,  while 
hot,  is  saturated  with  moisture,  and  heat  dissipation,  as 
accomplished  by  evaporation  of  perspiration,  is  imper- 
fectly carried  on.  Insolation  rarely  occurs  at  a  liigh 
altitude  and  in  a  dry  climate,  no  matter  what  the  tem- 
perature. Laveran  and  Regnard  have  found  that  as 
soon  as  the  bodily  teniijerature  exceeds  40°  C.  (104'  F.)  it 
liegins  to  exercise  a  marked  influence  upon  the  nervous 
system,  the  effect  being  greatly  increased  if  the  head  is  ex- 
posed to  the  direct  solar  rays.  Death  results  from  primary 
stimulation  and  subsequent  paralj'sis  of  the  nervous  sys- 
tem by  heat.  Exercise  is  a  great  factor  in  the  jjroduc- 
tion  of  heat-stroke.  Animals  made  to  undergo  violent 
exertion  succumb  more  readily  than  do  tho.se  allowed 
to  rest  quietly — and  in  the  army  it  is  the  infantiy 
troops  which  are  most  ailed ed.  cavalrymen  being  less 
lialile  to  sunstroke  than  are  their  liorses.  Exercise  greatly 
raises  internal  temperature,  and  Hiller  found  that  the 
rectal  temperatiu'e  in  soldiers  after  a  liard  march  was 
that  of  a  high  fever.  Anything  which  interferes  with 
the  loss  of  body  heat  increases  liability  to  sunstroke :  this 
including  too  heavy  clothing,  diminution  of  perspiration 
through  deticicnt  water  supply,  or  lowi'ring  of  the  proc- 
esses of  evajKiration  through  excessive  humidity.  If  the 
atmos|ihere  is  botli  hot  and  moist,  the  loss  of  heat  by  the 
lungs  is  largely  impaired;  and  in  a  marching  cnlumn 
carrying  with  it  a  close  atmosiihere  saturated  with  mois- 
tiu'c,  the  men  in  the  centre  of  the  ranks  are  the  ones 
most  liable  to  sunstroke.  The  jieriod  of  digestion  is  fa- 
vorable to  insolation;  and  debilitated  or  intemperate  sol- 
diers are  the  most  in  danger.  Insolation  is  \mdoubtedly 
aided  by  the  pressure  of  tight  uniforms  or  of  the  belts 
and  straps  by  which  the  soldier's  load  is  suspended  from 
his  person.  McCartie,  in  India,  records  a  striking  instance 
in  the  Chitral  campaign  of  1897,  wlicn  sufficient  coolies 
could  not  be  obtained  and  part  of  the  baggage  had  to 
be  carried  by  native  soldiers.  Before  the  end  of  the 
march  nearly  all  the  men  in  the  ranks  were  completely 
exhausted,  and  some  had  heat  apoplexy,  while  their 
companions,  carrying  a  much  heavier  weight  but  having 
assumed  the  light  and  loose  native  dress,  were  not  in  the 
least  disturbed. 

Some  of  the  symptoms  of  heat-stroke  are  said  by  Notter 
to  be  caused  by  the  reflected  rays  of  the  sun  through  the 
orbit.  In  the  British  service  neutral-tinted  glasses  are 
frequently  worn  in  the  tropics,  and  were  found  of  much 
value  in  the  Egyptian  campaign  of  1882. 

The  advance  to  the  condition  of  insolation  is  gradual, 
and  its  occtn-reace  can  be  largely  iire\entcd  by  proper 
observance  of  sanitary  detail.  The  march  should  I)e  so 
planned  as  toavoid  exposure  during  the  heatof  the  day; 
and,  if  possible,  the  direct  rays  of  the  sun  should  not 


fall  on  the  men's  backs  while  marching.  The  length  of 
the  distance  ordinaril_y  traversed  in  temperate  climates 
or  cool  weather  should  be  diminished,  or  rapidity  of 
movement  lessened.  Usually,  in  hot  weather,  a  march 
of  ten  miles  must  be  considered  a  good  day's  work. 
The  weight  to  be  carried  should  be  reduced  to  the  mini- 
mum. In  the  tropics  troops  should  carry  notliing  but 
the  arms,  ammunition,  and  canteen;  a  sutiicient  number 
of  coolies,  pack  animals,  or  wheeled  vehicles  being  pro- 
vided to  secure  the  transportation  of  the  baggage  and  the 
remainder  of  the  equipment.  Troops  should  march  in  as 
open  order  as  possible  the  better  to  allow  access  of  fresh 
air  to  each  soldier.  Halts  should  be  as  frequent  as  pos- 
sible, and  at  points  well  .shaded,  elevated,  and  airy.  For 
such  stojjs  ravines,  especially  if  dry  or  sandy,  should  not 
be  chosen.  During  such  halts  the  men  shoiild  not  lie 
down,  since  in  very  hot  weather,  particnhirly  if  the  ground 
be  bare,  the  soil  is  heated  to  a  greater  degree  than  the 
atmosphere.  Soldiers  should  have  plcnt_v  of  water,  and 
canteens  should  be  replenished  as  often  as  a  suitaljle  sup- 
ply is  encoimtered  en  route.  'Where  the  supply  of  water 
is  liable  to  be  insufficient,  special  arrangements  must  be 
made  for  its  carriage  with  the  column.  The  use  of  alco- 
hol before  or  during  a  march  should  be  interdicted.  The 
clothing  worn  shouUl  be  suited  to  the  climate  or  season, 
should  be  loose,  and  should  well  protect  the  liead  and 
back  of  the  neck.  Since  sunstroke  is  by  many  believed 
to  be  due  to  the  actinic  solar  rays,  the  lining  of  the  hat 
and  blouse  with  dai  k  green  cloth  may  be  desirable.  A 
heavy  meal  should  not  be  taken  immediately  before 
inarching.  Company  officers  should  watch  their  men 
carefully  witli  respect  to  sunst  rokc.  If  a  soldier  looks  pale, 
weak,  and  exhausted,  he  should  be  spoken  to  sharply,  and 
if  he  does  not  respond  clearly  he  should  be  told  to  fall 
out  and  rest  or  await  transportation.  By  this  precaution 
many  ca.ses  of  insolation  may  be  avoided.  When  the  con- 
dition of  isolation  has  once  occurred,  the  soldier  is  usu- 
ally unfitted  for  further  military  service,  being  particu- 
larly liable  to  future  recurrences.  For  the  military 
service  it  may  be  accepted  that  "once  sunstruck  is 
always  sunstruck. "  ' 

C'o.NGEL.vTiON. — -"While  sledging  expeditions  in  the 
Arctic  have  been  exposed  without  suffering  to  continu- 
ous cold  of  as  great  an  intensity  as  —30°  F.,  soldiers.  On 
the  other  hand,  have  often  been  known  to  succumb  to 
cold  in  comparatively  mild  climates  and  when  the  ther- 
mometer registered  by  no  means  a  very  low  temjierature. 
It  may  fairly  be  considered  that  accidents  from  this  cause 
are  relatively  more  frequent  in  the  cold  weather  of  tem- 
]ierafe  climates  than  in  the  far  north,  probably  because 
of  the  more  careful  precautions  taken  for  the  conserva- 
tion of  the  body  heat  under  the  latter  conditions  of  cli- 
mate. 

Since  the  famous  retreat  of  the  Ten  Thousand,  when  the 
rigors  of  climate  destroyed  more  Greek  soldiers  than  did 
the  Persians,  great  cold  has  f  re((uently  exerted  a  strong  in- 
fluence upon  military  operations.  Voltaire  states  that  in 
the  winter  of  1709  a  large  part  of  the  army  of  Charles  XII. 
was  destroyed  by  cold,  2.000  men  being  frozen  to  death 
during  one  march.  In  171SI,  7,000  Swedes,  on  their  way 
to  the  .siege  of  Drontheim,  perished  in  the  moimtains  be- 
tween Sweden  and  Norway;  while  in  1742,  in  the  retreat 
from  Prague,  4,000  French  soldiers  died  from  cold  and 
exposure.  The  sufferings  of  our  own  forces  at  Valley 
Forge,  during  the  Revolution,  are  a  matter  of  history; 
and  in  tlie  destruction  of  Napoleon's  army  in  Russia  cold 
was  by  far  the  greatest  factor.  During  the  Crimean 
"War,  r.ccording  to  Viry,  there  were  5,290  cases  of  frost- 
bite with  1.179  deaths  among  the  French  troops;  while 
among  the  English  forces  the  numbers  amounted  to  2,852 
and  463  respectively.  Laveran  ststes  that  during  the 
Franco-Prussian  "War,  freezing  of  the  feet  caused  much 
suffering  in  the  French  army  and  there  were  many 
deaths  from  cold.  In  1879,  according  to  the  same  au- 
thority, a  column  of  7.')3  men  in  the  field  in  Algeria,  at 
the  end  of  March,  had  60  cases  of  frost-bite,  of  which  19 
died.  In  our  own  service,  during  the  decade  1888-97, 
there  were  648  ca.ses  of  frost-bite  reported,  of  which  141 
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occurred  in  1888.  It  should  be  remembered,  however, 
that  but  a  small  part  of  our  forces  were  stationed  in 
regions  in  which  congelation  was  lialile  to  occur  to  any 
extent,  and  hence  tlic  cases  reported  were  necessarily  fiu'- 
nished  by  a  relativel.v  small  fraction  of  the  whole  army. 
The  history  of  congelation  in  armies  shows  that  a  state 
of  low  vital  resistance,  lirought  about  by  unfavorable 
hvgienic  conditions,  plays  almost  as  great  a  role  as  cold 
itself;  and  it  is  a  matter  of  common  observation  that 
freezing  occurs  by  far  the  most  frequently  among  such 
soldiers  as  are  weakened  by  fatigue,  sickness,  and  priva- 
tiim.  During  the  Crimean  War  the  temperature  encoun- 
tered was  never  very  low,  and  a  repoit  made  at  the 
time  suggests  that  the  large  number  of  congelations  ob- 
served might  justly  be  regarded  as  "gangrene  owing  to 
scorbutic  tendency  exaggerated  by  cold."  On  the  other 
hand,  troops  which  are  wvW  fed  and  warmlj'  clad  resist 
the  most  intense  cold  without  injury,  as  has  been  re- 
]:ieatedl_y  shown  in  our  winter  campaigns  against  tlie 
Indians  of  the  northwest.  In  the  Powder  River  Expe- 
dition of  18T6,  conducted  during  the  three  winter  months. 
with  the  mercury  never  above  freezing  and  often  down 
to  —40°  F,,  Rosse  states  that  in  a  force  of  2,000  men 
but  31  cases  of  frost-bite  occurred,  while  in  the  350 
Indians  with  the  command  no  cases  were  reported.  Dur- 
ing the  winter  of  1890-91,  when  about  6,000  troops  were 
constantly  in  the  field  against  hostile  Indians,  only  62 
cases  of  congelation  occurred  in  the  entire  army. 

The  phenomena  which  precede  the  death  of  the  soldier 
from  cold,  while  on  the  march,  arc  well  described  by 
Larrey :  "  The  dangerous  condition  is  shown  in  the  pallor 
of  the  face,  bj'  a  kind  of  idiocy,  by  difficulty  in  speaking, 
by  feebleness  of  vision  or  perhaps  total  loss  of  that  ,sehse; 
and  in  that  state  they  march  for  a  greater  or  less  length 
of  time,  conducted  by  their  friends;  the  muscular  action 
is  weak,  and  the  individual  totters  on  his  legs  like  a 
drunken  man.  This  weakness  is  progressive  and  is  a  cer- 
tain sign  of  the  extinction  of  life.  Separated  from  the 
column  and  abandoned  to  themselves,  they  soon  lost 
their  balance,  fell  into  ditches  covered  with  snow,  a  state 
of  lethargy  ensued,  and  a  few  moments  terminated  their 
miserable  existence," 

Muscular  contraction  is  sometimes  seen,  particularly  of 
the  neck  muscles,  together  witli  symptoms  like  those  of 
catalepsy.  According  to  Forestius,  soldiers  have  been 
found  frozen  standing  with  their  arms  in  their  hands; 
and  the  same  thing  was  observed  by  Larrey  during  the 
retreat  from  Moscow. 

In  the  prevention  of  freezing,  an  abundance  of  nutri- 
tious and  fatty  food  is  second  only  in  importance  to  suffi- 
cientand  proper  clothing.  The  extremities  are  usually  the 
chief  points  of  attack,  owing  to  their  relatively  poor  pro- 
tection and  distance  from  tlie  main  sources  of  systemic 
heat.  The  feet  particularly  are  susceptible  to  frost-bite,  a 
fact  showing  the  necessity  of  warm  jirotection  and  water- 
tight, loose,  and  comfortable  footwear.  To  protect  the 
hands,  heavy  gloves  or  mittens  are  essential.  The  latter 
are  preferable,  and  the  Japanese  army  uses  a  mitten  with 
a  single  division  into  which  the  trigger  linger  can  be 
slipped  when  desired.  It  is  of  advantage,  in  diminishing 
the  effect  of  cold  upon  exposed  surfaces,  particularly 
when  marching  in  driving  snow  storms,  thoroughly  to 
anoint  the  jiarts  with  some  greasy  substance,  as  beef, 
pork  or  mutton  fat,  or  vaseline.  AVhenever  possible,  hot 
food  or  drink  should  be  served  out  to  troops  on  the 
march,  unless  the  latter  be  short — stops  being  made  and 
fires  kindled  for  the  purpose.  In  the  Russian  and  Aus- 
trian armies,  during  cold  weather,  kettles  tilled  with  hot 
soup  and  enclosed  in  lieavy  felt  are  carried  in  wagons 
with  the  column.  Even  in  the  coldest  weather  the  soup 
is  said  to  remain  warm  for  four  or  five  hours.  If  a 
march  must  lie  made  in  extremely  cold  weather,  it  should 
be  got  througli  with  as  soon  as  possible  without  undue 
fatigue,  the  ranks  being  kept  well  closed  up  and  strag- 
gling being  prevented.  In  general,  however,  if  an  army 
is  well  fed,  well  clothed,  and  free  from  sickness,  it  can 
undertake  a  winter  campaign  with  perfect  safety,  pro- 
vided the  distances  to  be  covered  are  not  too  long. 


Guard  duty  ir  particularly  dangerous  difring  cold 
weather,  and  sentinels  should  be  kept  on  post  not  more 
than  an  hour  at  a  time,  <u-  a  running  guard  may  be 
established.  When  relieved  from  sentry''duty,  soldiers 
should  not  be  permitted  at  once  to  lie  down,  but  shoidd 
be  required  to  pace  briskly  around  the  fires  until  numb- 
ness has  worn  off.  Under  stress  of  severe  weather  men 
should  be  told  off  to  keej)  up  the  fires. 

Snow-Blindxess. — The  glare  of  bright  sunlight  upon 
fields  of  snow  produces  the  condition  known  as  snow- 
blindness,  particularly  when  troojjs  are  subjected  to  pro- 
longed marching  toward  the  end  of  winter  or  in  the  early 
spring  in  cold  climates.  Since  in  our  service  soldiers  are 
ordinarily  housed  in  barracks  during  cold  weather,  the 
admission  rate  for  this  cause  is  usually  low,  AVhere  field 
service  is  required  in  winter  the  ratesaremuch  increased; 
and  during  the  winter  of  1890-91,  when  our  troops  were 
engaged  against  hostile  Sioux,  there  were  133  admissions 
to  sick  report  from  this  cause.  In  a  comjiany  fifty  strong 
marching  .sixty  miles  in  Montana  during  three  days  of 
JIarch,  1894,  nearly  the  entire  command  was  rendered 
unfit  for  duty  by  reason  of  snow-blindness. 

The  condition  may  usually  be  prevented  among  sol- 
diers by  smearing  the  eyelids  and  upper  part  of  the 
cheeks  with  a  mixture  of  charcoal  and  grease;  but  when 
exposure  is  constant  some  further  protection  is  necessary. 
For  this  purjjose  dark  goggles,  fitted  in  frames  covered 
with  chamois  skin,  have  been  recommended.  The 
"snow-eyes"  of  the  Esquimaux  are  made  of  light  wood 
with  the  bridge  resting  on  the  nose,  like  spectacles,  and 
presenting  narrow  transverse  slits  for  the  passage  of 
light.  These  are  said  to  be  superior  to  goggles  as  a  pro- 
tection, can  be  readily  made  by  tlie  men,  and  are  not  liable 
to  the  accident  of  fracture.  Under  any  circumstances 
where  snow-blindness  is  to  be  apprehended,  the  men 
should  be  marched  in  close  column  and  each  soldier 
directed  to  keep  his  eyes  on  the  dark  clothing  of  the  man 
in  front  of  him,  the  leading  rank  being  changed  fre- 
quenth'  to  the  rear. 

Disease  due  to  I.mproper  Diet.\ry, 

Scuu^T. — Occurrence. — Scurvy,  from  time  immemorial 
down  to  a  comparative!}'  recent  period,  has  been  the 
scourge  of  armies,  especially  during  campaign.  In  the 
thirteenth  century  scurvy  ravaged  the  hosts  of  the  Cru- 
saders; and  it  appears  to  have  been  almost  continually 
present  during  active  military  operations  until  within 
the  last  score  of  years.  The  history  of  its  epidemics 
could  be  multiplied  almost  indefinitely.  At  Thorn,  in 
1703,  during  the  Spanish  siege,  6,000  men  died  of  .scurvy. 
During  the  Napoleonic  wars  it  crippled  the  etflciencv  of 
the  French  troops  in  Egypt ;  inl801,  and  in  1807  and  1808, 
it  ravaged  the  garrisons  in  Prussia.  In  the  war  of  1812  it 
was  noted  as  largely  occurring  among  our  troops;  and 
Rosse  states  that  among  1,016  United  States  soldiers 
marching  to  and  garrisoning  Coimcil  Bluffs  in  1820,  the 
number  of  cases  of  scurvy  was  51G,  and  the  number  of 
deaths  from  this  cause  168.  The  disease  occurred  among 
our  troops,  to  some  extent,  during  the  invasion  of 
Mexico;  and  for  the  eighteen  years  prior  to  the  out- 
break of  the  Civil  War  the  average  annual  admission 
rate  was  26.3  per  thousand  strength.  During  the  Cri- 
mean War  23,365  cases  of  scurvy  occurred  in  the 
French  army;  the  Turkish  force  was  almost  destro3'ed 
by  it,  and  the  cases  in  the  British  army  amounted  to  17,- 
557.  In  the  various  base  hospitals  at  Constantinople,  ac- 
cording to  Marvaud,  there  were  treated  in  1855  no  less 
than  14,879  cases,  of  which  1,407  died :  in  1856  there  were 
10,295  cases  with  1,509  deaths.  It  was  present  during 
our  Civil  War,  and  its  recognition  was  a  surprise  and 
shock  to  professional  ideas  preconceived  from  practice  in 
civil  life.  In  spite  of  all  effort  to  the  contrary,  there  were 
46,913  cases  of  this  disease  during  the  period  1861-66, 
giving  an  admission  rate  of  19.80  per  thousand.  There 
were  during  the  same  time  771  deaths  directly  ascrilied 
to  scurvy ;  but,  obviously,  no  record  of  its  well-known  in- 
fluence in  bringing  other  diseases  to  a  fatal  termination 


r)19 


Camp  Diseases. 
Camp  Diseases* 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


was  to  be  made.  After  the  conclusion  of  the  Civil  War 
the  disease  prevailed  to  a  great  extent  among  troops 
serving  at  frontier  stations,  there  having  been  887  cases 
in  1868  and  211  cases  in  1869.  There  were  115  cases  in 
1871,  after  which  the  rates  for  this  disease  fell  rapidly 
on  account  of  the  greater  facilities  afforded  troops  for 
procuring  vegetables — both  by  better  means  of  commu- 
nication and  from  the  gardens  which  were  graduall.y  es- 
tablished at  military  posts.  In  the  first  few  years  after 
the  Civil  War  there  were  several  minor  outbreaks  of  great 
severity. 

During  the  Franco-Prussian  War,  while  the  number 
of  cases  of  scurvy  was  not  great,  a  general  scorbutic 
tendency  was  thought  to  have  done  much  to  increase  the 
mortality  of  the  troops.  Rosse  states  that  in  the  Russian 
army,  in  1873,  the  number  of  cases  amounted  to  5.3  per 
cent.  In  the  Russo-Turkish  War  of  1878  it  was  present 
in  both  armies.  In  our  own  service,  for  the  decade 
1885-94,  there  were  27  cases,  of  which  18  occurred  in  1888 
and  5  in  1889.  From  1893  to  1898  inclusive,  only  a  single 
case  was  reported.  The  addition  of  fresh  vegetables  to  the 
ration,  in  1890,  was  undoubtedly  most  potent  in  remov- 
ing the  scorbutic  predisposition  previously  existing 
among  our  troops.  In  the  British  service  a  few  eases, 
in  spite  of  all  precautions,  are  constantly  present ;  par- 
ticularly among  troops  in  India,  in  whicli  for  the  decade 
1887-96"  the  rate  of  admission  was  7.4  per  thousand. 
The  admissions  for  the  decade  1888-97,  for  the  entire 
British  army,  were  .4  per  thousand.  In  the  German 
army  in  1897  there  were  reported  74  cases  of  scurvj'  and 
purpura.  Coustan  states  that,  in  the  French  service,  a 
number  of  minor  outbreaks  have  recently  occurred  among 
troops  stationed  in  Algeria.  For  the  Russian  and  Aus- 
trian armies,  the  rales  of  admission  per  thousand  strength 
have  lately  been  as  follows : 


Tear. 

Russia. 

Austria. 

Tear. 

Russia. 

Austria. 

1892 

1.7 
1.9 
1.7 

1.7 
2.3 

189.5 

1.5 
1.3 

1.2 

14 

1893 

1896 

1.0 

1894 

1897 

1.0 

Throiigh  a  better  knowledge  of  its  etiology,  scurvy  is 
now  quite  rare  among  troops.  Its  insidious  character, 
however,  favors  a  possibly  unnoted  invasion,  its  infre- 
quency  renders  it  unfamiliar,  and  the  very  knowledge 
of  the  means  possessed  for  its  prevention  gives  a  false 
idea  of  security.  It  is  a  mistake  to  regard  scurvy  as 
being  attendant  solely  on  the  unhygienic  conditions  of 
past  centuries,  long  voyages,  famine  diets  or  special 
cases  of  privation.  The  dyscrasia,  for  troops  in  the  field, 
is  rather  to  be  regarded  as  merely  latent  and  requiring 
but  a  temporary  interference  with  the  distribution  of 
supplies,  and  a  brief  subjection  to  depressing  influences, 
to  render  its  existence  apparent ;  though  not  necessarily 
in  the  aggravated  form  with  which  the  continued  action 
of  its  cause  characterized  it  in  former  times.  The  immi- 
nence of  scurvy,  where  a  proper  nutritive  standard  is 
departed  from,  should  be  fully  appreciated  by  the  sani- 
tary officer. 

Cav^e. — Scurvy  is  due  to  an  illy  balanced  dietary  in 
which  fresh  vegetables  and  their  salts  are  deficient.  Salt 
meat,  and  fresh  meat  which  has  undergone  putrefactive 
changes  but  is  still  eatable,  are  considered  to  favor  the 
occurrence  of  scurvy.  As  predisposing  causes  may  be 
mentioned  excessive  fatigue  or  overcrowding  of  quar- 
ters. Cold  and  humidity  are  also  powerful  factors,  al- 
though scurvy  is  by  no  means  imcommon  in  warm  cli- 
mates. Besides  these,  depression  of  spirits,  nostalgia 
and  lack  of  exercise  play  no  unimj^ortant  parts.  As 
illustrating  the  latter  point,  an  instance  is  given  in  which 
a  number  of  prisoners  of  war  were  removed  on  board 
sliip  and  fed  on  exactly  the  same  diet  as  those  on  shore. 
The  prisoners  on  ship  contracted  scurvy — those  on  shore 
did  not. 

Scurvy,  occurring  in  the  military  service,  usually  at 
once  assumes  an  epidemic  character,  through  the  reason 


that  large  numbers  of  men  are  at  the  same  time  exposed 
to  the  conditions  to  which  the  disease  owes  its  origin. 
From  this  fact,  scurvy  was  long  thouglit  to  be  conta- 
gious. The  disease  is  a  great  respecter  of  military  rank 
and  rarely  occurs  in  officers,  a  fact  due  to  tlieir  better 
nutrition  and  lessened  exposure  to  depressing  conditions. 
It  has  a  marked  tendency  to  attack  convalescents — and 
rnaj-  frequently  be  associated  with  other  diseases,  to 
whose  attacks  it  imparts  additional  severity.  In  the 
Crimean  War,  typhus  occurring  in  a  scorbutic  patient 
was  said  to  have  been  imiformly  fatal.  Winter  is  par- 
ticularly the  season  when  scorbutic  manifestations  ap- 
pear, this  being  the  season  when  fresh  vegetable  material 
is  scarce  and  troops  are  largely  confined,  through  the 
inclemencj'  of  the  weather,  in  the  vitiated  air  of  their 
quarters.  Sometimes,  however,  scurvy  occurs  in  the 
autumn.  This  was  the  case  at  the  Crimea,  when,  in  a 
period  of  three  months,  500  cases  occurred  among  the 
French  troops. 

While  the  symptomatic  diagnosis  of  scurvy  is  not  a 
subject  for  discussion,  it  may  be  here  remarked  that 
scurvy,  in  the  military  service,  is  usually  seen  in  the 
early  stages,  at  which  time  it  not  infrequently  simulates 
muscular  rheumatism  and  is  liable  to  be  mistaken  for  the 
results  of  simple  exposure  to  wet  and  cold.  The  char- 
acteristic symptoms  of  the  disease  are  later  manifesta- 
tions. Among  the  conditions  not  infrequently  present 
as  a  result  of  scorbutus  are  acrodynia  and  hemeralopia, 
or  night-blindness.  Both  have  prevailed  epidemically  in 
armies.  Hammond  noted  the  presence  of  hemeralopia 
among  our  troops  in  Kansas  and  New  Mexico,  and  even 
as  late  as  1884  it  figured  in  the  retuins  for  the  army. 
During  the  Crimean  War  both  French  and  English  were 
attacked,  and  after  the  capture  of  Sebastopol  the  number 
of  hemeralopics  was  so  great  in  the  French  army  that 
certain  I'egiments  could  not  furnish  the  necessary  num- 
ber of  men  to  mount  guard.  The  condition  has  repeat- 
edly been  caused  to  disappear  by  improvement  in  the 
character  of  the  food  supplied.  In  this  connection,  men- 
tion may  be  made  of  ulcerative  stomatitis,  which,  for- 
merly common  in  armies,  is  now  rare.  This  affection 
undoubtedly  depended  upon  a  scorbutic  tendency  and 
lowered  powers  of  resistance  resulting  from  malnutrition. 
Coustan  mentions  19  epidemics  of  it  as  having  occurred 
in  the  French  army  between  the  years  1793  and  1877. 

Prrrention. — Scurvy  is  entirely  avoidable,  and  its  ex- 
istence is  a  reproach  to  the  sanitary  officer.  Tlie  disease 
would  rarely  occur  if  the  character  of  the  food  sujiplied 
corresponded  with  the  natural  cravings  of  the  individ- 
ual, and  it  is  only  where  the  use  of  a  restricted  and  im- 
proper diet  is  required  that  its  occurrence  is  possible. 
At  the  present  day  its  existence  is  evidence  of  lack  of 
sanitary  administration  or  short-sighted  economy — either 
being  inexcusable.  The  prevention  of  scurvy  is  accom- 
plished by  the  administration  of  citric,  tartaric,  malic, 
acetic  and  lactic  acids  or  their  salts.  These  are  best 
given  in  the  juices  of  fresh,  succulent  vegetable  mate- 
rial; fresh  fruits,  tubers,  roots  and  leaves  being  better 
than  seeds,  while  the  legurainosae  have  no  antiscorbutic 
virtues.  The  raw  potato,  onion  and  tomato  are  espe- 
cially valuable.  Fresh  cabbage  is  excellent,  being  bet- 
ter than  sauerkraut.  Radishes  are  also  valuable.  Wliere 
such  vegetables  can  be  obtained  in  abundance  scurvy 
will  not  appear.  For  troops  in  the  field  the  dandelion  and 
lamb's  quarterare  frequently  available,  and  may  be  boiled 
and  eaten  as  greens.  The  yellow  mustard  and  cresses  can 
be  used  as  salad,  while  the  young  shoots  of  the  poke- 
weed  serve  an  excellent  purpose  as  a  vegetable.  In 
some  regions  the  so-called  scurvy  grass,  or  cochlearia, 
will  be  found.  Woodhull  especially  recommends  the 
agave  as  an  antiscorbutic.  To  prepare  it  the  leaves  are 
cut  off  close  to  the  roots  and  cooked  well  in  hot  a-shes. 
The  juice  is  expressed  and  taken,  either  raw  or  sweet- 
ened, in  the  proportion  of  one  to  four  wineglassfuls  sev- 
eral times  daily.  The  white  interior  of  the  leaves  may 
be  eaten.  All  the  varieties  of  the  cactus  are  useful,  in 
the  absence  of  other  vegetable  material,  in  the  preven- 
tion of  scurvy.    In  general,  fresh  vegetable  matter  of  any 
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variety  can  be  used  with  advantage,  provided  only  that 
it  has  "no  harmful  qualities.  Made  into  soups,  nearly  all 
are  tolerably  iialatuble. 

Wherever  the  authorized  issue  of  vegetables  is  scanty, 
the  supply  should  be  increased,  fiom  outside  sources, 
bv  every  means  possible.  Dried  vegetables  are  anti- 
scorbutic, but  much  less  so  than  tln^fresh  ;  the  vegetable 
acids  being  probably  decomposed  by  heat  and  keeping. 
When  the  vegetables  are  desiccated  and  compressed,  a 
considerable  pro]iortion  of  these  acids  and  their  salts  are 
removed,  and  what  remains  is  too  often  largely  cellulose. 
It  is  said,  however,  that  our  forces  in  the  expedition  to 
Utah,  against  tlie  Mormons,  owed  their  preservation  from 
scurv3'  largely  to  the  use  of  desiccated  vegetables,  at  a 
time  when  nothing  else  of  an  antiscorbutic  nature  could 
be  obtained.  The  use  of  fresh  vegetables  should  never 
be  superseded  b}-  the  preserved  article  when  the  former 
can  be  obtained.  Fresh  fruits,  especially  lemons,  limes, 
grapes,  oranges  and  acid  fruits  generally,  are  excellent 
antiscorbutics.  Even  unripe  fruits  are  better  than  none, 
and  diarrhoea  may  at  times  be  hazarded  for  the  sake  of  their 
valuable  properties.  Dried  and  canned  fruits  are  also  of 
advantage.  Preserved  lime  juice  has  been  much  used 
on  shipboard  in  the  prevention  of  scurvy.  It  has  long 
been  employed  in  the  British  army  and  navy,  and  forms 
part  of  the  British  field  ration,  in  the  proportion  of  half 
an  ounce  daily,  in  the  absence  of  fresh  vegetables.  Ex- 
cellent results  have  long  followed  its  use,  and  it  could  be 
adopted  with  advantage  in  our  own  service  for  similar 
conditions.  Good  beer  and  wine  appear  to  have  decided 
antiscorbutic  value.  Spruce  beer  has  been  made  and 
used  with  advantage.  Vinegar,  one-half  to  one  ounce 
dailj%  should  be  used  in  the  cooking  or  taken  with  pick- 
les; it  was  much  used  as  an  antiscorbutic  in  the  armies 
of  antiquity.  It  has  long  been  known  that  those  who 
eat  large  quantities  of  under-done  fresh  meat,  even 
though  a  limited  amount  of  vegetable  material  is  used, 
escape  scurvy.  This  antiscorbutic  quality  of  meat  is 
largely  destroyed  by  cooking,  probably  through  the  split- 
ting up,  under  heat,  of  the  lactic  acid  which  it  contains. 
It  is  a  matter  of  common  observation  that  Indians  and 
Esquimaux,  wlio  may  eat  no  vegetable  material  for  con 
siderable  periods  but  who  habitually  use  meat  either  raw 
or  in  a  partially  cooked  condition,  are  not  affected  with 
scurvy — and  the  same  is  true  of  whites  who  follow  their 
example.  At  times  when  scurvy  was  very  prevalent  in 
our  western  garrisons,  tlie  hunting  parties  sent  out  to  pro- 
cure fresh  supplies,  living  largely  on  under-done  flesh, 
were  notably  exempt  from  this  affection.  The  value  of 
raw  meat  as  an  antiscorbutic  has  been  repeatedly  noted 
by  Hayes,  Kane  and  other  Arctic  explorers.  Kane 
wrote:  "Had  we  plenty  of  frozen  walrus  I  would  laugh 
at  scurvy, "  Pemmican,  prepared  with  fat,  sugar,  raisins 
and  currants,  is  an  excellent  antiscorbutic  for  cold  cli- 
mates and  is  much  in  vogue  with  travellers  in  the  far 
north. 

Where  fresh  vegetables  cannot  be  obtained,  the  admin- 
istration of  the  vegetable  acids,  especially  tartaric  and 
citric  acids,  combined  with  an  alkali,  is  highly  desirable 
to  prevent  the  occurrence  of  scurvy.  Since  the  disease 
is  favored  in  its  occurrence  by  confinement,  impure  at- 
mosphere, cold,  dampness  and  mental  depression,  any 
unfavorable  conditions  of  this  character  should  be  reme- 
died and  every  effort  made  to  elevate  the  physical  and 
mental  tone  of  the  soldier. 

Diseases  Dependent  on  Military  Service. 

Irritable  Heart  in  Soldiers.  —  A  well-defined 
group  of  symptoms,  for  want  of  a  more  scientific  desig- 
nation known  as  "irritable  heart  of  the  soldier,"  has  re- 
ceived considerable  attention  from  military  and  medical 
writers  in  this  countrv,  notably  from  Taylor  and  Da 
Costa.  The  condition  is  one  which  was  long  practically 
found  only  in  soldiers,  but  is  now  not  infrequent  in  ath- 
letes and  is  common  in  bicyclists.  At  the  outset  the 
trouble  is  purely  functional  in  character,  but  when  the 
'  exciting  influence  is  long  continued  it  is  capable  of  ulti- 


mately producing  organic  lesions.     Many  diSerent  de- 
grees of  the  affection  are  therefore  observed. 

The  condition  usualh'  occurs  in  young  and  untrained 
soldiers,  especially  when  weakened  by  disease  or  priva- 
tion, during  the  occurrence  of  forced  marches  and  par- 
ticularly in  warm  weather.  The  general  symptoms  may 
be  indefinite,  but  the  soldier  usually  complains  of  pain 
in  the  chest  and  inaliility  to  carr}'  his  equipment  on  the 
march  without  losing  his  breath.  The  ptdse  is  weak, 
intermittent  and  dicrotic,  and  there  is  the  general  ap- 
pearance of  exhaustion.  Often  there  is  dizziness,  which 
maybe  more  pronounced  at  night.  In  more  pronounced 
cases  there  are  gastric  disorders,  the  mind,  memory  and 
voice  are  temporarily  enfeebled  and  the  walk  is  weak  and 
uncertain.  Slight  murmurs  may  be  noted,  and  there  is 
usually  dilatation  of  the  cardiac  chambers,  often  exces- 
sive. The  right  ventricle  is  the  one  usually  dilated  be- 
cause of  its  thinner  walls  and  the  greater  proportionate 
strain  to  which  it  is  subjected.  The  action  of  the  heart 
may  be  seriously  impaired  or  even  paralyzed  through 
the  stretching  and  separation  of  the  muscular  fibrilhie. 
Permanent  and  serious  imiiairment  of  the  cardiac  fimc- 
tion  at  times  results,  though  the  symptoms  of  heart  strain 
may  disappear  as  long  as  active  exertion  is  not  required. 
A  number  of  cases  immediately  fatal  through  eardia.c  pa- 
ralysis have  been  noted,  althougli  the  condition  must  be 
regarded  rather  as  chronic  than  acute. 

As  a  result  of  an  examination  of  a  body  of  soldiers  who 
had  marched  a  distance  of  fifty  miles,  Teis.sier  noted  that 
the  apex  of  the  heart  was  displaced  outward,  that  its 
breadth  was  increased,  and  that  the  venous  circulation 
was  impaired.  The  action  of  the  heart  was  short  and 
irregular,  and  a  well-defined  cardiac  murmur  was  pres- 
ent. The  arterial  pressure  was  considerably  lowered. 
Similar  results  were  observed  by  Coustan.  According 
to  Taylor,  at  the  battle  of  Corinth,  during  the  Civil  War, 
of  two  companies  which  had  engaged  in  a  lively  recon- 
naissance one- fourth  of  the  men  returned  in  a  state  of  com- 
plete exhaustion,  while  three  men  had  dropped  from  the 
ranks  from  cardiac  syncope  and  were  supposed  to  be  dead. 

The  condition  is  brought  on  by  great  phj'sical  exertion, 
particularly  in  the  absence  of  preliminary  training,  and 
especially  in  such  men  as  may  be  affected  with  latent 
cardiac  weakness,  not  discoverable  on  ordinary  physical 
examination.  The  habittial  use  of  alcohol  and  tobacco 
appears  to  favor  it,  btit  syphilis  has  not  been  shown  to 
jjlay  a  part  in  its  occurrence.  Restricted  respiratory 
ftmction  should  be  regarded  as  an  important  exciting 
cause  of  heart  strain,  and  its  occurrence  is  largely  favored 
by  the  mechanical  compression  of  the  chest  wall  by  tight 
clothing,  belts,  and  the  weight  and  mode  of  carriage  of 
the  equipment.  With  mociern  improvements  in  these 
respects  the  affection  has  become  less  frequent. 

Coustan  states  that  cardiac  irritability  not  rarely  oc- 
ctirs  in  cavalry  soldiers,  especially  inexperienced  riders 
motmted  on  hard-trotting  horses. 

Irritable  heart  generally  has  a  good  prognosis  so  far  as 
the  individual  is  concerned — but  even  under  the  most 
favorable  conditions  the  soldier  is  usually  disqualified  for 
future  hard  service ;  for  the  same  influences  which  origi- 
nated the  affection  will  operate  even  more  powerfully 
in  a  weakened  organ. 

Should  a  soldier  on  the  march  present  symptoms  of 
heart  strain,  any  tight  clothing  should  be  loosened,  his 
equipment  removed  and  he  be  furnished  with  wheel 
transportation.  Continuance  of  exertion  in  such  a  case 
can  restilt  only  in  serious  permanent  injury  to  the  indi- 
vidual. The  "treatment  is  symptomatic,  with  rest  as  an 
essential  feature.  Prophyla.xis  depends  ujion  the  elimi- 
nation from  the  military  service  of  soldiers  who  at  any 
time  show  symptoms  of  cardiac  weakness.  The  length 
and  rapidity  of  marches  should  be  kept  within  reason- 
able limits,  and  soldiers,  especially  raw  troops,  should  not 
be  forced  to  perform  tasks  beyond  their  powers  except 
under  pressing  military  necessity.  The  weights  carried 
should  be  as  light  as"  military  conditions  permit,  and 
should  be  properly  disposed  upon  the  person.  Any  con- 
striction of  the  chest  should  be  avoided. 
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Febrile  Exhaustion. ^A  so-called  "fever  of  exhaus- 
tion "  has  been  described  by  Coustan  and  others.  The 
aflfection  often  occurs  in  troops  during  campaign  or  hard 
marches,  especially  in  warm  weather.  It  occurs  chiefly 
in  infantry  after  rapid  marching,  but  mounted  soldiers 
are  not  infrequently  affected.  Recruits  are  particularly 
liable  to  its  occurrence.  The  symptoms  are  somewhat 
variable,  but  include  a  remittent  temperature,  a  tendency 
to  adynamia  and  marked  nervous  depression.  Usually 
there  are  headache,  insomnia,  restlessness  and  severe  lum- 
bar pain.s.  The  urine  is  scanty,  red.  and  turbid,  but  be- 
comes clear  in  about  twenty -four  hours.  The  muscles 
which  have  been  excessively  fatigued  are  sometimes  sore 
to  the  touch  for  several  days.  Diarrhoja  is  a  prominent 
symptom,  and  during  a  severe  march  the  al vine  discharges 
of  the  men  become  noticeably  frequent  and  water)-.  Vom- 
iting not  rarely  occurs.  Tlie  condition  is  generally  re- 
garded as  being  due  to  an  excess  of  acid  produced  in  the 
muscles  under  the  iuHueuce  of  muscular  work,  and  in  its 
action  on  the  muscular  fibres  it  diminishes  their  contrac- 
tility. The  local  pains  are  thought  by  some  to  be  due  to 
minute  lesions  occurring  in  the  muscles  as  a  result  of 
excessive  use,  and  resembling  those  which  occur  from 
prolonged  massage.  The  substances  given  off  as  a  result 
of  muscular  work  may  affect  the  nervous  centres  in  the 
procfuction  of  nervous  depression  and  fever;  while  the 
diarrhoea  ]irf)bably  dejiends  upon  relaxation  of  the  mucous 
membrane  and  upon  the  large  amounts  of  fluid  drunk  to 
replace  the  losses  by  perspiration. 

The  prevention  of  this  affection  obviously  depends 
upon  proper  conduction  of  the  march.  The  treatment 
includes  rest,  with  sometimes  warm  baths. 

Feigned  Diseases. — No  reference  to  the  diseases  of 
the  soldier  would  be  complete  without  mention  of  the 
intentional  simulation  of  disease — not  uncommonly  ob- 
served in  the  military  service,  and  for  the  detection  of 
which  medical  officers  are  constantly  on  the  alert.  The 
feigning  of  diseased  conditions  of  mind  or  body  has  al 
ways  been  a  favorite  method  with  all  classes  of  people 
for  securing  betterment  of  condition,  relief  from  distaste- 
ful duty  or  the  evasion  of  pimishment,  and  this  is  par- 
ticularly the  case  among  soldiers,  whose  medical  assist- 
ance is  gratuitous  and  whose  pa^-  and  subsistence  are 
assured  without  the  necessity  of  securing  them  by  con- 
stant personal  effort. 

By  far  the  most  elaborate  and  persistent  efforts  at  de- 
ception are  those  which  occur  in  time  of  war,  when 
recruits  endeavor  to  escape  draft  or  to  avoid  duty  on  the 
firing  line.  In  time  of  peace  the  conditions  simulated 
are  usually  simple,  and  the  claims  as  to  their  existence 
are  not  long  continued.  Sometimes,  however,  as  where 
an  effort  is  made  to  secure  discharge  from  the  sei'\ice, 
the  symptoms  feigned  are  extremely  complex  and  are 
maintained  with  great  pertinacity.  The  disease  selected 
for  simulation,  and  the  persistency  with  which  its  symp- 
toms are  exhibited,  are  for  the  most  part  determined  by 
the  familiarity  possessed,  or  thought  to  be  possessed,  by 
the  malingerer  with  reference  to  it.  In  general,  some 
morbid  condition  the  symptoms  of  which  are  largely 
subjective,  as  muscular  rheumatism  or  neuralgia,  is  se- 
lected. Another  condition  not  infrequently  simulated  is 
that  of  involuntary  nocturnal  enuresis,  and  this  fi'aud,  with 
the  above,  isespecially  difficult  of  demonstration.  Among 
the  affections  feigned  may  also  be  mentioned  various 
fevers,  diarrhoea,  dysentery,  chorea,  epilepsy,  hysteria, 
hemorrhages,  apoplexy,  imbecility,  insiinity.  coma  and 
even  death — in  fact,  the  diseases  simulated  belong  to 
every  department  of  medicine.  Not  infretjuently  such  a 
varied  array  of  symptoms  is  presented  to  the  medical  offi- 
cer as  would  scarcely  suggest  any  known  affection.  The 
degree  of  success  of  the  attempt  at  simulation  naturally  de- 
pends upon  the  skill  with  which  it  is  executed,  and  this  is 
Influenced  by  a  more  or  less  comprehensive  knowledge  of 
the  symptoius  of  the  affection  selected  and  the  degree  of 
natural  cunning  possessed  by  the  malingerer.  Usnally 
the  imitation  is  imperfect  and  readily  to  be  detected ; 
but  occasionally  an  instance  is  found  in  which  every 
effort  to  prove  the  case  to  be  fraudulent,  even  where  it 


is  a  moral  certainty  that  such  is  the  fact,  meets  with  only- 
negative  results.  In  most  instances,  careful  questioning 
and  observation  suffice  to  expose  the  fraud.  In  other 
cases  it  often  becomes  necessary,  while  apparently  agree- 
ing as  to  the  reality  of  the  affection,  to  confine  the  pa- 
tient to  bed.  place  him  on  low  diet  and  administer  dis- 
agreeable potions.  Under  such  treatment  recovery  is 
usually  rapid.  Whe're  rheumatism  or  neuralgia  is  simu- 
lated the  use  of  the  actual  cautery  may  be  advisable,  but 
in  general  every  case  must  be  treated  according  to  cir- 
cum.stances.  At  times  the  inconvenience  and  suffering 
unhesitatingly  endured  by  the  malingerer  are  truly  re- 
markable. 

The  prevention  of  malingering  can  be  largely  accom- 
plished by  careful  investigation  of  each  case  on  the  part 
of  the  medical  officer,  whose  knowledge  of  the  personal 
character  of  the  individual,  gained  by  contiict  or  by  in- 
quiry of  his  company  officers,  will  largely  aid  him  in 
arriving  at  a  correct  conclusion.  Men  of  unstable  or 
undesirable  character,  who  present  no  objective  syraii- 
toms  of  disease,  should  in  general  be  promptly  returned 
to  duty.  Where  conditions  are  such  that  the  fraud  can 
be  definitely  proven — which,  unfortunately,  is  rarely  the 
case — the  offender  should  be  tried  by  court-martial  and 
severely  disciplined.  In  general,  the  personality  of  the 
medical  officer  is  a  factor  of  no  small  importance  in  de- 
termining the  amount  of  malingering  in  a  comtuand. 

Eiliriird  L.  Miitison. 

CAMPANULACE/E.  —  (The  Harebell  or  Lobelia 
Family.)  This  family,  of  some  two  score  genera  and 
more  than  a  thousand  species,  is  of  greater  interest 
through  its  poisonous  species  than  through  its  meilicinal 
value.  Its  plants  represent  every  habit,  tliough  the  most 
of  them  are  herbs  and  there  are  no  large  trees  among 
them.  The  juice  is  milky  and  the  flowers  are  mostly 
showy,  The3-inhabit  all  except  very  cold  countries.  Of 
the  three  sub-families,  the  first,  Campari uloidtv.  is  much 
more  closely  related,  in  composition  and  properties,  to  the 
distinct  family  Cii-horiacea;  than  to  the  remainder  of  its 
own  family,  and  it  appears,  from  various  considerations, 
to  be  a  mistake  to  class  these  and  the  third  sub-family, 
Liiheliindo!,  in  the  same  family.  The  Canipanuloida^  are 
not  poisonous,  but,  on  the  contrary,  produce  numerous 
wholesome  and  nutritious  roots,  containing  inulin,  and 
some  of  their  fruits  also  are  edible.  Of  the  Lobelioida', 
on  the  other  hand,  one  or  more  species  will  be  found 
recognized  in  almost  every  country  as  deadly  poisons. 
The  poisonous  constituents  are  chiefly  alkaloids.  As 
poisons,  they  are  classed  as  acrid  narcotics,  and  act  gen- 
erally like  Ijobelia  iiijhtta,  which  see. 

Heiinj  II.  Busby. 

CAMPHOID  is  a  substitute  for  collodion  made  by  dis- 
solving 1  |iait  of  soluble  gun  cotton  (pyroxylon)  in 
alcohol  containing  20  parts  of  camphor.  It  is  a  thick, 
colorless  liijuid  which  di-ies  very  rapidly,  and  when 
painted  on  the  skin  leaves  a  thin  impervious  film.  It 
may  be  applied  as  a  protective,  or  as  a  vehicle  for  iodo- 
form, chrysarobin,  tannic  acid,  etc. 

Tt'.  A.  Bastedo. 

CAMPHOR— Campfiom.  V.  S.  P..  Br.  P.,  CoH.eO. 
A  stearoptene  iiuported  in  a  crude  state  and  purified  in 
this  country,  by  sublimation.  The  tree  from  which 
camphor  is  obtained  is  a  member  of  the  order  Lauracetp, 
and  was  named  by  Liima;us  Lmirus  camphvra.  Neesand 
Ebermair  classed  it  with  cinnamon  as  Cinnamcmum  cam- 
phnra,  and  later  Nees  separated  it  into  a  special  genus  as 
Camphorafifficinarxnii.  It  isalarge  tree,  of  slender  habit, 
with  long,  horizontal,  smooth,  green  branches,  and  a  hard, 
light-colored,  very  fragrant  and  valuable  wood.  The 
alternate  evergreen  leaves  are  dark  and  shining  above, 
lighter,  glaucous-green  beneath,  ovate  acuminate  entire, 
three-nerved.  Flowers  minute,  greenish-yellow,  in  small 
axillary  panicles.  Perianth  thick,  six-lobed  stamens,  nine 
with  four-celled  anthers  opening  ty  valves.  Staminoides 
six.     Ovary  free,  one-celled,  one-seeded.     Fruit  about  as 
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-Canitihor  Tree,  Flowering  Branch. 
(Balllon.) 


large  as  a  pea,  surrounded  by  the  persistent  perianth 
tube.  This  tree  grows  extensively  and  abundantly  in  For- 
mosa and  the  Japanese  islands,  from  whicli  places  all  tlie 
camphor  of  European  and  American  commerce  is  ob- 
tained ;  and  in  Central  China.  It  has  also  been  trans- 
planted and  tlnurishes  in  most  tropical  or  sub-tropical 
countries  of  both  hemispheres. 

Camphor  is  also  obtained  from  other  sources.  The  best 
known  are  the  Borneo  and  Ngai  camphors.  The  former  is 
collected  on  the  islands  of  Borneo  and  Sumatra  from  Dry- 
obald mips  C(i III jilmrii.  the  hitter  from  Bluinen  balmmifera, 
which  grows  abundantly  throughout  China  and  India. 

Tlie  increasing  de- 
^"s         i^fA  mand  for  camphor 

in  the  arts,  partic- 
ularly iu  the  man- 
ufacture of  cellu- 
loid and  .smokeless 
powder,  is  direct- 
ing attention  to 
its  production,  as 
the  demand  is  e.v- 
ceeding  the  natu- 
ral supply.  To 
replace  this  defi- 
ciency the  manu- 
facture o  f  art  iticial 
camphor  is  being 
improved,  and  the 
market  will  prob- 
alily  lie  su|iplied 
with  camphor  pre- 
pared froin  some 
of  the  turpentines, 
quite  indepen 
dently  of  the  pres- 
ent source. 

Camphor  is  a 
constituent,  or  more  properly,  an  oxidation  product  of 
the  essential  oil  of  camphor,  which  is  abundantly  present 
in  all  parts  of  the  plant.  Very  frequently  the  camphor  is 
found  in  a  more  or  less  pure  state  beneath  the  bark,  hav- 
ing separated  from  the  oil.  It  is  separated  from  the 
leaves,  smaller  branches,  and  chopped  wood  by  a  crude 
method  of  sublimation,  iu  which  impure  condition  it  is 
exported.     In  this  country  it  is  resublimed. 

Camphor  occurs  "  in  white,  translucent  masses,  of  a 
tough  consistence  and  a  crystalline  structure,  readily 
pulverizable  in  the  presence  "of  a  little  alcohol,  ether,  or 
chloroform;  having  a  penetrating,  characteristic  odor, 
and  a  pungently  aromatic  taste.  Specific  gravity.  0.995 
at  15°  C.  Very  sparingly  soluble  in  water,  but  readily 
soluble  in  alcohol,  ether,  chloroform,  carbon  disuliihide, 
benzin,  and  in  fixed  and  volatile  oils.  It  melts  at  175" 
C,  boils  at  20-t'  C,  and  is  inflammable,  burning  with 
luminous,  smoky  flame.  On  exposure  to  the  air  it  evap- 
orates more  or  less  rapidly  at  ordinary  temperature,  and, 
when  moderately  heated,  it  sublimes  without  leaving  a 
residue  "  (U.  S.  P.).  The  solubility  of  camphor  in  water 
is  about  1  part  in  1,300;  this  is  increased  by  the  presence 
of  sugar,  magnesia,  carbonic  acid,  and  spirits  of  nitrous 
ether.  When  camphor  is  mixed  with  menthol  and  simi- 
lar products,  in  definite  proportions,  the  two  substances 
become  a  liquid.  The  following  are  some  of  the  com- 
binations: camphor  1  part — with  menthol  3,  with  thymol 
1,  with  chloral  hydrate  1,  with  salol  1.5;  camphor  3 
parts— with  naphiholl;  camphor  4  parts— with  phenol 
13  to  which  water,  1  part,  has  been  added.  With  certain 
resins  and  gums,  camiihor  forms  a  soft  mass  of  pilular 
consistence,  which  lasts  for  a  variable  length  of  time  ac- 
cording to  the  gum  selected.  Guaiac,  asafcetida,  gal- 
banum,  benzoin,  and  tolu  are  some  that  are  of  pharma- 
ceutical importance. 

The  oil  of  canqilior  of  commerce  is  separated  during 
the  first  sublimation  and  is  obtaincxl  as  a  thin  fluid,  vary- 
ing in  color  from  a  light  yellow  to  a  reddisli-brown  ac- 
cording to  age.     It  has  a  strong  odor  and  taste  resembling 
■  those  of  camphor.     It  is  very  variable  in  character,  the 


percentage  of  camphor  that  may  be  present  is  uncertain, 
some  samples  being  entirely  free  from  it.  The  oil  is  not 
of  much  therapeutic  value  in  this  country,  although 
thought  much  of  in  China  and  other  Eastern  countries, 
where  it  is  employed  not  only  for  its  remedial  properties 
but  also  as  a  turpentine  in  the  preparation  of  India  ink  and 
varnishes.  It  is  also  used  as  an  illuminant.  Its  action  i.s^ 
similar  to  that  of  camphor,  and  it  is  recommended  in  the 
same  conditions  in  doses  of  from  gtt.  i.  to  gtt.  iij. 

Camphoric  acid,  C,oH,oOj,  is  a  product  of  camphor 
that  is  of  much  therapeutic  interest.  It  is  an  oxidation 
product  of  camphor,  and  may  be  pre]iared  by  heating 
camphor  with  nitric  acid.  Tlie  acid  forms  in  small  col- 
orless needles  or  plates,  odor  faintly  aromatic,  taste  acid 
and  bitter,  very  sparingly  soluble  in  cold  water,  more 
soluble  in  hot.  soluble  in  alcohol  and  ether.  Ten  per 
cent,  of  alcohol  added  to  hot  aqueous  solution  p. events 
the  acid  from  being  deposited  on  cooling.  This  acid  has 
long  been  known,  l3ut  it  is  only  during  the  last  few  years 
that  its  therapeutic  properties  have  been  utilized.  Its 
chief  use  is  in  the  treatment  of  diseases  of  the  respiratory 
tract  and  as  a  preventive  of  night  sweats.  For  the  latter 
purpose  it  promises  to  be  one  of  the  most  valuable  addi- 
tions to  our  materia  medica. 

Compared  with  atropine,  its  effect  is  more  certain  and 
more  prolonged,  while  it  does  not  produce  the  difficulty 
in  swallowing,  dryness  of  the  pharynx,  disturbed  sleep, 
and  vertigo,  which  often  accompany  the  u.se  of  the  latter 
drug.  Its  mode  of  action  differs  from  that  of  atropine, 
as  its  beneficial  eilect  is  thought  to  be  due  to  its  power 
of  destroying  the  ptomains  iu  the  blood  which  cause 
this  distressing  symptom. 

The  dose  as  an  anhydrotic  is  gr.  xxx.  at  bedtime,  or 
gr.  XV.  during  the  afternoon  and  the  same  dose  repeated 
at  bedtime.  The  action  is  not  rapid,  and  in  some  in- 
stances no  effect  has  been  noticed  until  the  following 
day.  The  effect  of  a  single  dose  often  continues  for  sev- 
eral days.  The  reiiorts  of  cases  treated  show  beneficial 
results  in  a  great  majority  of  them;  it  does  not  in  any 
way  interfere  with  the  appetite  or  digestion,  and  in  most 
instances  a  quiet  sleep  follows  its  use.  As  the  taste  is 
somewhat  disagreeable,  it  is  best  administered  in  wafers 
or  capsules. 

In  diseases  of  the  mucous  membrane  of  the  respiratory 
tract,  camphoric  acid  is  used  by  ai^plyiug  locally  and  as 
a  sjiray.  In  acute  coryza,  pharyngitis,  and  laryngitis,  a 
half-  to  one-per-cent.  solution  may  be  used  every  three 
hours,  or  tampons  Siiturated  iu  the  solution  may  be  in- 
troduced into  the  nasal  cavities:  in  ulcerated  throat,  a 
solution  of  two  to  six  per  cent,  may  be  applied.  This 
drug  has  no  corrosive  action ;  it  possesses  antiseptic  prop- 
erties and  produces  contraction  of  the  blood-vessels  of 
the  mucous  membrane. 

Internally,  it  is  also  used  for  intestinal  diarrhoea  of  a 
catarrhal  character,  and  where  intestinal  antisepsis  is 
desired,  the  dose  is  from  gr.  v.  to  gr.  x.-xv.  Itisexcreted 
by  the  kidneys  and  renders  the  urine  clear  and  acid  in  two 
or  tlu-ee  hours. 

In  cystitis,  when  the  urine  is  alkaline,  it  has  proved  of 
benefit.  In  this  condition  it  is  also  used  as  a  wash  in  a 
half  of  one-percent,  solution.  The  bladder  is  to  be  irri- 
gated twice  a  day,  about  an  ounce  of  the  solution  being 
left  behind. 

Camphor  is  absorbed  from  the  skin  and  mucous  mern- 
brane,  and  is  found  unchanged  in  the  blood  and  the  vari- 
ous organs  and  tissues,  the  kidneys  do  not  excrete  it 
unchanged,  but  it  is  thought  to  be  excreted  by  the  lungs 
and  skin.  In  its  action  camphor  is  antiseptic  and  stimu- 
lant, with  a  sedative  effect  following  the  primary  stimula- 
tion. This  action  is  exercised  upon  the  surface  when 
applied  externallv.  and  when  administered  internally, 
the  same  effect  is  directed  to  the  mucous  surfaces  with 
which  it  comes  in  contact.  In  the  stomach  it  stimvilates 
the  muscular  coats,  adds  a  sense  of  wariuth,  and  refiexly 
stimulates  the  heart  and  abdominal  circulation.  After 
absorption  its  action  is  directed  to  the  cerebral  and  spinal 
centres  through  which  it  influences  the  heart  and  vascular 
system. 
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Camphor  is  not  now  employed  to  tlie  extent  that  it 
was  former!}'.  Tlie  difficulty  of  giving  it  in  suitable 
doses,  witliout  deranging  the  stomach,  has  proved  a  seri- 
ous obstacle,  and  other  remedies  have  supplanted  its  use. 
When  given  in  pill  form,  or  in  its  pure  state,  it  proves 
Irritating  to  the  stomach  and  has  been  charged  with  pro- 
ducing gastritis  and  ulcerations.  When  given  as  an 
emulsion,  witli  sugar,  gum  arable,  and  water,  it  forms  a 
nau.seousmi.\ture.  xVt  present  it  is  given  in  small  doses, 
combined  witli  other  remedies,  and  the  former  doses  of 
gr.  X.  and  sv.  are  rarely  heard  of.  It  is  of  value  in  car- 
diac and  circulatory  depression,  and  in  all  conditions 
in  which  rapi<l  stimulation  is  required ;  as  in  ty plioid  con- 
ditions, pneumonia,  redema  of  the  lungs,  and  dilatation  of 
the  heart.  In  chronic  depression  of  the  nervous  system 
■when  there  is  a  loss  of  control  it  is  a  useful  stimulant  in 
repeated  small  doses.  Hysteria,  chorea,  epileps}-,  sper- 
matorrhoea, and  melancholia  are  some  of  the  conditions 
in  which  it  has  been  much  emplo^'ed.  Its  excretion  by 
the  skin  and  bronchial  mucous  membrane  has  made  it  a 
very  useful  diaphoretic  and  expectorant,  and  in  febrile 
states,  particularly  when  combined  with  opium  and  other 
diaphoretics,  it  has  always  been  recognized  as  of  much 
service.  Its  action  n]ion  the  genitourinary  organs  has 
been  a  disputed  point.  It  is  supposed  to  liave a. sedative 
action  and  also  to  possess  anaphrodisiac  properties.  After 
its  continued  use  it  certainly  acts  as  an  anaphrodisiac. 
As  a  sedative  it  is  combined  witli  bromides,  opium,  and 
hyoscyamus.  After  its  continued  use  and  in  large  doses 
It  excites  the  brain  and  produces  a  form  of  intoxication. 
Its  continued  use  produces  a  craving  for  the  drug,  and 
it  has  been  shown  that  a  camphor  habit  may  be  acquired. 
In  toxic  doses  there  is  over-stimulation,  which  is  of  very 
short  duration  and  is  rapidly  succeeded  by  depression, 
with  stupor  or  coma,  paralysis,  cold  surface,  clammy 
perspiration,  and  other  symptoms  of  collapse,  which  may 
terminate  in  death. 

Formerly  camphor  was  given  in  doses  of  gr.  x.  and 
XV.  It  is  now  given  in  one-,  two-,  and  three-grain  doses, 
rarely  exceeding  five  grains.  It  may  be  administered 
hy  podermically ,  particularly  in  conditions  of  collapse.  It 
may  be  given  in  pills  or  capsules,  or  in  powder  with  sugar, 
or  the  spirits  of  camphor  ma}'  be  given  in  wine.  The 
camphor  maj'  also  be  dissolved  in  ether  and  added  to 
wine.  The  following  forms  a  good  emulsion:  camphor, 
gr.  XV. ;  ol.  olivse,  3  ij. ;  mucil.  acacife,  3  v. ;  syr.  sim- 
plicis,  I  i.  For  hypodermic  use,  the  spirits,  ethereal  solu- 
tion, or  camphorated  oil  may  be  selected. 

Monobromated  Camplwr,  CioHisBrO,  is  a  substitu- 
tion compound  of  camphor  in  wliich  one  atom  of  hy- 
drogen is  replaced  by  one  of  bromine.  It  is  official  in 
the  United  States  Pharmacopa>ia.  It  occurs  in  color- 
less prisms,  with  a  taste  and  odor  of  camphor.  It  is 
almost  insoluble  in  water,  but  soluble  in  alcohol  and 
fixed  oils.  It  is  permanent  in  the  air  and  unaffected  by 
light. 

This  camphor  compound  was  introduced  as  a  nervous 
sedative  and  antispasmodic.  It  has  been  employed  in 
delirium  tremens,  hysteria,  epilepsy,  whooping-cough, 
cbordee,  spcrmatorrho'a,  and  numerous  other  conditions 
arising  from  disturbance  of  the  nervous  system.  It  lias 
also  been  used  as  an  hypnotic  in  insomnia  of  the  same 
character.  In  all  tliese  conditions  it  has  proved  of  ser- 
vice, but  appears  to  be  of  most  value  in  the  milder  forms 
of  epilepsy.  The  dose  is  from  gr.  v.  to  gr.  x.,  once  or 
twice  in  twenty-four  hours  and  gradually  increased  until 
the  dose  is  repeated  four  or  five  times  a  day.  When  its 
administration  is  being  pushed  its  effect  requii-es  to  be 
watched,  as  when  given  in  excessive  doses  to  animals  it 
produces  muscular  weakness,  paralyses,  and  depression 
of  the  vital  centres. 

On  account  of  its  disagreeable  taste  it  is  administered 
in  pill  form,  or  in  capsules,  or  perles.  Elixirs  are  pre- 
pared by  dissolving  it  in  spirits  and  adding  aromatics  and 
syrup.  An  emulsion  may  also  be  formed  by  dissolving 
in  sweet  almond  oil  and  forming  an  emulsion  with  gum 
and  water. 

Beaumont  Small. 


CAMPHOR  SALICYLATE.— This  is  a  compound  of  84 
parts  of  camphor  with  65  parts  of  salicylic  acid.  It  oc- 
curs as  a  crystalline,  camphor-like  mass,  or  it  may  be 
made  to  crystallize  out  from  its  solution  in  benzol.  It  is 
insoluble  in  water  and  glycerin,  soluble  in  alcohol,  in 
mineral  oils,  and  in  20  parts  of  olive  oil.  Used  internally 
as  an  intestinal  antiseptic  and  carminative,  it  acts  in  the 
alimentarj'  tract  much  like  salol.  Its  systemic  effect,  how- 
ever, is  not  ma'-ked,  and  its  internal  use  has  up  to  the 
present  been  confined  mostly  to  the  summer  diarrhoeas. 
The  dose  is  gr.  i.  to  v.  In  lupus  and  other  skin  diseases 
it  is  applied  locally  in  the  form  of  an  ointment  or  liniment 
of  from  five-  to  twenty-per-cent.  strength. 

W.  A.  Baatedo. 

CAMPHORONIC  ACID.  — Iso-propyl-carballylic  acid 
— C'bI1,i(CU()H)3.  Obtained  by  the  oxidation  of  cam- 
pholic  acid,  it  forms  white,  acicular  crystals,  soluble  in 
water,  and  very  hygroscojiic.  It  is  recommended  as  an 
antiseptic  in  aqueous  solution.  ir.  ^-1.  Bastedo. 

CANADA  B\\.S\fA. —Balsam,  of  Fir.  Spurious  Balm 
of  Gilcad.  The  licpiid  oleoresin  obtained  from  lacunae 
in  the  bark  of  Abies  bahamen  (L.)  ]Miller.  This  fine,  tall 
tree  is  abundant  in  the  Northeastern  United  States, 
nortliward  and  northwestward.  Its  leaves  are  much  in 
demand  for  making  "balsam  pillows,"  which  are  deli- 
ciously  fragrant.  Its  buds  are  often  sold  as  balm  of 
Gilead  buds,  but  this  name  properly  applies  to  those  of 
Popidus  randicnns.  The  oleoresin  is  collected  by  break- 
ing the  blisters  upon  the  bark  and  catching  the  exuda- 
tion. It  is  of  a  pale-yellow  color,  absolutely  clear  and 
transparent,  somewhat  viscid,  aromatic,  and  bitter.  It  is 
insolulile  in  alcohol  and  water,  but  dissolves  in  ether  and 
chloroform.  It  possesses  tlie  ordinary  stimulant  anti- 
septic and  expectorant  properties  of  the  family  (see  Conif- 
ers), and  is  given  in  doses  of  .3  to  2  gm.  (gr.  v.  to  xxx.). 
It  is  more  largely  used  in  microscopical  mounting  than 
otherwise,  for  which  its  perfect  transparency  peculiarly 
fits  it.  Eem-y  H.  Rutby. 

CANADIAN  HEMP.    See  Apoci/mtm. 

CANARY  ISLANDS.— These  islands,  iustly  celebrated 
for  their  admirable  climate  and  beautiful  scenery,  lie  be- 
tween the  2Tth  and  28th  north  parallels  of  latitude,  five 
degrees  north  of  the  tropics,  and  in  longitude  13°  to  18°  W. 
They  are  in  about  the  same  latitude  as  Florida,  Southern 
California,  Southern  Texas.  Northern  Egypt,  and  the  Des- 
ert of  Sahara,  The}' are  from  120  to  170  miles  distant  from 
Africa,  and  may  be  reached  by  steamer  from  Plymouth 
or  Southampton,  England,  in  from  five  to  eight  days; 
and  from  Cadiz,  Lisbon,  Gibraltar,  Marseilles,  or  Genoa, 
in  three  or  more  days.  The  islands  (of  volcanic  origin) 
are  seven  in  number;  but  the  two  generally  visited  by 
invalids  and  always  meant  when  the  Canary  Islands  are 
referred  to,  are  Tenerife  and  Gran  Canaria,  about  30 
miles  from  eacli  other.  In  these  islands  Las  Palmas  in 
Gran  Canaria,  and  Orotava  in  Tenerife  are  the  towns  usu- 
ally resorted  to.  The  climate  is  characterized  by  medium 
dryness,  a  large  anmuut  of  sunshine,  equableness,  and  a 
stimulating  quality;  in  brief,  it  is  a  moderately  dry 
marine  climate.  "  The  Canaries  lie  in  the  region  of  the 
dry,  northerly  trade  winds,  which  are  the  prevailing 
winds  throughout  the  year,  usually  blowing  about  240 
days  out  of  the  36.5,  but  more  strongly  and  almost  with- 
out break  during  tlie  summer  months;  hence  the  mean 
maximum  temperature  of  the  summer  months,  which  is 
about  77',  is  lower  than  might  be  expected  for  the  lati- 
tude" (Melland,  "Chmatic  Treatment  in  Grand  Canary," 
Medical  Chrnnide,  Manchester,  1897,  vol.  viii.,  p.  331). 

As  both  Tenerife  and  Gran  Canaria  are  mountainous, 
the  mountains  rising  to  the  height  of  6,000  feet  or  more, 
there  is  botli  a  shore  and  a  mountain  climate.  For  the 
summer,  Melland  considers  the  mountain  climate  superior 
to  that  of  the  shore  in  the  treatment  of  lung  diseases, 
and  already  hotels  adapted  for  invalids  have  been  erected 
in  these  higher  regions.     During  the  winter  months  Las 
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Palmas,  of  whicli  Jlclland  especially  writes,  is  to  be  pre- 
ferred, he  says,  for  cases  of  early  phthisis  and  rheuma- 
tism, to  some  of  the  other  health  resorts  of  the  islaud,  on 
account  of  the  clear  sky,  free  radiation,  and  abundance 
of  sunliifht.  These  advantages  of  Las  Palmas  are  due 
to  its  geographical  position  awaj'  from  mountains  and 
northern  slopes.  The  vegetation  of  these  islands  is  rich 
and  varied;  the  date,  palm,  pepper,  and  eucalyptus  are 
some  of  the  trees  foiuid  there;  and  of  fruits  there  are 
oranges,  apples,  pears,  peaches,  plums,  figs,  grapes, 
guavas,  bananas,  pomegranates,  and  prickly  pears.  The 
flora  is  very  e.xtensive  and  the  variety  of  plants  great. 
"Anything"  put  into  the  ground  will  grow,"  says  Mrs. 
Stone  ("Tenerife  and  Its  Six  Satellites,"  by  Olivia  M. 
Stone;  2  vols.,  1887). 

The  meteorological  observations,  taken  at  Las  Palmas, 
are  given  by  Melland  as  follows ; 
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The  small  diurnal  range  of  temperature  is  to  be  espe- 
cially noted,  as  well  as  the  slight  variations  from  one 
month  to  another.  The  rainfall  is  very  inconsiderable, 
and  there  is  the  small  number  of  forty-nine  days  upon 
which  any  rain  fell.  Eacli  day  gave  an  average  of  over 
five  hours  and  a  half  of  sunshine.  The  relative  humidity 
greatly  decreases  as  one  ascends  into  the  mountain  regions. 

The  following  observations  for  Orotava  are  condensed 
from  various  observers; 
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The  temperature  of  Orotava,  says  Gihon  (Transactions 
of  the  American  Climatological  Association,  1889),  never 
falls  below  .50°  F.  or  rises  above  83°  F.,  and  attains  these 
extremes  only  on  rare  occasions. 

"The  February  of  Orotava."  continues  the  same  writer, 
"is  the  June  of  London,  the  May  of  Paris,  and  the  April 
of  Rome,  Nice,  and  Cannes."  In  Orotava  storms  are 
unknown,  and  linen  garments  may  be  worn  the  entire 
year.  "Here,  if  anywhere,"  to  again  quote  Gihon, 
"  reigns  perpetual  spring,  without  fogs  and  frosts,  where 
the  sap  never  dies,  where  rain  seldom  falls,  winds  and 
storm  are  scarcely  known,  and  burning  lieat  is  never 
felt." 

From  observations  taken  at  Las  Palmas,  it  is  seen  that 
the  six  warmest  months  are  from  June  to  November. 
with  a  mean  temperature  of  71.7°  F. ;  and  that  the  six 
coldest  months  are  from  December  to  May,  with  a  mean 
temperature  of  63. 5°  F,  September  and  October  are  the 
"  hottest  months,  with  a  mean  temperature  of  73.5°  F. ;  but 
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they  differ  from  the  coldest  month,  February,  by  only 
13..')°  F. 

The  inountain  climate  of  the  Canaries,  at  an  altitude  of 
from  1,300  to  .5,000  feet,  difl'ers  from  tliat  on  the  coast  by 
increased  dryness — the  relative  humidit\'  at  the  village  of 
Villa  Flor  (4,300  feet)  for  the  month  of  August  beiiig  3.5 
per  cent. ;  b}'  the  absence  of  the  uortherly  trade  winds; 
by  the  absence  of  rain  during  the  summer;  by  a  greater 
range  of  temperature;  by  a  more  invigorating  atmos- 
phere; and  by  almost  continuous  blue  skies.  The  sum- 
mer is  the  proper  season  for  visiting  the  highlands,  as  the 
climate  is  then  at  its  best.  "Here,"  says  Brown  ("Ma- 
deira and  the  Canary  Islands."  by  A.  Lander  Brown, 
London,  1896),  "  the  invalid  may  live  for  months  under  a 
rainless  blue  sky  and  in  a  genial  climate,  waudeiing 
among  gorgeous  forests  and  magnificent  precipices ;  be- 
low him  a  vast  sea  of  billowy  cloud  out  of  which  the 
summits  of  the  other  islands  rise,  beckoning  him  to  new 
explorations."  Melland  considers  the  mountain  climate 
much  more  rapidly  curative  in  cases  of  early  phthisis 
than  that  of  the  coast.  In  some  of  the  mountain  sta- 
tions, as  at  Laguna  (1,800  feet)  in  Tenerife,  there  are  good 
accommodations,  and  camping  is  also  not  an  infrequent 
method  of  living  in  the  higher  altitudes.  Orotava  con- 
sists of  the  town,  or  villa  de  la  Orotava,  at  an  altitude  of 
1,100  feet,  and  three  miles  distant  from  this  is  the  Puerto 
de  la  Orotava  on  the  coast;  it  is  the  latter  locality  to 
which  invalids  resort.  Round  about  these  two  Orotavas 
and  including  them  is  the  famous  Orotava  valley,  which 
Humboldt  considei's  "  the  loveliest  scene  in  the  world, " 
and  of  which  jNI.  J.  Leclercq,  in  the  Anniiaire  tin  Club 
Alpiii  Fmnfaise,  1879,  writes;  "I  have  seen  sights  more 
varied,  more  striking,  and  a  more  brilliant  sky;  vegeta- 
tion is  more  thoroughly  green  in  the  celebrated  Cintra 
Valley  in  Portugal,  which  Bryon  considered  the  most 
delicious  locality  in  Europe;  but  where  can  be  found 
those  mountains  and  classic  beauty,  those  velvety  tints, 
that  soft  and  balm}'  atmosphere,  that  moderate  tempera- 
ture, notwithstanding  the  vicinity  of  the  torrid  zone,  that 
chai'm  impossible  to  define?" 

And  of  its  climate  W.  Vignal  writes  (British  Medical 
Jniiriuil,  1893);  "I  do  not  think  it  possible  to  find  any- 
where a  more  perfect  climate,  and  as  far  as  I  know  there 
is  none  comparable  to  it." 

From  May  to  August  there  is  no  rainfall  at  Orotava, 
and  the  annual  precipitation  is  13  inches.  The  average 
number  of  rainy  days  is  .51  ;  and  the  rain  falls  most  fre- 
quently at  night.  The  tempei-ature  of  the  sea  water 
is  lowest  in  March,  Qi" :  and  highest  in  Jul}',  68°  (Solly, 
"Medical  Climatology"). 

In  comparing  the  Canaries  with  Madeira,  the  former 
have  in  common  with  the  latter  the  equabilit}'  of  climate, 
but  they  have  a  slightly  higher  temperature  and  are  con- 
siderably drier,  the  relative  humidity  from  November  to 
April  at  Orotava  being  64.9  per  cent.,  and  at  Funchal, 
Madeii-a,  during  the  same  time,  73  per  cent.  The  Cana- 
ries, .say  Weber  and  Foster,  "have  a  greater  claim  as 
health  resorts  than  Madeira  and  offer  good  accommoda- 
tions, but  are  much  wanting  in  means  of  amusement." 
The  accommodations  at  Las  Palmas  and  Orotava.  and 
at  some  of  the  other  towns  in  the  islands,  are  good  and 
abundant.  The  water-supply  at  Las  Palmas  and  Oro- 
tava is  brought  from  the  mountain,  and  is  of  good  qual- 
ity. There  is  no  general  drainage  system,  but  each  hotel 
has  its  own  private  water  drainage  system;  in  general, 
cesspools  prevail.  The  soil  is  porous  and  dries  rapidly 
after  rain.  Zymotic  diseases  are  not  common.  At  Las 
Palmas  quite  recently  a  cold-storage  and  freezing  estab- 
lishment has  been  opened,  and  a  building  estate  devel- 
oped, with  villas  suitable  for  residents  and  visitors.  At 
present  most  of  the  invalids  and  visitors  come  from  Eng- 
land. 

The  diseases  for  which  the  climate  of  the  Canaries  is 
favorable  ai'e  incipient  phthisis — Las  Palmas  or  the  port 
of  Orotava  in  the  winter,  and  the  mountains  in  the  sum- 
mer,— scrofula,  chronic  bronchitis,  heart  diseases  and 
Bright's  disease,  and  rheumatism. 

While  we  have  a  climate  in  many  respects  similar  to 
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that  of  the  Canaries,  in  Soutliern  California,  more  espe- 
cially inland,  and  in  some  portions  of  the  Southwest,  the 
novelt_v  of  the  change,  the  ocean  voyage,  and  the  variety 
and  beauty  of  the  scenery  of  the  '"  fortunate  isles  "  may 
tempt  some  invalids  to  try  its  mild,  sunny  climate  and 
pure  atmosphere,  and  enjoy  the  "  cqiiahi/ift/  of  an  island 
climate  combined  with  the  dryness  of  a  continental  one." 
For  a  more  extended  account  of  the  Canaries  the 
reader  is  referred  to;  "Teuerife  and  Its  Six  Satellites." 
by  Olivia  M.  Stone,  1887;  "Madeira  and  the  Canary 
Islands."  by  A.  Lander  Brown,  1896;  "The  Canaries  for 
Consumptives,"  by  E.  Paget  Thurstan,  1889;  "Climatic 
Treatment  in  Grand  Canary,"  by  Brian  Melland;  T/ie 
JJedicnl  C/iroiiiele,  Manchester,  England,  189T;  "The 
Canary  Islands  as  a  Health  Resort,"  by  John  Wliitford, 
1890;  "The  Therapy  of  Ocean  Climate,"  by  xVlbert  H. 
Gihon,  M.D. :  Transactions  of  the  American  Climatologi- 
cal  Association,  1880.  Edicard  0.  Otis. 

CANCER.     (CLINICAL.^— In  the  first  place  it  is  well 

to  ha\  ('  a  clear  luiderstanding  as  towhatwe  mean  by  the 
term  "  cancer. "  I  believe  that  the  time  has  come  when 
we  should  give  up  trying  to  limit  the  term  "  cancer  "  to 
tumors  of  epithelial  origin,  excluding  those  arising  from 
connective  tissues,  though  the  latter  may,  and  frequently 
do,  equal  or  even  surpass  the  former  in  malignancy. 
There  is  really  no  good  reason  for  this  distinction,  and  it 
is  far  better  to  go  back  to  the  older  use  of  tlie  word  in 
which  cancer  included  all  varieties  of  malignant  tumors, 
whether  carcinoma  or  sarcoma;  the  feature  of  malig- 
nancy should  really  be  the  determining  factor,  and  not 
some  microscopic  distinction  in  histological  structure  that 
is  often  so  finely  drawn  that  the  trained  pathologist  is  un- 
able to  decide  upon  the  proper  classification.  At  pres- 
ent, though  we  often  are  able  to  give  .some  temporary 
comfort  to  a  patient  with  sarcoma  by  assuring  him  that 
his  troubled  is  not  cancer,  yet,  if  he  happens  to  be  suffer- 
ing from  a  subperiosteal  sarcoma  of  the  femvu'  and  knew 
that  of  sixty-eight  ca,scs  treated  by  the  most  extensive 
operation,  viz.,  hip- joint,  or  very  high  amputation,  but 
one  was  known  to  have  been  cured,  he  might  readily 
wish  to  exchange  places  with  his  neighbor  who  has  a 
w^U-marked  cancer  of  the  lip  with  one  chance  in  two  of 
being  cured  by  a  small  operation. 

Gener.\l  Consideration. — While  the  problem  of  the 
etiology  of  malignant  disease  comes  hardly  within  the 
province  of  this  article,  it  is  so  intimately  connected  with 
the  clinical  historj-  and  rational  treatment  that  a  few 
lines  may  not  be  out  of  place. 

As  having  a  more  or  less  direct  and  very  important 
bearing  ujion  the  etiology  of  cancer,  should  be  mentioned 
(1)  its  local  distribution;  (2)  its  rapid  increase  dining  re- 
cent j-ears;  and  (3)  the  influence  of  injury  as  a  direct  or 
predisposing  factor  in  its  development, 

Lticnl  Distrih)i1i(in. — Much  has  been  written  in  jiroof  of 
the  fact  that  cancer  is  far  more  prevalent  in  some  coun- 
tries than  in  others,  and  in  some  localities  in  the  same 
countries  than  in  others,  but  we  are  more  deeply  indebted 
to  Mr.  Alfred  Haviland  than  to  any  other  wilter  for  ac- 
curate and  detailed  data  concerning  this  varied  distribu- 
tion. 

In  1868,  in  his  first  paper,  read  before  the  ^Medical  So- 
ciety of  London,  on  the  "Geographical  IMstribution  of 
Cancer  among  Females  throughout  England  and  Wales 
during  18.51-60,"  he  found  that  4.33  cases  of  cancer  oc- 
cui'red  in  every  10,000  females  and  onlv  1.94  in  every 
10.000  males. 

In  a  recent  paper  (1899)  he  has  found  in  the  period 
1881-90,  7.30  cases  in  every  10.000  females  and  4.30ca,ses 
in  every  10,000  males.  That  is,  the  number  of  cases  in 
females  has  nearly  doubled  and  the  number  in  males  has 
more  than  doubled  during  a  period  of  thirty  years. 

Roswell  Park,  of  Buffalo,  is  a  firm  believer  in  the  in- 
crease of  cancer,  and  in  a  recent  paper  he  makes  the  state- 
ment that  in  England  and  Wales  from  1840  to  1890  the 
death  rate  has  increased  four  or  five  times,  and  he  further 
adds:  "A  careful  study  of  all  these  tables  permits  one  to 
make  the  following  startling  prophecy :   If  for  the  next 
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ten  years  the  relative  death  rates  are  maintained,  we  shall 
find  that  in  ten  years  from  now,  viz.,  in  1909,  there  will 
be  more  deaths  in  New  York  State  from  cancer  than  from 
consumption,  smallpox,  and  typhoid  fever  combined." 

It  is  true  certain  writers,  among  the  ablest  of  whom 
may  be  mentioned  Newsholme,*  attempt  to  show  that 
this  increase  is  more  apparent  than  real,  and  may  be 
largely  explained  by  greater  accuracy  in  diagno.sis  at  pres- 
ent than  in  preceding  years,  and  in  the  increasing  num- 
ber of  autopsies.  I  prefer  to  believe  with  Mitchell  Banks, 
in  his  recent  and  most  valuable  lectures  on  "  Cancer  of 
the  Breast  "  f  that  these  explanations  account  for  but  a 
very  small  part  of  the  increase,  and  that  it  is  as  real  as  it 
is  alarming. 

Haviland's  latest  conclusions  upon  the  local  distribu- 
tion of  cancer,  based  upon  the  most  careful  study  of  more 
than  a  third  of  a  century,  are  as  follows; 

"  1.  That  districts  having  the  highest  death  rates  from 
cancer  among  females  were  invariably  associated  with 
seasonably  flooded  areas  traversed  by,  or  in  close  pro-, 
pinqnity  to,  seasonably  flooded  rivers. 

"  2.  That  geologically  these  high  mortality  districts 
were  characterized  by  alluviums  and  subsoils  of  clays  of 
every  variety  of  formation. 

"3.  That  districts  having  the  lowest  mortality  were 
situated  on  an  elevated  land  where  drainage  was  good. 

"4.  That  geologically  these  low-mortality  districts 
were  characterized  by  the  oldest  paleozoic  rocks,  espe- 
cially those  of  the  carboniferous  limestone  period." 

This  question  that  Haviland  first  brought  before  the 
medical  public  in  1868,  "  How  is  it  that  limestones  are 
always  associated  in  England  and  Wales  with  the  lowest 
mortality  from  cancer  and  flooded  clays  with  the  high- 
est?" he  is  still  unable  to  answer,  but  when  it  is  an- 
swered, he  believes  much  light  will  fall  upon  the  cause 
of  cancer. 

The  most  complete  of  recent  statistics  on  cancer  are 
found  in  the  elaborate  pajier  of  G.  Heiman,  of  Berlin 
{Archie f.  Kiin.  Chir.,  Bd.  ,57  and  58).  These  statistics 
confirm  the  view  that  cancer  is  rapidly  increasing. 

In  thej'car  1877  there  were  6,971  deaths  from  cancer  in 
Prussia,  and  in  the  year  1896  17,643.  an  increase  of  1.53 
per  cent.  Of  10,1100  living  in  1877  the  mortality  from 
cancer  was  2.66,  while  in  1896  it  was  5.53. 

Heiman  has  also  made  separate  statistics  for  the  mor- 
tality in  cities  and  the  country  districts:  In  1876  in  the 
cities  it  was  3.62,  in  the  country. 1.82:  in  1881  in  the  cities  it 
was  4. 70,  in  the  country,  2.25;  in  1886  in  the  cities  it  was 
5.71,  in  the  country,  6.43;  in  1891  in  the  cities  it  was  6.43, 
in  the  cmmtry,  3.24;  in  1896  in  the  cities  it  was  7.9,  in 
the  country,  3.8. 

In  still  further  confirmation  of  the  opinion  that  cancer 
is  increasing  maj-  be  cited  the  mortality  records  of  the 
Mutual  Life  Insurance  Company  of  New  York,  as  re- 
centlj-  quoted  by  Oliver,  London  Lancet,  November 
10th,"l90o,  p.  1341."  The  statistics  show  that  in  1879  the 
percentage  of  deaths  from  cancer  in  patients  between 
fifty  and  seventy  j-ears  of  age  was  4.23;  in  1889  it  was 
6.22,  and  in  1898,  7.59.  In  further  support  of  this  view, 
Oliver  refers  to  the  statistics  of  the  Scottish  Widows' 
Fund,  collected  by  Claude  Muirhead.  Between  1815  and 
1845  the  deaths  from  cancer  were  .93  per  cent,  of  the 
whole  number;  from  1845  to  18.52,  .72  per  cent.:  from 
18.52  to  1859,  2.87  per  cent. ;  from  1859  to  1867,  3  per 
cent.;  from  1867  to  1873,  4.56  per  cent.;  from  1873  to 
1880,  4.34  per  cent.;  from  1880  to  1887,  5.23  per  cent. 
Muirhead  states  that,  "allowing  for  greater  accuracy 
in  returns,  the  number  of  deaths  from  this  cause  has  in- 
creased enormously." 

As  to  the  question  of  heredity,  the  statistics  of  the 
Scottish  Widows'  Fund  show  that  9.5  per  cent,  gave  a 
historj-  of  malignant  disease  in  parents. 

The  difference  between  the  prevalence  of  cancer  in  the 
city  and  the  country  is  very  striking.  This  steady  in- 
crease cannot,  I  think,  be  explained  bj'  increasing  skill  in 
diagnosis. 

•  Practitioner,  London,  April,  1899.     +  Loc.  at..  March  inth,  1900. 
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As  Mitchell  Banks  has  pointed  out,  in  1861  such  men 
as  Jliller,  Sj-nic,  Spencer,  and  Wilson,  the  leading  surgi- 
cal teachers  ot  Edinburgh,  were  the  equal  of  any  of  the 
present  day  in  diagnostic  skill  as  regards  both  external 
and  internal  cancer. 

The  Parasitic  or  Infectious  Tlie/rry  of  the  Oriyin  of  Can- 
cer.— The  embryonic  theory  of  Cohnheim  which  has  long 
been  accepted  by  most  pathologists  falls  far  short  of  ex- 
plaining many  important  ijoints  in  the  etiology  of  cancer, 
and  nuist,  I  believe,  soon  be  abandoned.  While  the  re- 
sult of  the  long  and  patient  investigations  of  Russell, 
Plimmer,  and  San  Felice  and  Leopold  in  Europe,  and  of 
Park  and  Gaylord  in  this  country,  have  not  yet  absolutely 
demonstrated  that  cancer  is  of  a  parasitic  origin,  we  are, 
according  to  Park,  justified  "at  least  in  maintaining  that 
some  cancers  are  of  .such  origin."  And  if  it  can  be  de- 
monstrated that  some  are,  there  is  strong  probability  that 
all  are.  Tlie  almost  constant  presence  of  these  peculiar 
bodies  in  all  cancers  including  sarcoma,  and  especially  in 
the  advancing  and  growing  borders,  as  proven  by  Plim- 
mer, whether  they  prove  to  be  blastomyces  or  protozoa, 
furnishes  strong  jiresumptivc  evidence  that  they  maj' 
have  some  bearing  upon  the  cau.satiou  of  the  tumor.  Now 
that  pure  cultures  of  these  organisms  have  at  last  been 
made,  and  that  actual  carcinoma  has  been  experimentally 
produced  in  animals  by  these  cultures,  it  would  seem 
that  the  parasitic  or  infectious  theory  of  cancer  has  passed 
beyond  the  stage  of  ridicule  and  isworthj'of  serious  con- 
sideration. It  explains  far  better  than  any  other  theory 
the  geographical  differences  in  the  prevalence  of  cancer, 
as  well  as  the  increasing  mortality.  Furthermore,  can- 
cer closely  resembles  other  diseases,  e.d.,  tuberculosis  and 
syphilis,  which  are  known  to  be  of  infectious  origin.  If 
we  admit  the  origin  it  is  easy  to  explain  the  various  types 
of  the  disease,  from  the  slow-growing  epithelioma  of  the 
face  to  the  rapidly  fatal  sarcoma  of  the  testis  or  orbit,  by 
supposing  that  the  infectious  agent,  like  the  malarial  or- 
ganism, varies  as  to  its  morphology  within  wide  limits,  dif- 
ferent types  of  the  germ  (or  different  conditions)  causing 
very  different  clinical  manifestations.  The  whole  clini- 
cal course  of  cancer  is  strikingly  suggestive  of  an  infec- 
tious disease.  The  question  of  the  infectious  or  parasitic" 
nature  of  canci'r  has  very  recently  and  ably  been  discussed 
by  Mitchell  Banks  in  the  last  of  his  three  lectures  on 
"Cancer  of  the  Breast"  (loc.  cit.).  He  calls  attention  to 
the  fact  that  the  first  notable  step  in  advance  was  made 
by  AV.  Russell,  of  Edinburgh,  in  1890,  whose  paper  on 
"Characteristic  Organisms  of  Cancer"  excited  profound 
interest.  These  so-called  "fuchsin  bodies"  of  Russell, 
which  he  described  as  both  intracellular  and  extracellu- 
lar, were  even  then  regarded  by  Russell  himself  as  blas- 
tomycetes,  a  variety  of  saccharomycetes  or  }■  easts.  While 
the  great  majority  of  pathologists  in  different  countries 
have  been  of  the  ojiinion  that  these  bodies  described  by 
Russell  are  not  "  characteristic  organisms  of  cancer  "  but 
rather  certain  forms  of  cell  degeneration,  there  have  al- 
ways been  notable  exceptions  on  the  other  side,  and  the 
question  has  remained  an  open  one  until  at  present  the 
weight  of  evidence  is  strongly  in  favor  of  regarding  Ihem 
as  separate  organisms. 

In  1892,  Soudakewitch,  of  Kieff,  and  Armand  and 
Ruffer,  of  London,  published  pajiers  describing  bodies 
similar  to  those  described  by  Russell.  Specimens  of 
these  bodies  were  carefully  examined  by  the  distinguished 
Metchnikoff,  who  believed  them  to  be  "parasitic  proto- 
zoa." The  original  opinion  of  Russell  that  they  are  blas- 
tomycetes  has  recently  been  revived  and  strongly  advo- 
cated by  the  well-known  Italian  investigators,  San  Felice 
and  Roncali.  These  bodies  are  of  various  size,  estimated 
by  Plimmer  at  from  .004  to  .04  mm.,  and  they  may  be 
stained  in  several  different  ways.  The  Ehrlich  B  triple 
stain  or  the  Ehrlich  acid  lioematoxylin,  in  distilled  water 
rendered  faintly  alkaline  with  lithium  carbonate,  maybe 
mentioned  as  most  satisfactory. 

The  latest  researches  of  Leopold  *  along  the  same  lines 

*  Leopold,  "  Besearctie.s  as  to  the  Etiology  of  Carcinoma  and  Patho- 
genic Blastoniycetes."    Arctiiv  f.  Gynakologie,  vol.  l.\i..  No.  1. 


are  strongly  confirmatory  of  the  work  of  Plimmer  and 
San  Felice.  Leopold's  paper  is  the  result  of  diligent 
labor  extending  over  many  j'ears.  He  has  examined 
several  hundred  carcinomata  of  numerous  localities,  ex- 
cluding as  far  as  possible  ulcerating  tumors.  Leopold 
foimd  the  organisms  variously  desciibed  by  others,  and 
believes  them  to  be  blastomycetes.  In  twenty  cases  he 
tried  to  cultivate  blastonij-cetes  from  the  carcinomatous 
tissue  and  met  with  greater  success  than  any  of  his  pre- 
decessors. In  four  cases  he  obtained  pure  cultures  from 
malignant  tumors.  In  attempting  to  inoculate  animals 
he  had  three  positive  successes.  A  curious  fact  was  ob- 
served that,  while  the  culture  of  blastomycetes  had  been 
obtained  from  carcinomatous  tissue,  the  tumors  in  two 
instances  resulting  from  inoculation  were  sarcomatous. 
This  fact,  if  further  confirmed,  together  with  the  fact 
that  hereditarj'  malignant  disease  not  infrequently  takes 
the  form  of  carcinoma  in  some  member  of  a  family  and 
of  sarcoma  in  others,  would  go  to  show  that  the  etiological 
relationship  is  exceedingly  close. 

Symptomatology  and  Treatment  of  Cancer. 

Diagnosis. — There  is  no  department  in  surgery  in 
which  there  is  greater  need  of  large  clinical  experience 
and  well-trained  powers  of  observation  than  in  the  diag- 
nosis of  malignant  tumors.  In  every  suspicious  case  a 
careful  history  of  the  patient  should  be  obtained  before 
a  diagnosis  is  attempted.  Among  the  most  important 
points  to  be  elicited  maybe  mentioned:  hereditary  in- 
fluence, the  anatomical  situation  of  the  tumor,  its  dura- 
tion, and  the  rapidity  of  its  growth.  Too  much  stress 
should  not  be  laid  upon  the  apparent  duration  of  the 
tumor,  inasmuch  as  in  not  a  few  instances  it  may  have 
existed  for  a  considerable  time  before  it  was  observed  by 
the  patient.  The  sitiiation  of  the  tumor  is  often  of  great 
aid  in  diagnosis.  If  it  is  first  observed  in  the  glands — for 
example,  the  cervical,  axillary,  or  inguinal — there  is  a 
strong  probability  that  it  may  be  a  secondary  growth, 
and  careful  search  should  be  made  for  a  primary  growth 
in  the  mouth  or  throat,  the  breast,  rectum,  or  pelvic 
organs,  or  even  the  extremities.  I  have  myself  observed 
a  large  f ungating  sarcoma  of  the  groin,  supposed  to 
originate  in  the  inguinal  glands,  and  although  the  patient 
stated  that  he  had  never  had  any  swelling  in  the  leg  or 
foot,  careful  in(|uiry  showed  that  two  j'ears  previously 
he  had  had  a  small  ulcerated  area  upon  the  ball  of  the 
foot,  produced  by  the  irritation  of  a  projecting  nail  in  the 
shoe.  This  apparently  healed,  but  from  time  to  time 
there  was  a  recurrent  ulceratif)U  and  a  slight  disclmrge. 
A  small  indurated  area  remained,  but  gave  such  slight 
symptoms  that  the  patient  never  thought  of  connecting 
it  with  the  trouble  in  the  groin.  The  patient  soon  died 
of  general  metastases.  At  autopsy  the  area  in  the  ball 
of  the  foot  was  excised  and  found  to  be  the  primary  pig- 
mented sarcoma. 

On  examining  the  tumor  itself,  the  surrounding  tissue 
should  be  carefully  palpated  in  order  to  determine  its 
relation  to  the  skin,  the  muscles,  or  the  underlying  bony 
structures.  The  size  of  the  tumor,  and  the  rapid- 
ity of  growth,  are  very  important  points  to  be  noted. 
Pain  and  tenderness,  while  far  less  important  than  many 
writers  have  led  us  to  believe,  .should  nevertheless  be 
always  noted.  While  in  most  cases  of  malignant 
disease,  especially  in  carcinoma  of  the  breast,  pain  is 
rarely  present  in  the  early  stages,  it  is  seldom  absent  after 
the  tumor  has  become  well  developed.  Pain  is  much  more 
important  in  the  diagnosis  of  recuiTi-nt  than  in  that  of 
primary  tumors.  In  many  cases  of  recurrent  cancer  the 
patient  based  her  suspicion  solely  upon  the  peculiar 
stinging  pain  resembling  that  which  she  had  expeiienced 
duriiigthe  existence  of  the  primary  tumor,  and  in  almost 
every  case  I  have  found  these  suspicions  well  founded. 
Therefore,  in  suspected  recurrent  cancer,  one  cannot  be 
too  careful  in  considering  the  symptom  of  pain.  In  some 
localities  the  primary  tumor  naturally  is  attended  with 
marked  pain.  This  "is  especially  the  case  in  malignant 
tumors  originating  in  the  spine  or  in  the  pelvic  bones. 
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In  most  cases  of  sarcoma  of  the  ilium,  sacrum,  or  ischium, 
the  first  symptom  is  a  severe  neuralgia  of  the  crural  or 
sciatic  nerves,  and  cancer  is  seldom  suspected  for  a  con- 
siderable time. 

Tenderness. — Tenderness  is  a  very  important  diagnos- 
tic sign,  especially  from  its  negative  value.  It  often 
enables  us  to  distinguish  between  a  malignant  and  an 
inflammatory  tumor.  Tenderness  may  be  said  to  be 
practically  absent  in  most  malignant  tumors. 

Palpation. — By  this  means  may  be  determined  the 
consistence  of  the  tumor,  its  mobility,  the  presence  or  ab- 
sence of  pulsation,  tenderness,  or  crepitation.  Mobil- 
ity is  a  valuable  guide  in  difEcrentiating  sarcoma  from 
carcinoma,  or  carcinoma  from  a  benign  tumor.  Inas- 
much as  carcinoma  has  a  tendency  to  infiltrate  the  sur- 
rounding tissues,  sarcoma  will  be  foimd  to  be  much  more 
freely  movable  than  carcinoma. 

General  Symptoms. — Careful  inquiry  should  be  made 
as  to  the  patient's  general  health,  his  mode  of  living  and 
his  habits,  and  a  thorough  physical  examination  should 
be  the  rule  in  all  cases.  Also  the  age  of  the  patient 
should  invariably  be  ascertained,  for  not  infrequently 
this  alone  will  enable  one  to  diagnosticate  a  malignant 
from  a  benign  growth.  Wliile  carcinoma  occasionally 
occurs  under  the  age  of  thirty  years,  such  cases  are  ex- 
tremely rare.  Loss  of  weight,  if  of  considerable  amoimt 
and  progressive,  is  of  much  significance.  A  general 
physical  examination  often  enables  one  to  avoid  a  useless 
operation,  by  disclosing  the  fact  that  the  patient  is  al- 
ready suffering  from  metastatic  deposits  in  the  lung, 
liver,  or  other  localities,  although  the  primary  growth 
may  be  readily  removable.  The  local  examination  of  the 
tumor  itself  should  be  thorough  and  systematic:  one 
should  note  its  color,  its  size,  the  condition  of  tlie  over- 
lying skin,  whether  thickened,  adherent,  or  dimpled  as 
in  carcinoma  of  the  breast,  or  greatly  thinned  out  as  in 
a  rapidly  growing  sarcoma,  the  presence  or  absence  of 
ulceration,  and  the  amount  and  character  of  the  discharge, 
if  present.  The  consistence  of  the  tumor  throws  much 
light  upon  the  diagnosis.  If  it  is  hard  and  indurated, 
with  other  .signs  of  malignancy,  the  diagnosis  points 
strongly  toward  carcinoma,  while  if  soft  and  semifluc- 
tuatiug,  the  probabilities  are  much  in  favor  of  sarcoma. 

Exploratorj'  incisions,  or  the  removal  of  specimens  for 
microscopical  examination  by  means  of  the  Mixter  punch, 
under  cocaine,  have  been  frequently  resorted  to,  and  are 
still  much  used  by  many  surgeons.  While  there  is  much 
to  be  said  in  favor  of  this  method  of  confirming  a  doubt- 
ful diagnosis,  there  are  strong  reasons  for  restricting  its 
use  within  the  narrowest  limits.  I  believe  that  the  cut- 
ting into  a  highly  vascular  and  soft  malignant  tumor,  or 
even  the  removal  of  a  portion  with  the  Mixter  punch,  is 
attended  with  considerable  risk  of  disseminating  tumor 
cells  throughout  the  body  and  producing  generalization 
of  the  disease.  I  have  personally  observed  a  number  of 
cases  in  which  this  method  was  u.sed,  develop  metastases 
witliin  a  few  months  after  exploration,  so  that  I  have 
given  up  exploratory  incisions,  except  in  cases  in  which 
it  seems  absolutely  necessary.  In  the  case  of  a  small, 
doubtful  tumor  of  the  breast  it  is  far  better  to  remove 
tlie  entire  growth  than  to  cut  into  it  and  remove  a  small 
portion  for  the  purpose  of  microscopical  examination. 
In  a  case  of  suspected  sarcoma  of  the  femur,  instead  of 
removing  a  portion  prior  to  operation,  I  have  adopted 
the  plan  of  preparing  the  patients  for  a  hip-joint  ampu- 
tation, then — after  the  tourniquet  has  been  applied — cut- 
ting into  the  tumor  to  confirm  the  diagnosis  prior  to 
amputation. 

PuoGNOSis. — The  prognosis  in  cancer  depends  very 
largely  upon  the  locality  of  the  primary  growth.  It  also 
depends  greatly  upon  the  rapidity  of  growth  prior  to 
operation.  This  point  is  very  well  brought  out  by  the 
statistics  of  cancer  of  the  breast  by  Dr.  ,j.  Collins  War- 
ren, of  Boston,  which  show  that  in  tlie  successful  cases 
the  tumor  had  existed  prior  to  operation  for  a  longer 
time  than  in  the  unsuccessful.  In  other  words,  the  more 
I'apid  the  growth  of  the  tumor  the  less  the  jirobabilities 
of  curing  it  by  operation.     The  prognosis  has  improved 


remarkably  within  recent  years  by  reason  of  earlier  diag- 
nosis and  earlier  operation,  as  well  as  from  improved 
technique.  Yet  this  great  improvement  has  been  in- 
sufficient to  offset  the  increase  of  the  mortality,  on  ac- 
count of  the  rapid  and  progressive  increase  in  the  number 
of  patients  afflicted  with  cancer.  In  certain  regions  the 
prognosis  is  still  absolutely  bad ;  for  example,  periosteal 
sarcoma  of  the  femur  which,  according  to  the  latest  sta- 
tistics of  Butlin,  show  but  one  cure  in  .sixty -eight  cases 
treated  by  amputation  at  or  near  the  hip- joint,  and  cancer 
of  the  stomach  or  larynx,  in  which  the  percentage  of  cures 
is  extremely  small.  On  the  other  hand,  if  we  are  dealing 
with  cancer  of  the  breast  or  lip.  the  extensive  operations 
and  improved  technique  of  the  present  day  offer  the 
patient  about  one  cliance  in  three  for  being  cured.  The 
age  of  the  patient  also  has  an  important  bearing  upon  the 
prognosis.  It  may  be  laid  down  as  a  general  rule,  par- 
ticularly true  in  carcinoma,  that  the  younger  the  patient 
the  more  rapid  the  course,  and  the  worse  the  prognosis. 
In  the  very  aged,  while  perhaps  the  probability  of  a  cure 
may  not  be  greatly  increased,  the  progress  of  the  disease 
will  be  very  much  slower.  I  have  observed  a  cancer  of 
the  breast  in  a  woman  aged  ninety-four  years,  of  eight 
years'  duration.  During  the  two  years  of  my  observation 
there  was  little  change  in  the  size  or  appearance  of  the 
growth,  and  the  general  health  of  the  patient  was  but 
little  affected.  Early  and  repeated  recurrences,  while 
making  the  prognosis  much  worse,  should  not  cause  the 
surgeon  to  give  up  all  hope  of  a  cure,  and  if  the  tmnors 
are  anatomically  removable,  he  should  continue  to 
operate. 

TRE.\TjrENT. — General  Treatment. — While  the  major- 
ity of  the  profession  believe  that  drugs  have  little  or  no 
influence  upon  the  progress  of  cancer,  there  have  been 
many  remedies  that,  from  time  to  time,  have  enjoyed 
much  favor  in  the  treatment  of  the  disease.  There  is  no 
inherent  or  n  priori  reason  why  certain  drugs  should  not 
have  an  inhibitory  influence  upon  the  growth  of  malig- 
nant tumors,  especially  if  these  tumors  prove  to  be  due, 
as  many  of  us  believe,  to  an  infectious  agent.  There- 
fore, we  should  not  deny  the  possibility  of  the  existence 
of  such  a  drug,  or  refuse  to  give  all  a  fair  trial.  The 
statement  of  Senn  that  "  no  kind  of  internal  medication  has 
any  influence  whatever  in  limiting  tumor  growth,  much 
less  in  causing  the  disappearance  of  the  tumor, "is  not, 
I  believe,  in  harmony  with  the  facts.  There  are  certainly 
well-authenticated  cases  of  sarcoma,  especially  of  the 
skin,  in  which  the  disease  has  been  clearly  retarded  by 
the  use  of  large  dcses  of  arsenic;  there  are  likewise  well- 
authenticated  cases  of  sarcoma  and  even  of  carcinoma, 
that  have  shown  decided  improvement  under  mercurials 
and  iodides.  I  have  personallj'  observed  more  than  one 
such  case  in  which  the  diagnosis  was  confirmed  by  micro- 
scopical examination.  In  one  ease,  a  carcinoma  of  the 
breast,  the  improvement  was  so  marked  under  large 
doses  of  iodine  that  the  diagnosis  of  syphilis  seemed 
clearlj'  correct;  after  a  time  the  improvement  ceased  and 
exploratory  operation  showed  the  growth  to  be  a  typical 
carcinoma. 

T^cal  Treatment. — This  includes  operative  treatment 
as  well  as  removal  by  caustics,  electrolysis,  parenchyma- 
tous injections,  and  the  injections  of  the  toxins  of  erysipe- 
las, which  produce  both  local  and  systemic  action,  though 
the  local  predominates. 

Operative  Treatment. — Free  and  thorough  excision  of 
cancerous  tumors  with  the  knife  is  the  on!}'  method  of 
treatment  that  should  be  considered  in  cases  in  which  it  is 
possible  completely  to  remove  the  disease.  By  removal 
we  mean  not  only  removal  of  the  tumor  itself,  but  of  all 
the  neighljoiing  lymph  glands,  together  with  the  con- 
necting lymphatics.  A  careful  study  of  recurrent  cancer 
shows  that  in  by  far  the  largest  proportion  of  cases  the 
return  takes  place  in  the  region  of  the  skin  or  cicatrix. 
Therefore,  if  we  expect  to  improve  the  results,  we  must 
remove  wider  areas  of  skin  in  the  future  than  has  been 
our  custom  in  the  past. 

Limitiitions  of  Operatire  Treatment  of  Cancer.  Cancer 
is  unquestionably  a  local  disease  at  its  origin  and  during 
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the  period  of  its  early  development,  and  if  treated  by 
thorough  removal  at  this  period  can,  in  the  majority  of 
cases,  be  cured.  The  difflcidt}',  however,  iu  ojieratiug  at 
this  time  lies  in  the  fact  that  the  tumor  itself  is  uot  al- 
ways discovered  until  the  disease  has  already  infected  the 
neighboring  glands,  and  in  other  cases  when  discovered, 
the  patient  refuses  an  early  operation.  The  curability 
of  cancer  dejjends  largely  upon  our  ability,  anatomically 
and  surgically,  to  remove  the  invaded  area,  together 
with  a  sutflcient  amount  of  healthy  tissue  on  all  sides. 
From  a  clinical  standpoint  we  must  admit  that  it  is  im- 
possible to  cure  all  cases,  but  even  with  the  limitations 
which  I  have  mentioned  as  regards  early  diagnosis  and 
the  difficulties  in  persuading  patients  to  submit  to  early 
operation,  we  are  still  able  to  cure  a  verj'  large  number 
of  patients  and  materially  to  prolong  and  render  more 
bearable  life  in  many  others.  I  believe  with  Banks  and 
Shield,  that  the  pendulum  has  swung  too  far  in  the 
direction  of  operative  treatment  for  cancer,  especially 
in  the  later  stages  of  the  disease,  We  are  not  likely 
to  err  in  the  direction  of  too  extensive  operations  in  the 
early  stages,  and,  indeed,  there  is  reason  to  believe  that 
our  operations  are  generally  not  extensive  enough  in  such 
cases:  but  I  have  seen  many  cases  of  advanced  recur- 
rent cancer  subjected  to  operation,  in  which  there  was 
little  or  no  prospect  either  of  curing  the  patient  or  of 
rendering  the  disease  less  distressing.  It  is  natural  that 
surgeons  should  not  alwaj's  agree  as  to  the  exact  classiti- 
catiou  of  operable  and  inoperable  cases,  yet  it  is  possible 
for  us  to  lay  down  certain  general  rules  which  may  be  of 
help  in  deciding  this  difficult  question.  There  will  al- 
ways be  surgeons  who  will  operate  only  upon  cases  in 
which  there  is  a  high  probability  of  linal  success,  and 
there  will  be  others  who  will  continue  to  operate  when 
there  is  practically  no  hope  of  effecting  a  cure,  or  of  com- 
pletely removing  the  disease,  even  though  the  operation 
itself  may  be  attended  with  the  gravest  risk  to  the  life  of 
tlie  patient.  Partial  operations  in  which  there  are  large 
infected  areas  left  behind,  instead  of  decreasing,  fre- 
quently increase  the  rapidity  of  growth.  Watson  Cheyne 
does  not  believe  that  we  should  refuse  operation  imless 
early  recurrence  is  very  highly  probable,  or  ludess  opera- 
tion means  almost  certain  death. 

My  own  feeling  is  that  often  in  persuading  ourselves 
that  there  is  a  bare  possibility  of  curing  tlie  disease  iu 
these  advanced  cases,  we  are  apt  to  forget  that  the  high 
mortality  and  the  very  small  proportion  of  cures  cannot 
but  have  a  great  influence  upon  the  Ulit}'  in  destroying 
their  confidence  in  all  operations  for  cancer,  and  thus 
prevent  many  patients  suffering  from  cancer  in  the  early 
and  operable  stage  from  consulting  a  surgeon  or  con- 
senting to  operation  at  a  time  when  the  prospect  of  cure 
is  good.  Operations,  therefore,  I  think,  should  not  be 
advised  unless  there  is  strong  probability  of  being  able  to 
remove  the  entire  disease.  This  does  not  mean  that  we 
should  not  in  certain  special  cases  remove  foul,  f  ungating 
masses,  when  thereb}'  we  may  be  able  to  add  greatly  to 
the  comfort  of  the  patient,  although  there  is  no  prospect 
of  prolonging  life. 

General  Considerations. 

Sex.— Of  7,878  cases  of  primary  neoplasm  collected  by 
Williams  the  proportion  of  males  and  females  was  1  to  1.7. 
According  to  statistics  covering  years  between  1872  and 
1898,  cancers  of  all  kinds  show  a  proportion  of  1  male  to 
2.29  females.  Comparing  the  mortality  of  cancer  with 
that  of  all  other  diseases,  we  find  that  among  males  we 
have  1  death  from  cancer  to  100  deaths  from  all  other 
diseases :  while  among  females  we  have  1  death  from  can- 
cer to  49  deaths  from  other  causes.  The  statistics  of  the 
year  1889  show  that  of  every  21  males  who  reach  the  age 
of  35  years,  1  dies  from  cancer;  while  in  females  who 
reach  the  age  of  35  3'ears,  1  in  12  dies  of  cancer.  Wil- 
liams' statistics  show,  however,  that  the  relative  difier- 
ence  in  the  mortality  of  the  (two)  sexes  is  gradually  de- 
creasing, the  records  for  1851  showing  the  ratio  to  be  1 
•male  to  every  2. 2 females,  whereas,  in  1896,  it  had  dimin- 


ished to  1  male  to  every  1.4  females.  Curiously,  in  certain 
localities  this  ratio  is  reversed.  For  example,  in  New 
Sotith  Wales  and  New  Zealand  the  mortality  is  greater 
in  males  than  iu  females. 

Agc.—0{  941  consecutive  cases  of  malignant  tumors 
observed  by  Williams,  there  were  only  25  cases  under  the 
age  of  25  years. 

Williams  believes  that  a  considerable  number  of  malig- 
nant neoplasms  are  of  congenital  origin,  and  that  in  some 
instances  these  are  multipre  from  th'e  start.  I  have  per- 
sonally observed  1  case  of  a  very  large  multiple  round- 
celled  sarcoma  in  an  infant  6  months  of  age,  in  which  the 
multiple  growths  were  noted  soon  after  birth.  The  dis- 
ease ran  a  very  rapid  course. 

Under  the  age  of  puberty  carcinoma  is  so  rare  as  to  be 
practically  unknown.  The  rectum  is  the  most  favorable 
site  for  malignant  epithelial  disease  occurring  before  the 
age  of  30.  The  type  of  disease  is  either  carcinoma  or 
malignant  adenoma.  About  20  such  cases  have  been  re- 
ported under  the  age  of  30.  R.  de  Bovis  {Revue  de 
Chirurrjie,  Juin,  1900)  found  35  cases  of  cancer  of  the 
large  intestine  (exclusive  of  the  rectum)  under  the  age 
of  30,  out  of  a  total  of  400  cases.  Of  500  cases  of  mam- 
mary cancer  observed  by  Williams,  the  youngest  patient 
was  24  years  of  age.  Of  1.622  cases  collected  by  Gross, 
the  youngest  patient  was  22  years. 

In  the  uterus  the  disease  may  occur  somewhat  earlier 
in  life  than  in  the  breast,  although  the  difference  is  not 
great.  Of  500  cases  collected  by  Williams,  it  occurred 
once  in  an  individual  22i  years  o'ld;  while  out  of  3,385 
cases  collected  by  Boussereau,  it  occurred  in  3  under  the 
age  of  20  years :  and  1  authentic  case  has  been  reported 
at  the  age  of  17  years. 

It  is  a  well-known  and  somewhat  striking  fact  that 
cancer  is  seldom  seen  in  the  very  aged.  Williams  states 
that  of  1,087  centenarians  only  5  died  of  cancer,  giving  a 
proportion  of  1  in  217 ;  while  of  202  individuals  between  90 
and  100  years  of  age,  not  a  single  one  died  of  cancer.  Of 
500  cases  of  cancer  of  the  uterus,  the  oldest  was  aged  83 
years.  The  oldest  individual  with  cancer  of  the  breast 
observed  by  Williams  was  84  years.  I  have  personally 
observed  cancer  of  the  breast  in  a  woman  aged  94  years. 
The  disease  had  existed  for  six  years  and  the  progress  was 
extremely  slow.  It  may  be  stated  that  the  avera,ge  age 
of  women  with  mammary  cancer  is  48,  and  with  uterine 
cancer  44,  with  cancer  of  the  tongue  and  mouth  50,  of 
the  Up  51.6,  of  the  rectum  50.7,''of  the  stomach  40.5. 
The  maximum  period  of  frequency  in  the  female  is 
45.55,  in  the  male  55.65  j'ears. 

Gcograp/iiail  Distribution. — The  mortality  from  cancer 
differs  very  greatly  according  to  localit3%  also  according 
to  the  period  covered  by  the  statistics,  the  mortality 
showing  a  general  increase,  as  has  already  been  stated, 
all  over  the  world  during  the  past  half-century.  The 
mortality  for  1890  was  7.9  per  cent,  for  Boston;  6.2  per 
cent,  for  New  York;  4.8  per  cent,  for  Brooklj-n.  Fifty 
large  American  cities,  in  1888,  showed  a  cancer  mortal- 
ity of  7,9  per  cent.,  of  which  5.1  per  cent,  were  females, 
2.8  per  cent,  males.  Comparing  these  statistics  with 
European  cities,  we  have  for  London,  6.8  per  cent,  in 
1881  to  1890;  for  Paris,  10.4  per  cent,  in  1886  to  1891; 
for  Lyons,  16.3  per  cent,  in  1892. 

Heredity. — The  influence  of  heredity  upon  the  etiology 
of  malignant  disease  is  a  question  about  which  there  is 
still  little  imiformity  of  opinion.  However  much  author- 
ities may  differ  as  to  the  amount  of  influence  attributable 
to  heredity,  it  is  impossible  to  deny  that  there  is  some 
influence.  Numerous  cases  have  been  cited  to  show  that 
in  certain  families  this  influence  has  been  %'er_v  striking. 
Williams  observed  a  patient,  aged  53,  suffering  from 
uterine  cancer,  and  whose  maternal  grandmother,  mother, 
mother's  two  sisters,  and  patient's  two  sisters  all  died  of 
cancer  of  the  uterus.  The  Bonaparte  family  is  another 
striking  illustration  of  the  influence  of  heredity.  Napo- 
leon's father,  brother  Lucien,  and  two  sisters,  died  of 
cancer  of  the  stomach.  jManichow  reports  23  families  in 
which  intermarriage  had  been  frequent,  showing  69  eases 
of  cancer,  of  which  57  occurred  in  the  stomach.     The 
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tendency  of  hereditary  cancer  to  attack  the  same  organ  in 
drfferent  members  of  the  famil}-  is  another  remarkable 
peculiarity  of  this  mysterious  influence.  A  case  was 
cited  b)'  ^Villiams,  in  which  the  mother  and  five  daugh- 
ters all  died  of  cancer  of  the  left  breast.  I  have  myself 
reported  two  cases  of  sarcoma  of  the  left  breast  occurring 
in  two  sisters,  appearing  at  the  same  age  and  both  imme- 
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diately  following  trauma.  Williams  believes  that  these 
peculiarities  associated  with  heredit}'  point  to  intrinsic 
rather  than  extrinsic  causes  of  the  disease.  It  seems  to 
me  that  such  a  conclusion  is  hardly  warranted  by  the 
facts.  "We  certainly  can  get  very  little  light  upon  the 
vexed  question  of  etiology  from  what  we  know  of  hered- 
itary influence. 

As  to  the  frequency  with  which  hereditary  influence 
has  been  observed,  statistics  differ.  "Williams  found  a 
family  history  of  cancer  in  24.2  per  cent,  of  136  eases  of 
cancer  of  the  breast :  while  of  209  men  suffering  from 
cancer  of  various  organs,  a  history  of  heredity  was  found 
in  but  11  percent.  Selecting  only  those  cases  in  which 
there  was  a  history  of  cancer  in  parents,  the  percentage 
is  8.  A  very  curious  fact  has  been  noted,  namely,  that 
a  patient  is  capable  of  transmitting  this  hereditary  in- 
fluence to  offspring  while  latent,  or  long  before  any  evi- 
dence has  been  visible  in  the  patient  herself.  For  ex- 
ample, Broca's  famous  case  of  Jlme.  Z..  who  had  four 
daughters,  all  of  whom  died  of  cancer,  and  yet  the}'  were 
born  from  fifteen  to  thirty  years  before  the  mother  herself 
contracted  the  disease.  It  has  further  been  noted  that 
hereditar}'  influence  is  more  often  transmitted  to  the  fe- 
male than  to  the  male  line.  For  example,  of  19  daughters 
and  granddaughters  of  Mme.  Z.  that  lived  to  be  30  years 
of  age,  14  died  of  cancer,  whereas  of  17  males  only  1  died 
of  cancer. 

Cancer  is  far  more  frequently  seen  in  persons  of  robust 
health  than  in  thin,  weakly  individuals.  "Williams  is 
inclined  to  attribute  considerable  weight  to  the  opinion 
that  the  increase  in  cancer  may  possibly  be  due  to  the 
fact  that  during  the  last  fifty  j-ears  the  standard  of  liv- 
ing has  become  so  much  higher,  much  larger  quantities 
of  animal  food  being  consumed  now  than  formerly. 

Cancer  of  Special  Regions. 

Cancer  of  the  Breast. — Carcinoma  of  the  breast 
rarely  occurs  in  women  under  the  age  of  30,  and  one  sel- 
dom sees  it  until  after  the  age  of  8.5.  The  average  age  at 
which  it  appears,  as  given  bj'  Gross,  is  48  years.  The  first 
thing  the  patient  usually  notices  is  a  lump  in  the  breast, 


without  any  history  of  antecedent  pain.  The  growth  does 
not  change  materially  in  size  for  a  number  of  months, 
and  it  being  nearly  or  quite  painless,  the  patient  does  not 
regard  it  of  serious  importance.  ^  Later  on,  occasional 
sharp  twinges  of  pain  ma)'  appear.  The  pain  is  always 
at  first  intermittent,  and  does  not  become  dull  and  steady 
until  the  later  stages  of  the  disease.  The  family  history 
of  the  patient,  as  well  as  the 
previous  personal  history,  is 
of  great  importance. 

Heredity  is  found  in  about 
21  per  cent,  of  all  cases.  A 
considerable  number  of  pa- 
tients give  a  history  of  local 
injury,  and  the  more  one 
studies  the  malignant  tumors 
from  a  clinical  standpoint,  the 
more  importance  does  one 
attach  to  the  influence  of  an- 
tecedent injury  in  the  etiol- 
ogy of  cancer,  "jlac Williams* 
states  that  in  100  consecutive 
cases  operated  upon  at  the 
Presbyterian  Hospital  of  New 
"i'ork.  44  gave  a  history  of 
antecedent  injury. 

Inflammatory  trouble  often 
precedes  the  development  of 
cancer  of  the  breast,  and,  no 
doubt,  likewise  has  some  in- 
fluence on  its  causation.  Al- 
though many — perhaps  the 
majority — of  surgeons  refuse 
to  believe  that  there  is  any 
( iinuiuma.  direct  etiological  relationship 

between  trauma  or  chronic 
inflammation  and  cancer,  the  clinical  fact  remains  that 
these  conditions  are  very  frequently  associated  with  the 
development  of  cancer,  and  although  we  are  at  pi'csent 
unable  entirely  to  explain  this  relationship,  the  facts  must 
have  due  weight  in  making  our  diagnosis.  Antecedent 
injury  in  carcinoma  of  the  breast  is  variously  estimated 
at  from  12  to  40  per  cent.  In  sarcoma  the  percentage  is 
much  higher.  Nearly  all  the  cases  of  sarcoma  of  the 
breast  that  I  have  personally  oliserved  have  given  a  dis- 
tinct history  of  local  injury.  It  has  been  the  custom  of 
most  writers  to  minimize  the  patients'  statements  with 
reference  to  having  received  blows  or  knocks  upon  the 
breast,  the  reasons  given  being,  first,  that  only  a  certain 
percentage  of  patients  give  this  history,  and  second,  that 
every  woman  probably  receives  similar  blows  without  the 
development  of  cancer,  and  that,  therefore,  they  cannot 
have  an  important  bearing  on  the  disease.  If  we  could 
know  the  exact  facts.  I  believe  that  the  percentageof  cases 
in  which  injury  has  been  noted  is  far  smaller  than  the 
actual  percentage  in  which  it  has  occurred,  the  reason  be- 
ing that  many  patients  have  forgotten  the  antecedent  in- 
jury. The  fact  that  many  women  who  receive  blows 
upon  the  breast  do  not  develop  cancer  is  no  more  argu- 
ment against  the  etiological  relationship  of  trauma,  than 
it  would  be  to  cite  the  fact  that  many  patients  are  ex- 
posed to  the  diphtheria  bacillus  and  do  not  contract  the 
disease,  as  an  argument  against  the  relationship  between 
the  bacillus  and  the  disease  in  persons  who  did  contract 
it. 

Malignant  disease  of  the  breast  may  be  either  acute  or 
chronic.  Acute  miliary  curcinosis  or  squirrlie  dissemiiiee 
is  exceedingly  rare,  and  but  few  cases  have  been  re- 
ported. I  have  personally  observed  one  case  occurring 
in  a  woman  of  38  j-ears,  immediately  following  a  blow. 
The  disease  ran  a  very  rapid  course,  spreading  quickly 
to  the  other  breast,  involving  the  entire  skin  and  the 
anterior  portion  of  the  thorax,  causing  death  in  about 
nine  months.  Only  2 cases  of  this  variet}'  were  observed 
by  Williams  in  170.  Carcinoma  en  cuirasse  is  also  com- 
paratively rare,  only  3  cases  having  been  observed  by 
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"Williams  in  170.  Carcinoma  en  cuirasse  is  not  a  special 
type  of  cancer,  but  derives  its  name  from  the  fact  that 
the  superficial  or  skiu  lymphatics  are  earlj-  and  exten- 
sively involved.  The  opinion  held  by  some  writers,  that 
the  disease  is  limited  to  the  skin,  is  probably  erroneous. 
The  primar}'  focus  is  in  tlie  breast,  and  the  contiguous 
lymphatics  are  involved  at  an  early  period. 

The  (7)raji?V  form  of  carcinoma  of  the  breast  includes 
those  cases  in  which  the  disease  has  a  duration  of  five 
j-ears  or  more.  In  Williams'  list  of  170  cases  31  were  of 
the  chronic  form.  Of  these,  14  cases  had  a  duration  of 
from  5  to  10  years;  6  a  duration  of  from  10  to  15  years; 
3  a  duration  of  from  15  to  20  years;  and  1  a  duration  of 
from  20  to  25  years. 

One  case  of  undoubted  breast  cancer  has  been  reported 
in  which  the  disease  lasted  for  over  thirty  years. 

Melanotic  growths  are  e.\ceediuely  rai'e  in  the  breast, 
especially  in  the  female.  Williams'  table  of  2,397  cases 
of  primary  carcinoma  of  the  breast  does  not  contain  a 
single  example  of  melanotic  carcinoma ;  while  in  100  cases 
of  cancer  of  the  male  breast  there  were  3  of  the  melanotic 
type.  I  have  personally  observed  1  case  of  melanotic 
cancer  of  the  female  breast.  The  liistory  of  the  case  is 
as  follows : 

Melanotic  Sarcoma  of  the  Breast. — Mrs.  F. ,  aged  44, 
married,  with  fonr  children,  good  family  history,  had  in- 
flammation of  the  right  breast  ten  years  ago.  Shortly 
after  this  she  noticed  a  small  lump  in  the  region  of  the 
nipple,  but  not  attached  to  the  skiu.  This  remained 
comparatively  stationary  for  nine  years.  At  the  end  of 
this  time  the  nipple  became  slightly  retracted,  and  a 
small  lump  appeared  in  the  opposite  breast,  which  was 
of  bluish  color  and  attached  to  the  skin.  The  first  oper- 
ation was  performed  by  Dr.  Abbe,  of  St.  Luke's  Hospi- 
tal, on  the  19th  of  July,  1897.  Both  tumors  were  re- 
moved, together  with  two  other  smaller  ones  on  the  outer 
aspect  of  the  left  arm.  When  seen  by  myself,  on  Aiigust 
29th,  1898,  there  was  an  area  four  by  five  inches  in  ex- 
tent, of  local  recvuTcnce,  together  with  numerous  small, 
dark-colored  nodules  scattered  through  the  skin  of  the 
abdomen. 

Paget's  Disease  of  the  Nipple. — Shield,  who  has  made 
a  careful  study  of  this  disease,  believes  "  superficial  car- 
cinoma of  the  skin  "  a  better  term.  The  disease  is  rare 
and  the  diagnosis  not  infrequently  difficult.  It  is  almost 
invariably,  although  not  certainly,  followed  by  carcinoma 
of  the  breast  itself.  As  regards  the  treatment  of  this 
disease,  I  am  thoroughly  convinced  that  nothing  short 
of  a  very  radical  operation  (namelj',  complete  removal  of 
the  breast  and  axillary  glands)  should  be  performed. 
Shield  states  that  he  has  never  known  a  genuine  case  of 
Paget's  disease  cured  by  local  remedies.  I  have  person- 
ally observed  two  cases  of  Paget's  disease ;  in  the  first  of 
the.se  I  operated  upon  September  13th,  1897,  and  the  entire 
breast,  together  with  the  axillarj'  glands,  was  removed. 
The  patient  has  remained  well  up  to  the  present  time, 
three  and  a  half  years  after  the  operation.  The  second 
case  refused  operation,  and  one  year  later  the  disease  had 
involved  the  breast  so  extensively  that  operation  was 
impossible. 

Cancer  of  the  breast  occasionally  may  co-exist  with 
sarcoma  of  other  organs.  Roger  Williams  has  colleeti'd 
11  such  cases.  I  have  personall_y  seen  one.  The  patient 
was  a  woman,  53  years  of  age.  In  July,  1896. 1  operated 
for  a  recurrent  carcinoma  of  the  breast ;  in  September, 
1896,  I  removed  from  the  same  patient  a  roimd -celled 
sarcoma  the  size  of  an  egg,  from  the  submaxillary  region, 
on  the  same  side.  The  disease  quickly  recurred,  and  in 
a  few  months  proved  fatal. 

Diagnosis. — Arje.  Cancer  of  the  breast  is  extremely 
rare  under  the  age  of  30,  and  few  cases  liave  been  ob- 
served under  the  age  of  35.  The  average  is  estimated 
by  Gross  as  48  years. 

The  clinical  liistory  of  the  ordinary  case  would  be 
something  as  follows :  The  patient  will  be  in  middle  life, 
probably  married.  Eighty -eight  per  cent,  of  the  cases 
collected  by  Gross  occurred  in  women  who  were  or  had 
been  married.     There  will  be  a  history  of  slight  pain,  or 


occasional  stinging  sensations  hardly  severe  enough  to 
be  characterized  as  pain.  There  is  seldom'  dull  or  con- 
stant aching  in  the  early  stages  of  the  disease.  In  many 
instances  the  patient  discovers  the  lump  while  bathing, 
before  the  advent  of  pain.  Too  nuich  stress  should  not 
be  laid  upon  pain,  inasnuich  as  many  cases  of  cancer  of 
the  breast  become  comparatively  far  advanced  before 
they  produce  appreciable  pain.  Gross  states  that  "  car- 
cinoma of  the  breast  begins  as  a  small,  painless  nodule." 
In  about  one-third  to  one-half  of  the  cases  the  patients 
give  a  history  of  having  received  some  injury  to  the 
breast  at  varying  intervals  of  time  prior  to  the  discov- 
ery of  the  tumor.  Previous  inflammatory  trouble  or 
antecedent  injury  is  of  great  importance  and  should  be 
carefully  inquired  into.  For  notwithstanding  the  cir- 
cumstance that  many  refuse  to  admit  that  there  is  an 
etiological  relationship  between  trauma  and  cancer,  the 
clinical  fact  remains  that  these  conditions  are  very  fre- 
quently associated  with  the  development  of  malignant 
disease;  and,  although  we  may  not  at  present  be  pre- 
pared to  offer  a  satisfactory  explanation,  the  facts  must 
have  due  weight  in  our  efforts  to  establish  the  diagnosis. 
The  frequency  of  histories  of  previous  trauma  in  cancer 
of  the  breast  varies  fiom  12  to  46  per  cent,  in  the  statis- 
tics of  different  writers.  A  careful  physical  examination 
will  enable  us  in  most  cases  to  make  a  diagnosis;  and  in 
making  this  examination  the  fingers  should  be  applied 
flat  against  the  parts  and  should  not  be  used  as  in  pinch- 
ing. In  carcinoma  of  the  lireast  the  tumor  is  generally 
very  liard,  no  matter  how  small  it  ma_y  be.  It  is  usually 
found  somewhere  in  the  periphery  of  the  breast,  and  is. 


Fig.  1099.— Carcinoma  of  the  Breast. 

even  in  the  earl}'  stages,  much  more  fixed  to  the  surround- 
ing breast  tissue  than  are  benign  growths.  In  about  half 
of  the  cases  there  will  be  found  a  retraction  of  the  nipple, 
although  I  believe  that  the  diagnosis  should  be  made  in 
most  cases  before  this  sign  has  appeared.  The  condition 
of  the  skin  is  of  very  great  importance  and  is  of  great  help 
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in  determining  the  diagnosis.  The  peculiar  con- 
dition, known  as  "dimpling  of  the  skin"  iscansed 
by  the  contracting  of  the  fibrous  tissue  lying 
between  the  skin  and  the  gland  tissue.  In  the 
great  ma.iority  of  cases  the  skin  is  obviously  dim- 
pled. Shield  states  that  there  is  no  sign  of  more 
vital  importance  than  tliis.  Even  when  the  skin 
did  not  appear  dimpled,  I  have  seen  cases  in 
which  the  dimpling  could  be  easily  brought  out 
by  slightly  pinching  a  considerable  area  of  skin 
overlying  the  tumor.  E.xaraination  of  the  a.xilla 
should  always  be  made,  although  the  absence 
of  enlarged  glands  would  not  justif}-  us  in  ex- 
cluding carcinoma.  The  axillary  glands  are  pal- 
pably enlarged  in  about  50  per  cent,  of  the  cases. 
The  tumors  most  likely  to  he  mistaken  for  carci- 
noma are  fibroadenoma,  cyst-adenoma,  fibroma, 
sarcoma,  chronic  iutlamraatory  and  tuberculous 
disease.  Fibroadenoma  occurs,  as  a  rule,  in 
younger  individuals.  Of  63  collected  by  Shield, 
4.5  occurred  before  the  age  of  40.  This  variety 
of  tumor  more  frequently  occurs  in  single  than 
in  married  subjects,  a  fact  just  the  reverse  of 
that  found  in  cancer.  The  age  of  the  patient 
and  the  absence  of  the  characteristic  symptoms 
and  signs  already  noted  with  reference  to  can- 
cer enable  us  to  make  a  diagnosis  in  most  cases. 
In  certain  cases,  however,  it  is  impossible  abso- 
lutely to  be  sure  whether  the  tumor  is  malig- 
nant. However,  the  plan  advocated  by  some 
surgeons  in  such  an  event,  to  cut  out  a  portion 
of  the  growth  under  cocaine  or  with  a  tumor 
punch  for  examination,  is  hardly  to  be  recom- 
mended. The  better  way  is  to  prepare  the  pa- 
tient for  a  complete  operation,  first  remove  the 
tumor,  and  if  the  surgeon  is  not  able  to  deter- 
mine whether  or  not  it  is  malignant  on  exami- 
nation of  a  gross  section,  a  frozen  section  might 


be  made  and  examined.     In  very  few  cases  will  this  be 
necessary. 

Results  of  Operative  Treatment. — The  improvement  in 
results  of  the  operative  treatment  of  cancer  is  nowhere 
more  manifest  than  in  cancer  of  the  breast.  The  gradual 
and,  as  it  were,  painful  evolution  of  modern  methods 
from  the  incomplete  operations  of  a  few  j-ears  ago  has 
been  very  clearly  shown  by  Sir  W.  Slitchell  Banks  in  his 
recent  Lettsomian  Lectures  on  "  Practical  Observations  on 
Cancer  of  the  Breast."*  He  states  that  in  1862  opera- 
tions for  cancer  of  the  breast  consisted  in  local  removal 
of  the  tumor  of  the  most  imperfect  description.  If  any 
glands  were  affected,  this  was  a  sufficient  bar  to  any 
oiJcration.  In  1867  Mr.  C.  H.  Moore  wrote  what  is  now 
an  almost  historic  paper  on  "Inadequate  Operation  in 
Cancer,"  which  set  a  great  man}'  minds  thinking,  inas- 
much as  it  was  "a  revolt  against  constituted  authority," 
Banks'  paper,  "A  Plea  for  the  ilore  Extensive  Removal 
of  Cancerous  Growth.?,"  was  published  in  1877,  and  the 
classic  work  of  Gross  on  "Tumors  of  the  Mammary 
Gland"  in  1880,  or  three  years  later.  The  works  o"f 
Jliiore  and  Banks  and  Gross  were  slow  in  being  accepted. 
Bunks  again,  in  1883,  in  a  paper  read  before  the  British 
Jledical  Association,  said :  "  Surgeons,  as  a  rule,  do  not 
remove  cancers  of  the  breast:  they  persuade  their  pa- 
tients tliat  they  do  and  they  almost  persuade  themselves, 
but  there  is  always  that  little  bit  that  they  leave  behind, 
and  which  they  fondly  hope  will  not  grow  because  it  is 
such  a  little  bit.  Alas,  that  such  little  leaven  should 
leaven  the  whole  lump!"  Banks  made  a  most  urgent 
appeal  in  favor  of  removing  the  entire  breast  with  a  very 
wide  area  of  skin,  but  he  advocated  the  removal  of  all 
the  axillary  glands  and  fat  in  a'.t  cases,  whether  the 
glands  could  befeltornot.     As  late  as  1888  this  complete 
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operation,  so  long  practised  and  cliampioned  by  Banks 
and  Gross,  was  opposed  by  many  of  tlie  al.ilest  surgeons 
of  England  and  America,  notably  by  Butlin  and  Pick, 
while  Thomas  Smith  even  went  so  far  as  to  say  that 
patients  lived  longest  who  had  never  beenoperatecl  ii])on 
at  all.  It  is  true  that  the  high  mortality  that  followed 
the  operation  at  this  period  (16  per  cent.)  gave  some  jus- 
tification for  those  who  were  content  with  the  simpler 
procedure.  In  spite  of  all  criticism  and  obstacles  Banks 
and  Gross  continued  to 
practise  as  well  as  to 
preach  the  complete 
operation,  until  to-day 
we  find  that  even  But- 
lin himself  has  not  ouh- 
come  over  to  the  com- 
plete operation  of 
Banks,  but  has  gone  a 
step  further  and  is  now 
a  most  enthusiastic  ad- 
vocate of  Halsted's  op- 
sration.  While  many 
■who  advocate  the  ex- 
tensive operation  of  to- 
day prefer  to  credit 
their  conversion  to  the 
histological  researches 
of  Heidenhaim,  we 
must  in  fairness  ac- 
knowledge that  this 
great  change  has  been 
largely  due  to  the  ear- 
lier clinical  w-orks  and 
the  superior  results  of 
Moore,  Banks,  and 
Gross.  Banks'  stalls 
tics  are  the  largest  and 
most  complete  yet  puli- 
lished'  lie  has  operat 
ed  upon  213  cases  of 
cancer  of  the  breast. 
Of  these,  17.T  have  full 
histories;  67  died  of 
local  recurrence,  and 
it  is  a  most  remarkable 
fact  that  of  these  67 
cases  17,  or  25  per 
cent.,  lived  from  3  to 
13  j'ears;  38  patients 
were  alive  and  well 
from  3  to  21  j'ears  af- 
ter operation.  Of  108 
cases  that  remained 
free  from  local  recur- 
rence, 73  lived  from  8 

to  21  years  after  operation ;  40  from  3  to  6  years ;  28 
from  7  to  14  years:  28  from  16  to  21  j'ears:  30  died  of 
metastases  without  local  recurrence.  Of  these  it  is  im- 
portant to  note  that  20,  or  66  per  cent.,  died  from  3  to  14 
years  after  operation. 

Adding  the  cases  that  died  after  3  years  from  local  re- 
currence to  those  that  died  after  3  j'ears  from  general  re- 
currence, we  have  37  patients  who,  according  to  the  usual 
reckoning,  would  have  been  regarded  as  cured,  yet  who 
really  died  of  recurrence. 

Let  us  then  compare  the  percentage  of  cases  estimated 
by  the  usual  8-year  basis  with  the  percentage  of  actual 
cures  of  Banks' series  of  213  cases  (we  must  e.xclude  60 
operated  upon  during  the  last  three  j-ears  and  7  in  which 
only  partial  operation  was  performed) :  we  have  left  146 
cases:  90,  or  62.3  per  cent.,  lived  beyond  3  years.  The 
careful  tracing  of  the  after-history  of  these  90  cases 
showed  that  38,  or  42  percent.,  recurred  after  having 
passed  the  8-year  limit.  Thus  26  per  cent,  of  the  total 
of  146  cases  operated  upon  more  than  three  j'ears  ago 
recurred  after  3  years.  This  shows  the  great  imijortance 
of  following  up  the  patients  for  long  periods  of  time, 
and  makes  the  statistics  of  Banks  by  far  the  most  impor- 
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tant  data  we  now  possess  u])on  which  to  base- a  true  esti- 
mate of  the  curative  value  of  surgical  treatment  of  cancer 
of  the  breast. 

These  statistics  certainly  justify  the  conclusion  of 
Banks,  that  "the  plan  of  taking  percentages  in  small 
numbers  of  cases  ought  to  be  abolished,"  and,  further- 
more, that  "the  3-year  cure  system,  too,  must  be  abol- 
ished if  people  are  to  be  instructed  fairly."  The  recent 
statistics  of  Barker  bear  out  the  conclusions  of  Banks.*' 

Barkers  tables  contain 
100  consecutive  cases 
of  breast  tumors  treat- 
ed by  operation,  most 
carefully  traced  to  final 
results.  Of  these,  90 
were  malignant :  6  died 
of  operatiim:  33.7  per 
cent,  lived  ox'er  3  j'ears 
and  16  per  cent,  over 
5  J'ears. 

In  regard  to  the  3- 
year  limit  Barker  says: 
"It  is  clear  that  33  per 
cent,  live  more  than  3 
J'ears  after  operation, 
which  has  been  sug- 
gested to  some  sur- 
geons that  they  should 
be  regarded  as  perma- 
nent cures;  but  some 
of  the  cases  (C6.9  per 
cent.)  have  died  most 
likely  of  reciurence  in 
all  but  1  after  an  im- 
munity of  over  3  J'ears, 
so  1  ha  t  such  a  presum  p- 
tion  is  im warranted." 

In  one  of  Barker's 
cases  there  was  exten- 
sive glandular  infec- 
tion and  a  bad  prog- 
nosis was  given,  and 
yet  the  patient  was 
well  14  years  later. 

Chej'ne's  latest  sta- 
tistics fare  among  the 
best  that  we  have.  He 
gives  the  details  of  61 
cases  operated  ujion 
more  than  three  j'ears 
ago.  Excluding  the 
cases  not  traced  and 
those  which  died  of 
operation,  which  I  did 
not  do  in  estimating 
Banks'  percentage,  Cheyne  has  37  cases  remaining,  of 
which  19,  or  51  per  cent.,  were  alive  and  well. 

Butlin 's most  recent  statistics!  give  116  cases  operated 
upon  between  1880  and  1894.  Of  these  6  died  of  opera- 
tion; 3  were  not  traced  :  51  had  local  recurrence:  22  had 
general  recurrence ;  2  died  of  other  causes  within  3  years ; 
3  died  of  other  causes  after  3  years;  29  are  alive  and  well 
more  than  3  years  after  the  operation. 

In  1895  Biuliu  adopted  Halsted's  method,  and  of  33 
cases  up  to  the  end  of  1897  had  but  1  death.  Of  these 
11  were  operated  upon  more  than  3  j'ears  ago.  Of  these 
1  died  of  operation  ;  3  of  recurrence  (2  local),  and  9,  or  70 
per  cent. ,  were  well  more  than  3  years.  These  results  are 
brilliant,  yet  it  would  be  clearly  unfair  to  form  an  esti- 
mate of  the  value  of  any  operation  for  cancer  on  such  a 
small  number  of  cases. 

Supraclavkular  Glands. — I  have  not  yet  been  convinced 
of  the  wisdom  or  value  of  removal  of  the  supraclavicular 

*  "  The  Expectancy  of  Life  in  Cases  of  Cancer  of  the  Breast." 
Lancet,  SeptMnher  :^cl,  iwm. 

•^  ■■  KurtlKT  st.ilistli's  a.s  t"  Results  Obtained  by  Operations  for  Cancer 
of  the  Breast."     Laorel.  Malvh  l:Jth,  ks9!l. 

t  St.  Bartholomew's  Hosinlul  Reports,  vol.  xxiv.,  1898. 
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glands  as  a  routine  method  in  operations  for  cancer  of 
tlie  breast,  and  it  sliould  be  noted  tliat  Butlin,  wlio  in 
otherrespects  followed  Halsted's  method  closely,  did  not 
remove  the  supraclavicular  glands  in  any  of  his  cases, 
and  believes  with  Cheyne  that  when  these  glands  are 
removed,  the  case  is  hopeless.  The  statistics  of  Banks, 
Cheyne.  and  Butlin.  which  equal  those  of  Halsted,  would 
go  to  show  that  as  good  results  can  be  obtained  witliout 
this  step.  Until  further  evidence  is  forthcoming,  I  be- 
lieve we  are  justified  in  not  removing  the  supraclavicular 
glands,  unless  glands  are  discovered  vci-y  high  up.  In- 
asmuch as  removal  of  the  pectoral  muscles  does  not 
greatly  interfere  with  the  usefulness  of  the  arm  and  does 
facilitate  the  dissection  of  the  a.xillary  contents,  it  is  per- 
haps better  to  remove  at  least  a  portion  of  the  greater 
pectoral  muscle  along  with  the  lireast. 

In  order  to  obtain  better  results,  I  think  it  is  far  more 
important  to  remove  wider  areas  of  skin  and  more  of  the 
adjacent  fat.  for  we  find  that  recurrences  take  place  in  the 
skin  or  fat  a  dozen  times  to  one  in  the  pectoral  muscles. 

The  recent  statistics  of  100  cases  of  the  Presbyterian 
Hospital  of  New  York  published  in  Tlie  M<:dical  A'eirs, 
April  28th,  1900,  by  MacWilliams,  still  further  support 
this  view.  His  cases  were  operated  on  during  the  years 
1889-99.  In  48.9  per  cent,  of  them  the  lymphatic  glands 
were  palpably  enlarged.  Yet  of  7.5  cases  which  were 
examined  microscopically  after  removal,  78. 6  showed  can- 
cerous infection.  The  mortality  of  operation  was  4  per 
cent. ;  and  of  66  cases  traced,  34"  per  cent,  were  well  for 
a  period  of  from  3  to  10  years.  MacWilliams  states  that 
all  the  recurrences  except  3  died  within  2  years. 

Here  again  we  see  the  danger  of  generalizing  from  a 
single  .series  of  a  small  number  of  cases,  especially  as  in 
26  cases  the  after-histories  were  not  traced.  It  is  a  sig- 
nificant fact  that  more  than  twice  as  many  recurrences 
took  place  in  the  skin  and  scar  than  in  any  other  locality. 
Of  34  recurrences  l.")  took  place  in  scars  and  6  in  the  limg ; 
3  in  the  opposite  breast,  and  only  3  in  the  supraclavicu- 
lar glands. 

Halsted's  brilliant  "Results  of  Operation  for  Breast 
Cancer  at  the  Johns  Hopkins  Hospital  from  June,  1889, 
to  April,  1898."*  are  of  great  interest  and  value.  In 
all  133  cases  were  operated  upon,  76  of  these  more  than 
3  years  ago.  There  have  been  13  (9  per  cent.)  local 
and  32  (16  per  cent.)  regionary  recurrences.  Of  the  76 
cases  operated  upon  3  or  more  years  ago,  31  (41  per  cent.) 
are  living  without  local  recurrence  or  signs  of  metastases ; 
10  died  more  than  3  years  after  operation,  and  1  as  late  as 
5.5  years  after.  Of  these  10,  1  had  a  local  recurrence. 
Forty  cases,  therefore  (52  per  cent.),  lived  more  than  3 
years  without  signs  of  local  or  regionary  recurrences. 
Some  of  the  10  cases  which  died  may  have  had,  at  3 
years,  signs  of  metastases.  Thirty-five  (46  per  cent.) 
died  within  3  years  of  the  operation,  and  7  of  these  were 
local  recurrences. 

Dr.  J.  Collins  Warren,  in  his  valuable  paper  on  "Cura- 
bility of  Cancer  cif  the  Breast,  "  gives  results  of  72  cases 
operated  upon  during  the  past  15  years.  Of  these  38 
died  of  recurrence  of  the  disease,  26  are  alive  and  well, 
2  died  of  other  diseases,  and  the  remainder  were  not 
traced.  Out  of  50  cases  in  which  recurrence  was  noted,  in 
84  the  disease  returned  locally,  either  in  the  skin  or  subcu- 
taneous fat,  showing,  as  I  have  pointed  out  in  most  of 
the  other  statistics,  that  the  present  methods  of  operation 
fail  to  remove  a  sufliciently  wide  area  of  skin.  In  only  1 
case  did  the  recurrence  take  place  in  the  supraclavicular 
region.  Seventeen  cases  have  remained  well  bej'oud  3 
year.s,  giving  a  percentage  of  30.9  per  cent.  During  the 
period  of  1883-95,  22  cases  were  operated  upon  by  more 
elaborate  methods  than  the  preceding  cases;  of  these  36. 3 
per  cent,  passed  the  3-year  limit  without  recurrence ;  in 
all  of  the  cases,  however,  the  axillary  glands  were  care- 
fully removed.  Warren  states,  with  truth  I  believe,  that 
the  present  experience  with  the  new  operations  hardly 
justifies  one  as  yet  in  deciding  upon  the  limits  of  the 
curable  cases.     Until  these  limits  are  more  strictly  de- 

♦  Transactions  Am.  Surg.  Assn.,  1898. 


fined,  it  is  probable  that  many  incurable  cases  will  be 
subjected  to  operation.  He  adds  that  it  is  his  hope  that 
wider  experience  will  spare  many  a  patient  the  ordeal  of 
a  useless  operation. 

With  regard  to  glandular  involvement,  the  glands  were 
felt  in  the  axilla  in  54  cases;  in  5  cases  supraclavicular 
glands  were  noted ;  3  of  these  died :  1  was  alive,  at  time 
of  writing,  and  1  was  not  traced. 

Warren's  statistics  emphasize  some  very  important 
facts  as  to  the  duration  of  the  tumor  prior  to  the  opera- 
tive interference ;  the  average  period  in  68  cases  was  10.1 
months.  In  16  cures  the  average  was  11.6  months,  while 
in  38  failures  it  was  9.4  months.  At  first  it  seemed  some- 
what strange  that  the  successful  cases  were  operated 
upon  later  than  the  failures.  Warren's  cxjilanation  is  prob- 
ably ciirrcct,  that  the  longer  time  during  which  the  tumor 
had  existed  in  the  successful  cases  prior  to  operation 
simply  shows  the  milder  type  of  the  disease.  A  person 
with  a  rapidly  growing  and  consequently  more  malig- 
nant type  of  tumor  is  far  more  likely  to  be  disturbed  and 
to  seek  early  surgical  or  medical  advice  than  one  with  a 
more  slowly  and  hence  less  malignant  disease. 

Cancer  op  the  Lip. — Sarcoma  of  the  lip  is  exceed- 
ingly rare,  so  rare  that  it  is  seldom  mentioned  by  writers 
on  cancer.  I  have  personally  oliserved  one  case  of  small, 
round-celled  sarcoma  of  the  lower  lip  in  a  little  girl  aged 
five  years.  The  disease  was  twice  removed,  but  recurred 
rapidlv  after  each  operation.  It  disappeared  under  the 
injections  of  the  mixed  toxins  of  erysipelas  and  bacillus 
prodigiosus,  and  is  now  well  more  than  three  years  after 
operation.  Cancer  of  the  lower  li])  is  almost  always  of 
the  type  of  squamous-celled  carcinoma,  and  rarely  occurs 
in  subjects  under  the  age  of  forty  years.  The  usual 
history  is  that  of  a  slight  irritation  near  the  junction  of 
the  mucous  membrane  and  the  skin,  resembling  a  small 
wart,  which  is  irritated  by  the  patient's  picking  and  rub- 
bing it.  It  freqiiently  heals  over,  but  in  a  short  time  the 
scab  comes  off  and  a  small  ulcer  or  fissure  remains.  It 
may  continue  for  years  with  very  slight  increase  in  size. 
The  duration  of  the  disease  is  verj'  variable,  ranging  be- 
tween a  few  months  and  fifteen  to  twenty  years.  Death 
almost  always  occurs  b}-  exhaustion  and  seldom  from 
metastases.  The  submental,  submaxillary,  and.  finallj-, 
the  cervical  glands  are  likely  to  become  involved  in  the 
order  mentioned.  The  glandular  involvement  may  occur 
early  in  the  disease  or  it  may  be  dela3'ed  for  a  long  period. 
Simple  enlargement  of  the  glands  does  not  always  mean 
that  infection  has  occurred.  Butlin  cites  a  case  of  a  pa- 
tient who  died  within  a  few  months  from  the  first  ap- 
pearance of  the  cancer,  with  extensive  ulceration  of  the 
lip  and  secondare  infection  of  a  large  number  of  glands. 
I  have  personally  observed  a  similar  case  in  a  negro,  in 
whom  the  disease  ran  such  a  rapid  course  that  it  strikingly 
resembled  an  acute  infectious  process.  Within  six  weeks 
from  the  time  the  tumor  was  first  noticed,  the  entire 
lower  lip,  floor  of  the  mouth,  and  portion  of  the  jaw,  to- 
gether with  nearly  all  the  glands  in  the  neck,  were  in- 
fected, the  latter  being  enormously  enlarged.  The  pa- 
tient died  within  tliree  months  from  the  inception  of  the 
disease,  without  metastases.  In  those  cases  in  which  the 
progress  of  the  disease  is  very  rapid,  there  is  another 
point  of  simHarity  between  cancer  and  acute  infection, 
namely,  a  marked  rise  in  pulse  and  temperature. 

Method  of  Opernlion. — The  only  method  that  needs  to 
be  seriously  considered  is  free  removal  with  the  knife  or 
scissors,  of  a  Y-shaped  portion  of  the  lip  containing  the 
tumor  and  a  wide  margin  of  healthy  tissue,  from  one- 
half  to  three  fourths  of  an  inch  beyond  the  border  of  the 
disease.  In  cases  requiring  removal  of  a  large  portion  of 
the  lip.  the  method  of  jMalgaigne,  or  some  one  of  the 
numerous  modifications  of  the  method,  should  be  em- 
ployed. The  glands  should  always  be  removed  when 
enlarged,  and  I  believe  that  it  is  better  to  remove  the 
submental  and  submaxillary  glands  as  a  routine  measure 
in  all  cases,  except  in  those  in  which  the  disease  is  of 
very  short  duration.  The  deformity  caused  by  the  re- 
moval of  cancer  of  the  lip  is  very  slight  when  the  timior 
is  small,  and  when  it  is  large,  almost  the  whole  lower  hp 
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jiiay  be  removed  withinit  eausins  great  deformity,  so 
long  as  the  plastic  operatiou  is  carefully  and  skilfully 
(lone. 

Results  of  Operation. — The  mortalitj-  of  operation  at  the 
present  time  is  very  slight.  In  896  cases  collected  by 
Woruer*  there  were  63  deaths,  or  a  mortality  of  7  per 
cent,  Fricke's  more  recent  statistics  of  the  Gi'ittingen 
Clinic,  covering  the  years  between  1874  and  ISlKi.  sliow 
8  deaths  in  ll4  cases,  or  the  same  mortality  as  that  re- 
ported b3'  Worner.  Five  out  of  the  8  cases  collected  by 
Fricke,  however,  were  complicated  by  removal  of  a  por- 
tion of  the  lower  jaw.  The  question  of  tlie  necessity  of 
removal  of  the  glands  in  all  cases 
Fricke's  paper  leaves  still  in 
doubt.  In  8  of  the  successful 
cases  they  were  not  removeil,  al 
though  they  were  dccidediv  en- 
larged; yet  the  patients  lived 
from  3  to  18  years  after  opera- 
tion. Butlin  states  that  at  pres- 
ent he  does  not  believe  that  rovi- 
tine  operation  for  removal  of  the 
glands  in  ever}'  case  of  cancer  of 
the  lower  lip  is  indicated.  In 
Fricke's  list  they  were  removed  in 
24  out  of  33  unsuccessful  cases. 
This,  however,  does  not  prove 
that  the  patients  would  have  done 
any  better,  had  they  not  lieen  re- 
moved. It  seems  wise  to  remove 
them  in  all  cases,  inasmuch  as  this 
procedure  is  not  likely  materially 
to  increase  the  mortality,  if  at  all. 
In  Fricke's  series  the  lower  jaw 
was  resected  in  10  cases  with  5 
deaths;  and  only  1  of  these  cases 
was  cured  by  the  operation.  Curi- 
ously enough,  this  case  of  cure 
was  one  in  which  the  progno.sis 
was  exceedingly  bad  from  the 
start.  A  second  operation  was 
done  for  extensive  recurrence  4.5 
months  after  the  first,  and  yet  the 
patient  was  well  11  years  after. 

Loos  (Beitrdye  z.  liiii.  Chii:,  Bd. 
XXVII.,  May,  1900)  gives  an  an- 
alysis of  56.')  cases  of  cancer  of  the 
lip  treated  at  Bruns'  Clinic,  at  Tii- 
bingen,  534  of  which  were  of  the 
lower  lip  and  31  of  the  upper  lip. 
In  three-fourths  of  the  cases  the 
glands  were  enlarged.  The  mor- 
tality of  the  operation  during  the 
period  from  1843  to  1885,  was  6.2<;: 
from  1885  to  1898  it  was  0.4:?.  The  final  results  showed 
51. 6^?  successful  in  the  earlier  period  and  66-;  in  the  later 
period.  Of  the  cases  operated  upon  between  1843  and 
1884,  1  was  well  at  the  end  of  45  years,  10  were  well  at 
the  end  of  from  22  to  26  years,  and  14  were  well  at  the 
end  of  from  15  to  19  years. 

The  final  results  of  operation  for  cancer  of  the  lip  are 
perhaps  ecjual,  or  superior,  to  those  in  any  other  locality. 
The  statistics  of  the  cases  at  the  Gottingen  Clinic,  114  in 
number,  mostly  operated  upon  by  Konig,  show  that  53 
percent,  remained  well  more  than  3  years  after  operation. 
Four  hundred  and  twenty-four  cases  of  cancer  of  the 
lower  lip,  collected  by  Butlin  prior  to  the  statistics  of 
Fricke,  show  38  per  cent,  of  cures.  After  the  disease  has 
once  recurred,  there  is  very  little  hope  of  saving  the  pa- 
tient by  further  operation.  In  only  3  out  of  52  cases  re- 
ported by  Fricke  as  having  passed  the  3-year  limit  had 
there  been  a  second  operation  performed.  If  the  jaw  is 
already  involved,  the  prognosis  is  exceedingly  bad.  But- 
lin states  that  such  operations  are  followed  bj'  a  high 
rate  of  raortalit)',  and  are  very  rarely  permanently  suc- 
cessful. 

*  Beitr.  z.  kUn.  Chlr.,  II.,  129, 1886. 


Cancek  op  the  Tongue.— Cancer  of  tbe  tongue, 
though  less  frequent  than  cancer  in  many  other  locali- 
ties, is  perhaps  the  most  distressing  of  all  to  the  patient. 
The  disease  usually  begins  along  the  free  border,  either 
at  the  extremity  of  the  tongue  or  on  one  side.  Not  in- 
frequently there  is  a  hi.story  of  irritation  from  a  carious 
tooth.  In  the  early  stages  the  diagnosis  may  be  difficult. 
The  conditions  most  likely  to  simulate  cancer  of  the 
tongue  are:  tuberculous,  syphilitic,  or  chronic  inflamma- 
tory affections.  Tuberculosis  may  so  closely  resemble 
cancer  that  a  careful  microscopical  examination  may  be 
necessary  to  differentiate  it.     Tuberculosis  of  the  tongue, 


Fio.  lUiy.— Epitljelioina  <if  Cervical  Lymph  Gland.    Secondary  to  epithelioma  of  tonsil.    tBu.xLou.) 


however,  is  so  rare  that  it  will  seldom  cause  difficulty  in 
diagnosis.  I  have,  however,  operated  upon  one  case  in 
which  the  clinical  appearances  pointed  very  strongly  to 
epithelioma,  and,  in  addition,  a  portion  of  the  tumor  re- 
moved for  examination  was  pronounced  epithelioma  by 
the  ])athologist  of  a  large  hospital.  When  the  anterior 
portion  of  the  tongue  was  removed,  further  and  more 
careful  examination  showed  that  the  disease  was  not  epi- 
thelioma, but  tuberculosis.  Syphilitic  lesions  may  closely 
simulate  cancer,  but  in  most  cases  we  are  able  to  find 
other  evidence  of  specific  disease,  even  if  the  history  is 
denied. 

The  treatment  consists  in  removal  of  the  whole  or  part 
of  the  tongue  as  soon  as  the  diagnosis  is  made.  The 
choice  of  operation  depends  somewhat  u|)on  the  extent 
of  the  involvement.  If  the  muscular  portion  of  the 
tongue  is  involved,  especially  of  the  posterior  region, 
better  results  may  be  obtained  by  the  method  known  as 
Kocher's  operation.  Whitehead's  operation,  or  a  slight 
modification  of  the  same,  including  preliminary  ligature 
of  the  lingual  arteries  and  removal  of  the  sublingual  and 
submaxillary  glands,  will,  I  lielieve,  prove  the  best  method 
in  the  great  majority  of  cases.  Its  advantages  over 
Kocher's  method  are  very  great.     The  mortality  is  much 
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lower,  and  the  wounds  are  more  likely  to  heal  primarily. 
Kocher's  method  is  open  to  the  serious  objection  that,  in 
dragging  the  tongue  out  through  the  floor  of  the  mouth, 
it  is  impo.ssible  to  prevent  the  tumor,  usually  in  an  ulcer- 
ated condition,  from  coming  in  contact  with  the  freshly 
cut  healthy  tissues,  thereby  running  the  risk  of  new  in- 
fection. Curtis'  suggestion  of  removing  that  part  of  the 
tongue  containing  the  tujuor  through  the  mouth  and 
completing  the  operation  by  Kocher's  method,  is  objec- 
tionable in  that  it  unnecessarily  complicates  the  opera- 
tion. The  results  of  Whitehead's  method  are  equal,  or 
superior,  to  those  obtained  by  Kocher's  method.  The 
question  of  liow  much  of  the  tongue  it  is  necessary  to  re- 
move is  a  very  important  one.  Some  surgeons  advocate 
removal  of  the  entire  tongue,  even  if  the  disease  is  com- 
paratively limited  in  extent.  Butliu  does  not  believe 
that  the  entire  tongue  should  be  removed  in  every  case. 
He  states  tliat  the  aim  of  the  operator  should  be  to  re- 
move the  disease  and  alxiut  three-fourths  of  an  inch  of 
healthy  tissue.  If  the  disease  is  on  the  border  of  the 
tongue,  the  best  practice  is  to  remove  that  half  of  the 
tongue  to  an  inch  beliind  the  disease.  When  it  is  near  the 
tip  or  fore  part  of  the  dorsum,  the  fore  part  of  the  tongue 
should  be  removed.  Butlin  does  not  advocate  the  pre- 
liminary ligature  of  the  lingual  arteries  as  a  routine  meas- 
ure. In  my  own  cases  I  have  usually  tied  the  Unguals 
prior  to  removal  of  the  tongue,  and  this  does  not  really 
complicate  the  operation,  inasmuch  as  the  glands  of  the 
neck  may  be  removed  through  the  same  incisions  which 
expose  the  arteries.  Butlin 's  latest  method  of  dividing 
the  operation  into  two  stages  has  much  to  recommend  it. 
Thorough  dissection  of  the  anterior  triangle  of  the  neck 
and  removal  of  all  the  glands  is  in  itself  a  considerable 
operation,  and  if  to  this  is  added  the  removal  of  the 
tongue,  the  mortality  is  likely  to  be  higher  than  if  the 
operation  were  divided  into  two  stages.  Butlin  now  re- 
moves the  disease  of  the  tongue  first,  and  about  tliree 
weeks  later  the  anterior  triangle  is  opened  and  the  glands 
are  removed. 

liesuUs  of  Operation. — The  latest  statistics,  comprising 
33  cases  of  Kronleiu,  59  of  Kocher,  139  of  Whitehead. 
and  102  of  Butlin,  giving  a  total  of  333  cases,  show  43 
deaths  from  operation.  Whitehead's  personal  cases  (139 
in  number)  show  20  deaths,  or  a  ratio  of  14.3  per  cent. 
In  33  deaths  in  which  the  cause  was  stated,  pneumonia 
and  sepsis  account  for  13.  As  regards  final  results,  199 
of  the  333  mentioned  were  traced.  Of  these,  40,  or  20  per 
cent.,  were  well  and  free  from  disease  or  had  died  from 
other  causes  than  cancer,  upward  of  3  years  after  opera- 
tion. Butlin's  personal  statistics  show  10  deaths  in  102 
cases.  The  remaining  93,  with  7  exceptions,  were  traced 
to  final  results.  Of  these,  30  were  well  from  3  to  13  years 
after  operation.  In  18  cases  there  was  local  recurrence, 
in  28  glandular  alone. 

Operative  treatment  is  contraindicated  if  the  disease 
extends  far  back,  or  if  the  glands  of  the  neck  are  mark- 
edly enlarged  and  fixed,  or  if  the  jaw  is  involved. 

Cancer  of  the  Face. — Tlie  face  is  one  of  the  most 
common  sites  for  cancer,  the  probable  reason  being  that 
it  is  more  exposed  to  various  sources  of  irritation.  Tlie 
most  common  type  of  cancer  found  in  the  face  is  rodent 
ulcer.  There  is  very  little  difference  in  the  two  sexes  as 
regards  the  frequency  of  cancer  in  this  locality.  Of  300 
cases  collected  by  Butlin,  110  occurred  in  the  male,  90  in 
the  female.  The  mortality  of  operation  iscomparativel}' 
high.  Butlin's  statistics  of  206  cases  of  cancer  of  the 
face,  mostly  rodent  ulcer,  show  21  deaths,  of  which  9 
were  due  to  erysipelas.  The  more  recent  statistics  show 
a  lower  mortality.  In  100  cases  treated  at  the  St.  Bar- 
tholomew's Hospital,  in  1889-1898,  there  was  only  one 
death. 

As  regards  permanent  cure,  the  prognosis  is  good  if 
the  disease  is  attacked  early.  Kronlein's  cases  show  36 
per  cent,  well  beyond  3  years.  But  in  this  particulas 
locality  we  must  bear  in  mind  the  fact  that  late  recur- 
rences (namely,  at  periods  considerably  beyond  3  years) 
are  by  no  means  infrequent.  Glandular  involvement  is 
very  rare  in  rodent  ulcer  of  the  face,  and  the  disease  de- 


stroys life  by  local  extension  and  gradual  exhaustion. 
This  form  of  "cancer  is  perhaps  the  most  distressing  and 
painful  of  any  with  which  we  have  to  deal ;  and  while 
it,  in  most  instances,  could  be  cured  if  attacked  very 
early,  when  once  it  has  gained  a  firm  foothold  it  is  ex- 
ceedingly difficult  to  eradicate.  This  is  the  form  of  can- 
cer in  which  caustics  of  various  kinds  have  been  most 
frequently  employed.  While  it  is  unquestionable  that 
rodent  ulcer  in  the  early  stages  may  be  cured  by  caustics, 
we  believe  that  in  the  great  majority  of  cases  better  re- 
sults will  be  obtained  bj-  the  knife."  Besides,  they  are 
obtained  in  a  shorter  time  and  with  less  pain  and  discom- 
fort to  the  patient.  One  of  tlie  best  caustics  to  be  em- 
ployed for  cancer  in  this  localitj-  is  the  liquid  butter,  or 
terchloride,  of  antimony,  applied  by  means  of  a  glass  rod. 
As  regards  the  value  of  caustics,  liutlin  states  "  there  is 
not  the  slightest  reason  why  even  extensive  rodent  ulcer 
of  the  face  should  not  be  treated  by  caustics  with  as 
thorough  success  as  if  the  knife  had  been  employed." 
He  admits,  however,  that,  as  usuallj'  employed,  they  de- 
stroy only  the  surface  of  the  disease,  leaving  the  base  be- 
hind and,  hence,  doing  more  harm  than  good.  To  be  of 
any  value,  they  must  be  used  freely  and  vigorously. 
Butlin  believes  that  Vienna  paste  is  the  best  form  of 
caustic.  It  is  applied  in  a  thick  laj'cr  over  the  area  to  be 
destroyed,  including  half  an  inch  of  apparently  healthy 
integument  all  around  the  ulcer. 

Cancer  of  the  Stomach. — Malignant  disease  of  the 
stomach  is  practically  always  carcinoma.  Sarcoma, 
though  occasionally  found,  is  extremely  rare.  It  may 
be  either  the  columnar-celled  or  the  squamous-celled  va- 
riety, the  former  being  by  far  the  most  common. 

Diagnosis. — The  diagnosis  in  the  early  stage  is  difficult, 
and  inasmuch  as  it  is  important  that  it  should  be  made- 
at  a  very  early  moment  if  treatment  is  to  be  of  much 
a\ail,  the  tendency  at  present  is  more  and  more  in  the 
direction  of  an  early  exploratory  operation.  With  careful 
aseptic  precautions  this  exploration  is  not  likely  to  be  at- 
tended with  appreciable  risks. 

Hemraeter  advises  operation :  (1)  in  the  presence  of 
dilatation  ;  (2)  in  the  presence  of  cachexia ;  (3)  in  the  ab- 
sence of  h\'drochloric  acid;  (4)  in  cases  of  excess  of  lactic 
acid;  (.5)  in  the  presence  of  the  Oppler  bacillus. 

Operative  treatment  consists  in  gastrectomy,  complete 
or  partial ;  pylorectomy  or  gastro-enterostomy.  Space 
will  not  permit  a  description  of  the  various  operative 
method,s.     (See  Stotnach,  Surgery  of  the.) 

lit  salts  of  TreMment. — Up  to  the  present  time  7  cases 
of  complete  gastrectomy  have  been  reported,  with  3- 
deaths.  Seven  other  cases  of  nearly  complete  gastrec- 
tomy have  been  operated  upon,  with  2  deatlis.  The 
mortahty  of  pylorectomy,  as  estimated  bj-  Haberkant* 
from  a  study  of  257  cases,  operated  upon  between  the  j-ears 
1881  and  1887,  is  64.4  per  cent.  -Between  1887  and"  1894 
it  is  43.8  per  cent.  Goffe  f  found  the  mortality  to  be  76.5- 
per  cent,  in  English  and  American  cases  during  1883  and 
1890;  28.6  per  cent,  between  1890  and  1898.  Individual 
.statistics  show  much  better  results.  For  example,  Kron- 
lein  operated  upon  34  cases  with  5  deaths,  and  only  2' 
deaths  occurred  in  his  last  30  cases.  As  to  the  duration- 
of  life  after  pylorectomy,  Haberkant  found  that  in  51 
cases  traced,  31  were  alive  from  1  to  8  years  after  opera- 
tion. Nine  of  these  were  well  for  over  3  years.  The  im- 
provement of  later  results  is  attributable  to  earlier  ex- 
ploratory operations  and  more  extensive  excision  of  the- 
stomach.  'The  high  mortality  of  earlier  days  was  largely 
due  to  postponing  the  operation  until  the  strength  of  the 
patient  was  insufficient  to  stand  the  shock. 

Cancer  of  the  Intestine. — Cancer  may  occur  in  any 
portion  of  the  intestines  from  the  stomach  to  the  rectum. 
The  relative  frequency  of  its  occurrence  in  the  different 
portions  of  the  intestines  is  well  shown  by  the  statistics 
of  de  Bovis: 

Cancer  of  the  rectum,  49.3^;  colon,  20.4^;  sigmoid, 
11.9^;  small  intestine,  6.3;?.     Sarcoma  maj'  occur,  but  is 

*  Arch,  f .  kUn.  Chir..  1.S96.  Bd.  51.  p.  484. 

-f "  Lectures  on  the  Surgery  of  Diseases  of  the  Stomach,"  by  Barker.. 
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extremely  rare.  IMadelun.s  has  collected  14  cases  of  sar- 
coma of  the  small  intestine,  (^arcinonia  occurs  most  fre- 
qnentlj'  between  the  ages  of  40  and  6.5  years.  R.  de  Bovis 
{Revue  de  Chinirr/ie,  1900,  Nos.  6  to  12)  has  given  us  the 
most  extensive  and  valuable  contrib\Uion  to  our  knowl- 
edge of  cancer  of  the  large  intestine  yet  publislied.  He 
collected  426  cases  of  cancer  of  the  large  intestine  (exclu- 
sive of  the  rectum).  Of  these,  53.9  per  cent,  were  among 
males,  and  46  per  cent,  among  females.  The  diagnosis  is 
seldom  made  until  the  growth  has  advanced  sufficiently 
to  cause  stenosis  in  the  bowel.  Furnevall  states  that 
crises  of  paroxysms  of  colic,  or  periods  of  prolonged  con- 
stipation and  diarrhoea,  with  early  weakness  and  progres- 
sive wasting  in  spite  of  medical  treatment,  are  important 
symptoms.  In  several  instances  I  have  noticed  that  lo- 
calized distention,  due  to  the  accumulation  of  gas  in 
front  of  the  stricture,  is  an  important  sign.  This  is  some- 
times observed  by  the  patient  himself,  and  regarded  as  a 
lump  or  tumor.  Sometimes  by  manipulation  it  disap- 
pears with  a  slight  gurgling  sound. 

Operative  Treatment  consists  in  resection  of  the  bowel, 
making  anastomosis,  short-circuiting  the  constriction,  or, 
if  the  di.sease  is  situated  lower  down  toward  tlie  rectum, 
making  colostomy.  If  the  disease  is  in  the  small  intestine, 
the  Murphy  button  can  be  employed  with  advantage. 
Czerny  states  that  he  has  given  up  its  use  in  the  colon 
for  the  reason  that  the  lumen  Avill  become  blocked 
■with  semi-hardened  fteces,  and  the  patient  will  die 
of  obstruction.  R.  de  Bovis  (loc.  cit.)  states  that  in 
his  series  of  426  cases  of  cancer  of  large  intestine.  Mur- 
phy's button  was  employed  14  times  with  4  deaths.  Of 
these  deaths  3  were  attributed  to  the  button.  In  1 
patient  upon  whom  I  personally  ojierated,  and  in  whom 
I  did  a  double  resection  of  the  sigmoid  and  seven  inches 
of  an  adherent  loop  of  small  intestine  which  had  be- 
come involved  by  contiguity,  I  employed  two  ^Murjihy 
buttons,  one  for  uniting  the  ends  of  the  small  intestine, 
and  the  other,  a  large,  oblong  button,  for  making  a  lateral 
anastomosis  between  tlie  closed  portion  of  the  ascending 
colon  and  the  c;vcal  end  of  the  small  intestine.  The  pa- 
tient made  an  uneventful  recovery;  both  buttons  passed 
on  the  ninth  day.  The  patient  remained  well  for  1  year 
and  then  had  a  slight  recurrence  in  the  parietiil  perito- 
neuiu.  He  is  alive  and  in  good  general  health  at  present, 
twenty-one  months  after  the  operation.  The  mortality 
of  resection  of  the  large  intestine  in  241  cases  collected 
I  by  Lardiunois  was  34.8  per  cent.  Czerny's  mortality  for 
resection  of  the  large  Intestine  is  50  per  cent. ;  Woelfler's, 
54  per  cent,  in  114  ca.se.s.  AVallace  reports  12  cases  of  re- 
1  section  at  the  St.  Thomas  Hospital,  London,  between  1888 
'■  and  189T,  with  7  deaths,  or  58.3  per  cent.  Of  51  cases  col- 
I  lected  by  Frank  between  the  years  1884  and  1888,  only  1 
]  was  known  to  have  lived  more  than  3  years  without  re- 
currence. Woelfler,  however,  has  collected  17  cases  that 
"were  well  from  4  to  16  years  after  operation. 

R.  de  Bovis  found  the  mortality  in  101  cases  of  entero- 
anastomosis  for  cancer  of  the  large  intestine  to  be  38.6 
per  cent.  The  average  duration  of  life  after  the  operation 
of  entero-anastomosis  was  6.4  months,  and  the  total  aver- 
age duration  of  life  from  the  inception  of  the  disease  21.2 
months.  Of  171  cases  treated  by  resection  the  mortality 
■was  31.5  per  cent. — de  Bovis  believes  that  38  per  cent,  is 
the  actual  present  mortality.  Up  to  1889  it  was  58  per 
cent.  Fifty -one  cases  operated  upon  by  22  of  the  most 
distinguished  continental  surgeons  since  1889  show  37.2 
per  cent,  mortality.  Of  de  Bovis'  series  of  171  enter- 
cctomies  there  were  only  8  cures. 

CENTER  OF  THE  Rectum. — Cancer  of  the  rectum  rarely 
occurs  before  the  age  of  35.  and  it  is  seen  more  fre- 
quently in  men  than  in  •n-omen.  the  proportion  being 
about  6  to  5.  It  forms  4  per  cent,  of  all  cases  of  cancer. 
Tlie  symptoms  during  the  early  stjiges  of  the  disease  are 
ill  defined,  and  usually  consist  more  in  a  feeling  of  heavi- 
ness and  discomfort  than  in  one  of  actual  pain.  Stools 
are  ajit  to  be  scanty  and  more  frequent  than  usual.  Con- 
stipation of  ten  alternates  with  diarrhcea.  Later  on.  there 
is  actual  pain  and  occasionally  some  blood  passes  with  the 
stools.     "The  rectum  should  always  be  examined  in  sus- 


picious cases.  Carcinomatous  ulceration  show^;  the  char- 
acteristic induration  with  hard,  irregular  margins,  and  if 
the  disease  is  within  reach  of  the  finger,  whicli  is  usually 
the  case,  the  diagnosis  is  not  often  very  dithcult,  except 
in  the  very  early  stage.  In  addition  to  digital  examina- 
tion, the  speculum  should  be  used  in  cases  in  which 
there  is  still  doubt,  and  a  portion  of  the  suspicious  area 
should  be  remo\ed  and  examined  microscopically. 

Treatment. — The  onlj'  treatment  to  be  recommended  is 
excision  of  the  rectum  in  all  cases  in  which  it  is  possible 
to  remove  the  disease.  The  choice  of  methods  lies  be- 
tween the  sacral  or  Kraske's  operation,  and  the  older 
perineal  method.  During  recent  years  Kraske's  opera- 
tion has  been  adopted  by  most  American  as  well  as  con- 
tinental surgeons  for  all  cases  of  cancer  of  the  rectum, 
on  the  belief  that  its  results  were  so  much  more  promising 
as  to  outweigh  the  higher  mortality.  Even  Watson 
Cheyne,  one  of  the  best  representatives  of  sound  and 
conservative  English  surgery,  states  that  while  the  peri- 
neal operation  is  suitable  in  some  cases,  in  the  majority  it 
is  best  to  emplo}'  one  or  the  other  of  the  methods  which 
give  good  access  to  the  part  from  behind,  such  as 
Kraske's  operation  or  some  of  its  modifications.  Com- 
paring the  results  of  the  perineal  with  Kraske's  method 
up  to  1896,  Cheyne  states  that  the  mortality  of  the  peri- 
neal method  seems  to  be  about  8  per  cent. ;  that  of  the 
sacral,  18  or  20  per  cent.  The  results  of  operative  treat- 
ment of  cancer  of  the  rectum  at  Kilster's  Clinic,  Marburg, 
since  1885,*  reported  by  Wendel,  throw  valuable  light 
upon  the  comparative  value  of  tliese  different  methods. 
The  total  number  of  cases  observed  was  126.  Of  46  cases 
operated  upon  by  the  perineal  method,  8  died  directly  or 
indirectly  from  the  operation.  Of  the  38  remaining,  35 
■were  traced.  Six  of  them  were  well  from  3  to  5 
years;  3  from  7  to  11  years  after  operation.  Of  46  cases 
operated  upon  by  Kraske's  method,  14,  or  30.4  per 
cent.,  died  of  the  operation;  26  of  the  remainder  were 
traced  to  final  results,  and  5  were  alive  from  6  to  11 
years  after  operation.  Thus,  the  mortality  of  the  sacral 
method  w-as  nearly  double  that  of  the  perineal :  and  the 
final  results  as  regards  cures  were  inferior.  As  Wendel 
points  out,  these  figures  should  not  be  taken  as  a  true 
indication  of  the  relative  value  of  the  methods,  as  in 
many  of  the  cases  operated  upon  by  the  Kraske  method 
the  disease  was  more  advanced.  The  duration  of  wound 
healing  is  much  longer  in  the  sacral  than  in  the  perineal 
operation,  the  average  duration  being  64  days  in  the 
sacral.  Wendel  concludes  that  9.4  per  cent,  of  the  cases 
in  which  radical  operation  was  performed  survived  from 
6  to  12  years  without  recurrence.  Adding  to  these  the 
cases  that  died  of  other  diseases  without  recurrence,  he 
estimates  the  number  of  final  cures  at  16.8  per  cent. 
Kraske's  personal  results  in  80  cases  show  a  mortality 
of  18.7  per  cent,  and  6.2  per  cent,  of  cures.  Hochenegg 
operated  upon  89  cases  by  the  sacral  method  with  a 
mortality  of  9  per  cent,  and  12.49  per  cent,  of  cures. 
Mikulicz's  57  eases  operated  upon  by  Kraske's  method 
show  a  mortality  of  24.56  per  cent,  and  6.69  per  cent, 
of  cures. 

These  statistics,  combined  with  those  of  Kraske,  show 
a  mortality  of  18.7  per  cent,  and  10  per  cent,  of  cures. 
They  certainly  justify  the  conclusion  of  Wendel  that 
there  is  no  reason  for  ignoring  the  perineal  method  to  the 
extent  that  it  has  generally  been  done.  The  plan  adopted 
at  Kilster's  Clinic  might  well  be  folio-wed  by  others.  It 
is,  never  to  decide  beforehand  what  method  of  operation 
is  to  be  performed,  but  always  to  employ  that  method 
which  best  meets  the  conditions  of  the  individual  case. 
Whenever  the  cancer  is  within  easy  reach  and  well  de- 
fined, the  perineal  method  should  be  chosen.  In  cases 
in  which  the  disease  is  located  high  up,  or  complicated  by 
inflammatory  infiltrations  of  the" neighboring  tissues,  ex- 
tension of  the  tumor  to  the  adjacent  parts,  the  sacral 
method  should  receive  the  preference.  Wendel  believes 
that  in  one-half  of  the  cases  reported  it  is  possible,  or 
even  preferable,  to  operate  after  the  perineal  method. 

'Deutsche  Zeitschr.  f.  Chir.,  .lanuary,  1899,  Bd.  1.,  Hette3,4. 
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Htinnch  AVolil,  in  liis  article  on  the  "  Radical  Opera- 
tion for  Cancer  of  llie  Rectum,"*  refers  to  the  apparently 
contradictory  statements  as  regards  results  in  the  statis- 
tics of  various  authors,  and  says  that  tlie  same  are  due  to 
the  different  views  taken  by  different  writers  witli  regard 
to  the  indication  for  operation  before  and  during  the  in- 
terference. 

Of  1.55  cases  of  cancer  of  the  rectum  (101  men,  57 
women)  admitted  to  the  Clinic  between  1888  and  1900 
(excluding  those  of  1900),  125,  or  80. 6  per  cent.,  were  sub- 
jected to  radical  operation.  On  the  other  30  cases  no 
operation  at  all,  or  i)alliative  operation,  was  performed. 
In  60,  or  48  per  cent.,  of  the  125  cases  of  radical  oper- 
ation, amputation  of  tlie  rectum,  and  in  65,  or  52  per 
cent.,  resection  of  tlie  rectum,  was  done.  The  ages  of 
tlie  patients  raneed  lietweeu  20  and  80 :  T  between  20  and 
30;  U  bet\veeu"30  and  40;  126  between  40  and  70;  8  be- 
tween 70  and  80.  Of  the  60  cases  of  amputation  of  the 
rectum,  9,  or  14.7  per  cent.,  died  in  consequence  of  the 
operation.  Of  tlie  51  patients  on  whom  the  operation  was 
successfully  performed,  39  were  traced,  and  of  tliese  12  are 
still  living,  1  with  a  recurrence  more  than  3  years  after 
operation.  The  remaining  11.  or  28.2  per  cent.,  of  the 
number  traced,  are  alive  and  free  from  recurrence  from  3 
to  11  years  after  operation.  Of  the  other  27  who  sur- 
vived the  operation,  17  died  within  the  first  2  years;  7 
within  the  third  year  after  operation;  2  lived  3  years  9 
months  eacli.  and  one  5  years.  The  majority  died  of  re- 
currence. In  most  of  the  cases  of  amputation  of  the 
rectum  it  was  necessary  to  operate  by  the  sacral  method. 
In  17  instances  no  bone  operation  was  done  (Lisfrauc, 
Kocher);  in  21  instances  the  coccyx  was  extirpated,  and 
in  8  instances  the  coccyx  and  part  of  the  sacrum  were  re- 
sected. The  peritoneum  was  opened  in  about  one-half 
of  the  cases. 

In  the  65  cases  of  resection  of  the  rectum  the  perito- 
neal cavitj'  was  opened  as  a  rule,  but  inuncdiately  after 
the  gut  had  been  drawn  down  the  peritoneal  cavity  was 
closed  by  suture.  In  2  cases  lajiarotomy  was  performed 
(1  death  and  1  permanent  result).  In  all  of  the  remain- 
ing 63  cases  the  sacral  method  was  used ;  46  times  an 
osteoplastic  preliminary  operation  was  done — i.e..  8  times 
temporary  resection  of  tlie  coccyx  ;  38  times  temporary 
resection  of  the  sacro-coccyx.  Of  the  65  cases  of  resec- 
tion, 31,  or  47.7  per  cent.,  died;  of  these,  20  in  direct  con- 
sequence of  the  operation,  11  of  complications,  such  as 
pneumonia,  general  cachexia,  embolism  of  lung,  etc.  Of 
the  34  who  survived  the  operation,  28  were  traced.  Of 
these.  8  are  still  living,  1  with  a  recurrence  1  year  and  G 
months  after  operation.  Of  the  remaining  7,  liswell  and 
free  from  recurrence  1  year  and  5  months  after  ojieration  ; 

1,  2  years  after  operatiim;  2,  3  years;  1,  3  years  and  3 
months;  1,  7  years  and  9  montlis:  and  1,  11  years  after 
operation.     Of  the  other  20.  10  died  during  the  first  year; 

8  during  the  second  and  tliird  years;   and  2.  3  years  and 

9  months  and  4  years  and  6  montlis,  respectively,  after 
operation.     All  succumbed  to  recurrence  except  the  last 

2.  who  died  of  intercurrent  disea.se.  If  we  include  the 
latter  among  the  permanent  curesand  ex<-lu(le  the  2  cases 
that  are  free  from  recurrence  less  than  3  years  after  oper- 
ation, we  have  7  out  of  26,  or  26.9  per  cent.,  of  perma- 
nent cures.  The  total  mortality  of  all  the  cases  of  radical 
operation  (resection  and  amputation)  is  40  out  of  125,  or 
32  per  cent.  Coimting  only  the  deaths  directly  due  to 
operation  (27),  we  have  a  mortality  of  21.6  per  cent. 
Twenty  of  the  deaths  were  due  to  collapse.  Not  1  of 
the  60  cases  of  amputation,  and  only  a  very  small  num- 
ber of  the  65  cases  of  resection,  died  of  infection,  a  circum- 
stance which  "Wolff  ascribes  to  the  "  fully  open  "  treat- 
ment of  the  wound  and  extensive  use  of  iodoform  gauze. 
The  total  number  of  permanent  cures  obtained  in  the 
entire  series  of  125  is  27,5  per  cent. 

As  regards  continence,  there  were  9  cases  of  absolute 
continence.  In  7  instances  the  continence  was  relative. 
In  1  case  it  was  moderate,  and  in  1  there  was  absolute 
incontiuence.     On  the  whole,  the  patients  were  able  to 

♦  Arch.  t.  klin.  Chir.,  Ixii.,  i. 


insure  an  almost  complete  continence  by  exercising  a  lit- 
tle care  in  regulating  their  stool. 

Cancer  of  the  Pahotid  Glakd. — Cancer  of  tlie  paro- 
tid gland  may  be  of  different  types ;  mixed-celled  sjircoma 
is,  however,  the  most  common.  The  malignancy  of  these 
tumors  varies  within  wide  limits.  Fornierly  nearly  all 
the  growths  were  regarded  by  pathologists  as  carcinoma. 
Later  oliservers  were  inclined  to  class  them  as  sarcoma, 
while  at  present  the  tendency  is  to  group  many  of  them 
as  endothelioma.  Tlie  classification  is  extremely  com- 
plex and  diflicult.  Butlin  believes  that  the  only' course 
left  open  in  dealing  with  the  subject  from  a  clinical  and 
operative  standpoint,  is  to  consider  all  malignant  growths 
of  the  parotid  under  the  common  name  of  "cancer." 
This  certainly  seems  tlie  most  rational  course.  Some  of 
these  tumors  of  the  parotid  run  an  extremely  rapid 
course.  I  have  personally  observed  one,  a  round-  and 
spindle-celled  sarcoma  of  the  parotid  of  high  vascularity, 
which  developed  in  a  man,  aged  forty,  immediately  after 
a  blow  from  a  horse's  head.  It  grew  very  rapidlj-  and 
was  removed  a  few  weeks  later.  Recurrence  quickly 
following,  a  second  and  a  third  operation  were  performed 
without  checking  the  progress  of  the  disease,  which 
proved  fatal  in  about  four  months  from  the  date  of  its  ori- 
gin. I  have  had  under  personal  observation  12  cases  of 
malignant  disease  of  the  parotid;  all  of  these  were  classed 
by  pathologists  as  sarcoma,  mostly  mixed-celled,  although 
some  were  pure  round-  and  some  spindle-celled.  Two 
of  these  cases  tliat  were  recurrent  and  inoperable  at  the 
time  of  first  observation,  and  hopeless,  have  been  appar- 
eutlj-  cured  by  the  mixed  toxins  of  erysipelas  and  bacillus 
jjrodigiosus.  1  having  remained  well  more  than  4  years, 
and  the  other  upward  of  3  years  after  treatment. 

According  to  Butlin,  the  prognosis  after  operative 
treatment  is  extremely  bad.  Three  out  of  17  patients  in 
his  statistics  died  of  operation,  and  it  is  not  stated  that 
any  remained  well  long  enough  to  be  considered  cured. 
Butlin  states,  with  regard  to  cures,  that  up  to  tlie  present 
time  there  are  very  few  instances  of  cures  by  operation 
of  undoubted  malignant  disease  of  the  parotid.  One 
jirobable  reason  for  this  is.  that  up  to  the  present  time 
surgeons  have  been  too  anxious  to  save  the  facial  nerve 
and.  hence,  the  operations  have  not  been  sufficiently 
extensive  to  eradicate  the  disease.  If  there  is  to  be  a 
reasonable  prospect  of  curing  the  patient  by  operation 
in  the  future,  the  facial  nerve  will  undoubtedly  have  to 
be  sacrificed. 

Canceu  of  the  Pekis. — Cancer  of  the  penis  almost 
always  takes  the  fonii  of  carcinoma,  sarcoma  being  ex- 
ceedingly rare,  only  10  cases  having  been  collected  from 
tlic  literature.  Epithelioma  is  the  type  of  carcinoma 
most  frequently  found,  and  it  usually  hegins  at  the  junc- 
tion of  the  prepuce  with  the  gland.  The  disease  seldom 
occuis  before  the  age  of  50  years,  and  is  most  frequently 
seen  between  50  and  70. 

In  making  a  differential  diagnosis,  the  condition  most 
likely  to  simulate  cancer  of  the  penis  is  a  specific  ulcer. 
The  aliseiice  of  a  history  of  infection  or  other  signs  of 
syphilis  will  enable  us  to  make  the  diagnosis.  If  the 
lesion  is  very  small  and  there  is  doubt  as  to  its  character, 
a  small  jiortiou  ma.v  be  safely  removed  under  cocaine  and 
submitted  to  microscopical  examination.  Secondary  in- 
fection of  the  glands  in  the  groin  usually  occurs,  though 
not,  as  a  rule,  until  the  disease  has  existed  for  a  consider- 
able time.  Tlie  average  duration  of  a  cancer  of  the  penis 
without  ojierative  treatment  is  about  3  years. 

As  to  methods  of  operation,  partial  or  complete  ampu- 
tation of  the  penis  is  usually  indicated.  Although  the 
cautery  has  been  advised  by  some,  tlie  knife  is  to  be  pre- 
ferred. The  ingtiinal  glands  should  in  all  cases  be  re- 
moved, whether  they  can  be  felt  or  not.  If  the  operation  is 
performed  \mder  tlie  best  aseptic  conditions,  tlie  mortal- 
ity is  comparatively  low.  The  risks  of  death  from  hem- 
orrhage are  very  slight.  The  vessels  should  be  tied  as 
they  are  cut,  and  the  oozing  from  the  corpus  cavernosum 
may  be  cliecked  by  pressure  from  iodoform  gauze.  The 
mortality  as  estimated  by  Butlin  is  6  per  cent,  in  the 
simple  operation,  but  considerably  greater  in  the  cases 
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in  which  compk'te  extirpation  of  the  jienis,  together  with 
the  inguinal  glands,  has  been  performed. 

As  regards  the  final  cures,  Butlin  reports  6.)  cases  that 
were  traced  for  3  j'ears,  in  addition  to  16  others  that  were 
alive  and  free  from  recurrence  for  periods  ranging  from 
a  few  months  to  from  2  to  3  years.  Of  the  6.5  patients  23 
were  well  bej'ond  3  j'ears,  giving  a  proijortion  of  suc- 
cessful cases  of  ujiward  of  3.5  per  cent.  Butlin  states 
that  in  almost  all  the  successful  cases  the  operation  cim- 
sisted  in  simjile  aniinitation  of  the  penis  and  not  extirpa- 
tion, the  disease  having  been  at  or  near  the  e.xtrcmity. 
The  number  of  cases  in  which  the  inguinal  glands  were 
removed  is  not  known. 

H.  Kuttner,  in  liis  article  entitled  "  Carcinoma  of  the 
Penis  and  Its  Dissemination  through  the  Lymph  Pas- 
sages,"* furnishes  some  very  valuable  data  based  on  a 
series  of  60  cases  observed  at  the  Tubingen  (Bruns') 
Clinic.  He  states  that  while  for  the  local  e.xtension  of 
the  disease  the  vascular  system  is  of  greatest  importance, 
•it  is  of  little  or  no  account  as  regards  metastatic  spread, 
internal  metastases  being  of  rare  occurrence;  in  addition 
to  1  of  his  own  cases  reported,  he  has  been  able  to  find 
but  9  such  cases  in  the  literature.  He  has  made  .some 
extensive  anatomical  studies,  and  gives  his  conclusions, 
which  are  very  important. 

As  regards  the  progno.sis  of  carcinoma  of  the  penis, 
Kuttner  states  that  there  is  hardly  a  carcinoma  which 
offers  such  favorable  conditions  for  a  permanent  cure  as 
this.  This  is  partially  due  to  the  fact  that  iu  a  large 
percentage  of  the  cases  the  disease  remains  local  for  a 
long  time  and  shows  little  tendency  to  invade  the  region- 
ary  lymphatic  glands,  or  to  form  metastases  even  in  cases 
in  wiiich  the  tumor  has  become  very  extensive  locally. 
It  may  be  mentioned  here  that  in  73  per  cent,  of  the  per- 
manent cures  olitained  at  the  Tilbingen  Clinic  the  glands 
were  not  removed,  although  the  disease  had  existed  from 
1  to  4  years  jii'lor  to  (}peration.  Of  the  60  cases  reported 
by  Kuttner  53  were  operated  upon,  with  3  deaths,  a  mor- 
tality of  5.6  per  cent.  Excluding  these,  as  also  tho.se 
that  could  not  be  traced,  there  remain  37  cases,  15,  or 
40.5  per  cent.,  of  which  died  of  recurrence;  while  23,  or 
59.4  per  cent.,  were  permanently  cured,  i.e.,  they  re- 
mained well  and  free  from  recurrence  upward  of  3  years. 
Of  these,  9  died  of  other  causes  within  3  to  29  years  after 
operation.  Tlius  there  are  13  still  living  free  from  recur- 
rence, the  youngest  of  them  3  years  an<l  6  months  after 
operation,  all  others  having  lived  longer;  3  upward  of 
20  years  after  operation;  2,  10  years,  and  these  were 
operated  upon  at  the  age  of  70  and  71  years,  respectivel)', 
showing  that  age  need  not  deter  us  from  operating. 

As  to  the  15  cases  that  died  of  recurrence,  details  are 
missing  regarding  3.  Of  the  remaining  12,  11,  or  91.7 
percent.,  had  a  recurrence  iu  the  glands.  The  rapidit_v 
with  which  recurrence  followed  operation  is  remarkable, 
in  some  instances  within  a  few  weeks. 

The  question  as  to  the  advisability  of  removing  the  in- 
guinal glands,  Kuttner  believes,  is  of  paramount  impor- 
tance. It  is  his  opinion  that  the  glands  should  be  extir- 
pated in  all  cases  iu  which  the  tumor  is  of  a  malignant 
character  and  has  not  already  too  far  advanced.  If  the 
tumor  is  of  slow  growth,  and  the  glands  are  not  enlarged, 
he  thinks  that,  in  view  of  the  favorable  results  obtained 
at  the  clinic  in  the  cases  in  which  the  glands  were  not 
removed,  amputation  of  the  penis  may  be  done  without 
removal  of  the  glands  if  the  patient  is  disinclined  to  allow 
the  latter  or  if  a  more  extensive  operation  be  contrain- 
dicated.  In  such  cases  as  come  under  the  surgeon's  care 
at  a  very  early  stage  of  the  disease,  he  even  considers  it 
advisable  not  to  remove  the  glands  on  accoimt  of  the 
difficulty  of  keeping  wounds  in  the  inguinal  region  per- 
fectly aseptic,  so  that  the  danger  from  probable  wound 
complications  may  be  greater  than  that  from  the  cancer. 
In  all  other  cases  he  lielieves  the  glands  should  be  re- 
moved on  both  sides,  as  a  matter  of  principle.  He  does 
not  approve  of  total  emasculation  according  to  Thiersch, 
a  procedure  so  often  recommended  of  late. 

»  Beitr.  z.  klin.  Chlr.,  vol.  xxvi.,  No.  1, 1900. 


Tlie  frequency  of  carcinoma  of  the  penis  fanges,  ac- 
cording to  various  statistics,  between  1  and  3  per  cent,  of 
all  other  carcinomata.  He  found  in  1.188  cases  of  car- 
cinoma reported  between  1885  and  1898,  27  cases,  or  2.27 
percent. ,. of  carcinoma  of  the  penis.  Excluding  cancer 
in  women,  the  total  number  of  cases  of  carcinoma  in  all 
localities  was  577,  with  a  percentage  of  4.68  of  carcinoma 
of  the  penis. 

As  regards  the  age  at  which  the  disease  most  frequently 
occurs,  he  found  that  out  of  a  series  of  562  cases,  includ- 
ing his  own,  4.3  per  cent,  had  not  exceeded  the  age  of  30; 
9.1  per  cent,  were  between  31  and  40  years;  23.3  per 
cent,  between  41  and  50;  30.1  between  51  and  60;  22  per 
cent,  between  61  and  70;  10.3  per  cent,  between  71  and 
80;  and  .9  per  cent,  between  81  and  90. 

Five  of  the  cases  reported  by  KlUtner  gave  a  history 
of  previous  injurj'. 

C.\NCEK  OF  THE  TESTIS. — Malignant  di.sease  of  the 
testis  maj-  be  cither  carcinoma  or  sarcoma,  although  sar- 
coma is  by  far  the  most  frequent.  Among  17  cases  that 
have  come  under  my  personal  observation,  there  has  been 
only  1  case  of  carcinoma.  Butlin  states  that  malignant 
disease  of  the  testis  may  occur  in  children,  but  seldom  in 
children  beyond  10  years  of  age,  and  rarely  iu  adults 
under  30  years  of  age.  My  ow-n  experience,  although 
the  same  as  regards  children,  has  not  been  in  accord  with 
Butlin's  statement  with  reference  to  young  adults,  as 
more  than  one-half  of  my  cases  have  been  in  young  men 
between  20  and  30  years  of  age. 

In  regard  to  diagnosis,  careful  inquiry  shoidd  be  made 
as  to  a  historj'  of  previous  injury.  In  one-half  of  my 
own  cases  there  was  a  distinct  history  of  antecedent 
trauma.  The  physical  characteristics  of  the  tumor  are 
in  most  cases  sufficiently  marked  to  make  the  diagnosis 
comparatively  easy.  A  solid  tumor,  associated  with 
more  or  less  pain,  gradually  increasing  in  size,  symmet- 
rical in  shape,  espcciallj-  if  associated  with  a  history  of 
previous  injury,  would  make  one  strongly  susjiect  ma- 
lignant tumor  of  the  testis.  The  only  disease  likely  to 
simulate  it  is  a  syphilitic  orchitis  or  a  teratoma.  The 
slower  development  and  previous  history  of  syphilis 
would,  in  most  cases,  enable  one  to  differentiate  the  con- 
ditions. The  diagnosis  of  teratoma  can  be  made  only 
with  the  microscope.  If  tJie  diagnosis  is  in  doubt,  ex- 
ploratory operation  should  be  promptly  done. 

Treatment. — The  only  treatment  is  castration  and  re- 
moval of  the  cord  as  well  as  cord  vessels  well  within  the 
internal  ring.  The  incision  which  I  have  usually  em- 
ployed in  tliese  cases  has  been  similar  to  that  used  in 
Bassini's  operation  for  inguinal  hernia,  splitting  up  the 
aponeurosis  well  beyond  the  internal  ring,  which  enables 
one  to  make  a  thorough  removal  of  the  cord.  The  in- 
guinal glands,  if  involved-*-which  is  seldom  the  case  in 
sarcoma — should  be  removed  at  the  same  time.  Sarcoma! 
of  the  testis  is  one  of  the  most  malignant  forms  of  cancer 
with  which  we  have  to  deal,  and  cures  due  to  operation, 
even  when  imdertaken  in  the  early  stages  of  the  disease, 
are  comj^aratively  rare.  Butlin  has  collected  118  cases 
with  only  6  well  more  than  3  years  afterpperation.  The 
valuable  statistics  of  Kober*  show  106  cases  with  9  well 
more  than  3  years  after  operation.  Of  the  16  cases  ob- 
served bj^  myself,  not  a  single  one  was  cured  either  by 
operation  or  by  toxin  treatment.  Recurrent  sarcoma  of 
the  testis  seldom  attacks  the  inguinal  glands,  but  almost 
always  appears  in  the  retroperitoneal  glands.  The  usual 
course  of  these  cases  is  speedy  reco\-ery  from  the  opera- 
tion, the  patient  feeling  comparatively  well  fora  number 
of  months,  in  rare  cases  more  than  a  year  after  operation. 
He  then  discovers  a  hard  mass  in  the  abdominal  cavity, 
due  to  the  development  of  a  sarcomatous  tumor  iu  the 
retroperitoneal  region.  This  increases  sometimes  to  the 
size  of  a  man's  head,  filling  up  a  large  portion  of  the 
cavity,  and  causes  constipation  from  pressure.  In  some 
cases  before  death  occurs,  metastatic  deposits  have  formed 
in  the  liver  and  lungs.  The  average  duration  of  life  is 
seldom  more  than  1  or  3  years  after  operation.     The 

*  Am.  Joum.  of  the  Med.  Sciences,  1899,  v.,  p.  ffi. 
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usual  type  of  sarcoma  in  this  region  is  the  round-celled. 
In  1  ofmy  own  cases  the  tumor  was  melanotic. 

C.VNCER  OF  THE  V.vGrN'A. — Both  Carcinoma  and  sar- 
coma occur  in  the  vagina,  although  carcinoma  is  more 
common.  In  sarcoma  the  growth  not  infrequently  re- 
sembles polypus,  and  it  may  reach  considerable  size  be- 
fore ulceration  and  hemorrhage  occur.  Carcinoma  is  more 
frequently  found  in  the  posterior  than  in  the  anterior 
wall  of  tlie  vagina.  It  extends  by  infiltrating  the  neigh- 
boring tissues.aud  ulceration  is  found  in  the  earh- stages. 

Cures  of  malignant  disease  of  the  vagina  are  compara- 
tively rare,  and  are  obtained  only  by  very  early  and  ex- 
tensive removal  of  the  disease  and  the  surrounding  tissues. 
Butlin  has  collected  75  cases,  of  which  37  were  sarcoma, 
38  carcinoma.  Seven  of  the  patients  were  alive  and  well 
more  than  3  years  after  operation :  5  of  these  had  sar- 
coma, 2  carcinoma. 

C.^NCER  OF  THE  KiDXEY. — Malignant  growths  of  the 
kidney  are  comparatively  rare,  being  only  five-tenths  of 
1  per  "cent,  of  all  malignant  neoplasms,  according  to  Vir- 
chow.  Kelynack.  however,  who  has  perhaps  made  the 
most  thorough  study  of  this  subject,  believes  this  esti- 
mate to  be  too  small,"  and  thinks  2  to  3  per  cent,  nearer  the 
truth.  Sarcoma  is  much  more  common  than  carcinoma, 
the  reverse  of  the  opinion  held  a  few  j-ears  ago.  Many 
of  the  cases  which  in  the  various  statistics  were  origi- 
nally reported  as  cancers  were  undoubtedly  sarcoma. 
Fifty  per  cent,  of  the  cases  of  sarcoma  of  the  kidney  occur 
in  children  under  the  age  of  10  years.  Seventy-four  out 
of  160  cases  collected  by  Kelynack  were  in  patients  under 
5  years  of  age.  A  tumor,  situated  in  the  space  between 
the  border  of  the  rib  and  the  crest  of  the  ilium,  is  a  most 
important  physical  sign  in  making  the  diagnosis.  It 
varies  greatly  in  size  from  a  few  ounces  to  36  pounds.  The 
position  of  the  colon  overlying  the  tumor  is  an  important 
point  in  making  the  diagnosis.  While  the  consistence  of 
the  tumor  varies,  fluctuation  can  usualh'  be  detected 
owing  to  cystic  degeneration.  Hsematuria  is  also  an  im- 
portant sign.  In  children  the  growth  is  usually  very 
rapid,  ancT  often  attains  large  size  before  it  is  noticed 
even  bv  the  mother.  The  conditions  most  likely  to  simu- 
late it  are  omental  and  mesenteric  tumore,  cystic  kidney, 
tuberculosis,  hydronephrosis,  and  perinephritic  abscess. 

Treiitiiieitt. —VntW  very  recently  the  consensus  of  sur- 
gical opinion  has  been  against  operation,  the  results  of 
operation  having  been  so  uniformly  bad  that  little  hope 
of  cure  was  offered.  American  surgeons,  one  of  whom 
was  the  first  to  perform  nephrectomy  for  renal  tumor, 
have  been  largely  responsible  for  a  change  of  opinion. 
At  present  the  mortality  of  the  operation  is  not  far  from 
50  per  cent.  Of  150  cases  collected  by  Czerny  only  5 
were  beyond  five  years.  Of  143  cases  in  children  under 
14  years,  collected  by  G.  Walker  (Annals  of  Surgery, 
1897',  p.  529),  only  4"  survived  beyond  three  years,  and 
one  of  these  has  since  died. 

Careful  examination  of  all  the  cases  of  malignant  dis- 
ease of  the  kidneys  in  whicli  operation  has  been  per- 
formed, and  study  of  the  final  results,  justify  the  con- 
clusion, I  think, .that  while  the  prognosis  is  still  extremely 
bad.  especially  in  children,  operation  should  be  advised 
in  all  cases  in  which  there  is  reasonable  probability  of 
removing  the  entire  tumor;  and  every  portion  of  the 
fibrous  capsule  should  be  removed  along  with  the  tumor 
itself. 

S.\RCOMA. 

Sarcoma  may  occur  at  any  age,  though  it  is  more  fre- 
quent between  the  ages  of  20  and  50  years.  Of  136  cases 
observed  by  Roger  Williams  only  24  were  under  the  age 
of  20  years.  >Iy  own  series  of  316  cases  shows  a  larger 
proportion  in  young  persons;  62  were  under  the  age  of 
20  years.  I  have  observed  4  cases  of  sarcoma  of  the 
femur  in  persons  under  the  age  of  10  years. 

Sex. — The  male  sex  is  more  liable  to  sarcoma  than  the 
female.     Of  my  316  cases,  288  were  male  and  28  female. 

Anatomical  Situation. — A  thorough  knowledge  of  the 
parts  of  the  body  most  prone  to  sarcoma  will  often  be  of 
aid  in  making  a  "diagnosis.     It  is  a  remarkable  fact  that 


the  disease  very  commonly  attacks  bony  structures  and 
shows  a  decided  preference  for  certain  bones,  and  espe- 
cially the  femur.  Of  316  cases  of  sarcoma  that  I  liave 
personall}'  observed,  84  originated  in  bones  and  232  in  the 
soft  parts.  Of  the  bones,  the  femur  was  most  often  the 
starting-point  of  the  disease,  as  shown  in  the  following 
summary : 


LOC.ITIOX. 


No.  OF  Cases.      Locatio.n. 


No.  OF  Cases. 


Femur 13 

Tibia 5 

Fibula 2 

Ilium 11 

Vertebrae 3 

Superior  maxilla 13 

Inferior  maxilla 8 

Mastoid 3 

Scapula 2 


Pubic  bone 11 

Hib 1 

Saorum 2 

Humerus 3 

Clavicle 2 

Sternum 1 

Metacarpal  bone 1 

Phalanx 3 


Of  the  soft  parts  the  neck  furnished  the  largest  num- 
ber of  cases.  In  no  less  than  30  patients  the  disease  began 
as  a  primary  lymphosarcoma  of  the  neck.  In  20  it  began 
in  the  orbit,  and  in  20  in  the  thigh. 

Stmptom.\toi.ogy  of  S.^rcoma. — Pain  is  rarely  pres- 
ent at  the  beginning  of  the  disease.  A  "  lump  "  or  swell- 
ing is  the  first  thing  that  attracts  the  attention  of  the  pa- 
tient. Injury  plays  a  much  more  important  part  in  the 
development  of  sarcoma  tlian  in  that  of  cancer.  Of  my 
270  cases  analyzed  with  reference  to  trauma,  about  one- 
third,  or  31.8  per  cent.,  gave  a  distinct  history  of  antece- 
dent local  trauma.  The  injury  need  not  be  a  severe  one, 
a  blow  or  contusion  being  the  usual  form  of  injury.  In 
a  considerable  number  of  cases  (31  that  I  have  personally 
observed)  the  tumor  developed  within  a  few  days  after  the 
receipt  of  the  injury,  so  quickly  that  there  could  be  no 
doubt  of  the  etiological  relationship  between  the  tumor 
and  the  trauma.  These  cases  may  very  properlj-  be  classi- 
fied as  examples  of  acute  traumatic  malignancy. 

Traumatic  sarcoma  may  occur  both  in  the  bones  and  in 
the  soft  parts.  Of  my  first  series  of  cases  18  occurred  in 
the  bones  and  26  in  tlie  so"t  parts.  All  varieties  of  sar- 
coma were  included ;  29  round-celled,  5  spindle-celled,  5 
melanotic.  3  mixed-celled,  and  2  doubtful. 

At  my  retjuest  Dr.  C.  J.  Kane,  late  house  surgeon  to 
the  General  Memorial  Hospital,  has  recently  made  an 
analysis  of  the  last  100  cases  of  sarcoma  observed  at  the 
hospital  during  the  past  three  years  with  reference  to 
antecedent  injury.  He  found  that  in  63  per  cent,  local 
injury  of  some  form  was  noted  at  varying  intervals  be- 
fore the  development  of  the  tumor,  and  that  in  27  other 
cases  there  was  a  history  of  chronic  irritation,  leaving  but 
10  cases  in  which  there  had  been  neither  trauma  nor  irri- 
tation. Of  270  personal  cases  analyzed  with  reference  to 
trauma  I  found  that  86,  or  31.9  per  cent.,  gave  a  history 
of  distinct  injury  prior  to  the  discovery  of  the  tumor. 
In  31,  or  11.5  per  cent.,  the  tumor  developed  almost  im- 
mediately after  the  injury.  The  only  reason  for  separat- 
ing these  so-called  acute  cases  or  examples  of  acute 
traumatic  malignancy  is  that  in  these  cases  the  connec- 
tion between  the  injury  and  the  tumor  is  so  close  and 
definite  that  it  cannot  lie  easily  explained  away.  If  we 
can  establish  an  etiological  relationship  between  the 
trauma  and  the  development  of  sarcoma  in  this  group  of 
acute  cases,  the  same  relationship  will  probably  l3e  found 
to  obtain  in  the  cases  of  slower  development.  Various 
theories  have  been  offered  to  explain  the  relation  between 
trauma  and  cancer.  The  opinion  that  has  received  the 
most  support  has  been  the  so-called  "  constitutional  diath- 
esis," The  person  possessing  this  diathesis  is  supposed 
to  be  in  danger  of  developing  a  tumor  after  an  injury, 
while  another  not  possessing  it  will  be  safe.  My  own 
views  already  expressed  (Annuls  of  Surgery.  February, 
1898)  are  that  the  relationship  between  injury  and  the 
development  of  sarcoma  or  carcinoma  can  be  most  ration- 
ally explained  on  the  theory  that  such  tumors  are  of  in- 
fectious or  micro-parasitic  origin.  Granting  for  the 
moment  this  to  be  the  true  origin  of  malignant  tumors, 
their  development  following  an  injury  would  be  in  per- 
fect accord  with  tuberculous  lesions  of  the  bone  that  not 
infre(iuently  develop  from  local  trauma.  We  are  also 
familiar  with    osteomyelitis  and    periostitis   following 
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local  trauma  without  any  lesion  of  the  skin  or  known 
source  of  infection.  Any  explanation  that  would  apply 
to  these  lesions  would  apply  to  sarcoma.  The  most  prob- 
able explanation  would  appear  to  be  that  the  infectious 


Fig.  1104.— Cbondro-Sarcumaol  the  Ilium. 

ascnt  of  the  malignant  tumor  exists  somewhere  latent  in 
ccitain  individuals,  and  is  harmless  unlil  some  local  in- 
jury, by  dimini.shing  the  vitality  of  the  tissues,  lowers 
Ihi'ir  resisting  power,  and  thus  furnishes  a  favorable 
niiliis  for  the  development  of  the  tumor  germs. 

Character  of  t^icelliiif/. — This  varies  with  the  type  of 
sarcoma.  In  the  round-celled  variety  the  consistence 
may  be  so  soft  as  to  resemble  an  abscess,  and  in  certain 
cases  it  may  be-  extremely  difficult  to  diil'erentiate  a  sar- 
coma from"  a  deeply  seated  abscess,  especially  a  "cold" 
abscess,  originating  from  caries  of  bone.  A  sarcoma  of 
high  vascularity  may  have  sufficient  pulsation  to  simu- 
late an  aneurisiii.  Pain  is  of  less  importance  than  is  gen- 
erally supposed.  Sarcoma,  like  carcinoma,  is  seldom 
painful  at  the  first,  except  in  certain  cases  in  which,  from 
its  anatomical  situation,  there  is  pressure  upon  important 
nerves.  The  most  painful  sarcomata  that  I  have  observed 
have  originated  in  the  vertebra'.  I  have  observed  four 
cases,  and  in  all  the  pain  has  been  very  severe. 

Di.\GXosis. — The  conditions  most  likely  to  be  mistaken 

for  sarcoma  are  tuberculous,  syphilitic,  and  inflammatory 

swellings.     A  careful  history,  together  with  the  physical 

signs,  will  in  most  cases  enable  one  to  make  a  correct 
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diagnosis.  Sarcoma  usually  develops  more  quickly  than 
a  tuberculous  tumor.  Pain  is  more  frequent  in  .sarcoma. 
Local  heat  is  also  \isually  present  in  sarcoma  and  absent 
in  tuberculous  swellings,  and  the  superficial  veins  are 
moie  prominent  in  sarcoma. 

Inflammatory  swellings  may  even  more  closely  simu- 
late sarcoma.  The  more  rapicl  development,  greater  pain 
and  tenderness,  together  with  more  or  less  increase  in 
pulse  rate  and  temperature,  will  in  most  cases  establish 
the  diagnosis.  We  must  remember,  however,  that  in 
rapidly  growing  sarcomas  we  may  also  have  an  increase 
in  pulse  rate,  and  also  a  decided  rise  in  temperature. 
]\larkcd  tenderness  is,  however,  rare  in  sarcoma  or  car- 
cinoma. 

S.\RC()M.\  OF  Bones. — Sarcoma  may  develop  in  any 
bone,  but  occurs  most  frequently  in  the  long  bones,  espe- 
cially the  femur.  It  may  be  of  either  central  or  periosteal 
origin.  Of  Gross'  collection  of  16.5  cases  of  sarcoma  of 
the  long  bones,  67  occurred  in  the  femur,  46  in  the  tibia, 
21  in  the  humerus,  13  in  the  fibula,  7  in  the  ulna,  6  in  the 
radius.  Of  24  personal  observations  of  sarcoma  of  long 
bones  13  were  in  the  femur,  5  in  the  tibia.  3  in  the  hu- 
merus, 2  in  the  fibula,  and  1  in  the  radius.  The  peri- 
osteal tumors  are  of  a  much  higher  degree  of  malignancy 
than   are  those  of  central   origin.     The    periosteal   sar- 


FiG  1105.— Acute  Traumatic  Sarcoma  of  Femur  iu  a  Case  of  Hi.'ceiit 
FrjK-ture.  Caused  by  the  Kick  of  a  Horse. 

comas  usually  start  in  the  shaft  or  at  some  distance  from 
the  joint,  while  the  central  sarcomas  begin  near  the  ends. 
Reinhardt,  who  collectetl  54  cases  of  sarcoma  of  the  l<mg 
bones  tieated  at  the  Gottingen  Clinic  between  1880  and 
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189o,  found  18  of  the  femur  and  19  of  the  tibia.  Metas- 
tasis occurred  iu  33  per  cent,  of  tlie  cases.  The  duration 
of  the  disease  was  from  three  months  to  nine  j-ears.  Tlie 
ditference  in  mali.ffnancy  between  the  round-celled  and 
spindle-celled  varieties  was  not  apparent.  Of  15  cases  of 
spindle-celled  sarcoma  2  were  well  over  three  years  after 
the  operation.  Of  10  cases  of  the  round-celled  variety  3 
were  well  over  three  j'ears  after  the  operation,  and  of 
the  54  cases,  7  (=  18  per  cent.)  were  well  after  the  lapse 
of  the  same  period  of  time. 

Periosteal  sarcoma  of  the  femur  is  probably  the  most 
malignant  tumor  that  exists.  Of  68  cases  collected  by 
Butlin,  treated  by  the  most  extensive  operations — either 
by  amputation  at  the  hip-joint  or  by  very  liigh  amputa- 
tion— only  1  was  known  to  have  been  cured. 

The  prognosis  of  sarcoma  in  the  long  bones  in  general 
is  better  than  in  the  femur  alone.  Gross  found  that  of 
90  cases  traced  for  a  considerable  period  after  operation, 
26.6  per  cent,  were  well  after  a  period  of  more  than  3 
years.  His  statistics  also  show  that  the  giant-celled  sar- 
comata are  much  less  malignant  than  the  other  variety, 
two-thirds  of  the  cases  being  of  this  type. 

The  only  treatment  to  be  recommended  for  sarcoma  of 
the  femur  is  amputation  at  the  hip-joint.  The  mortality 
of  the  ojieratiou  has  been  remarkably  diminislied  by  the 
introducli(3n  of  more  modern  methods  of  controlling  the 
hemorrhage  and  of  keeping  the  wound  aseptic.  "\Tyeth"s 
method  of  steel  pins,  I  believe  to  be  by  far  the  best.  I 
have  used  it  in  6  cases  of  amputation  of  the  hip  for  sar- 
coma— 1  cases  of  sarcoma  of  the  femur,  and  2  cases  of 
sarcoma  of  soft  parts — without  a  single  death.  Butlin's 
statistics  of  47  cases  show  a  mortality  of  25  per  cent. 
Wyetli's  recent  statistics  of  250  cases  operated  upon  b}' 


Fig.  U06. — Recurrence  of  Sarcoma  of  Lower  Jaw,  Ten  Years  After 
Uesection  of  One-Half  nf  Lower  Jaw. 

this  method  show  a  mortality  of  only  22  per  cent. :  and. 
including  cases  of  tumor  only,  the  mortality  was  but  13 
per  cent. 

Even  if  the  patient  is  not  cured,  the  disease  returns  in 
the  lungs  or  abdomen,  and  death  is  less  painful  and  far 
less  distressing  than  if  amputation  had  not  been  per- 
formed. 

Of  52  cases  of  sarcoma  of  the  tibia  and  hbula  collected 
by  Butlin,  9  remained  well  for  more  than  3  3'ears. 


In  cases  of  giant-celled  sarcoma  of  the  bones  the  ques- 
tion is  not  entirely  settled  as  to  the  necessity  of  amputa- 
tion. Butlin  believes  that  in  certain  eases  these  tumors, 
may  be  successfully  treated  by  scooping  out,  and  in  others 
resection  may  be  sufficient.  He  states,  however,  tliat  for 
the  large  majorit)-  of  central  tumors  (of  the  tibia  or 
fibula)  amputation  through  the  lower  part  of  the  thigh 
or  at  the  knee  must  be  performed.  Personally  I  do  not 
believe  it  good  surgery  to  scoop  out  or  even  resect  a  long 
bone  for  sarcoma.  The  mere  operation  of  scooping  out 
I  believe  materially  increases  the  risk  of  generalizing  the 


Fig.  1107.— Recurrent  Sarcoma  of  Lower  Jaw  Five  Years  After  Re- 
section of  <me-Half  of  Inferior  Maxilla. 


disease  by  getting  the  infected  cells  into  the  circula- 
tion. Amputation  should  be  performed  above  the  bone 
involved. 

Sarcoma  of  the  humerus  is  rather  rare.  Butlin's  sta- 
tistics show  32  cases  with  2  deaths  due  to  operation, 
and  with  but  2  cases  well  long  enough  to  be  called  cured. 

Sarcoma  of  the  radius  and  ulna  is  so  rare  that  it  need 
not  be  further  mentioned. 

Poinsot  has  collected  25  cases  of  sarcoma  of  the  scapula 
with  2  deaths  from  operation,  but  with  onlv  1  cure. 

Doll(.lnV/H-.r'.  /clin.  C/,ii:.  Bd.  xxxviii..  p.'lSl) collected 
82  cases  in  which  the  scapula  alone  was  removed  for  siir- 
coma,  with  a  mortality  of  25  per  cent.,  and  with  no 
known  cures. 

Sarcom.v  of  TirE  Upper  .\xd  Lower  Jaw. — Tlie  jaw, 
both  upper  and  lower,  furnishes  a  Iretiuent  starting- 
point  for  sarcoma.  It  occurs  usually  in  ])atients  over 
40  years  of  age.  Martens  collected  62  ca.ses  of  sarcoma  of 
the  upper  jaw  operated  upon  at  the  Gottingen  Clinic, 
and  of  these  50  were  over  40  years  of  age  and  but  12 
under  40  years.  The  disease  usually  begins  in  the  alveo- 
lar process  or  in  the  region  of  the  antrum.  The  first  symp- 
tom is  usuall.y  an  irritation  at  the  root  of  a  tooth  or  a 
looseness  of  a  tooth.  The  course  of  the  disease  is  usually 
rapid,  and  often  so  rapid  that  the  trouble  is  mistaken  for 
an  inflammatory  condition.  The  mortality  of  resection 
of  the  upper  jaw  for  sarcoma  is  about  30  per  cent.  Re- 
section of  the  lower  jaw  for  malignant  disease  gives  a 
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mortality  of  about  14  per  cent.  Butlin  has  collected  104 
cases  of  resection  of  lower  jaw  for  sarcoma  with  8  deaths. 
Only  4  cases  passed  the  3  year  limit.  The  accompanying 
photographs  (Figs.  1106  and  1107)  illustrate  well  the  pro- 
lonsation  of  life  by  operation,  though  linal  cure  was  not 
obtained.  In  1  case  the  disease  recurred  behind  the  ear 
5  years  after  operation,  and  in  the  other  10  years  after 
operation  The  reciu-rence  took  place  in  the  tissues  in  a 
region  formerly  occupied  by  the  angle  of  the  jaw. 

S.vRCOMA  OF  THE  LYjrpEiATic  Glaxds  (Lympho-Sar- 
coma.  Hodgkins  Disease). — Sarcoma  very  frequently 
originates  in  lymphatic  glands,  especially  in  the  glands 
of  the  neck.  Of  my  316  cases  of  sarcoma  no  less  than  30 
began  in  the  lymph  glands  of  the  neck.  The  prognosis 
is  almost  absolutely  bad.  The  type  is  usually  small, 
-ound-celled.  and  operation,  though  perfonned  early, 
.'.rely  checks  the  progress  of  the  disease.  Butlin  states 
ihat  he  "*  cannot  discovera  single  instance  in  which  a  thor- 
oughly successful  removal  has  been  accomplished. "  The 
accompanying  photograph  is  a  good  illustration  of  a  well- 
advanced  lymphosarcoma  of  the  neck  in  a  colored  man. 
I  operated  in  May,  1900,  and  apparently  removed  all  of 
the  enlarged  glands,  though  some  extended  down  under 
the  clavicle  to  the  pleura.  I  anticipated  a  speedy  recur- 
rence, but  thus  far.  seven  months  after  the  operation,  there 
has  been  no  return.  There  is  at  present  no  well-recog- 
nized distinction  in  the  use  of  the  terms  Hodgkin's  dis- 
ease, Ivmpho-sarcoma,  and  malignant  hmphoma,  though 
all  are  used  in  describing  sarcomatous  disease  of  the 
lymphatic  glands.  In  England  there  is  a  tendency  to 
restrict  the  term  lymphosarcoma  to  the  more  rapid  cases, 
particularly  when  associated  with  metastases,  and  to  ap- 
ply the  t.erm  Hodgkin's  disease  to  cases  in  which  the 
glands  alone  are  involved,  and  especially  to  cases  in  which 
the  glands  in  different  localities  are  affected.  The  illus- 
tration here  given  shows  the  latter  type,  the  glands  in 
neck,  axilla,  and  groin  being  extensively  involved, 

Sakcoma  of  the  Breast. — Sarcoma  of  the  breast  is 
one  of  the  rarer  forms  of  tumor  found  in  this  locality. 
It  is  rarer  than  either  adenoma  or  fibroadenoma.  Of 
100  cases  of  breast  tumors  collected  by  Bryant,  only  4 
were  sarcoma.     The  majority  of  cases  occur  between  the 


Fig.  1108.— Lympho-Sarcoma  of  the  Neck  and  Axlllse. 
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ages  of  30  and  40.  Of  my  own  cases,  8  in  number,  all 
were  over  30  years  of  age ;  4  between  30  and  33 :  4  over 
35.  Of  12  cases  collected  at  the  St.  George's  Hospital 
by  Shield,  4  were  between  30  and  40,  6  between  40  and 
50,  and  2  over  50  years  of  age. 

As  regards  the  "comparative  frequency  of  the  various 
types  of  sarcoma,  of  17  cases  examined  at  the  Royal  Col- 
lege of  Surgeons.  7  were  spindle-celled,  4  mixed-celled, 
and  6  myxo-sarcoma.  Ulceration  and  fungoid  granula- 
tions will  frequently  occur  in  rapidly  growing  sarcoma 


of  the  breast  of  high  vascularity,  and  may.  produce  se- 
vere and  even  fatal  hemorrhages. 

An  important  point  in  differentiating  sarcoma  from 
fibroadenoma  is  the  age  of  the  patient,  the  latter  tumors 
being  seldom  found  after  the  age  of  30.  History  of  pre- 
vious injury,  which  is  found  in  nearly  one-half  of  the 
cases  of  sarcoma,  furnishes  an  additional  aid  in  diagnosis. 

Treatment  and  Progiioxig. — The  technique  of  the  opera- 
tion does  not  differ  materially  from  that  for  carcinoma. 
While  recurrence  in  the  axillary  glands  is  not  common. 


Fig.  1109.— Lympho-Sarcoma  of  Keck.    Removed  by  operation. 

it  is  occasionally  observed,  and  the  glands  should  in  all 
casesbe  removed  together  with  the  breast.  Thetendency 
to  recur  locally  is  very  great.  'While  the  disease,  espe- 
cially the  round-celled  type,  usually  runs  a  rapid  course, 
occasiouallj-  the  patient  may  live  for  many  years  in  spite 
of  repeated  recurrences.  One  of  my  own  cases,  an  angio- 
sarcoma of  the  breast  in  a  woman  59  years  of  age,  was 
operated  on  the  first  time  in  1881.  She  remained  free 
from  recurrence  7  years,  and  then  the  tumor  returned  lo- 
cally and  grew  for"  2  years,  when  a  second  operation  was 
performed.  Two  years  later  the  disease  returned  a  second 
time  and  continued  to  increase  in  size  until  the  time  of 
my  first  observation,  January  20th,  1895.  The  tumor 
then  was  very  large  and  entirely  inoperable.  Under  8 
months'  treatment  with  the  mixed  toxins,  it  decreased 
so  much  in  size  as  to  be  easily  removable  under  ether. 
The  patient  was  well  6  months  later,  when  last  observed. 
Shield  cites  a  patient,  aged  45  years,  who,  when  operated 
upon  for  primary  spindle-celled  sarcoma  of  the  breast, 
nearl}-  died  of  hemorrhage  at  the  first  operation.  The 
disease  recurred  a  number  of  times  and  was  operated  upon. 
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The  patient  finally  died,  at  the  age  of  74,  of  extensive 
local  recurrence. 

Careful  microscopical  examination  of  the  tissues  sur- 
rounding sarcoma  of  the  soft  parts  shows  that  infected 
cells  are  found  at  considerable  distances  beyond  the  sub- 
stance of  the  tumor,  both  along  the  fascia  and  in  the 
bundles  of  muscle  fibres  themselves.  If  we  are  to  im- 
prove the  results  of  operative  treatment  of  sarcoma  of 
the  breast,  we  must  abandon  the  old  idea  that  sarcoma  is 
an  encapsulated  tumor  that  can  be  easily  shelled  out, 
and  must  operate  on  lines  similar  to  those  we  have 
adopted  in  dealing  with  carcinoma,  i.e..  remove  wide 
areas  of  healthy  tissue  beyond  the  apparent  limits  of  the 
tumor. 

Melanotic  Sabcoma. — This  form  of  sarcoma  was  de- 
scribed by  Laennec  as  early  as  1806  under  the  name  of 
melanosis,  a  term  which  lie  applied  to  all  varieties  of 
pigmented  cancer.  Virchow  later  divided  these  pig- 
mented tumors  into  melanoma,  melanotic  carcinoma,  and 
melanotic  sarcoma.  Most  of  the  melanotic  malignant 
growths  were  at  first  regarded  as  carcinomas,  but  in  re- 
cent years  there  is  a  growing  tendency  to  class  them  as 
sarcomas. 

One  of  the  most  valuable  papers  on  melanotic  neo- 
plasms is  that  of  Ebermann,  of  St.  "Petersburg  {Deut.  Zeit. 
f.  Cliir.,  vol.  xliii..  Heft  iii.,  S.  498).  He  has  collected  all 
the  cases  observed  at  Koenig's  hospital  and  private  clinic 
at  GOttingen,  since  1889 — 1.5  in  number.  To  these  he 
has  added  15  cases  observed  at  the  same  clinic  prior  to  1889 
and  published  by  Zimmerman.  Of  these  30  cases,  26  were 
sarcomas  and  4  carcinomas.  All  of  the  cases  of  carci- 
noma occurred  in  the  rectum.  The  round-celled  type 
predominated.  Of  the  later  series  of  15  cases,  13  were 
round-celled  and  3  spiudle-celled.  In  20  cases  of  Eber- 
mann's  30  cases  the  origin  of  the  growth  was  in  the  skin, 
7  of  which  began  in  congenital  pigmented  warts.  Of 
Eiselt's  large  collection  of  104  cases,  47  originated  in  the 
eye  and  40  in  the  skin. 

Melanotic  sarcoma  may  occur  at  any  age,  but  is  most 
frequent  between  the  ages  of  40  and  60  years.  I  have 
personally  observed  22  cases  of  melanotic  sarcoma.  In 
11  of  these  cases  the  starling  jioiut  was  in  a  pigmented 
mole,  and  in  7  of  these  cases  it  developed  shortlj'  after 
some  form  of  trauma  (in  4  cases  after  tj'ing  off  the  mole 
with  a  thread),  or  of  local  irritation.  In  17  of  my  22 
cases  the  lymph  glands  were  affected,  usually  those  near- 
est the  primary  tumor.  In  more  than  one-half  of  my 
cases  there  was  rapid  generalization  of  the  disease.  In 
one  ease  in  which  an  autopsy  was  made,  metastases  were 
found  in  practically  every  organ. 

Treatment. — -Although  rajnd  recurrence  with  a  fatal 
issue  after  a  varjing  interval  of  a  few  months  to  two  or 
three  years  is  the  usual  history  of  cases  treated  by  oper- 
ation, there  are  a  few  authentic  cases  of  cure.  In  my 
article  on  sarcoma  ("  Twentieth  Century  Practice  of  Medi- 
cine," vol.  xvii.),  I  cited  2  cases  well  9  and  11  years  after 
operation.  Hence  I  believe  it  justifiable  always  to  oper- 
ate on  primary  melanotic  sarcomas.  Operations  in  these 
cases  should  be  very  e.xfensive  and  should  remove  wider 
areas  of  skin  than  has  hitherto  been  the  custom.  The 
nearest  lymph  glands  should  alwa^'s  be  dissected  out. 
whether  enlarged  or  not.  In  a  number  of  cases  in  which 
the  prognosis  was  very  bad,  I  have  used,  with  every  pre- 
caution, the  erysipelas  toxins,  but  with  little  apparent 
effect. 

Some  Recent  Methods  for  the  Treatment  op  In- 
operable Cancer. 

During  the  last  few  years  several  methods  for  the 
treatment  of  inoperable  cancer  have  been  introduced  and 
advocated  by  distinguished  men. 

Treatment  of  inoperable  cancer  by  means  of  ovariec- 
toni)'  combined  with  administration  of  thyroid  extract  was 
first  used  by  Dr.  George  Beatson  {Lari^st,  1896,  63-104). 
Two  or  three  cases  were  reported  in  which  the  thyroid 
extract  was  employed  as  an  adjunct  to  the  operative 
removal  of  the  tubes  and  ovaries.     Beatson's  published 


cases  are  of  great  interest.  Some  of  them  undoubtedly 
show  great  improvement,  but  none  has  remained  well 
sufficiently  long  to  justify  one  in  considering  the  disease 
cured.  This  method  was  taken  up  by  a  number  of  well- 
known  English  surgeons,  notably  Mr.  Watson  Cheyne, 
who  reported  two  ca.ses  with  marked  improvement  in  one 
and  little  effect  in  the  other.  Beatson's  conclusions  were: 
'■  We  must  look  in  the  female  to  the  ovaries  for  the  excit- 
ing cause  of  carcinoma,  certainly  of  the  mannnary  or- 
gans. "  This  would  seem  in  general  to  be  a  pure  hypothesis 
entirely  unsupported  by  facts.  It  would  seem  to  me  that 
the  important  trophic  changes  that  have  been  noted  after 
removal  of  the  ovaries  in  cases  thus  far  observed  can  be 
fully  explained  in  a  much  more  simple  way  without  the 
necessity  of  elaborating  a  new  theory  as  to  the  origin  of 
cancer.  The  explanation  that  I  would  offer  is  that  the 
changes  were  brought  about  simply  by  diminished  vascu- 
larity of  the  breast  resulting  from  the  ovariectomy  which 
diminishes  the  blood  supply  of  the  tumor,  which  in  nearly 
all  cases  is  followed  by  at  least  temporary  diminution  in 
its  size  and  general  improvement  in  its  symptoms.  The 
administration  of  the  thyroid  extract  has  in  a  certain 
number  of  cases  been  followed  by  a  temporary  improve- 
ment. I  have  myself  used  thyroid  extract  in  a  number 
of  cases  without  any  apparent  change.  I  do  not  think 
that  the  results  of  oophorectomy  thus  far  offer  sufficient 
encouragement  to  justify  a  general  adoption  of  the 
method. 

Injections  of  Ako/iol. — This  method,  first  advocated  by 
Schwalbe  and  Hasse  in  1872,  and  recently  revived  by 
Kuh,  of  Chicago,  gives  little  promise  of  success  in  inop- 
erable cancer. 

Ligature  of  Arteries  or  Cutting  Off  the  Blood  Supply. — 
Ligature  of  the  arteries  giving  nutrition  to  tlie  tumor  is 
said  to  have  been  introduced  by  Harvey  in  1651.  It  has 
been  much  used  in  non-malignant  tumors  of  the  thyroid. 
Ligature  of  the  carotid  for  malignant  tumors  of  the 
pharynx  has  been  tried  in  a  number  of  cases,  but  usually 
only  with  slight  temporary  benefit.  Dr.  J.  D,  Bryant, 
of  New  York,  has  reported  a  case  of  inoperable  naso- 
pharyngeal sarcoma  which  disappeared  after  ligation  of 
both  external  carotid  arteries,  the  patient  remaining  well 
for  nearly  ten  years  afterward.  Several  other  similar 
cases  treated  by  this  method  showed  only  temporary 
shrinkage  of  the  tumor.  Dr.  R.  H.  JI.  Dawbarn,  of  New 
York,  believing  that  the  simple  ligature  of  the  external 
carotids  does  not  sufficiently  cut  off  the  nutrition  of  the 
tumor,  has  described  a  method  which  he  designates  as 
excision  of  the  external  carotid  arteries,  which  he  advo- 
cates in  inoperable  malignant  tumors  in  those  regions  de- 
riving their  blood  supjily  from  these  arteries.  Simple 
ligature  of  the  external  carotid,  even  in  the  hands  of 
skilled  surgeons,  has  been  hitherto  attended  by  consider- 
able mortality.  This,  however,  should  not  make  one 
hesitate  to  advocate  the  procedure  in  hopeless,  inoperable 
cases  of  cancer,  provided  the  results  are  sufficient  to  war- 
rant the  risk.  The  operation  advocated  by  Dawbarn  con- 
sists in  tying  the  external  carotid  just  above  its  origin. 
The  artery  is  then  caught  with  forceps,  tied,  and  cut; 
the  proximal  end  is  grasped  with  an  artery  forceps. 
Then,  by  working  upward,  each  branch  is  tied  off  be- 
tween two  ligatures  and  divided  as  reached. 

The  latest  results  of  this  method  (as  stated  in  a  com- 
munication just  received  from  Dr.  Dawbarn)  are  as  fol- 
lows: 14  patients  have  been  operated  upon  by  Daw- 
barn and  9  by  other  men.  He  states  that  there  have 
been  but  4  deaths  that  could  with  fairness  be  attributed 
to  the  operation,  thus  showing  a  mortality  of  17.4  per 
cent.  In  regard  to  the  actual  value  of  tlie  operation, 
based  upon  the  number  of  cures  or  the  duration  of  life 
following  the  operation,  this  cannot  at  present  be  accu- 
rately estimated.  Dawbarn  states  that  all  but  3  cases 
have  been  hospital  cases  and  difficult  to  trace.  In  the 
spring  of  1900  Dr.  Dawbarn  presented  5  patients  before 
the  New  York  Stirgical  Societv,  operated  upon  between 
1895  and  1898.  He  states  that  all  of  them  were  either 
carcinoma  or  sarcoma  cases,  the  diagnosis  having  been 
confirmed  by  pathologists.    One  patient  with  rovmd-celled 
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sarcoma  of  the  naso-pharynx  -svas  well  5  years  and  6  months 
after  operation.  A  second  patient  operated  upon  April 
18th,  1896.  with  sarcoma  of  superior  ma.xilla,  was  well  4 
years  after  operation.  In  none  of  the  cases  did  the  tumor 
entirely  disappear.  These  results  would  seem  to  prove 
that,  in  a  certain  percentage  of  cases  of  malignant  tumors 
deriving  their  blood  supply  from  the  external  carotid 
arteries,  the  disease  is  temporarily  held  in  check  and  life 
prolonged.  Whether  any  of  these  patients  have  been 
actually  cured  cannot  be  determined  until  a  longer  time 
has  elapsed.  I  believe  that  in  most  of  the  cases  the  relief 
will  prove  temporary.  Until  the  after-history  of  the 
patients  already  operated  upon  has  been  carefully  traced. 
I  do  not  believe  the  operation  should  be  generally  adopted 
The  Treatment  of  Cancer  by  Cataplwre-ns,  originally  pro- 
posed by  W.  J.  Morton,  of  New  York,  is  strongly  advo- 
cated by  G.  B.  Massey,  of  Philadelphia.  His  latest  re- 
sults ma}'  be  found  in  The  Medical  Record  of  April  7th, 
1900.  He  states  that  he  has  used  the  method  in  37  cases, 
of  which  7  were  operable  and  30  inoperable.  Of  the 
operable  cases  4  were  cured  and  1  probably  cured ;  3  were 
failures.  Of  the  inoperable  cases.  6  were  cured  ;  2  prob- 
ably cured;  probable  failure  in  2 :  complete  failure  in  20. 
Of  37  cases  10  were  cured.  7  were  doubtful,  and  22  were  re- 
garded as  failures.  While  many  of  the  cases  were  recent, 
in  several  the  freedom  from  recurrence  extended  over 
more  than  3  years.  One  case,  an  epithelioma  of  the  cer- 
vix uteri,  was  well  3  years  and  6  months :  1  case  of  sar- 
coma of  the  soft  and  hard  palate  was  well  6  years.  An- 
other case  of  sarcoma  of  the  upper  jaw  remained  well  2 
years ;  in  3  cases  death  occurred  during  application. 

I  do  not  deem  that  the  method  should  be  advocated  in 
cases  removable  by  operation.  If,  however,  6  cases  in 
30,  or  even  a  much  smaller  number  of  inoperable  cases 
were  cured,  the  method  is  certainly  worthy  of  a  more 
thorough  trial.  The  duration  of  the  so-called  cures  is 
manifestly  too  short  at  present  to  permit  of  estimating 
percentages  accurately. 

The  treatment  of  cancer  by  means  of  .r-rays,  or  with 
liquid  air,  is  at  present  in  the  experimental  stage,  and  no 
results  have  thus  far  been  obtained  to  warrant  the  hope 
that  these  agents  offer  any  better  means  of  dealing  with 
malignant  tumors  than  do  the  older  and  more  familiar 
methods. 

The  Treatment  of  Inoperable  Cancer  by  the  Mixed 
Toxins  of  Erysipelas  and  of  Bacillus  Prodigiosus. — 
The  results  of  this  method  during  the  last  two  years 
have  given  me  no  reason  to  change  the  conclusions  ex- 
pressed in  an  earlier  iKiper,  and  I  have  nothing  new  to 
add  in  the  way  of  improvement  in  technique  or  of  pre- 
paring the  toxins.  While  the  results  are  far  better  in 
spindle-celled  sarcoma  tlian  in  any  other  form,  a  suffl- 
cient  number  of  round-celled  sarcomas  have  been  success- 
fully treated  to  make  it  advisable  to  give  every  patient 
with  inoperable  sarcoma  the  benefit  of  a  brief  trial.  If  no 
improvement  has  occurred  at  the  end  of  three  or  four 
weeks  of  daily  injections,  the  treatment  is  not  likelj'  to  be 
successful,  if  improvement  does  occur,  the  treatment 
should  be  kept  up,  either  until  the  tumor  has  entirely  dis- 
appeared or  until  it  has  become  evident  that  the  injections 
have  lost  their  inhibitory  influence.  The  toxins  may  be 
given  for  long  periods  in  moderate  doses  without  harm 
to  the  patient.  The  after-history  of  my  own  successful 
cases  may  be  found  in  the  June,  1900,  number  of  the  St. 
Paul  Medical  Journal.  The  risks  of  the  treatment  are 
practically  nil,  if  proper  precautions  are  observed.  In  up- 
ward of  200  cases  I  have  had  but  2  deaths,  both  of  which 
occurred  more  than  four  years  ago.  It  should  be  remem- 
bered that  the  method  is  advised  only  in  inoperable  sar- 
coma ;  in  other  words,  in  the  entirely  hopeless  cases.  The 
percentage  of  probable  cures  depends  iargelj'  upon  the 
type  of  cell,  varying  from  perhaps  3  or  4  per  cent,  in  the 
round-celled  to  "nearly  .50  in  the  spindle-celled  variety. 
The  most  promising  field  for  the  employment  of  the 
toxins  is,  I  believe,  the  adminstration  of  small  and  safe 
doses  directly  after  primary  operation,  without  waiting 
for  the  recurrence  to  appear.  If  the  toxins  can.  in  a  con- 
siderable number  of  cases,  destroy  or  permanently  cure 


large  inoperable  tumors,  it  is  quite  reasonable  to  suppose 
that  administration  after  operation  would  destroy  the 
invisible  portions  left  behind,  and  in  a  considerable  num- 
ber of  cases  prevent  recurrence. 

Method  of  Pi-eparing  the  Toxins  and  Technique  of  Ad- 
ministration. The  preparation  that  I  have  used  the  past 
tliree  3-ears  is  the  one  described  in  mj'  last  paper,  viz.,  the 
mixed,  unfiltcred  toxins  of  the  streptococcus  of  erysipelas 
and  the  bacillus  prodigiosus,  made  from  cultures  grown 
together  in  the  same  bouillon  and  sterilized  by  heating 
to  58°  C.  In  children  and  patients  much  reduced  in 
strength  I  have  used  the  filtered  toxins  prepared  by  pass- 
ing the  mixed  living  cultures  through  a  porcelain  filter. 
This  preparation  is  much  weaker  than  the  uufiltered.  the 
relative  strength  of  the  two  being  about  as  1  to  10  or  15. 
The  effect  of  the  filtered  solution  upon  the  tumor  is  less 
marked  than  that  produced  by  the  unfiltered.  In  the 
earlier  cases  the  toxins  were  made  from  cultures  of  strep- 
tococcus of  erj'sipelas  obtained  from  a  fatal  case,  but 
during  the  last  three  years  a  sufficiently  high  degree  of 
virulence  has  been  obtained  bj*  frequentlj'  passing  the 
cultures  through  rabbits.  This  increase  in  virulence  has 
been,  I  am  convinced,  a  direct  factor  in  the  success  of 
the  toxins,  and,  in  fact,  it  was  to  increase  the  virulence  of 
the  erysipelas  cultures  that,  in  1892,  I  first  combined  the 
bacillus  prodigiosus  with  the  streptococcus  of  erysipelas, 
Roger,  of  Paris,  having  proved  that  the  latter  germ  had 
the  power  of  making  the  streptococcus  more  virulent  in 
rabbits,  though,  so  far  as  I  know,  it  had  never  been  used 
in  the  himian  bod}',  nor  had  the  comliination  ever  been 
suggested  in  connection  with  the  treatment  of  malignant 
tumors. 

I  am  quite  convinced  that  the  process  of  degeneration  of 
tumor  tissue  is  greatly  Increased  by  the  prodigiosus  toxin. 
Many  opinions  have  been  expressed  as  to  the  nature  of 
this  process,  by  means  of  which  a  cure  is  effected.  The 
aim  should  be  not  to  cause  too  much  depression,  for  in 
that  case  the  patient  is  unable  for  some  time  to  stand 
even  small  doses.  Many  of  the  successful  cases  steadily 
gained  weight  during  the  treatment,  which  disproves  the 
statement  oif  some  writers  that  the  treatment  is  exceed- 
ingly depressing  and  causes  rapid  emaciation.  This  may 
be  true  if  the  doses  are  too  large,  but  not  when  the  method 
is  judiciously  carried  out.  Strychnine  may  cause  speedy 
death  or  act  as  an  excellent  tonic,  according  to  the  dose 
administered. 

Aseptic  Precautifjns.  Inasmuch  as  the  administration 
of  these  as  well  as  other  toxins  undoubtedly  increases  the 
liability  to  infection  if  pathogenic  germs  are  present,  too 
great  caution  cannot  be  exercised  in  sterilizing  the  hypo- 
dermic needle  and  the  skin.  If  a  tumor  be  ulcerated  or 
broken  down,  great  efforts  should  be  made  to  keep  the 
parts  aseptic.  Lack  of  such  precautions  has  certainly 
been  the  cause  of  death  in  a  number  of  the  fatal  cases. 

Duration  of  Treatment.  Fortunately  it  is  possible  in 
most  cases  to  tell  in  a  comparatively  short  time  whether 
or  not  the  toxins  are  likely  to  be  effective.  If  no  benefi- 
cial results  are  apparent  after  four  weeks'  treatment,  I 
believe  it  useless  to  continue  the  injections.  In  nearly 
all  my  successful  cases  marked  improvement  was  seen 
within  a  week  after  the  first  injection,  though  final  cure 
required  in  some  cases  several  months  of  treatment.  In 
one  case,  one  of  inoperable  spindle-celled  sarcoma  of 
the  abdominal  wall,  the  tumor  entirely  disappeared  un- 
der thirty  injections  and  the  patient  is  now  well,  one 
year  and  a  half  later.  The  question  of  danger  of  long- 
continued  injections  of  the  toxins  is  an  important  one. 
One  patient  with  thrice  recurrent  rapidly  growing  car- 
cinoma of  breast  and  axilla  had  the  toxins  steadily  for 
two  and  one-half  years.  The  doses  were  moderate,  sel- 
dom producing  a  chill,  and  averaged  two  a  week.  The 
tumor  disappeared.  The  patient  gained  ten  jjounds  in 
weight  and  her  general  health  was  perfect.  The  tumor 
finally  recurred,  ran  a  rapid  course,  causing  death  in  six 
months. 

Final  Besults  in  Cases  Treated  Previous  to  1899.  Of  21 
successful  cases  treated  prior  to  1899,  the  final  results  are 
as  follows:   One  patient  with  inoperable,  spindle-celled 
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sarcoma  of  the  neck  ami  pharynx,  treated  with  living 
cultures  of  strejjtococcus  of  erysipelas,  for  four  months, 
during  wliicli  time  one  severe  attack  of  erysipelas  oc- 
curred, was  in  good  healtli  6  years  after  treatment.  The 
tumor  in  the  phar3-n.\  did  not  entirel_y  disappear,  but 
the  malignancy  was  evidently  destroyed.  Five  patients 
were  well  from  6  years  to  8  years  after  treatment.  Of 
these,  3  were  afflicted  with  inoperable  spindle-celled  sar- 
coma, one  with  round-celled  sarcoma,  and  one  with  epi- 
thelioma. In  all  of  these  cases  the  diagnosis  w^as  con- 
firmed by  the  microscopical  examination  of  well-known 
pathologists.  The  history  of  one  of  the  patients  is  of  the 
greatest  interest.  The  original  growtli,  a  very  extensive 
infiltrating,  spindle-celled  sarcoma  of  the  chest  wall, 
entirely  disappeared  under  four  months'  treatment  with 
the  toxins  in  1894.  After  remaining  well  for  6  years, 
a  similar  growth  has  recently  developed  on  the  op- 
po.site  side  in  a  corresponding  locality.  The  patient 
is  again  under  the  toxin  treatment  and  is  showing  im- 
provement. 

Fifteen  of  the  21  cases  remained  w.ell  for  a  period  of 
from  3  years  to  7  years  and  6  months.  Of  these,  there 
was  recurrence  in  2  after  3  and  6  years  respectively,  1 
dying  of  metastases  in  the  abdomen,  the  other  being  the 
case  referred  to  as  now  imder  treatment. 

The  cases  were  all  hopelessly  inoperable,  and  the  diag- 
nosis was  confirmed  by  the  microscope  except  in  two 
cases.  In  these  two  instances  the  historj'  of  the  cases 
with  the  clinical  appearances  made  the  diagnosis  of  sar- 
coma unquestionable.  The  type  of  tumor  in  the  15  cases 
that  passed  the  3-year  limit  was  as  follows: 

Spindlo-rt'lled  sarcoma 8 

Kt'iiinl-ii'llHil  sarcoma 3 

Mi.xeil-ccllcd  sarcoma 2 

Epithelioma 1 

t'lluical  dia^osis  only 2 

It  is  worth}'  of  special  note  that  2  of  the  successful 
cases  now  well,  3  years  and  9  months  and  4  years  and  3 
months  respectively,  were  sarcoma  of  the  parotid  gland. 
Butlin,  in  his  last  edition  of  "  Operative  Treatment  of  the 
Parotid  Gland,"  states  that,  "up  to  the  present  time  there 
are  very  few  instances  of  cure  by  ojieration  of  imdoubt- 
cdly  malignant  disease  of  the  parotid."  In  my  2-cases 
treated  by  the  toxins  the  diagnosis  was  not  only  con- 
firmed bj'  a  competent  pathologist,  but  further  by  a  his- 
tory of  repeated  recui-rences  after  operation.  Another 
case  still  is  akso  worthy  of  special  mention,  inasmuch  as 
it  shows  that  the  toxins  may  be  taken  for  long  periods  of 
time  without  harm.  The  patient,  a  well-known  physi- 
cian, with  eight  times  recurrent  spindle-celled  sarcoma 
of  the  soft  parts  of  the  chest  (anteriorly),  was  treated  with 
small  doses  of  the  mixed  toxins  with  varying  Intervals 
of  rest  for  upward  of  two  j-ears.  The  patient  regained 
liis  usual  health,  and  has  now  been  perfectly  well  over  6 
years  from  the  beginning,  and  4  years  since  the  cessation 
of  the  treatment.  The  tumors,  while  originally  pure 
spindle-celled,  were  becoming  more  mixed  with  round 
cells  and  more  vascular  with  each  recurrence ;  in  other 
words,  the  disease,  as  so  often  happens,  was  increasing 
in  malignancy  until  the  toxins  were  begun. 

In  addition  to  these  15  cases  that  have  passed  the 
3-.year  limit,  I  have  had  8  others  in  which  the  tumors  dis- 
appeared. One,  a  spindle-celled  sarcoma  of  the  abdomi- 
nal wall,  was  well  1  year  and  6  months,  \\hen  the  pa- 
tient returned  to  her  home  in  Europe  and  was  lost  siglit 
of.  One,  an  extensive  round-celled  sarcoma  of  the  iliac 
fossa,  was  well  1  year  and  was  then  lost  sight  of.  A  third, 
«  spindle-celled,  recurrent  sarcoma  of  the  leg,  is  now  in 
perfect  health,  without  recurrence,  nearly- two  years  after 
treatment.  A  fourth,  a  twice  recurrent,  spindle-celled 
sarcoma  of  tlie  palm  of  the  hand,  dis;ippeared  and  the 
patient  remained  well  2  _years  and  6  months,  when  the 
tumor  i-ecurred.  Refusing  amputation  of  the  arm,  she 
was  under  the  care  of  a  Christian  scientist  for  8  months, 
during  which  time  the  tumor  in  the  hand  reached  the 
size  of  a  cocoanut  and  extended  above  the  elbow.  I 
then  amputated  the  arm  just  below  the  shoulder-joint. 


but  she  died  of  metastases  3.5  months  later.  Though 
the  patient  was  an  especially  intelligent  girl  twenty-two 
years  of  age,  while  under  the  Christian  Science  treat- 
ment she  watched  a  small  tumor,  the  size  of  an  English 
walnut,  grow  to  the  size  of  a  cocoanut,  and  yet  was  made 
to  believe  it  was  actually  getting  smaller  and  improving. 
She  also  stated  that  she  felt  no  pain.  This  is  a  good 
illustration  of  the  utter  impossibility  of  placing  any 
value  upon  personal  statements  of  patients  in  regard  to 
improvement  or  cure  of  malignant  tumors  by  Christian 
Science. 

A  fifth  case,  a  chondro-sarcoma  of  the  ilium,  of  large 
size,  disappeared,  and  the  patient  after  remaining  well 
for  7  months,  had  a  recurrence  which  proved  fatal  in 
about  1  j-ear's  time.  A  sixth,  a  round-celled  angio-sar- 
coma  of  the  breast,  was  well  6  months  later,  when  the 
patient  was  lost  sight  of.  A  seventh,  a  recurrent  fibro- 
angioma  of  the  lip,  was  well  when  last  heard  of.  over 
two  years  after  treatment ;  and  an  eighth,  a  recurrent, 
spindle-celled  sarcoma  of  the  thigh,  disiippeared,  but  the 
patient,  after  remaining  well  for  a  year,  had  a  recurrence 
locally  and  in  the  groin,  which  no  longer  yielded  to  the 
treatment. 

In  addition  to  these  23  personal  cases,  I  would  mention 
2  other  cases  in  which  I  directed  the  treatment,  although 
it  was  carried  out  by  other  surgeons.  One  case  (John- 
son's), a  large-spindle-celled  sarcoma  of  the  pharynx, 
entirely  disappeared,  and  the  patient  was  well  more  "than 
6  years  later.  The  second  (Storrs  and  Griswold's),  an 
inoperable  sarcoma  of  the  breast  and  axilla,  disappeared 
under  seventy-eight  injections  of  the  mixed  toxins,  and 
is  now  well  more  than  4  years  after  treatment.  The  diag- 
nosis in  both  of  these  cases  was  confirmed  by  microscopi- 
cal examination,  in  the  latter  case  by  the  highest  author- 
ity in  this  country.  Prof.  William"  H.  Welch  of  Johns 
Hopkins  University.  ^VilUam  B.  Coky. 

CANCRUM   ORIS.     See  ^^outh,  etc. 

CANELLA  BARK.— r'(«f??rt  Alha.  Wild  Cinnamon. 
The  liark  of  CniilliKilba  Murray  (fam.  CanellacfO').  This 
is  a  handsome,  middling-sized,  spicy,  evergreen  tree,  with 
thick,  shining,  aromatic  leaves  and  small,  purple,  deli- 
ciousl.v  fragrant  flowers.  The  bark  of  the  smaller 
branches  is  silver-gray.  It  is  a  native  of  the  West  India 
Islands,  esoeciall)'  of  Jamaica,  Cuba,  and  the  Bahamas, 
and  also  of  the  southern  part  of  Florida.  The  bark  of 
this  tree  was  first  made  known  in  Eurojie  in  the  early 
part  of  the  seventeenth  century,  and  since  then  has  been 
in  continrious  but  very  limited  demand.  It  has  been  fre- 
quently confoimded  with  Winter's  Bark  (Bri/mix  Winteri 
Foreter),  and  with  Pi nnnmodendron  efrlienxitm  Miers.  It 
is  now  very  little  used  excepting,  in  its  home,  where  it 
is  highly  esteemed,  more  as  a  condiment  than  as  a 
drug. 

Before  the  bark  is  collected,  the  limbs  are  generally 
beaten  all  over,  in  order  to  loosen  the  outer  layers,  which 
are  discarded,  and  then  the  inner  portion  is  separated  in 
quills  and  chips  and  dried.  It  comes  in  broken  quills, 
sometimes  30  or  40  cm.  long  and  .5  thick  (12  to  15  in.  by 
J  in),  but  averaging  much  smaller,  say  from  5  to  10  cm. 
long  by  2  or  3  mm.  thick;  the  outer  surface  is  roughish 
and  bright  buff -colored,  the  inner  smooth  or  finely  striated, 
yellowish  or  creamy  white;  fracture  short  and  granular, 
odor  rather  agreeable,  cinnamon-like;  taste  pungent  and 
bitter.  It  contains  numerous  large  oil  cells,  especially 
in  the  outer  portion. 

The  leading  constituent  is  the  essential  oil,  of  which  it 
contains  from  three-fourths  to  one  per  cent.  It  is  a  com- 
posite oil,  capable  of  being  separated  into  several,  one  of 
which  is  eiir/eii'tl,  the  leading  ingredient  of  oil  of  cloves. 
With  this  there  is  some  cineol  A  considerable  percent- 
age of  mannite  can  also  be  separated.  The  bitter  prin- 
ciple needs  further  stiidy.  Canella  is  a  .stimulant  tonic, 
similar  to  other  aromatics,  over  which  it  ai)pears  to  have 
no  other  advantage  than  the  possession  of  a  bitter  jirin- 
ciple.  It  is  not  poisonous,  and  is  seldom  given  alone,  in 
doses  of  .5  to  2  gm.  (gr.  viii.  to  xxx.).        W.  P.  Bolles. 
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CANITIES,  or  fji-di/ncm  of  the  hair,  may  be  congenital 
or  acquii'ed,  partial  or  complete. 

Congenital  canities  visually  occurs  in  the  form  of  tufts, 
but  may  occur  as  round  jiatcbes.  Tliis  form  of  canities 
is  rare.  In  some  families  it  is  hereilitary,  a  wliite  tuft 
of  hair  occurring  in  a  large  number  of  their  members. 
General  congenital  canities  is  part  of  that  general  absence 
of  pigment  that  is  Icnown  as  albinism. 

Aeqiiiird  eanities  is  llie  form  most  often  seen.  It  usu- 
ally begins  at  about  thirty -five  years  of  age,  but  in  some 
families  and  tuider  certain  circumstances  it  maj'  begin 
much  earlier.  Beginning  in  early  life,  it  constitutes  pre- 
mature canities;  beginning  at  middle  life,  it  is  one  of 
the  changes  incident  to  growing  old.  Few  people  reach 
fifty  years  of  age  without  some  gray  hair. 

The  hair  on  the  temples  is  most  often  that  which  lirst 
changes  color,  though  there  is  no  definite  rule  as  to  where 
the  disease  lirst  appears.  The  beard  may  be  first  affected. 
but  usuall.y  it  is  affected  secondarily  to  tlie  scalp  hair. 
The  pubic  and  axillary  hair  may  escape  all  change  in 
color,  though  at  last  they,  too,  generally  are  affected. 
When  once  grayuess  begins  it  is  slowly  or  rapidly  pro- 
gressive. Exceptionally  and  rarely  the  normal  color 
may  return  to  gray  hair,  just  as  it  is  possible  to  have  a 
third  set  of  teeth.  The  change  in  color  talies  place  first  at 
the  root  of  the  hair.  As  the  pigment  becomes  more  and 
more  deficient  the  color  of  the  hair  slowly  changes  from 
gray  to  a  creamy  or  snowy  white.  In  most  cases  the 
change  in  color  is  the  only  change  that  the  hair  undergoes. 
Alopecia  may  set  in,  but  it  bears  no  definite  relation  to 
change  in  the  color  of  the  hair. 

Too  many  well-autln'nticated  cases  are  now  on  record 
to  allow  of  doubt  as  to  the  sudden  occurrence  of  canities, 
over  night  in  some  cases.  Such  instances  -are  almost  al- 
ways in  relation  to  severe  mental  shock,  such  as  the  re- 
ception of  some  fearful  intelligence. 

Rinc/efl  hair  is  a  peculiar  and  rare  form  of  canities  in 
which  the  hairs  are  marked  by  alternate  rings  of  white 
and  normal  color.  The  diameter  of  the  hairs  is  un- 
changed. The  white  rings  are  narrower  than  the  colored 
ones.     Very  few  of  these  cases  are  on  record. 

Etioi.ouy. — Canities  is  due  to  an  interference  with  the 
pigment  formation  in  the  hair  papilla.  The  gray  color 
is  the  combined  result  of  a  deticiency  of  pigment,  the 
presence  of  air  bubbles  between  the  cells  of  the  cortex, 
and  the  essential  color  of  the  hair.  When  the  hair  is 
white  there  is  no  longer  any  pigment  in  the  hair.  The 
occurrence  of  sudden  blanching  of  the  hair  is  due  to  the 
entrance  of  air  bubbles  between  the  cortical  cells.  That 
air  between  the  cells  is  one  factor  in  causing  a  gray  color 
is  shown  liy  jilacing  a  gray  hair  under  the  receiver  of  an 
air  pump  and  exhausting  the  air.  It  will  be  seen  that 
the  hair  regains  its  normal  color  to  a  greater  or  less  ex- 
tent. 

Age,  heredity,  nervous  shock  or  strain,  neuralgia,  in- 
jury to  the  scalp,  and  all  debilitating  diseases,  are  pre- 
disposing causes  of  canities.  There  is  no  adequate  ex- 
Jlhination  for  the  occtirrence  of  ringed  hair. 

Tre.\tmext. — Nothing  can  be  done  for  most  cases  of 
canities.  If  it  is  due  to  some  removable  cause  the  color 
may  return  when  the  cause  is  removed,  but  no  promise 
of  this  shotild  be  made.  Jaborandi  and  acetic  acid  seem 
to  have  some  influence  on  the  color  of  the  hair,  and  may 
be  tried,  the  first  internally  and  the  last  externally. 
Hair  dyes  shoidd  never  be  advised.  Once  used  thej'  must 
be  persisted  in.  Many  of  them  are  harmful,  especially 
those  containing  lead.  George  T.  Jackson. 

CANNABIS  \HO\Ck.— Indian  Cannabis.  Indian 
Heiiiji.  ■■The  flowering  tops  of  the  female  plant  of  Can- 
ruiiix  satii-a  Linn.,  grown  in  the  East  Indies"  (U.  S.  P.). 
"  The  dried  flowering  or  fruiting  toi)S  of  the  female  plant 
of  Cannabis  satica  Linn.,  grown  in  India,  from  which 
the  resin  has  not  been  removed  "  (B.  P.). 

Caiina'its  satira  is  indigenous  to  Central  Asia,  but  has 
been  cnltivated  tln-ougliout  Europe  and  America  for  its 
valuable  fibre,  from  which  hemp  is  manufactured.  It  is 
a  member  of  the  order  Urtieaceci,  and  allied,  botanically. 


Fig, 


Plant— Pistillate 
(Balllon.) 


to  the  common  ho\>  \Aiiiit  Ilumvlus  liipnliis,\Ai\i\.  The 
United  States  Pharmacopa-ia  has  adopted  the  name  Indian 
cannabis,  as  the  name  of  Indian  hemp  is  often  given  to  a 
native  plant,  Apocynum  cannabiniim  Linn.,  which  is  en- 
tirely different  and  bears  no  bottinical  or  therapeutic  re- 
semblance. As- 
clepias  incarnata 
Linn,  is  also  pop- 
ularly known  as 
wliite  Indian 
hemp. 

Cannabis  sali- 
va is  a  large, 
very  variable, 
annual  herb, 
with  an  upright, 
slender,  usually 
branching  stem 
from  1  to  3  me- 
tres high  (3  to 
10  feet),  long- 
petioled,  grace- 
f  u  1,  palmately 
divided  leaves, 
and  small,  clus- 
tered, dicecious 
flowers.  The 
bark  of  the  stems 
and  branches  has 
an  exceedingly 
tough  fibre. 
The  leaves  are  opposite  (or  alternate  above),  stijiulate, 
and  consist  of  from  five  to  seven  (excepting  near  the  top 
of  the  stem,  where  thej'  are  simpler)  linear-lanceolate, 
pointed,  sharply  serrate  leaflets.  Flowers  in  axillary 
clusters.  In  the  staminate  on  male  plant  the  flowering 
top  is  in  lax,  spreading,  or  droo])ing  panicles,  consisting 
of  five  sepals  and  as  many  opposite,  largc-anthered  sta- 
mens. In-the  female  plant  it  is  in  small,  erect  spikes, 
each  flower  in  the  axil  of  an  upright,  pointed  bract,  con- 
sisting of  a  single  one-seeded,  two-styled  carpel  envel- 
oped in  a  broad,  spathe-like,  one-leaved  pcriantli.  Fruit 
(the  hemp  seed  of  commerce),  a  roundish-pointed  achen- 
ium  confciining  a  single  pendulous,  oily  seed. 

The  plant  contains  a  large  amount  of  resin,  which  ex- 
udes upon  the  surface  of  the  plant,  more  particularly 

upon  the  fl  o  w  e  r  i  n  g 
branch.  This  resin  be- 
comes most  abundant  at 
the  period  of  fructifica- 
tion, and  as  the  fruit 
forms  it  diminishes  in  a 
very  marked  degree. 
During  cultivation  any 
loss  of  resin  is  prevented 
b}-  eliminating  the  male 
plants  or  by  gathering 
the  tops  before  the  fruit 
begins  to  form.  In  tem- 
perate climates  the  plant 
is  almost  destitute  of 
resin,  and  for  medicinal 
purposes  that  which  is 
grown  in  India  and 
Southern  Asia  is  alone 
utilized. 

Indian  hemp  is  col- 
lected in  thi-ee  forms: 
first,  the  flowering  tops 
of  the  female  plant,  known  as  "gunjah."  which  we  rec- 
ognize officially  in  the  Pharmacojiceia ;  secondly,  the 
leaves,  "bhang,"  which  are  used  for  smoking;  and, 
thirdly,  the  resin,  "churrus,"  or  "charus,"  which  enters 
into  the  composition  of  "hashish,"  and  is  also  used  for 
smoking. 

The  tops  as  they  reach  us  consist  of  comjiressed  masses 
of  branclies  and  leaves  with  flowers,  and  at  times  with 
specimens  of  immature  fruit,  the  whole  matted  together 


Fig.  1111.  —  Staminate    Inflorescence 
of  the  Same.     (Baillon.) 
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by  the  resinous  secretion.  The  leaves  and  bracts  bear 
external  oleoresin  glands,  and  one-celled  curved  hairs, 
■which  are  very  characteristic  and  serve  to  identify  the 
plant.  The  bases  of  these  hairs  are  enlarged  and  fre- 
quently contain  cystoliths.  The  tops  have  a  greenish- 
brown  color,  a  narcotic  odor,  and  a  slightly  acrid  taste. 
The  medicinal  value  of  the  plant  varies  greatly  and  is 
very  uncertain.  This,  in  a  measure,  is  due  to  climatic 
influence  and  the  period  of  collection;  but  it  is  also 
accounted  for  by  the  time  that  lias  elapsed  since  the 
plant  was  collected  and  by  its  mode  of  preservation.  Ex- 
periments have  shown  that  the  plant  diminishes  in 
strength,  after  a  period  of  si.v  months,  when  exposed  to 
the  air;  while  control  specimens,  which  are  kept  in  air- 
tight bottles,  still  remain  active.  A  gradual  oxidation 
of  the  resin  is  the  supposed  cause  of  the  change. 

Our  knowledge  of  the  active  principles  of  the  plant 
remains  very  uncertain.  The  resin  as  originally  se]3a- 
rated  by  T.  and  H.  Smitb,  of  Edinburgh,  iu  1840,  and 
named  Cnnnfihin.  is  still  accepted  as  representing  the 
active  principles,  and  is  almost  entirely  employed  for 
medicinal  purposes.  It  forms  the  solid  extract  of  the 
Pharmacopoeia,  and  the  fluid  extract  and  tincture  are 
alcoholic  solutions.  In  1857,  Personne  described  canna- 
bene.  a  volatile  oil,  which  for  some  time  was  thought  to 
be  the  active  ingredient.  It  has,  liowever,  proved  to  be 
an  impure  sesquiterpene,  and  of  no  therapeutic  value. 
An  alkaloid  resembling  nicotine  has  been  foimd  at  differ- 
ent times,  but  it  nevei'  has  had  the  characteristic  action 
of  cannabis. 

Cannabin  tannate  is  a  preparation  manufactured  by 
Merck.  It  is  introduced  as  a  very  reliable  narcotic  anil 
devoid  of  all  volatile  and  toxic  principles. 

During  the  last  few  years  cannabis  indica  has  been  ver)' 
thoroughly  studied  by  Professor  Marshall  and  his  assist- 
ants, in  his  laboratory  at  Cambridge  University.  As  an 
outcome  of  their  investigations  there  has  been  produced 
a  red  oil  to  which  they  have  given  the  name  of  cnnnti- 
binol,  and  the  chemical  formula  C1SH24O2.  This  they 
consider  to  represent  the  active  properties  of  the  plant, 
but  their  labors  are  not  completed,  and  the  comparative 
therapeutic  value  of  the  new  compound  is  as  yet  uncer- 
tain. 

Cannabis  indica  is  much  used  by  the  natives  of  India, 
Arabia,  and  neighboring  countries  as  an  intoxicant. 
For  this  purpose  the  dried  leaves  and  the  resin  are 
smoked,  either  uncombined  with  other  ingredients  or 
mixed  with  tolKicco.  In  Arabia  the  resin  is  conil)ined 
with  opium  and  other  narcotics  to  form  the  well-known 
"hashish."  In  some  instances  a  decoction  is  made  from 
the  leaves  and  employed  as  a  beverage  to  induce  the  in- 
toxication. The  effect  produced  is  an  inebriation  of  an 
agreeable  character,  exciting  the  individual  to  sing  and 
laugh.  There  are  pleasant  and  often  gorgeous  visions 
and  hallucinations,  with  a  sense  of  ecstasy,  and  more  or 
less  delirium,  terminating  in  a  deep  sleep.  The  sleep 
may  be  cataleptic  in  character,  the  muscles  being  slightly 
contracted  and  the  limbs  ] pliable.  Later  observers  liave 
described  a  condition  resembling  hypnotism.  During  the 
intoxication  the  sexual  propensities  of  the  individual  are 
stimulated,  which  has  established  its  reputation  as  an 
aphrodisiac. 

The  craving  for  this  stimulant  is  very  prevalent  among 
the  Asiatics,  and  many  wlio  are  addicted  to  its  use  are 
more  or  less  continually  under  its  influence. 

The  effect  produced  by  cannabis  indica  varies  accord- 
ing to  the  mode  of  administration.  When  the  fumes  are 
inhaled  it  is  a  stimulant  and  intoxicant.  Its  effect  begins 
early,  and  if  but  a  small  amount  is  used,  it  passes  off  in 
half  an  hour  or  more.  If  it  is  taken  into  the  stomach  its 
action  is  slow,  an  hour  or  two  elapsing  before  the  drug  is 
absorbed.  In  this  way  its  stimidating  effects  are  much 
less  marked,  and  its  depressant  and  narcotic  action  is  more 
evident.  As  an  anodyne  and  antispasmodic  it  is  classed 
by  many  as  ranking  next  to  opium.  In  large  doses  it 
produces  the  same  effect  as  when  inhaled.  Experimental 
work  has  shown  that  the  primary  stimidation  rapidly 
passes  and  is  followed  by  depression,  loss  of  reflexes, 
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ataxia,  diminished  sensibility,  a  tendency  to  sleep,  and 
stupor,  with  a  certain  degree  of  ansesthesia  and  paralysis. 
The  effect  upon  the  heart  and  respiration  is  nf)t  a  promi- 
nent symptom.  The  earlj-  stimulation  continues  for 
some  time,  and  the  depression  of  respiration  and  circula- 
tion becomes  marked  only  as  narcosis  begins.  The  mode 
of  death  is  uncertain,  some  observers  reporting  that  death 
takes  place  from  cardiac  failure,  while  others  state  that 
the  heart  was  observed  to  beat  after  the  respirations  had 
ceased.  Upon  the  kidneys  it  exercises  no  direct  action, 
but  the  tendency  is  to  increased  excretion  of  urine.  It  is 
stated  that  a  decoction  of  the  fresh  plant  is  an  active 
diuretic.  No  specific  action  upon  the  sexual  organs  has 
been  detected,  excepting  that  accompanying  the  general 
stimulation.  Cannabis  indica  is  not  a  dangerous  drug. 
The  physiological  effects  may  be  very  marked,  but  to 
cause  death  a  very  large  amount  would  be  required.  No 
autlientic  instance  of  its  fatal  effects  has  been  recorded. 
In  animals  it  is  found  that,  of  the  fluid  extract.  Til  x.  will 
cause  marked  symptoms,  but  as  much  as  §  i.  is  required 
to  produce  death. 

The  therapeutic  value  of  Indian  hemp  is  due  to  its  in- 
fluence on  the  nervous  system,  and  by  some  it  is  sup- 
posed to  act  directly  upon  the  cerebral  cells.  Its  sedative 
effect  is  most  valuable  in  f imctional  disorders  and  in  pain 
not  due  to  inflammation.  It  has  proved  of  value  in  the 
aged  when  the  mental  faculties  are  weakened  generally 
and  when  much  restlessness  and  sleeplessness  are  promi- 
nent symptoms.  In  doses  of  gr,  i  to  J  at  bedtime  a  calm 
and  quiet  sleep  is  secured,  and  the  same  action  may  be 
secured  for  weeks  without  increasing  the  dose.  In  mel- 
ancholia and  chronic  alcoholic  delirium  of  the  aged,  ac- 
companied by  depression,  it  has  acted  as  an  exhilarant, 
has  produced  the  desired  sense  of  strength,  and  has 
secured  quiet  and  rest.  In  the  restlessness  of  general 
paralysis  and  "temper  diseases,"  in  both  adults  and  chil- 
dren, it  has  also  been  of  the  greatest  service. 

In  painful  maladies  it  has  acted  best  in  those  of  afunc- 
tional character,  such  as  neuralgia  and  migraine,  either 
alone  or  when  combined  with  constitutional  remedies,  as 
iron,  quinine,  and  zinc,  when  such  are  indicated.  In 
neuritis  it  proves  of  service  only  when  given  iu  addition 
to  mercury,  iodine,  and  other  such  remedies.  It  has  also 
proved  very  serviceable  in  the  formication,  tingling,- 
numbness,  and  other  sensory  disturbances  of  the  elderly 
and  gouty. 

It  has  been  very  successful  in  clonic  muscular  spasms 
such  as  the  convulsions  of  children  and  adults  due  to 
reflex  causes,  in  epileptiform  convulsions  due  to  organic 
disease  of  the  central  nervous  system,  and  in  cases  of 
brain  tumor  accompanied  b_v  convulsions  and  other  indi- 
cations of  central  irritation.  In  true  epilepsy  it  has 
liroved  useless.  In  numerous  cases  it  has  been  given  for 
a  prolonged  period  until  its  full  physiological  action  was 
produced,  and  j'et  it  has  failed  to  influence  the  disease  in 
the  slightest  degree.  It  relieves  the  distress  of  spasmodic 
asthma  and  has  proved  very  serviceable  in  spasmodic 
dysmenorrho'a  not  associated  with  metritis  or  with  other 
inflammatory  affections.  It  has  proved  of  service  in 
chorea,  whooping-cough,  hysteria,  migraine,  and  neu- 
ralgia. It  has  also  proved  of  particular  usefulness  in 
painful  disorders  of  the  stomach,  when  not  accompanied 
by  organic  changes.  It  has  proved  a  better  sedative 
than  opium,  as  it  exercises  hardly  any  derangement  of  tlie 
.secretions.  Its  beneficent  effects  are  increased  by  atten- 
tion to  the  state  of  the  secretions,  and  by  the  employment 
of  alkalies,  purgatives,  and  other  stomachic  drugs  when 
such  are  indicated. 

In  administering  this  drug  the  great  drawback  has  been 
the  unreliability  of  the  various  preparations.  To  obviate 
this,  it  is  advisiible  to  restrict  one's  practice  to  the  use  of 
a  single  preparation,  beginning  with  a  moderate  dose  and 
gradually  increasing  until  its  physiological  effect  is  pro- 
duced. Notwithstanding  the  various  active  principles 
that  have  been  described,  the  resin  and  its  preparations 
are  much  to  he  preferred.  Standardized  extracts,  both 
solid  and  fluid,  are  now  carefully  prepared,  and  either 
these  or  the  tincture  should  be  employed.     The  dose  of 
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the  solid  extract  is  from  gr.  J  to  gr.  i.,  that  of  the  fiuid 
extract  is  from  m  SS-  to  ni  i.  The  advantage  of  the  fluid 
extract  is  supposed  to  be  due  to  the  fact  that  only  moder- 
ate heat  is  employed  during  its  preparation.  The  dose  of 
the  tincture  is  from  ^l  v.  Til  to  xx.x.  The  preparations 
should  never  be  added  to  aqueous  solutions  as  the  resin 
immediately  separates  as  an  insoluble  mass. 

Beaumont  Small. 
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CANNES,  FRANCE.— Cannes,  a  -ninfer  resort  on  the 
French  Kivicia,  is  jiicturesquely  situated  in  a  recess  of 
the  Gulf  of  Napotile.  It  is  660  miles  distant  from  Paris, 
120  from  Marseilles,  19  from  Nice,  and  28  southwest  of 
Mentoiic.  "Unlike  any  of  the  other  health  resorts  on 
the  Riviera,  Cannes  extends  over  a  wide  tract  of  land, 
so  that  its  eastern  and  western  limits  are  some  miles 
apart,  and  its  attractions  and  beauties  are  not  limited 
and  concentrated  in  one  particular  spot,  but  are  varied 
and  widespread  "  (Burncy  Yeo) 

It  is  well  protected  on  the  east,  and  jiartially  so  on  the 
west,  by  an  isolated  mountain  group  ctilled  the  Esterel. 
On  the  north,  however,  the  higher  ridges  of  the  Alps  arc 
too  far  distant  to  afford  proper  shelter.  Lil<e  Nice  it  is 
a  windv  place,  the  sharp,  violent,  and  disagreeable  niis- 
iral  (nortlnvest  wind)  prevailing  frequenth-  in  February 
and  March.  It  is  less  sheltered  tlian  Mentone  and  San 
Remo,  and  consequently  tlie  climate  is  less  equable. 
The  general  characteristics  of  the  climate  of  this  resort 
are  mildness,  abundant  sunshine,  moderate  average  rain- 
fall, and,  for  the  seashore,  a  low  relative  humidity.  The 
winds  and  the  lack  of  equability,  particularly  between 
the  sun  and  the  shade  and  the  day  and  night  tempera- 
tures, are  some  of  the  objectionable  features.  "The 
Riviera,"  says  Burney  Yeo,  "is  a  land  of  sunshine  and  a 
land  of  winds.  It  is  a  land  of  intense,  brilliant  sunshine 
and  of  cold,  chilling  shade."  "The  deceptive  combina- 
tion," sa3's  Liudsaj',  "of  brilliant  sunsliiue  with  cutting 
blasts  is  the  great  climatic  defect  of  the  Riviera."  The 
great  and  continued  popularity  of  this,  as  well  as  of  the 
other  resorts  of  the  Riviera,  depends  not  so  much  on  the 
intrinsic  excellence  of  its  climate,  as  on  its  comparative 
supeiiority  over  the  usual  climate  of  the  more  northern 
portions  of  the  Continent  and  of  England.  Climates  like 
pleasures  are  often  judged  by  comparisons,  and  when, 
for  instance,  we  compare  the  winter  climate  of  London 
or  Vienna  with  that  of  Cannes,  the  latter  appears  quite 
superlatively  excellent.  But  if  we  compare  the  climate 
of  Cannes  with  that  of  some  resorts  on  the  opposite 
coast  of  Afi-ica  or  in  Southern  California,  or  with  that  of 
many  of  the  resorts  in  our  Southern  States,  Cannes  de- 
cidedly suffers  by  the  comparison.  When,  on  the  other 
hand,  one  considers  the  beauty  of  its  situation,  the  vari- 
ety and  charm  of  its  scenery,  the  richness  of  its  vege- 
tation, and  all  the  fascination  incident  to  a  resort  on  the 
beautiful  Mediterranean  coast,  Cannes  surely  has  few  su- 
periors. It  is  to  be  borne  in  mind,  say  Burney  Yeo  and 
others,  that  at  Cannes  one  can  avail  himself  of  two  some- 
what diffeient  climates,  aecin'ding  as  he  chooses  a  resi- 
dence in  the  neighborhood  of  the  seashore  or  inland  in  the 
valley  of  Cannet,  for  example,  about  two  miles  distant 
from  the  sea,  where  greater  protection  for  dwellings  and 
promenades  is  afforded.  All  writers  upon  the  latter  cli- 
mate refer  to  it  as  "  bracing  "  and  "  exciting, "  with  a  tonic 
and  stimulating  atmosphere. 

The  following  meteorological  table  arranged  from  Mar- 
cet's*  personal  observations,  extending  over  a  period  of 
from  two  to  six  seasons,  will  give  the  reader  a  means  of 
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comparing  this  with  other  climates.  The  d-dta  are  for 
the  winter  season,  extending  from  November  to  April 
inclusive. 

Climate  of  Cannes,  France— Observations  of  W.  Marcet,  M,D. 
(Fahrenheit  Scale.) 


Temperature- 
Mean  averafre  temp. 
Average  daily  range 
Mean  of  warinest... 

Mean  of  coldest 

Mean  ina.xinium  sun 

temperature 

Mean     lowest    night 
temperature 

Precipitation- 
Average  in  inches . . 

Wind- 
Prevailing  direction 

Calm  days 

Light  to  fresh 

Stormy  to  gale 

Humidity- 
Average  relative  . . . 

Weather — 

Fine  days 

Overcast 

Rainy 

Temperature  of  sea. . . 


.52.6' 
13.3 
58.8 
46.5 

99.7 

38.4 

5.i; 


10.7 
12.7 
B.2 

71.2!i 

17.5 
2.1 
9.5 

61° 


46.3° 

12.4 
52.5 
40.1 

91.6 

31.4 

4.51 


11.7 
13.3 
5.7 

72.7:8 

IS. 8 
3.5 

8.8 
,57.1° 


48.0' 
12 
.54 
42 

96.1 

32.2 


12.5 
13 
5.5 

71.7!« 

21 

3.8 
6.3 

.55,7° 


48.8° 
13.4 
55.5 
42.1 

106 

33.8 

1.46 


8.3 
U.7 

7.2 

75« 

20 
3.1 
5.3 

55.5' 


.51.0° 
13.3 
.57.6 
44.4 

114.7 

35.4 

3.42 

W. 
3 

19.2 
8.7 

73  1? 

31.3 
2.6 
7.1 

56.7° 


55.. 5< 

12.8 

62 

49.1 

120.7 

41.9 

4.05 

E. 

2.7 
18.5 
8.5 

74,3? 

18.4 
1.5 
8.H 

,59.3° 


50.8° 


20.31 
E.and 

8.  E. 
48.8 
88.9 
41.8 

73? 

117 
16.6 

45.6 


The  cliniiitic  characteristics  of  the  various  months  are 
summarized  by  Marcet  as  follows:  "In  November  and 
December  the  weather  is  usually  stormy  and  wet  Jan- 
uary and  February  are  line,  with  occasional  visits  of  the 
dry  northwest  winds.  During  these  two  months  the  air 
is  usually  calm  in  the  morning  with  a  pleasant  light 
southerlj-  breeze  blowing  in  the  afternoon,  while  a  north 
erly  land  breeze  commences  at  sun.set  and  is  continued 
during  part  of  the  night.  March  and  April  are  windy 
and  shower\-,  the  winds  showing  no  particular  regularity, 
although  in  general  easterly  with  wet  weather."  "At 
night,"  continues  Marcet,  "  there  is  a  sudden  accession  of 
cold  together  with  the  increase  of  atmospheric  moisture 
at  sunset  and  continued  at  night :  therefore  the  impor- 
tance of  the  invalid  being  indoors  before  sunset. "  Fogs 
are  unknown,  and  there  is  an  absence  of  mist.  Occasion- 
ally the  temperature  sinks  to  the  freezing  point,  and  snow 
sometimes  falls.  As  almost  everywhere  else,  occasionally 
the  unexpected  happens,  and  a  very  wet  or  very  cold 
season  occurs,  "and  then,"  saj'S  Burncy  Yeo,  "  the  suffer- 
ings of  the  visitors  are  very  acute,  much  more  so  than  at 
home."  There  is  a  considerable  amount  of  lime  in  the 
soil,  which  adds  to  the  disagreeable  effect  of  the  dust, 
which  is  always  an  annoying  feature. 

Dr.  J.  Henrj'  Bennet  wisely  warns  the  visitor  not  to 
expect  perpetual  springor  eternal  summer  in  the  Riviera. 
"Although  there  is  so  much  sunshine,"  he  says,  "so  much 
fine  weather,  such  immimity  from  fog  and  drizzling  rain 
— it  is  still  winter.  Wind,  rain,  chifly  atmosphere,  and 
occasional  cold  weather,  with  snow  on  the  mountains 
and  flakes  of  ice  in  exposed  situations,  have  to  be  en 
countered."  The  Riviera  is  not  Southern  California,  and 
a  climate  similai-  to  that  of  the  latter  I'egion  must  not  be 
expected.  If  the  reader  will  turn  to  the  article  upon 
Califoniiti.  Sovthern.  in  this  volume  and  compare  the  cli- 
matic tables  of  San  Diego  and  Santa  Barbara  with  that 
given  here  of  Cannes,  he  will  realize  the  difference.  For 
instance,  the  average  mean  temperature  for  .lanuary  at 
Cannes  is  48"  F.,  while  at  San  Diego  it  is  .53.6  F.,  and 
at  Santa  Barbara  51.2°  F.  Further,  the  rainfall  at  tliese 
two  California  coast  resorts  is  only  about  half  of  what  it 
is  at  Cannes,  and  the  number  of  fair  and  clear  days  is 
considerably  greater,  and  there  is  also  less  wind.  Al- 
though the  relative  humidity  is  almost  exactly  the  same, 
the  complete  absence  of  fog  would  seem  to  indicate  a 
comparatively  drier  atmosphere  at  Cannes. 

It  is  well  to  emphasize  again  the  fact  of  the  winds; 
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they  art  the  bete  noir  of  Cannes,  as  indeed  of  the  Riviera 
in  general.  Moreover,  the}-  seem  to  be  quite  incapable 
of  classification.  "They  arc  leicion,"  says  Bnrney  Yeo, 
and  Slarcet  declares  that  their  direction  is  so  changeable 
that  it  is  not  worth  -while  to  record  them — they  blo-sv  hot 
.and  they  blo-vv  cold,  the  sirocco  from  Africa  and  the  bise 
from  the  Alps.  They  blow  dry  from  the  west  and  moist 
from  the  east.  Dr.  Cozalis, "quoted  by  Bnrney  Yeo, 
gives  his  results  from  several  j-ears'  personal  experience 
as  follows: 

"  Toward  the  last  week  in  October,  the  wind  sometimes 
from  the  east,  sometimes  from  the  west,  becomes  high. 
In  November  there  is  always  a  windy  and  rainy  period 
lasting  for  from  eight  days  to  three  weeks.  The  wind  is 
rarely  violent  and  nevei'cold.     During  or  after  this  there 


of  cases,  is  the  length  of  time  during  which  the  cnre  can 
be  continuously  carried  out.  For  eight  or  nine  months 
long  the  children  can  live  out  of  doors  and  take  the  sea 
baths.  At  first  the  general  health  improves  and  the 
w-eight  increases,  and  later  the  local  conditions  begin  to 
show  ini]irovement.  Nearly  all  cases  of  anaemia,  of  wliat- 
ever  age  they  are,  are  said  to  manifest  marked  ameliora- 
tion at  Cannes.  Cases  of  slow  convalescence  from  acute 
diseases;  various  chronic  catarrhal  affections — bronchial 
and  laryngeal. — emphysema,  chronic  plcurisj-;  certain 
forms  of  clironic  gout  and  rheumatism;  Bright's  disease 
and  diabetes — all  these  are  said  to  be  benefited  by  a  win- 
ter residence  here.  On  the  other  hand,  this  climate  is 
unsuitable  for  hj-steria,  neuralgia,  insomnia,  and  various 
other  nervous  maladies,  and  for  febrile  cases  from  what-  J 


Fii;.  111;^.— Boulevard  de  la  Croizette,  at  Cannes. 


may  be  a  few  days  of  mistral;  then  commences  the  reign 
of  the  cast  wind,  a  mild  wind  which  lasts  till  February. 
December  and  January  ai-e  the  least  windy  months. 
West  winds  begin  again  in  February,  and  the  northwest 
(mistral)  may  blow  for  two  or  three  days.  In  March  the 
winds  are  often  violent,  and  bring  not  infrequently  tor- 
rents of  rain,  as  in  November.  In  April  the  winds  are 
very  variable." 

As  has  been  previou.sly  mentioned.  Cannes  offers  not 
only  opjjortunities  for  residence  dii-cctly  on  the  sea,  with 
a  purely  marine  climate,  but  also  situations  inland  said 
to  be  more  bracing  and  less  exciting,  on  the  Californie 
and  in  the  district  of  Cannet,  where  also  there  is  greater 
protection  from  the  winds.  The  climate  along  the  shore 
is  exciting  and  warm;  inland  it  is  more  bracing  and  less 
exciting. 

The  class  of  cases  which  are  suitable  for  the  climate  of 
Cannes  are,  first  of  all,  tuberculous  affections,  especially 
in  children.  Grebner*  writes  of  the  favorable  results 
obtained  here  with  children  affected  with  scrofula,  tu- 
berculosis of  the  hones,  joints,  and  glands,  rachitis,  and 
ana'niia.  The  Dolfus  Asylum,  a  German  institution  for 
poor  children  from  four  to  fourteen  years  of  age,  is  situ- 
ated here.  The  children  come  at  the  beginning  of  Octo- 
ber and  remain  until  the  middle  of  JIay.  They  spend 
the  entire  day  out  of  doors,  sleep  in  unheated  rooms  with 
open  windows,  and  bathe  in  the  sea  the  winter  through. 
The  advantage  of  this  location  over  other  marine  resorts 
upon  the  Atlantic  and  north  sea  coasts,  for  a  similar  class 

•  Jahrbuch  fur  Klnderbeilkunde,  N.  F.,  42, 1S96.  p.  284. 
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ever  cause.  "All  invalids,"  ssijs  Burney  Yeo,  "except 
those  who  suffer  f rcmi  scrofulous  or  lymphatic  conditions, 
are  advised  to  keep  away  from  the  .shore." 

Tills  climate,  like  any  other  mild,  sininy  one.  is  also 
favorable  for  the  feeble  from  age  or  other  causes.  As  to 
pulmonary  tuberculosis,  the  writer  does  not  believe  that 
Cannes,  or  the  Riviera  in  general,  is  a  favorable  climate 
for  its  cure.  Certain  stages  of  it,  more  particularly  the 
chronic  condition,  may  be  tem]iorarily  benefited  and  life 
prolonged,  but,  as  Lindsay  siiys,  "after  a  prolonged  and 
thorough  trial  of  the  Riviera,  but  few  authorities  report 
many  cases  of  cure."  Undoulitedly  sanatorium  treat- 
ment in  this  climate  would  show  better  results,  but  so 
many  other  more  favoi-able  localities  are  now  known  in 
Europe,  for  the  strict  curative  treatment  of  this  disease — 
such,  for  example,  as  Davos,  Arosa.  Leysin,  Les  Avants, 
and  others — that  it  seems  probable  that  the  Riviera  will 
not  in  the  future,  as  in  the  past,  remain  the  Mecca  for 
consumptives.  Jloreover.  the  profession  is  more  and 
more  becoming  convinced  that  it  is  better  to  establish 
sanatoria  for  consumptives  at  home,  in  the  country  and 
locality  where  the  patients  live;  for  almost  everywhere 
a  suitable  location  can  be  found  where  the  air  is  pure, 
where  there  is  an  absence  of  high  winds  antl  dust,  and 
where  a  reasonable  amount  of  sunshine  exists.  These 
are  the  climatic  conditions  which  are  really  essential  to  a 
cure,  although  with  them  must  be  imited  the  hygienic- 
dietetic  regime  which  experience  has  .shown  to  be  equally 
imjiortant  if  the  best  results  are  to  be  secured. 

Cannes — derlve(i  from  Cannae,  the  reeds  in  which  the 
fishermen's  huts  originally  stood — has  now  grown  to  be 
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*  city  of  23,000  inhabitants.  It  owes  its  prosperity  in  a 
great  measure  to  tlie  lirst  Lord  Brougliani,  who  took  up 
his  I'esidence  here  in  1H34.  It  is  especially  im]iular  with 
the  English,  who  frecjuent  it  in  great  numbei's.  Ten 
thousand  visitors  spend  the  season  here,  and  from  fifty 
to  sixty  thousand  pass  through  the  town.  It  is  almost 
unrivalled  in  the  beauty  of  its  situation  and  the  charm 
•of  its  surroundings,  and  has  been  called  the  "  Pearl  of  the 
Riviera."  There  are  iiummerable  excursions  by  sea  and 
land,  and  the  surrounding  eoimtr}^  is  exceedingly  beau- 
tiful. It  has  a  rieli  and  varied  vegetation  ;  here  iloui-ish 
the  eucalyptus,  olive,  vine,  orange-tvee,  and  the  myriad 
shrubs  and  floweis  of  a  luxuriant  southern  growth. 

The  accommodations  are  excellent,  but  are  said  to  be 
■expensive.  Most  of  the  liotels.  pensions,  and  villas  are 
surrounded  with  gardens.  "One  great  advantage  of 
Cannes,"  writes  Dean  Alford,  quoted  by  Burney  Yeo, 
"overother  Riviera  stations  is,  that  you  have  actual  forest 
scenery  within  tifty  vards  of  your  hotel.''  The  town  is 
.abundantly  supplied  with  good  drinking  water.  The 
sanitation  seems  to  be  well  looked  after,  and  the  system 
of  supervision  of  ajiartments  occupied  by  consumptives 
is  so  complete  and  thorough  that  it  will  be  instructive  to 
mention  it. 

When  a  physician  has  a  consumptive  patient  occupy- 
in,g  a  room  in  a  hotel  or  villa,  he  notifies  the  proprietor 
wlien  the  room  is  vacated.  Tlie  iiroprietor  takes  this 
notification  to  the  sanitary  authorities,  who  disinfect  the 
premises  and  return  the  original  card  of  notification  to 
the  physician  with  a  note  made  on  it  that  disinfection  has 
been  made,  and  the  pliysician  then  is  assured  that  the 
room  is  safe  for  occupancy  again.  In  addition,  there  is 
kept,  at  the  mayor's  office,  a  list  of  the  hotels  and  villas 
whose  ]iroprietors  have  agreed  to  conform  to  all  the  sug- 
gestions made  by  the  physicians  as  to  disinfection  and 
renovation.  \Vhene\er  a  physician  is  asked  to  recom- 
mend a  hotel  or  apartment,  he  has  this  list,  which  is 
public,  to  refer  to.  This  arrangement  works  for  the 
mutual  interests  of  the  pro]irietors  and  visitors. 

Cannes  has  become  so  pojiular  and  fashionable  that  for 
this  reason  it  is  objectionable  for  the  true  invalid;  lie  is 
tempted  to  over-exert  himself  in  the  social  life  and  gayety 
■of  the  place.  Edirard  0.  Otis. 

CANTHARIDATE  OF  POTASSIUM.— The  application 

of  the  cantharidins  to  the  freatnicnt  of  tuberculosis  was 
introduced  at  a  meeting  of  the  Berlin  Medical  Societv  on 
Feliruary  2.5th,  1891,  by  Dr.  Oscar  Liebreich.  Tlie  value 
of  this  drug  as  a  remedy  rested  on  its  well-known  prop- 
erty of  promoting  exudation  of  serum  from  the  capil- 
laries; an  effect  not  only  directed  to  the  vessels  of  the 
surface  of  tlie  body,  but  also  produced  in  various  organs, 
as  the  kidneys,  sexual  organs,  and  lungs,  particularly 
when  the  drug  is  administered  internally.  This  is  the 
special  action  of  the  drug  on  the  healthy  tissues,  and  Lie- 
breich assumed  that  an  irritated  condition  of  any  set  of 
capillaries  would  favor  this  process  of  exudation,  or,  in 
other  words,  that  a  dose  too  small  to  produce  any  effect 
on  healthy  capillaries  wotild  cause  an  exudation  from 
those  inflamed.  This  would  relieve  the  congested  cells 
and  restore  the  tissues  to  a  more  healthy  state;  and, 
further,  b(/  claimed,  as  it  had  been  shown  that  serum  pos- 
sessed decided  germitidal  properties,  it  should  prove  an- 
tagonistic to  the  growth  of  tubercle  and  assist  in  the  effort 
at  repair. 

A  number  of  cases  treated  by  Liebreich's  method  were 
shown  by  himself  and  some  of  bis  colleagues;  cases  of 
larj'ngcal  phthisis,  lupus,  and  pulmonary  phthisis  were 
all  said  to  be  benefited.  When  the  diseased  parts  could 
be  observed,  the  action  of  the  drug  was  found  to  be  such 
as  had  been  described  by  Dr.  Liebreich,  the  ulcerated  sur- 
face being  more  healthy  and  sliowiug  signs  of  repair. 
When  the  lungs  were  affected  the  expectoration  became 
free  and  profuse,  the  oedema  decreased,  and  the  local  con- 
dition improved;  the  fever  also  diminished,  and  other 
constitutif)nal  disturbances  lessened.  Liebreich  stated 
,  that  no  reaction  followed  its  use.  but  other  observers  re- 
ported a  slight  rise  of  temperature,  headache,  disturbed 


digestion,  diarrhoea,  etc.  If  the  dose  be  too  ^reat  it  pro- 
duces the  characteristic  sj-mptoms  of  cautharides  poison- 
ing— pains  in  the  loins,  albuminuria,  strangury,  and 
haeinaturia. 

Pure  cantharidin  being  insoluble  in  water,  the  canthar- 
idate  of  potassium  and  the  cantharidate  of  sodium  were 
selected  as  the  salts  most  suitable  for  u.sing  the  drug 
hypodermically.  As  the  amount  of  cantharidin  in  these 
salts  varies  greatly,  Liebreich  advised  tlie  use  of  a  cer- 
tain solution  which  he  had  found  by  experiment  to  be 
most  suitable.  It  is  prepared  as  follows:  cantharidin, 
.2gm. ;  potassic  h_vdrate.  .4gm.,  most  carefully  weighed 
and  heated  over  a  water  bath  in  a  1,000  c.c.  flask,  with 
about  20  c.c.  of  water,  until  a  clear  solution  results;  then 
add  water  gradually,  while  still  heating,  to  the  full 
quantity. 

Of  this  solution  tt],  viij.  to  xvi.  are  administered  hypo- 
derniicall.v.  Its  use  should  not  be  continued  for  an}' 
length  of  time;  at  least  every  third  day  should  be  al- 
lowed to  intervene  without  the  drug  being  administered. 

The  effect  on  the  kidney's  must  be  carefully  watched, 
and  the  dose  lessened,  or  its  administration  stoppeii, 
should  any  symptoms  of  strangury  occur.  In  kiciney 
disease  its  use  is,  of  course,  contraindicated.  To  over- 
come the  painful  local  irritation  that  frequently  follows 
at  the  site  of  injection,  it  has  been  recommended  to  pre- 
pare a  solution  containing  cocaine,  which  prevents  the 
pain.  Two  parts  of  the  hydrochlorate  of  cocaine  are 
added  to  one  of  cantharidin  and  two  of  caustic  soda;  this 
is  formed  into  a  solution,  and  gr.  ^^  to  jl-^  is  used  as  a 
dose.  The  addition  of  cocaine  is  also  thought  to  lessen 
its  tendency  to  irritate  the  bladder  or  kidneys. 

This  treatment  was  extensively  apiilied  to  all  forms  of 
tuberculous  di.sease,  but  it  did  not  prove  of  sufficient  value 
to  warrant  its  continued  use.  and  it  is  now  rarely  resorted 
to.  It  undoulitedly  produces  the  action  described  b_v 
Liebreich,  causing  a  freer  exudation  of  serum,  etc.,  but 
this  does  not  lead  to  any  improvement  in  the  symptcmis 
or  tend  to  any  permanent  benefit.  Post-mortem  exami- 
nations of  patients  who  have  been  subjected  to  this  treat- 
ment fail  to  furnish  any  evidence  of  repair  or  beneficial 
effect  on  the  disease.  Beaumont  Small. 

CANTHARIS.— -S/w/iwA  Fly.  This  rather  inaccurate 
name  is  given  to  Ginthaiin  tem'riitoria  De  Geer  (Lytta 
veaicaloria),  order  Guleoptera,  a  brilliant  green  beetle,  with 
a  long,  cylindrical  body,  a  disagreeable  odor,  and  powcr- 
full}'  irritant  properties.  It  is  about  an  inch  in  length, 
and  from  one-fifth  to  a  fourth  of  an  inch  in  breadth.  It 
has  a  good-sized,  ovoid,  heart-shaped  head,  filiform,  black 
antenna;  of  eleven  joints,  a  distinct,  rounded  thorax,  and 
long,  straight  wing  covers.  The  legs  are  provided  with 
five  tarsal  joints,  ex- 
cepting the  two  pos- 
terior ones,  which 
have  only  four.  The 
wings  are  large, 
brown,  translucent. 
The  odor,  even  when 
the  insect  has  been 
dried  for  a  long  time, 
is  strong  and  charac- 
teristic. The  perfect 
beetle  appears  in 
great  numbers  in  its 
native  countries, 
about  the  middle  of 
summer,  upon  pop- 
lars, ashes,  lilacs,  pri- 
vets, and  even  upon 
roses  and  several 
other  domestic 
shrubs,  whose  leaves 
it  devours.  The  acrid  effluvium  emitted  from  it  can  be 
smelled  at  a  considerable  distance,  and  when  the  insects 
are  abundant,  it  is  said  to  be  dangerous  to  persons  sit- 
ting under  the  trees  where  they  are. 

This  beetle  is  a  native  of  Southern  and  Middle  Europe, 


Fig.  1113.— Blistering  Beetle.  Natural  Size: 
o.  Eggs,  somewhat  enlarged;  ?».  a  sin- 
gle egg,  greatly  enlarged.  CMoquin- 
Tandon.) 
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Western  Asia,  etc.  It  is  abundant  in  Spain,  France,  Ger- 
many, Italy,  etc.,  and  in  tliese  countries  is  collected  for 
use. "  During  the  middle  of  warm  days  it  is  very  active 
and  alert,  but  in  the  night  and  early  morning,  benumbed 
by  cold  and  wet,  it  is  very  heavy  and  clumsy.  Advan- 
tage is  taken  of  this  time  for  collecting  the  beetles,  when 
they  can  be  beaten  or  shaken  from  the  shrubs  where  they 
liang  and  caught  in  sheets  or  bags  held  under  the  boughs. 
They  are  then  killed  by  boiling  water,  steam,  vinegar, 
ether,  or  some  such  treatment,  and  carefully  dried  by 
moderate  heat. 

The  drug,  as  usually  found  in  the  market,  consists  of 
these  bodies  whole,  excepting  what  the  friction  of  the 
transportation  has  done  in  the  way  of  rubbing  off  the 
antennfe  and  legs.  Groimd,  it  gives  a  disagreeable- 
smelling,  grayish  powder,  sprinkled  with  bright  metallic 
green  specks— the  fragments  of  wing  cases  and  body. 
Taste,  resinous  and  acrid. 

Blistering  beetles  were  known  to  the  ancients,  and  have 
been  used  for  centuries  in  many  different  countries,  but 
they  have  not  been  generally  of  this  particular  species, 
whose  emploj'ment  is  comparatively  modem.  This, 
however,  from  its  abundance,  and  the  ease  with  which  It 
can  be  collected,  has  generall)'  supplanted  the  others,  at 
least  in  English  and  American  commerce. 

Co.\rposiTioN. — A  great  varie'ey  of  ordinary  animal 
products,  nitrogenous  tissues,  fat,  oil,  watery  extract, 
etc.,  and  about  one-fourth  to  one-half  per  cent,  of  a  well- 
defined,  crystalline,  active  principle  named  cantharidin. 
This  energetic  poison  crystallizes  in  tables  or  flakes,  is 
white,  colorless,  and  odorless,  and  at  first  has  but  little 
taste.  It  dissolves  in  2.5  parts  of  water,  and  in  upward 
of  3,000  of  alcohol;  in  ether  and  chloroform  it  is  almost 
insoluble.  Cantharidin  is  about  thirty  times  as  active  as 
cantharides. 

Action  and  Uses. — Cantharides  is  an  intense  irritant, 
whether  applied  internally  or  externally  ;  taken  into  the 
stomach,  it  causes  heat  and  burning  of  the  fauces  on  Its 
way  down,  then  vomiting,  often  of  bloody  mucus,  intense 
pain  and  burning  of  the  stomach  and  bowels,  diarrhoea, 
fibrinous  and  bloody  stools,  and  finally  urinary  distress, 
strangury,  bloody  urine,  and  other  evidences  of  renal  and 
vesical  irritation.  The  genitals  are  also  excited — pria- 
pism in  the  male,  swelling  of  the  vulva,  etc.,  in  the 
female ;  uteiine  tenesmus  or  abortion  may  follow.  Erotic 
sentiments  may  be,  but  are  not  necessarily,  aroused.  A 
small,  quick  pulse,  rapid  breathing,  a  hot,  dry  skin, 
headache,  delirium,  coma,  and  death  may  follow  its  in- 
troduction. Two  grams  (gr.  xxx.)  of  powdered  canthar- 
ides, or  5  cgm.  (gr.  J)  of  cantharidin,  would  be  a  danger- 
ous dose.  A  pplied  exteruallj',  cantharides  produces,  after 
a  few  minutes,  redness  and  slight  burning  of  the  skin, 
followed,  in  from  one-half  to  five  or  six  houre.  by  small 
blisters  just  beneath  the  cuticle,  which  rapidly  separate 
it  from  the  skin  and  soon  coalesce  into  one  large  bleb 
over  the  whole  surface  covered  by  the  blister.  A  small 
amoimt  of  cantharidin  is  absorbed  through  the  skin,  as 
strangury,  ha;maturia,  etc.,  are  rather  apt  to  follow  very 
extensive  blistering.  This  medicine,  like  most  active 
substances,  has  been  given  in  a  great  variety  of  conditions 
— vesical  catarrh,  gonorrha'a,  dysuria,  and  incontinence 
of  urine — and  as  a  general  nervous  stimulant.  For  none 
of  these  things  is  it  now  in  vogue.  Externally  applied, 
it  is  the  safest,  surest,  and  in  all  ways  the  best  vesicant 
known;  easy,  comparatively  painless,  and  superficial; 
never  leaving  a  scar.  Large  and  repeated  blisters  were 
formerly  used,  with  a  view  of  "drawing  off  "  serous  effu- 
sions from  the  pleura,  peritoneum,  the  joints,  etc. ;  but 
as  derivative  effects  are  not  accomplished  in  so  simple 
and  direct  a  way,  these  blisters  are  now  principally  used 
as  a  means  of  producing  simple  counter-irritation. 

Administration. — If  it  is  desired  to  give  eanthandes 
internally,  the  Tincture  (Tinetura  (kintharidis,  U.  S.  P., 
strength  5  per  cent. )  is  a  suitable  form,  but  the  numer- 
ous cerates  and  liniments  which  follow  show  how  almost 
exclusively  it  is  employed  exteruallj':  Ceratum  Canthar- 
idis,  U.  S.  P. ,  strength  32  per  cent. ;  and  the  Collodium 
Cantharidatum,  U.  S.  P.  (Blistering  Collodion),  contain- 


ing 60  per  cent. ,  are  used  for  blistering.  The  liniment, 
of  1.5-per-cent.  strength,  formerly  official,  has  been  dis- 
carded. For  the  last  dozen  years  or  more  the  cantharidal 
cerates  of  the  Pharmacopoeia  have  been  almost  super- 
seded by  a  cantharidal  plaster,  prepared  upon  a  large 
scale  by  manufacturing  pharmacists,  with  a  rubber  basis 
instead  of  the  simple  fatty  one  of  those.  It  is  scarcely  as 
uniform  or  quick  in  its  action  as  the  others,  but  on  ac- 
count of  its  convenience,  its  durability,  and  ease  of  han- 
dling, it  is  likely  to  continue  in  use.  The  tincture  of  can- 
tharides, considerably  diluted,  is  a  frequent  ingredient 
of  "  hair  renewers  "  and  other  cosmetics. 

Allied  Animals. — The  tribe  Canllutrldm  contains  nu- 
merous poisonous  beetles,  whose  acrid  secretions  have 
been  put  to  use  as  vesicants.  Some  of  these  are  even 
more  irritant  than  cantharis  itself.  C.  Vittata,  our 
potato  beetle,  and  other  species  of  Cantharis,  Meloe,  the 
oil  beetles,  several  species  of  Mylabris  ("M.  Chiccorii," 
the  "  Chinese  blistering  fly  ")  are  examples. 

W.  P.  Bolles. 

CAOUTCHOUC,     ^ee  Rubber. 

CAPE  MAY. — The  first  point  on  the  New  Jersey  coast 
to  which  jieople  went  to  enjoj'  the  ocean  was  Cape  May. 
As  early  as  the  opening  of  the  last  century  there  were 
stage  lines  and  sailing  vessels  which  made  a  business  of 
taking  visitors  to  this  resort.  For  many  years  Cape  May 
maintained  its  prestige,  and  although  at  present  other 
places  have  outstripped  it  in  the  number  of  visitors  and 
display  of  fashion,  there  is  no  other  place  on  the  New 
Jersey  coast  that  possesses  so  nearly  an  insular  climate. 

Cape  May  occupies  the  extremity  of  the  peninsula. 
The  ocean  lies  to  the  east  and  south,  while  the  broad 
Delaware  Bay  stretches  to  the  west  and  northwest. 
Thus  nearly  every  breeze  is  from  the  water,  and  at  the 
"  Point "  a  land  breeze  is  a  rarit_v.  Cape  May  City  is 
built  on  an  island  three  miles  east  of  the  point  and  faces 
the  southeast.  The  underlying  soil  is  gravel  with  sand 
under  the  gravel  beds,  and  the  surface  wells  upon  which 
the  city  depends  have  an  excellent  supply  of  pure  water. 
The  sewerage  is  by  means  of  terra-cotta  pipe  eight  to 
fourteen  inches  in  diameter ;  the  discharge  is  by  gentle 
but  sufticient  grades  through  outlets  to  tidal  creeks. 
Water  supply  and  sewerage  are  difficult  problems  at  the 
seaside,  and  particularly  on  the  low  and  narrow  outlying 
strips  of  land  on  which  many  resorts  are  situated.  The 
position  of  Cape  May,  at  a  latitude  below  39°  and  nearly 
surrounded  by  water,  gives  it  an  equable  climate  and  one 
of  considerable  humidity.  The  relative  humidity  ranges 
from  70  per  cent,  in  November  to  80  per  cent,  in  July. 
The  average  for  the  year  is  76.4  per  cent,;  it  is  thus 
higher  than  that  of  Philadelphia  (74  per  cent,  at  8  a.m. 
and  67.8  per  cent,  at  8  p.m.),  but  lower  than  that  of  At- 
lantic City  (94  per  cent,  at  8  a.m.  and  81  per  cent,  at  8 
P.M.).  The  mean  annual  temperature  is  .54.4°  F.,  or  2..5° 
higher  than  that  of  Atlantic  City.  While  temperatures 
as  high  as  88°  F.  may  occur  in  summer,  the  air  is  quickly 
cooled  as  a  late  afternoon  breeze  from  the  ocean  sweeps 
landward.  The  nights  are  usually  cool  and  afford  a  grate- 
ful relief  from  the  accumulated  heat  of  the  cities,  where 
brick  dwellings  radiate  heat  long  after  the  sun  has  set. 

Comparing  Cape  May  with  Atlantic  City  it  is  found 
that  there  were  in  1898  twenty -two  more  clear  days  at 
Cape  Ma_y,  but  about  two  inches  more  rainfall,  the  excess 
occurring  in  the  summer.  The  average  mean  annual 
rainfall,  however,  at  Cape  May  is  33.12  inches  against  43. 
81  at  Atlantic  City.  The  mean  daily  range  of  temjierature 
is  8°  P.  at  Cape  Slay  and  12°  at  Atlantic  City.  While  the 
maximum  at  Cape  May  was  88°,  at  Atlantic  City  it  was 
94°,  the  minima  being  1.5°  and  7°  respectively.  The  cli- 
mate is  more  strictly  a  marine  climate. 

Cape  May  is  well  provided  with  hotels  and  cottages. 
It  is  freer  from  the  objectionable  crowds  that  throng 
other  resorts,  and  the  general  tenor  of  Cape  May  is  above 
that  of  most  places  on  the  New  Jersey  coast.  It  is  com- 
fortably reached  in  from  one  and  three-quarters  to  two 
hours  from  Philadelphia. 
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Climate  of  Cape  Mat,  N.  J.,  Latitude.  38""  56' ;  Longitude,  74°  58'. 

PERIOD  OF  OBSERTATION,  TWELVE  AXD  ONE-HALF  YEARS. 


Temperature  (Fahrenheit  scale)  — 

Average  or  normal 

Average  daily  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  relative 

Precipitation — 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  number  of  clear  and  fair 

days 

Average  number  of  cloudy  days. . 


34.2' 
11. » 
41.2 
29.4 
58 
1 

78.2* 

4.22 

N.W. 

14.3 

20 


40.1= 
12.6 
47.7 
35.1 
65 
9 

74.9« 

5.14 

N.W. 

16.4 

19.2 


73.6" 
10.7 


91 
56 

79.7!« 

3.30 

S. 
10 

23.7 


67.9= 

10.7 

75.3 

64.6 

87 

42 

76.8!« 

4.46 

E. 

11.7 


21.4 


53.5° 


76.7* 
47.67 


N.W. 
13.4 


248.7 
117 


Cape  May  beacli  is  unexcelled  on  the  coast ;  it  is  broad 
and  hard,  and  its  descent  below  the  water  line  is  very 
gradual.  The  beach  is.  as  a  rule,  a  safe  one  for  bathing, 
and  at  the  bathing  hour  in  midsummer  presents  a  most 
animated  and  beautiful  sight.  There  are  times  when 
continued  easterly  or  northeasterly  winds  roll  up  heavy 
seas,  and  it  requires  a  certain  degree  of  vigor  to  venture 
into  the  surf.  Only  the  most  robust  can  enjoy  the 
breakers  at  such  times.  It  should  be  borne  in  mind  that 
far  more  accidents  happen  to  bathers  of  experience  and 
over-confidence  than  to  those  who  indulge  moderately. 
After  storms  tlie  gradual  declivity  of  tlie  shore  may  un- 
dergo some  alteration,  and  batliers  during  a  flood  tide 
sometimes  find  to  their  consternation  that  betweeii  them 
and  the  shore  there  is  a  gully  of  deeper  water  than  they 
are  prepared  to  encounter.  This  is  an  occasional  source 
of  trouble,  and  even  experienced  batlicrs  should  never  be 
out  of  reach  of  the  bathing  master  and  his  boat. 

The  chief  advantages  of  Cape  May  as  a  resort  are  for 
those  who  have  insomnia,  neurasthenia,  or  who  are  con- 
valescing from  acute  respiratory  affections.  Children  al- 
ways do'well,  and  it  is  a  good  place  for  those  in  advanced 
life  who  wi.sh  the  sedative  effect  of  the  sea  air.  It  cannot 
be  recommended  for  tuberculous  affections  of  the  lungs, 
but  the  climate  is  not  necessarily  a  disadvantage  in  chronic 
tuberculous  disease  of  the  bones.  Ouy  Hinsdale. 

CAPON  SPRINGS.— Hampshire  County,  W.  Va. 

Post-Offke. — Capon  Springs.     Hotels  and  cottages. 

Access. — Via  Baltimore  and  Ohio  Railroad  to  Capon 
Springs  Station,  thence  a  drive  of  15  miles  over  mountain 
roads  to  springs. 

This  well-know-n  resort  is  situated  4  miles  from  the 
base  of  the  Great  North  Mountain,  at  an  elevation  of 
1,800  feet  above  tidewater.  The  scenery  here  is  varied 
and  pleasing,  and  the  climatic  conditions  during  the  sea- 
son, from  May  15th  to  about  the  end  of  October,  are  all 
that  could  be  desired.  The  average  summer  temperature 
is  about  65'  F.,  the  mercury  seldom  ranging  above  75°  F. 
The  main  hotel  is  a  large  building,  five  stories  in  height 
and  well  supplied  wath  modern  appliances  and  accessories 
for  the  safety  and  comfort  of  the  guests.  There  are  two 
smaller  hotels  and  a  number  of  cottages.  The  main 
spring  discharges  about  13,000  gallons  of  water  per  hour, 
at  a  temperature  of  66'  F.  An  analysis  by  Prof.  J.  W. 
Mallet  shows  the  following  results: 


^ 


Grains. 


One  United  States  Gallon  Contains  : 

SoUds. 
Calcium  carbonate  . 


Grains. 

0.59 

Magnesium  carbonate 1-44 

Iron  carbonate 04 

Manganese  carbonate Trace. 

Calcium  carbonate 8.^3 

Lithium  carbonate Trace. 

Sodium  chloride .06 

Potassium  sulphate 16 


Solids. 

Calcium  sulphate 59 

Stroiitiuiii  sulphate Trace. 

Calcium  phosphate Trace. 

Calcium  lluorWe Trace. 

Alumina 02 

Silica 72 

Nitrates Trace. 

Organic  matter 20 

Total .^ 12.14 

Gases.  Cu.  In. 

Carbonic  acid 8.56 

Oxygen 1.76 

Nitrogen 3.68 

Total 14.00 

A  second  spring,  known  as  the  Beauty  Spring,  has  a 
similar  composition. 

The  waters  have  been  found  of  service  in  the  treatment 
of  gastric  catarrh,  the  acid  forms  of  dyspepsia,  uric  acid 
gravel,  and  catarrh  of  the  bladder.  A  large  and  taste- 
fully arranged  bathing  establishment  is  maintained  at  the 
resort.  A  swimming  pool  98x48  feet  is  supplied  by  the 
main  spring.  Plunge,  shower,  douche,  and  warm  baths 
may  be  had  at  the  option  of  the  visitor.  The  water  is 
used  commercially,  and  has  the  indorsement  of  many 
well-known  Philadelphia  medical  men. 

James  K.  Crook. 

CAPSICDIVI. — Cayenne  Pepper.  African  Pepper.  Bed 
Pepper.  "  The  fruit  of  Capsicum  fastigiatum  Blume  (fam. 
SDlanacMV  (U.  S.  P.). 

The  species  of  the  genus  Capsicum  are  variously  esti- 
mated b)'  different  botanists  at  from  two  to  ninety.  So 
extensively  have  they  varied,  and  the  varieties  hybridized, 
that  hundreds  of  forms  are  now  recognized.  The  genus 
is  probabl)-  wholly  native  to  tropical  America,  but  has 
become  everywhere  cultivated  and  naturalized  in  warm 
countries.  The  plants  bear  cultivation,  as  annuals,  in  tem- 
perate regions  also,  and  constitute  one  of  the  imixirtant 
food  plants  of  the  world.  Owing  to  its  intensely  hot 
taste,  the  fruit  is  to  be  regarded  as  a  condiment  rather 
than  as  a  nutrient  food.  This  is  true  even  iu  the  tropics, 
where  the  amount  consumed  at  a  meal  is  often  consider- 
able, and  a  matter  of  great  astonishment  to  strangers. 
Cultivation  has  now  developed  varieties  known  as  "  Sweet 
Peppers,"  which  are  wanting  in  acridity  and  pungency, 
and  which  can  be  eaten  like  tomatoes  and  other  vegeta- 
bles. These  products  are  as  yet  rather  new,  and  their 
practical  nutritive  value  is  not  yet  determined. 

The  fruits  of  the  many  species  and  innumerable  culti- 
vated varieties  vary  in  size  from  that  of  a  large  pea  to 
the  two  fists,  in  form  from  spherical,  or  much  broader, 
to  long  tapering,  and  in  color  from  yellow  through  sear- 
let  to  purple.  They  are  eaten  both  fresh  and  dried,  and 
if  carefully  dried  tlo  not  lose  any  of  their  pungency. 
The  official  fruit  is,  however,  of  very  uniform  appearance, 
and  is  thus  described :  oblong-conical,  from  10  to  20  mm. 
(I  to  f  in.)  long,  supported  by  a  flatrish,  cup-shaped,  five- 
toothed  calyx,  with  a  red,  shining  membranous  and  trans- 
lucent pericarp,  enclosing  two  cells,  and  containing  flat, 
reniform,  yellowish  seeds,  attached  to  a  thick  central 
placenta. 

Even  the  medicinal  article  is  considerably  subject  to 
substitution  by  other  varieties.  All  these  are  readily 
recognized  by  their  form  and  size,  except  when  ground, 
when  such  recognition  becomes  a  matter  of  extreme  dilfl- 
culty,  the  color  of  the  powder,  which  is  of  a  deep  orange 
red  "in  the  C.  annuvra,  lighter  in  the  genuine,  and  the 
smaller  size  of  the  cells  of  the  latter,  rendering  the  only 
assistance.  The  powder,  especially  of  the  commercial 
article  sold  for  table  use.  is  also  greatly  subject  to  adulte- 
ration with  other  substances,  particularly  colored  sawdust 
and  cornmeal.  Large  quantities  of  the  latter  substance, 
finely  ground  and  suitably  colored,  are  sold  for  this  pur- 
pose. The  entire  absence"  of  tannin  and  starch  from  gen- 
uine capsicum  is  an  important  characteristic  in  this  con- 
nection, and  the  ash  should  not  exceed  five  or  six  per  cent. 
CoirposiTioN. — Besides  the  active  constituent,  capsai- 
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cin,  capsicum  contains  some  fat,  wax,  resin,  minute 
amounts  of  volatile  oil  and  alkaloid,  and  a  large  amount 
of  coloring  matter. 

Capsaicin  (CtHnOj)  dissolves  in  alcohol  and  fixed  oils, 
as  well  as  in  ether.  It  is  so  excessively  acrid  as  to  be  a 
most  dangerous  substance  to  handle.  It  can  be  obtained 
in  the  form  of  colorless  crystals.  It  should  exist  in  capsi- 
cum in  the  proportion  of  about  one -fiftieth  of  one  per 
cent.,  and  its  estimation  is  the  only  sure  means  of  ascer- 
taining the  quality  of  the  grotuid  drug. 

"Capsicin  "  is  liierely  a  soft  extract,  consisting  chiefly 
of  resin  and  fixed  oil,  and  of  very  indefinite  strength. 

Action  and  Uses. — Externally,  capsicum  is  a  power- 
ful coimter-irritant,  capable  of  blistering  if  suitably  ap- 
plied. Internally,  its  recognized  effects  are  due  entirely 
to  its  direct  and  reflex  stimulating  action.     This  action 


Fig.  1114.— Capsicum  Fastifriatum  Blume. 

is  seen  directly  in  increased  movement  and  secretion 
throughout  the  alimentary  tract,  and  in  increased  renal 
secretion,  and  reflexly  in  increased  S]iinal  and  cerebral 
activity.  Its  aphrodisiac  action  is  both  local  and  spinal. 
Advantage  is  taken  of  these  properties  for  the  produc- 
tion of  ordinary  carminative  and  laxative  effects,  but 
more  especially  for  its  use  as  a  stoniachie.  IMild  cases  of 
dyspepsia  and  habitual  indigestion  can  be  greatlj'  bene- 
fited by  its  moderate  use,  its  eliminative  tendency  aiding 
the  stomachic  effect.  In  extreme  cases  of  habitual  indi- 
gestion, especially  that  of  alcoholism,  it  is  frequently  the 
only  available  agent.  Its  mental  effects  in  such  cases  are 
often  quite  as  notable  as  its  stomachic.  Its  use  is  of  as- 
sistance in  overcoming  narcotic  liabits.  It  lias  been  sug- 
gested that  the  alkaloid  of  the  drug  may  be  partly  re- 
sponsible for  the  cerebral  effects.  As  a  diuretic,  it  is  not 
ordinarily  to  be  recommended,  as  Its  irritating  effects  are 
apt  to  be  too  pronounced.  Throughout  the  tropics  it  is 
confidently  recommended  both  as  a  prophylactic  and  as 
a  curative  agent  against  malaria,  and  it  is  frequently  so 
prescribed  in  temperate  regions  also.  The  statement  is 
generally  made  that  red  and  black  pepper  have  equiva- 


lent actions,  but  the  statement  is  not  warranted.  The 
irritant  effect  of  black  pepper  upon  the  mucous  mem- 
brane of  the  stomach  is  much  greater  in  proportion  to  its 
stomachic  effects  proper  than  is  the  case  with  red  pepper, 
while  the  irritation  of  the  urethra  is  greater  with  the 
latter.  The  infusion  is  very  serviceable  as  a  gargle  in 
asthenic  cases  of  sore  throat. 

The  dose  of  capsicum  is  .05  to  .o  gm.  (gr.  i.  to  v.  or 
posslblj'  gr.  X.).  Thefive-per-cent.  tincture  is  most  com- 
monly employed,  in  doses  of  .3  to  .4  c.c.  (m  v.  to  Ix.). 
The  oleoresin  is  given  in  doses  of  iil  i  to  i.,  and  the  fluid 
extract,  ill  i.  to  x.  There  is  a  plaster  which  contains 
about  .25  gm.  (gr.  iv.)  of  the  oleoresin  of  capsicum 
spread  evenly  upon  a  surface  10  cm.  (4  in.)  square. 

The  stronger  preparations  of  capsicum  are  to  be  re- 
garded as  ordinary  irritant  poisons. 

Henry  H.  Rushy. 

CAPTOL  is  a  condensation  product  of  tannic  acid  and 

chloral.     It  is  a  dark-brown  powder,   soluble  in  warm 

water  and  in  alcohol,  and  claimed  to  be  free  from  any  of 

the  disagreeable  effects  of  its  components.     It 

is  used  in  the  form  of  the  compound  spirit  as  a 

hair  wash  and  stimulant  to  the  scalp  in  cases 

nf  exces.sive  dandruff.     The   fomiula   for  the 

compound  spirit  of  captol  is:  Captol,  2;  chloral 

hydrate.  ^;  tartaric  acid,  2;  castor  oil, 

1 ;  alcohol,  65  per  cent.,  to  make  1,000. 

IF.  A.  Bastedo. 

CARABANA  MINERAL   SPRING.— 

Province  of  Madrid,  Spain. 
Post-Office. — Carabana. 
Access. — From    Madrid    by  rail,   a 
twenty-minute  ride. 

This  celebrated  spring  has  been  in 
active  use  since  1S85.     The  location  is 
in  a  country  broken  by  sandy  hills  of 
slight  elevation.     It  is  not  widely  used 
as  a  resort,  although  a  thermal  estab- 
lishment   for    bathing    is    maintained 
throughout  the  year.    The  location  is  best 
visited  fluring  the  cooler  months  of  the 
year.     The  water  of  the  Carabana  S]iring 
has  become  widely  known  for  its  valuable 
detergent  effects.     It  has  been  extensively 
imported    into    the    United    States   since 
1894.    The  spring  yields  about  twenty-five  hundred 
quarts  per  day.     The  water  is  perfectly  transpar- 
ent, has  an  alkaline  reaction,  and  a  specific  weight 
of  1,079  gm.  per  litre.     Careful  bacteriological  ex- 
aminations, both  at  the  Madrid  Academy  of  Jledi- 
cine  and  at  laboratories  in  Paris,  show  it  to  be  free 
from  microbic   contamination.     As  an  additional 
safeguard,  however,  the  water   is  filtered   by  the 
Pasteur  method  before  it  is  ])ut  u|)  in  bottles.     Ac- 
cording to  an  analysis  made  under  the  direction  of  the 
Paris  Academy  of  Medicine,  the  Carabana  water  is  com- 
posed as  follows; 

One  United  States  Gallon  Contains:* 

Solids.  Grains. 

Sodium  sulpliate 7,(I12.»9 

MaiTuesinni  sulphate 214.10 

SncliuMi  chli .ri.li- 112.08 

Mas.'rll•^iuIll  rlil.iride 33.41 

Cak-uirn  chloride 13.76 

Sodium  phosphate 1.47 

Alumina .03 

Total 7,387.74 

*  Converted  from  grams  per  litre. 

These  findings  represent  the  anhydrous  state  of  the 
components.  With  the  water  of  crystallization  the 
weight  of  the  .solid  elements  would  be  rather  more  than 
twice  that  here  expressed.  The  analysis  shows  a  very 
powerful  mineral  water.  It  may  be  properly  classed  as 
a  sodic  and  magncsic  sulphated  saline.     The  large  pro- 
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portion  of  sulphate  of  sodium  combined  with  the  sul- 
phate of  magnesium  gives  the  water  potent  properties  as 
a  saline  cathartic.  Given  in  doses  of  a  claret  glassful 
before  breakfast  it  secures  a  prompt  evacuation  of  the 
bowels.  As  a  la.xative  it  ma_y  be  given  in  somewhat 
smaller  dosage,  and  repeated  if  necessary.  The  water 
has  found  its  best  application  in  the  various  intestinal, 
hepatic,  and  gastric  disturbances  in  which  constipation 
is  a  cause  or  a  symptom.  James  K.  Crook. 

CARAMECUARO. — Huaniqueo,  3Iichoacan,  Mexico.  A 
bathing  establishment  has  been  constructed  at  this  spring. 
The  water  is  liot,  and  it  is  recommended  for  the  treat- 
ment of  paludal  fevers.  No  analysis  of  the  water  has 
as  yet  been  made.  A'.  J.  Ponce  de  Lion. 

CARAMEL. — A  black,  semi-liquid  substance,  brown 
when  diluted,  into  which  sugar  is  converted  by  depriving 
it  of  two  molecules  of  water,  through  the  application  of 
a  temperature  of  400  to  -t'20'  F.  It  is  not  medicinallj' 
active,  and  is  used  as  a  coloring  agent,  cbieflj'  for  liquids, 
and  especially  for  brandy  and  wiiiskej',  also  ftir  leather. 

Henry  H.  Busby. 

CARAWAY. — Cariim.  The  fruit  of  Cartnn  CarH  L. 
(fam.  Umbelliferw).  The  spelling  of  the  specific  name 
"  Carvi "  is  a  relic  of  the  use  of  but  one  character  for  both 
our  11  and  v.  The  sound  is.  therefore,  that  of  u,  from 
which  comes  the  pronunciation  carairay. 
This  is  a  biennial  herb,  with  a  long, 
brown,  tapering,  edible  root,  a  slender, 
erect,  branching,  hollow  stem,  bi-  or 
tri-pinnate  leaves,  with  narrow  linear  seg- 
ments, and  small,  compound  umbels  of 
white  flowers.  It  is  a  native  of  North- 
irn  and  Central  Europe  and  Asia,  and  is 
cultivated  and  naturalized  in  nearly  all 
temperate  countries.  The  dried  fruits, 
usually  separated  into  their  respective 
mericarps,  are  from  3  to  5  mm.  long 
(Jr  in.),  slender,  slightly  curved,  tapering 
at  each  end,  and  marked  with  five  fine 
yellow  ribs,  alternating  with  dark  brown 
intervening  spaces.  There  is  one  large 
oil  tube  between  every  two  adjoining 
external  ribs,  and  two  between  every  two  adjoining  ven- 
tral ones,  six  in  all.  The  characteristic  odor  and  taste 
are  familiar  to  nearly  every  one.  The  active  constituent 
is  carvol,  which  con.stitutes  a  large  part  of  its  four  to 
seven  per  cent,  of  volatile  oil,  and  which  can  advan- 
tageously be  substituted  for  the  latter.  There  is  also 
some  fixed  oil,  resin,  gum,  sugar,  and  tannin.  The  stim- 
ulant and  carminative  properties  are  those  of  the  family. 
The  odor  and  taste  are  characteristic,  and  make  of  it  and 
its  oil  a  favorite  flavoring.  It  is  mostly  used  as  an  in- 
gredient of  bread  and  cakes.  The  medicinal  dose  is  .0 
to  2  gm.  (gr.  viij.  to  xxx.).  It  enters  into  the  Compound 
Tincture  of  Cardamomum,  the  only  official  preparation. 
The  so-called  "Black  Caraway,"  also  largely  used  by 
German  bakers,  is  not  at  all  related,  being  the  seed  of 
Kigella. 

Oil  of  Caraway  (Oleum  Carri).—X  volatile  oil  existing 
in  caraway  to  the  extent  of  from  four  to  seven  per  cent. 
It  has  the  characteristic  odor,  taste,  and  properties  of 
caraway.  Its  specific  gravity  is  .910  to  .930  at  15°  C. 
It  is  soluble  in  an  equal  volume  of  alcohol.  It  consists 
of  carvol  and  dextrogyrate  limonene  (carrene).  The 
dose  is  n  i.  to  x.,  but  it  is  preferable  to  use  carvol.  It 
enters  into  the  Sjiiritus  Juniperi  Compositus,  its  only 
oiBcial  preparation. 

Carrol  (CioH,oO). — A  ketone  which  constitutes  the  es- 
sential constituent  of  oil  of  caraway,  and  which  also 
occurs  in  oil  of  dill  and  oil  of  spearmint.  It  is  a  color- 
less, or  pale  3'ellow,  transparent  liquid,  having  a  specific 
gravity  of  .960  and  boiling  at  224'  C.  One  cubic  centi- 
metre diluted  with  the  same  amotmt  of  alcohol  should  at 
most  assume  only  a  slightly  reddish  or  violet  tint  on  the 
addition  of  a  drop  of  a  verj'  dilute  solution  of  ferric  chlo- 
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ride.  It  has  the  odor,  taste,  and  properties  of  oil  of  cara- 
way, and  is,  in  addition,  quite  uniform.  It  is  official 
in  the  German  Pharmacopoeia.  The  do.se,  if  the  prepara- 
tion is  pure,  is  1-.5  minims.  Henry  H.  Itmby. 

CARBOLIC  ^C\0.—Pllenie  Acid.  Pltenylic  Alcohol. 
Phenol :  CeHsOH.  This  important  substance,  though 
commonh'  called  an  acid,  is,  properly,  not  an  acid  at  all, 
but  a  member  of  the  group  of  phenols,  bodies  regarded  as 
derivates  of  hydrocarbons  of  the  benzene  series  liy  the 
replacement  of  one  or  more  atoms  of  hydrogen  of  the 
principal  chain  by  hj-droxyl  (Oil).  In  carbolic  acid  a 
single  hydrogen  atom  of  benzene  itself  is  so  replaced,  so 
that  this  derivate  is  the  simplest  possible  phenol  in  point 
of  chemical  constitution.  Being  also  the  best-known 
member  of  the  group  it  is  chemically  entitled  phenol, 
simply.  Carbolic  acid  is  an  ingredient  of  coal  tar,  and 
is  obtained  therefrom.  The  tar  abounds  in  phenols,  and 
by  fractional  distillation  and  certain  special  manipula- 
tions carbolic  acid  is  separable  from  the  other  constitu- 
ents in  varying  degrees  of  purity.  In  the  markets  may 
be  found  i)ure  carbolic  acid,  crystalline  at  ordinary  tem- 
peratures, and  impure  acids  of  different  grades,  of  which 
the  best  are  crystalline,  but  the  others  fluid.  These  im- 
pure acids  consist  of  carbolic  acid  (phenol)  and  the  closely 
related  phenol  "  cresylic  acid  "  (cresol),  and  other  phenols 
in  adinixture.  The  lower  grades,  indeed,  may  contain 
but  little  carbolic  acid,  but  yet  are  efficient,  since  the 
other  phenols  of  coal  tar  possess  properties  similar  to 
those  of  carbolic  acid.  These  impure  carbolic  acids  are 
often  sold  under  the  name  of  coal-tar  creosote,  and  are 
graded  "No.  1 "  and  "No.  2,"  according  to  purity.  The 
United  States  Pharmacopeia  recognizes  as  official  pure 
carbolic  acid,  and  an  impure  article  corresponding  to  the 
"No.  1  ■'  of  the  fluid  impure  acids  of  commerce. 

Acidum  Carbolicum,  Carbolic  Acid  (U.  S.  P.).  By  this 
title  is  designated  the  pure  article,  described  as  follows: 
"Colorless,  interlaced  or  sejiarate,  needle-shaped  crys- 
tals, or  a  wliite,  crystalline  mass,  sometimes  acquiring  a 
reddish  tint;  ha^■ing  a  characteristic,  somewhat  aromatic 
odor,  and.  when  copiously  diluted  with  water,  a  sweetish 
taste  with  a  slightly  burning  after-taste.  Deliquescent 
on  exposure  to  damp  air.  Soluljle  at  1.5'  C.  (59'  F.),  in 
about  fifteen  parts  of  water,  the  solubility  varying  ac- 
cording to  the  degree  of  hydration  of  the  acid.  Very 
soluble  in  alcohol,  ether,  chloroform,  benzol,  carbon 
disulphide,  glycerine,  fixed  and  volatile  oils.  Almost  in- 
soluble in  benzin.  When  gently  heated,  carbolic  acid 
melts,  forming  a  highly  refractive  liquid.  It  is  also 
liquefied  by  the  addition  of  about  eight  per  cent,  of 
water.  If  the  acid  be  liquefied  by  a  gentle  heat,  and 
then  slowly  cooled,  under  constant  stirring,  until  it  is 
partly  recrystallized,  the  semi-liquid  mass  should  have 
a  temperature  (remaining  stationary  for  a  short  time)  not 
lower  than  35'  C.  (95'  F.).  The  acid  should  have  a  boil- 
ing point  not  higher  than  188'  C.  (370.4'  F.)  A  lower 
boiling  point,  or  a  higher  melting  point,  indicates  a  purer 
or  less  hydrated  acid.  When  heated  upon  a  water  bath, 
the  acid  should  be  volatilized  without  leaving  a  residue. 
The  vapor  of  the  acid  is  inflammable.  Carbolic  acid  is 
faintly  acid  to  litmus  paper"  (U.  S.  P.). 

As  regards  the  color  of  carbolic  acid,  the  tendency  to 
acquire  a  pink  tinge  is  the  stronger  the  purer  and  more 
anhydrous  the  sample  (Squibb).  Good  specimens,  there- 
fore, unless  recently  made,  are  more  likely  than  not  to 
be  of  pinkish  hue.  As  regards  the  odor,  it  is  much  le.ss 
rank  and  disagreeable  than  that  of  other  associated 
phenols,  a  fact  tliat,  apart  from  other  considerations,  con- 
stitutes a  good  reason  for  selecting  a  chemically  pure 
carbolic  acid  for  surgical  use.  An  absence  of  creosote- 
like odor  is  a  good  practical  test  of  the  purity  of  a  given 
sample  of  carbolic  acid.  The  reaction  between  carbolic 
acid  and  water  is  peculiar.  On  adding  water  to  carbolic 
acid  in  small  measure,  the  crystals  first  liquefy  by  the 
solution  of  the  water,  fomiing  a  transparent  fluid.  The 
proportion  of  water  thus  soluble  in  carbolic  acid  seems 
to  be  variable.  The  pharmacopoeial  description  states 
that  the  acid  "  is  liquefied  by  the  addition  of  about  eight 
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per  cent,  of  water,"  but  Squibb  has  reijorted  samples 
of  pure  acid  dissolving  as  much  as  thirty-live  per  cent, 
of  water.  These  saturated  carbolic-acid  solutions  of 
water  are  fluid,  and  are  themselves  soluble  in  additional 
water  only  to  a  limited  extent — between  five  and  six  per 
cent.,  according  to  the  degree  of  hydration  of  the  sample. 
As  regards  the  melting  and  boiling  points,  tliese  are 
affected  by  the  amount  of  water  that  a  sample  may  con- 
tain, and' perfectly  anhydrous  commercial  samples  are 
rare,  from  two  to  four  per  cent,  of  water  almost  always 
being  present.  The  congealing  point  is  readily  further 
reduced  by  a  small  addition  of  water,  such  as  may  easilj' 
occur  through  spontaneous  deliquescence  in  a  stock  bottle 
frequently  opened.  A  sample  permanently  fluid  at  or- 
dinary temperatures  is  therefore  not  to  be  regarded  as 
in  an"}'  way  inferior.  So  small  an  addition  as  that  of 
three  "per  cent,  of  water  to  a  good  commercial  sample  may 
be  enough  to  determine  permanent  fluidity.  Carbolic 
acid  should  be  kept  in  well-stoppered  bottles,  protected 
from  the  light. 

Besides  carbolic  acid  from  coal  tar,  which  alone  is  offi- 
cial in  the  United  States  Pharmacopoeia,  there  is  com- 
mercial an  article  of  German  manufacture,  prepared 
synthetically  either  from  benzene  or  from  a  pure  aniline 
oil.  This  synthetic  carbolic  acid  is  claimed  to  be  excep- 
tionalh'  pure,  but  it  is  more  expensive  than  the  ordinary 
coal-tar  acid. 

Acidiim  CarboUcnm  Ci'udum,  Crude  Carbolic  Acid  (U. 
S.  P.).  This  article  is  a  distillate  of  dead  oil,  itself  a  dis- 
tillate of  coal  tar  taken  between  certain  temperatures  (165' 
to  190°  C).  It  corresponds  to  what  was  official  in  a 
former  revision  of  the  Pharmacopoeia  under  the  title  im- 
pure  carbolic  acid,  and  to  what  is  sold  commercially  as 
impure  carbolic  acid  S'o.  1,  and  must  not  be  confounded 
with  what  is  c«mmercinllii  known  as  crnde  carbolic  acid. 
According  to  Squibb,  the  products  of  distillation  of 
"dead  oil  "are  as  follows:  A  first  immediate  distillate, 
which  is  the  crude  carbolic  acid  of  commerce ;  this  sub- 
jected to  redistillation,  yields,  as  secondary  products,  a 
first  redistillate,  highly  charged  with  carbolic  acid  and 
the  source  of  the  purified  article,  and  subsequently  a  sec- 
ond redistillate,  coming  over  between  the  temperatures 
of  18.5°  and  19.5°C.,  which  redistillate,  mixed  with  the 
"uncr\-stallizable  drainings  and  residues"  left  over  from 
the  first  after  separation  of  the  pure  carboiic  acid,  con- 
stitutes the  article  under  present  consideration.  It  thus 
appears,  as  Squibb  justly  points  out,  that  this  officially 
so-called  crude  aciA  is  not  such  in  the  proper  sense  of  the 
word,  but  is  properly  an  impure  acid.  The  article  is 
thus  officially  defined  and  described :  "  A  fiquid  consist- 
ing of  various  constituents  of  coal  tar.  chiefl}'  cresol  and 
phenol,  obtained  bj-  practical  disiillation.  A  nearly  col- 
orless, or  reddish,  or  brownish-red  liquid,  of  a  strongly 
empyreumatic  and  creosote-like  odor ;  having  a  benumb- 
ing, blanching,  and  caustic  effect  upon  the  skin  or  mucous 
membrane:  and  gradually  turning  darker  on  exposure 
to  air  and  light.  The  aqueous  solution  of  crude  carbolic 
acid  has  a  slightly  acid  reaction  on  litmus  paper.  In  an 
aqueous  solution  of  the  acid,  bromine  water  produces  a 
white  precipitate.  Crude  carbolic  acid  should  not  be  sol- 
uble in  less  than  fifteen  parts  of  water  at  1.5°  C.  (59'  F.), 
and  the  aqueous  solution  should  not  have  an  alkaline 
reaction"  (U.  S.  P.).  The  tests  just  mentioned  are  im- 
portant for  the  reason  that  the  addition  of  an  alkali  to 
crude  carbolic  acid  increases  the  latter's  solubility  in 
water,  and  hence  a  frequent  adulteration  is  effected  by 
watering  the  acid  with  the  solvent  assistance  of  an  alkali. 
Crude  carbolic  acid  is  cheaper  than  the  pure  crystalline 
acid,  equally,  if  not  even  more,  efficient  as  a  germicide 
and  antiseptic,  but  is  rank  and  offensive  in  odor — the 
odor  in  this  case  really  resembling  that  of  creosote, — and 
is  more  irritant  to  animal  tissues. 

Besides  the  foregoing,  other  grades  of  so-called  impure 
carbolic  acid  or  coal-tar  creosote  are  to  be  found  in  the 
markets,  which  are  later  redistillates  from  the  commercial 
crude  carbolic  acid,  obtained  as  the  immediate  product 
of  distillation  of  dead  oil,  as  already  described.  These 
second  grades  of  so-called  impure  carbolic  acid  consist 


mainly  of  cresylic  acid  (cresol),  xylol,  and  other  phenols 
of  a  higher  boiling  point  than  carbolic  acid,  and  contain 
none,  indeed,  of  the  latter  substance,  all  the  carbolic  acid 
of  the  original  crude  substance  having  come  over  in  the 
earlier  distillations.  These  latter  distillates,  however, 
have  germicidal  and  antiseptic  powers  similar  to  those  of 
carbolic  acid,  and,  being  cheap,  may  be  used  effectively 
for  the  purposes  of  carbolic  acid  elsewhere  than  directly 
upon  living  tissues.  "Impure  carbolic  acid  Xo.  2"  of 
commerce  is  a  fluid,  soluble  in  water  to  the  extent  of 
from  forty  to  sixty  per  cent.  (Squibb). 

The  effects  of  carbolic  acid  and  of  the  other  phenols  as- 
sociated with  it  in  coal-tar  distillates  are  substantially 
identical,  so  that  a  single  description  will  suffice.  The 
effects  of  these  substances  which  the  physician  needs  to 
note  may  be  divided  into  three  categories  for  practical 
study,  as  follows:  (1)  effects  upon  the  %'ital  endowments 
of  bacteria  and  allied  organisms;  (2)  local  effects  upon 
the  tissues  of  the  human  body;  and  (3)  constitutional 
effects  upon  the  human  system. 

1.  Effects  upon  the  Vital  Endotcments  of  Bacteria  and 
Allied  Organism-t. — By  immersion  in  carbolic-acid  solu- 
tions microbes  may  suffer  temporar}'  arrest  or  permanent 
loss  of  vital  activity,  the  degree  of  the  effect  depending 
partly  on  the  strength  of  the  solution  and  partly  on  the 
vital  tenacity  of  the  particular  organism,  or  even  of  the 
special  stage  of  being  of  the  organism  under  observation. 
To  determine  the  exact  toxic  power  of  carbolic  acid  in 
this  direction,  an  enormous  number  of  experiments  have 
been  made,  attacking  the  problem  in  a  variety  of  ways. 
Of  the  more  reliable  of  these  experiments  the  results  sub- 
stantially agree,  and  these  at  the  present  writing  justify 
the  following  broad  statements:  1.  Rod  forms  of  bacteria 
and  allied  organisms  soaking  in  aqueous  solution  of  car- 
bolic acid  tend  to  suffer  arrest  of  vital  activity  when  the 
strength  of  the  solution  reaches  a  point  between  one-fifth 
and  one-half  of  one  per  cent.,  and  to  suffer  death  when 
the  strength  rises  to  one  per  cent.  2.  Spore  forms,  such 
as  the  spores  of  the  anthrax  bacillus,  are  much  more  tena- 
cious of  life,  requiring  for  their  certain  killing  a  solution 
of  from  four  to  five  per-cent.  strength,  and  a  soakage  of 
from  two  to  three  days'  duration  (Koch).  3.  Aqueous 
solutions  of  carbolic  acid  are  far  more  toxic  to  microbes 
than  solutions  in  oil  or  alcohol  (Koch).  4.  Exposure  to 
Topor  of  carbolic  acid  under  the  conditions  obtaining  in 
practical  disinfection  is  practically  without  effect  upon 
microbes  or  disease  germs,  whether  these  be  in  rod  form 
or  spore  form,  and  whether  moist  or  dry. 

2.  Local  Effects  upon  the  Tissues  of  the  Human  Body. 
— Prudden  *  has  observed  under  the  microscope  the  effect 
upon  living  leucocytes  and  ciliated  cells  of  soakage  in 
carbolic-acid  solutions,  with  the  following  results;  Under 
soakage  in  solutions  ranging  between  one-thirtv-second 
and  one-fourth  per-cent.  strengths,  amoeboid  and  ciliary 
movements  slow  or  stop,  but  resume  activity  upon  with- 
drawal of  the  carbolized  fluid,  and  its  replacement  by  a 
normal  one.  Under  soakage  in  solutions  of  from  one  to 
fiveper-cent.  strength,  however,  the  bodies  under  observa- 
tion speedily  lose  their  power  of  movement,  without  pos- 
sibilitj'  of  resumption,  and  their  protoplasm  soon  suffers 
disintegration.  Applied  to  the  human  skin,  comparatively 
weak  solutions,  such  as  the  one  and  two  per-cent.  solu- 
tions used  in  surgery,  objectively  cause  a  whitening  and 
shrivelling  of  the  cuticle,  and  subjectively  a  conjoint 
numbness  and  prickling  sensation,  followed,  if  the  appli- 
cation be  prolonged  beyond  a  few  minutes,  by  smarting. 
These  painful  sensations  Squibb  declares  to  be  aggra- 
vated by  elevating,  and  alleviated  by  depressing,  the  af- 
fected part — phenomena  contrary  to  those  which  usuall.v 
obtain  under  circumstances  of  painful  irritation.  After 
withdrawal  of  the  application  the  skin  graduallj- resumes 
its  normal  appearance  and  tactile  sensibility,  recovery 
from  the  numbness,  however,  being  slower  than  the  re- 
turn to  natural  appearance.  Touched  with  the  undiluted 
acid,  the  skin  immediatelj-  whitens,  while  the  circum- 
jacent parts  redden  by  irritation.     Sharp  pain,  passing 

*  American  Journal  of  the  Medical  Sciences,  January,  1881. 
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over  into  numbness,  is  experienced,  the  pain  gradually 
subsiding  after  an  liour's  lapse,  and  the  surface  present- 
ing the  dry,  scaly  exudation  so  often  seen  on  surgeons' 
hands  in  tlie  days  when  operating  under  a  carbolized 
spray  was  iu  vogue.  The  results  of  a  continuous  appli- 
cation of  the  pure  acid  are  exemplitied  in  a  case  reported,  in 
which,  through  a  misunderstanding,  a  finger  was  wrapped 
in  cloths  soaked  in  undiluted  carbolic  acid,  and  kept  so 
dressed  throughout  a  night.  The  next  morning  the 
dressings  were  removed,  and  on  the  third  day,  when  tirst 
seen  by  the  reporter,  the  tissues  of  the  finger  were  found 
black  as  jet.  hard  as  wood,  wrinkled  and  shrivelled,  cold, 
and  absolutely  auiBsthetic,  and  with  a  pronounced  line  of 
demarcation  between  the  unaffected  and  the  mummified 
portion.  Strange  to  say,  however,  under  careful  treat- 
ment the  parts  recovered. 

3.  Constitutional  Effects  upon  the  Iluiiian  System. — 
Carbolic  acid  is  very  poisonous  to  all  living  things.  In 
man.  in  mild  poisoning,  such  as  may  follow  slight  ab- 
sorption from  carbolized  dressings  in  surgical  cases,  the 
symptoms  are  restlessness  and  rise  of  temperature — 
symptoms  easily  mistaken  for  those  of  the  very  septic 
infection  sought  to  be  averted  by  the  use  of  the  acid ;  or 
in  other  cases  occur  headache,  loss  of  appetite,  languor, 
and  cough,  followed,  if  the  poisoning  continue,  by  per- 
sistent bronchial  irritation,  itching  of  the  skin,  dragging 
lumljar  pains  and  a  sense  of  heaviness,  and  want  of  power 
in  the  legs.  In  severer  poisoning,  such  as  may  occur 
again  from  absorption  from  surgical  dressings,  or  as  will 
certainly  result  if  any  considerable  quantity  of  carbolic 
acid  be  swallowed,  the  toxic  action  falls  heavily  upon 
the  central  nervous  .system.  The  sufferer  passes  rapidly 
into  a  condition  of  coma,  with  loss  of  reflex  irritability, 
and  occasionally,  but  exceptiouall}',  with  convulsions. 
Convulsions,  however,  are  common  in  cases  of  poisoning 
of  the  lower  animals.  The  breathing  is  stertorous,  the 
heart's  action  disordered — pulse  at  first  unduly  slow, 
afterward  rapid,  and,  perhaps,  intermittent,  and  the 
arterial  pressure  diminished.  The  skin  is  covered  with 
sweat,  the  lips  and  hands  are  livid,  and  the  whole  aspect 
is  that  of  great  prostration.  When  the  poisoning  has 
occvn-red  from  swallowing  the  acid  in  concentrated  con- 
dition, there  are  added  to  the  above  symptoms  burning 
pain,  extending  from  mouth  to  stomach,  experienced  at 
the  moment  of  swallowing,  and  nausea  aud  voiliiting — 
symptoms  due  to  tlie  local  action  of  the  poison  u]ion  the 
mucous  membrane  of  the  alimentary  canal.  Carbolic- 
acid  poisoning  may  result  in  death,  whidi  may  begin 
either  at  the  heart  or  at  the  lungs.  In  such  cases  the  le- 
sions, apart  from  the  local  effects  when  the  strong  acid  has 
been  swallowed,  are  not  characteristic.  There  is  a  ten- 
dency to  congestion  of  the  great  viscera:  the  blood  may 
seem  undidy  dark  and  fluid,  and  there  ma.ybe  some  fatty 
degeneration  of  the  liver  and  kidneys,  especially  the 
latter,  but  yet  none  of  these  changes  are  invariable. 

Analysis  of  carbolic-acid  poisoning  in  man  aud  animals 
points  to  the  following  specific  derangements  as  wrought 
by  the  agent :  As  regards  the  nervous  system,  coma  and 
convulsions — the  latter  phenomenon  of  spinal  origin — and 
modificatioii  of  refle.t  (jcticity,  such  activity  being  at  first 
increased,  but,  later,  lessened  and  finally  abolished.  As 
regards  the  ciroihition.  the  heart's  action  may  at  first  be 
intensified,  but,  in  the  later  stages  of  the  poisoning,  is  al- 
ways enfeebled.  Death  is  frequently  by  cardiac  failure, 
and  the  heart  is  commonly  found,  post  mortem,  in  dias- 
tole, with  flabbj'  walls.  Similarly  the  arterial  pressure, 
which  may  be  iucreased  in  the  earlier  stages  of  the  poi- 
soning, particularly  if  convulsions  be  present,  notably 
sinks  as  the  case  progresses,  apparently  tlirough  paraly- 
sis of  the  vaso-motor  centre.  Upon  rcspimtinn  the  action 
more  commonly  than  not  is  opposite  at  the  two  extremes 
of  the  poisoning,  the  breathing  at  first  being  imnaturally 
rapid  and  shallow,  whereas,  later,  it  becomes  slow,  deep, 
and  markedly  stertorous.  Duly  devised  experiments 
seem  to  show  that  these  effects  are  due  to  a  primary  ex- 
citation of  both  the  pneumogastric  peripheries  and  cen- 
tres followed  by  a  secondary  paralysis.  Body  temperature, 
in  poisoning  in  the  normal  human  subject,  is  variably 
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effected,  in  some  instances  rising,  in  others  fstlling,  and  in 
still  others  remaining  vmchanged.  When,  however,  car- 
bolic acid  is  administered  to  a  fevered  subject,  a  consid- 
erable fall  of  temperature  may  occur,  accompanied  by 
sweating.  In  such  case  the  loss  of  heat  is  probably  in- 
dependent of  any  ell'ect  in  that  direction  wrought  by  the 
sweating,  since  a  temperature  reduction  has  been  ob- 
served in  cases  iu  wliich  all  action  of  the  sweat  glands 
was  held  in  abeyance  by  duboisine  (Raymond). 

The  fate  of  absorbed  carbolic  acid  is  obscure.  Some 
of  it  is  undoubtedly  excreted,  since  it  has  been  foimd  by 
a  number  of  ob.servers  in  the  urine.  l)y  Hoppe-Seyler  in 
the  saliva,  and  is  lielieved  bj'  Lemaire  to  be  present  in 
the  breath.  Other  portions  are  probably  chemically 
transformed  within  the  sj'stem.  A  result  of  excretion  by 
the  kidneys  is  to  produce  peculiar  coloration  of  the  urine, 
a  fact  furnishing  a  valualile  clew  to  diagnosis  in  obscure 
cases  of  poisoning.  The  tint  of  the  urine  varies  in  differ- 
ent cases,  in  some  being  brownish,  iu  others  greenish- 
black,  and  in  others  olive  green,  turning  a  smoky  black 
upon  standing.  Such  urines  way  or  may  not  have  an 
adventitious  odor,  aromatic,  or  even  distinctlj'  that  of 
carbolic  acid.  Exceptionally,  furthermore,  albumin, 
blood,  or  excess  of  urates  may  be  present.  These  altered 
urines  probal)ly  contain  both  carbolic  acid  imdcr  its  own 
form  and  some  product  or  products  of  its  chemical  trans- 
formation; but  what  these  latter  substances  may  be  has 
not  yet  satisfactorily  been  determined. 

The  therapeutic  applications  of  carbolic  acid  are  utiliza- 
tions of  its  antiseptic,  disinfectant,  (imt.'illiitic.  and  anti- 
pyretic powers.  As  regards  the  anti.'njjtic  use,  it  is  to  be 
noted  that  carbolic  acid  is  decidedly  inferior  in  antiseptic 
power  to  quite  a  number  of  available  substances,  and 
that  for  surgical  emplo3-meut  it  has  the  positively  ob- 
jectionable featiu'cs  of  strong  odor,  disagreeable  action 
upon  the  skin,  and  capability  of  absorption  to  the  point 
of  produciug  dangerous  and  even  fatal  constitutional 
poisoning.  For  surgical  purposes  aqueous  solutions  are 
commonly  employed,  of  strengths  ranging  from  one  to 
five  per  cent.,  the  weaker  for  dressings  to  remain  in  con- 
tact with  tissue,  the  stronger  for  occasional  use  or  to 
disinfect  hands,  instruments,  ligatures,  etc.  As  a  di.nn- 
fectant,  carbolic  acid  operates,  of  cour.se.  exclusively  by 
its  germicidal  action,  thus  holding  in  abeyance  or  de- 
stroying, according  to  strength  of  application,  the  septic 
or  infective  activitj'  that  inheres  iu  certain  living  proto- 
plasms. For  certaintj'  of  disinfection,  as  lias  been  seen 
already,  actual  soakage  of  the  culprit  germ  in  a  carbolic 
solution  of  at  least  two-percent,  strength  is  essential. 
Dainty  sprinklings  of  carbolic  lotions  are  therefore  futile, 
and  the  hanging  about  a  chamber  of  carl)olized  cloths 
with  a  view  to  atrial  disinfection  l)y  the  fumes  there- 
from is  but  a  noisome  advertisement  of  ignorance  or 
stupidity.  Legitimately  and  thoroughly  used,  a  two- 
per-cent.  soUitiou  of  carbolic  acid  is  an  efficient  disinfect- 
ant, with  the  advantage  of  cheapness — the  im|)ure  gratles 
of  the  acid  being  for  this  purpose  even  more  powerful 
than  the  pure — but  with  the  ever-present  disadvantage 
of  a  rank  and  even  oft'ensive  odor.  A  solution  of  two- 
per-cent.  strength  does  not  injure  textile  fabrics.  Car- 
bolic acid  has  been  given  internally  in  the  hope  that  the 
power  which  proves  germicidal  without  tlie  bod_y  will 
oppose  within  the  system  the  career  of  so-called  Z3motic 
diseases.  But  theoretically,  for  this  purpose,  if  we  are 
to  argue  from  the  point  of  view  of  germicide  action,  the 
blood  of  the  subject  should  be  charged  with  at  least  one 
per  cent,  of  carbolic  acid,  a  condition  involving  a  dosage 
overwhelmingly  poisonous;  and  practically,  the  use  of 
the  remedy  in  the  category  of  diseases  referred  to  has 
been,  so  far,  barren  of  important  results.  The  anasthetic 
action  of  carbolic  acid  is  most  strikingly  utilizable  for 
the  relief  of  the  pain  of  burus,  for  which  purpose  noth- 
ing is  better  than  one-half  or  one  percent,  aqueous  solu- 
tion of  carbolic  acid  applied  on  thin  cloths — the  cheap 
"crude"  acid  being  here  more  effective  than  the  pure 
(Squibb).  Similar  lotions  may  palliate  also  the  itcliing 
and  burning  of  skin  disease  or  the  irritation  from  catarrhs 
of  mucous  membranes.     Thus  in  bronchitis  the  iuhala- 
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tion  of  the  fumes  of  a  bowl  of  boiling  water  charged 
with  a  few  drops  of  carbolic  acid  ma,v  allay  pain  and* 
cough  considerably.  So,  again,  irritability  of  the  stom- 
ach may  be  quieted  by  this  agent,  and  carbolic  acid  in 
small  doses  ranks  among  the  standard  means  for  arrest 
of  vomiting.  As  an  antipyretic  carbolic  acid  is  undoubt- 
edl}'  powerful,  but  its  poisonousness  will  proliably  always 
defeat  it  in  competition  with  such  potent  and  at  the  same 
time  innocent  antipyretics  as  sodium  salicylate,  the  cin- 
chona alkaloids,  autipyrin,  etc. 

For  inierndl  administration  the  dose  of  carbolic  acid 
should  not  exceed  from  one  to  four  or  five  drops,  and  the 
daily  allowance  should  not  surpass  1  gra.  (gr.  xv.  or  tt], 
XV.  i.  A  convenient  way  of  giving  is  first  to  dissolve  in 
gl)'cerine.  in  which  menstruum  carbolic  acid  dissolves  in 
all  proportions,  and  then  dilute  the  necessary  quantity 
of  glycerine  solution  ^\ith  water.  Each  dose  of  acid 
should  be  diluted  to  at  least  the  volume  of  a  tablespoon- 
ful  for  the  taking.  Under  the  title,  Glyceritvm  Acidi 
Varholiei,  Glycerite  of  Carbolic  Acid,  the  United  States 
Pharmacopoeia  makes  official  a  twenty-percent,  (by 
weight)  sohition  of  the  acid  in  glycerine. 

For  external  vses  aqueous  solutions  are  most  generally 
serviceable,  as  already  so  frequently  seen.  There  is 
official  in  the  United  State.s  Pharmacopoeia  a  prepara- 
tion entitled  Ungnentum  Aridi  Cai-bolici.  Ointment  of 
Carbolic  Acid,  which  consists  of  official  "ointment" 
charged  with  five  per  cent,  of  carbolic  acid. 

Edward  Curtis. 

CARBOLIC  ACID,  POISONING  BY.— Carbolic  acid  or 

phenol  is  one  of  the  most  common  materials  used  for  sui- 
cidal purposes  at  the  present  time.  This  is  especially  to 
be  wondered  at  because  of  its  corrosive  action  and  the 
consequent  pain  it  causes.  It  is,  however,  easily  obtain- 
able without  the  need  of  a  prescription,  and  it  does  its 
work  with  certainty  and  generally  with  despatch. 

Carbolic  acid  is  a  name  that  was  given  to  the  substance 
obtained  from  coal  tar  on  account  of  its  corrosive  action 
and  because  it  readil}'  combined  with  certain  basic  sub- 
stances to  produce  so-called  carbolates.  In  its  chemical 
relations,  however,  it  has  been  shown  to  be  closely  allied 
to  a  class  of  compounds  of  the  fatty -acid  series  known  as 
tertiary  alcohols,  or,  in  the  case  of  the  aromatic  or  cj-clic 
compounds,  as  phenols.  It  seems  to  unite  chemically 
with  a  few  bases,  making  compounds  known  as  carbo- 
lates in  which  it  acts  like  an  acid.  It  also  luiites  with 
acids,  especially  sulphuric  acid,  and  forms  salts  in  which 
it  acts  like  an  organic  base. 

Phenol  is  met  with  in  commerce  in  a  number  of  forms. 
First,  as  crude  carbolic  acid  used  as  a  disinfectant  and 
germicide.  This  preparation  is  reddish  or  dark  brown, 
and  contains  not  only  phenol  but  one  or  more  higher 
homologues  known  as  cresols.  It  has  an  odor  like  smoke 
and  a  strongly  caustic  and  biting  action  on  the  skin. 
Secondly,  as  the  carbolic  acid  or  phenol  .of  the  United 
States  Pharmacopoeia,  consisting  of  a  mass  of  interlaced 
crystals,  white  or  slightly  reddish  in  color.  These  crys- 
tals are  deliquescent  on  exposure  to  nifiist  air.  This 
phenol  melts  readily  to  a  clear,  oil\-  liquid,  and  as  it  cools 
again  becomes  once  more  a  crystalline  mass.  The  addi- 
tion of  eight  per  cent,  of  water  to  the  melted  liiiuid  pre- 
vents its  solidifying  on  cooling.  It  dissolves  in  about  fif- 
teen parts  of  water,  and  also  dissolves  readily  in  alcohol, 
ether,  chloroform,  benzole,  carbon  bisulphirle,  glycerin, 
and  fixed  and  volatile  oils.  Thirdly,  a  solution  of  the 
crN'stals  more  or  less  strong  kept  in  every  jiharmacy  as  a 
stock  material  for  prescription  use.  Fourtidy,  a  mixture 
of  phenol  with  lard  and  yellow  wax  known  as  Unguen- 
tum  Acidi  Carbolici  (U.  S.  P.). 

All  these  forms  of  phenol  are  intensely  corrosive  and 
deadly  in  their  action.  On  the  skin  the  strong  phenol 
causes  a  numbness  and  sense  of  irritation  or  burning. 
The  surface  of  the  skin  becomes  white,  the  cuticle  after 
a  time  falling  ofif  and  leaving  a  dark  stain.  At  times  the 
sensibility  of  the  skin  is  nearly  destroyed  by  contact  with 
the  acid,  a  sense  of  numbness  only  being  noticed. 

A  number  of  fatal  cases  of  poisoning  have  occurred  in 


which  phenol  has  either  been  applied  to  the  surface 
of  the  imbroken  skin  or  to  a  mucous  membrane,  or  has 
been  used  as  an  antiseptic  material  in  treating  woimds. 
In  these  cases  of  direct  absorption  the  action  of  the  phenol 
has  been  very  rapid,  producing  sudden  insensibility. 

When  swallowed  there  is  at  once  a  hot,  burning  sensa- 
tion in  the  mouth,  throat,  and  stomach.  The  lining 
membrane  of  the  mouth  is  whitened  by  the  contact  of 
the  phenol,  while  the  lips  are  usually  more  or  less  brown 
where  the  liquid  has  come  in  contact  with  them. 

The  skin  is  dry  and  livid,  the  pul.se  is  feeble,  the  pupils 
very  much  contracted,  the  breathing  noisy,  and  the 
breath  smells  more  or  less  strongly  of  the  poison.  Cases 
are  on  record,  however,  in  whicli  the  odor  has  been  en- 
tirely absent  from  the  breath.  At  times  vomiting  occurs. 
There  are  usually  delirium  and  giddiness,  passing  soon 
into  a  condition  of  insensibility.  The  urine,  if  any,  is 
dark  colored  and  cloud}'. 

Death  usually  occurs  within  a  few  hours,  and  in  some 
instances  has  occurred  within  a  few  minutes. 

The  amount  necessary  to  cause  death  is  unknown.  As 
with  many  other  poisons,  recovery  has  taken  place  after 
a  large  quantity  has  been  swallowed  and  death  has  fol- 
lowed the  ingestion  of  a  few  drops  only. 

The  Treatment  consists  in  the  use  of  the  stomach 
pump,  the  administration  of  saccharate  of  lime  and  of 
soluble  sulphates,  and,  recently,  very  excellent  results 
have  been  obtained  by  the  use  of  strong  alcohol  after  the 
stomach  pump  has  taken  out  the  most  of  the  poison.  Al- 
cohol has  proved  useful  also  to  check  the  action  of  the 
poison  when  applied  to  the  skin.  Stimulants  are  to  be 
used  to  combat  symptoms  of  collapse. 

In  fatal  cases  the  lips  where  the  phenol  has  come  in 
contact  with  them  are  stained  brown,  the  mucous  mem- 
brane of  the  mouth  is  dirty  white  or  brown  ;  the  stomach 
is  contracted,  and  its  mucous  membrane  in  folds  and 
white  in  some  places,  and  in  some  spots  greatly  inflamed. 
The  odor  of  phenol  is  generallj'  noticeable  on  opening 
the  stomach.  The  brain,  lungs,  liver,  and  kidneys  usu- 
ally show  marks  of  congestion.  The  left  ventricle  of  the 
heart  is  usually  contracted,  while  the  right  is  flaccid. 
The  blood  throughout  the  body  is  dark-colored  and  fluid. 
When  phenol  is  absorbed  b_v  the  skin  there  are  no  char- 
acteristic internal  post-mortem  changes. 

The  odor  of  phenol  gives  the  best  indication  of  its 
presence,  but  chemical  tests  in  addition  should  be  made 
to  make  the  identification  certain.  To  this  end  the  mate- 
rial for  examinatiim  is  madeacid  with  sulphuric  acid  and 
distilled.  The  distillate  may  or  may  not  give  the  odor 
of  phenol. 

In  a  portion  of  the  distillate  place  a  splinter  of  pine 
wood,  and  on  removal  from  the  distillate  moisten  the 
splinter  with  hydrochloric  acid.  If  phenol  is  present  the 
splinter  will  turn  blue  or  green.  This  test  should  be 
corroborated  by  a  known  solution  of  phenol. 

To  a  small  portion  of  the  distillate  add  about  one-fourth 
its  volume  of  ammonium  hydrate  and  then  a  small  quan- 
tity of  a  solution  of  calcium  hypochlorite.  A  blue  color 
appears  at  once  or  on  standing  for  a  time  in  the  presence 
of  phenol. 

To  a  portion  of  the  distillate  add  bromine.  If  phenol 
be  present  a  white  precipitate  of  bromo-phenol  is  formed. 
This  may  be  further  tested,  after  it  has  been  thoroughly 
washed,  by  treating  it  with  sodium  amalgam  (prepared 
b}'  dissolving  sodium  in  mercury),  and  then  making  the 
solution  acid.  If  phenol  be  present  the  characteristic 
odor  of  phenol  will  be  developed.  Herbert  M.  Hill. 

CARBON  DISULPHIDE.— CS,.  This  body,  commonly 
called  by  the  older  chemical  t\\\e  bisulphide  of  carbon,  \s 
official  in  the  United  States  Pharmacopoeia  as  Carbonei 
Disiilpliidnm,  Carbon  Distdphide.  It  is  thus  described: 
"A  clear,  colorless,  highly  refractive  liquid,  very  diffu- 
sive, having  a  strong,  characteristic,  but  not  fetid,  odor, 
and  a  sharp,  aromatic  taste.  Soluble  in  53.5  parts  of 
water  at  15°  C.  (59°  F.);  very  soluble  in  alcohol,  ether, 
chloroform,  fixed  and  volatile  oils.  Specific  gravity, 
1.268  to  1.269,  at  15°  C.  (59°  F.).     Carbon  disulphide  va- 
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porizes  rapidly  at  the  ordinary  temperature,  is  highly 
inflammable,  boils  at  4f)'-4r°  C.  (114.8°-116.6'  F.),  and, 
when  ignited,  burns  with  a  lilue  flame,  produeing  carbcm 
and  sulpliur  dioxide.  It  should  not  affect  the  color  of 
blue  litmus  paper  moistened  with  water"  (U.  S.  P.). 
Carbon  disulphide  should  be  kept  in  tightly  closed  ves- 
sels and  away  from  lights  or  fire.  The  "strong  charac- 
teristic, but  not  fetid,  odor"  of  the  above  description, 
though  "not  fetid  "  in  a  perfectly  pure  sample,  is,  in  the 
article  as  conmionly  met  with  in  the  shops,  of  a  rotten- 
egg  quality,  so  disagreeable  and  so  strong  as  to  constitute 
a  practical  bar  to  a  common  medicinal  use  of  tlie  com- 
pound. The  high  volatility  and  extreme  inflammability 
are  also  points  of  inconvenience,  and  the  latter  quality 
one  of  danger  also. 

Carbon  disulphide  is  a  powerful  agent,  of  the  general 
type  of  the  volatile  alcohols  and  ethers.  It  is  locally  irri- 
tant while  yet  specifically  anaesthetic,  and,  absorbed  into 
the  blood,  jn-ofoundly  deranges  the  nervous  functions  in 
the  same  general  manner  as  chloroform  does.  Habitual- 
ly absorbed,  as  may  occur  by  breathing  the  fumes  in  india- 
rubber  factories,  where  the  agent  is  largely  used,  carbon 
disulphide  produces  a  peculiar  form  of  chronic  poisoning, 
elaborately  described  by  Delpech  as  observed  in  Paris 
workshops.  The  poisoning  commonly  begins  by  severe 
headache,  .sometimes  accompanied  by  an  exhilarant  in- 
toxication. Later  follow  depression,  mental  apathy  and 
dulne-ss,  loss  of  memor}',  impairment  of  sight,  hearing, 
and  sexual  desire,  and  a  very  pronounced  loss  of  muscu- 
lar power.  Cramps  and  various  dj'sajsthesire  are  also 
common.  The  poisoning  is  seldom  fatal,  but,  on  the 
other  hand,  after  full  development,  entire  recovery  of 
health  and  strength  is  unusual.  Treatment  is  upon  gen- 
eral principles,  the  only  special  agent  recommended  being 
phosphorus,  bj'  the  use  of  which  in  small  doses  Delpech 
thinks  he  has  abated  the  failure  of  muscular  and  virile 
power. 

Medicinally  the  only  properly  allowable  use  of  carbon 
disulphide  is  as  a  local  application  for  the  relief  of  sur- 
face pains.  In  thisemploymentthe  action  is  like  that  of 
chloroform — conjointly  anaesthetic  and  sharply  irribint. 
An  application  of  carbon  disulphide  causes  for  a  few 
minutes  severe  jiain,  and  may  or  ma_y  not  be  followed  by 
subsidence  of  a  neuralgia.  The  remedy  may  be  used  iia 
vapor  l)y  saturating  with  carbon  disuljihide  a  sponge  at 
the  bottom  of  a  wide-mouthed  flask,  and  then  pressing 
the  mouth  of  the  flask  to  the  skin.  Carbon  disulphide 
has  been  given  internally  in  closes  of  a  few  drops,  but  in 
the  absence  of  any  unicjue  therapeutic  powers  such  ad- 
ministration is  certainly  not  to  be  recommended. 

Edward  Ci/rtis. 

CARBON,  HYDRIDES  AND  OXIDES  OF.— There  are 

twii  well  known  o.xides  of  earlion,  viz..  carbon  mono.xide 
and  carbon  dioxide,  or  carbonic  anhydride.  They  are 
both  invisible  gases  at  ordinary  temperatures  and  press- 
ures :  and  are  of  interest  to  the  physician  from  the  fact 
that  they  are  both  irrespirable  gases  with  which  persons 
are  frequently  brought  in  contact,  and  which  frequently 
produce  poisonous  and  even  fatal  results.  Carbon  diox- 
ide plays  an  important  role  in  the  phy«iolog\'  of  the  hu- 
man organism.  The  names  used  to  designate  these  com- 
pounds are  somewhat  variable  and  confusing,  and,  to 
avoid  this  uncertainty,  we  place  all  the  names  commonl}' 
met  with  at  the  head  of  the  proper  sections. 

Carbon  Dioxide. — Also  called  cnrhonic-acid  rjns  and 
carbonic anhi/dride.  (Fixed  aii',  choke  damp.)  Chemical 
formula,  COj.  Specific  gravity  (air  =  l),  1.53;  density 
(hydrogen  =1),  22. 

i%iures. — When  carbon  is  burned  in  oxygen,  or  with  a 
free  supply  of  air,  this  gas  is  formed;  hence  it  is  a  prod- 
uct of  the  combustion  of  all  combustible  bodies  contain- 
ing carbon.  It  is  prepared  in  large  quantities,  by  many 
manufacturing  processes,  from  the  combustion  of  coal. 
The  burning  of  lime  kilns  sends  large  volumes  of  this 
gas  into  the  air,  partly  from  tlie  fire  and  partly  from  de- 
composition of  the  limestone  (CaCOj)  into  lime  and  CO^. 
Respiration  is  another  source  of  the  gas,  and  the  expired 


air  may  accumulate  in  a  tight  room  to  such'&n  extent  as 
to  become  poisonous, — indeed,  in  some  cases,  to  such 
an  extent  as  to  cause  death.  An  adult  man  exhales 
about  .7  cubic  foot  (20  litres)  of  CO^  per  hour,  or  18 
cubic  feet  (499  litres)  per  day.  Another  source  of  car- 
bon dioxide  is  the  alcoholic  fermentation  of  saccharine 
fluids.  This  source  is  usually  limited  to  certain  kinds 
of  industries,  such  as  beer,  wine,  alcohol,  and  whiskey 
manufactories.  In  badly  ventilated  fermenting  rooms, 
deaths  have  often  occurred  from  the  accumulation 
of  this  gas.  The  subterranean  heat  of  volcanic  regions 
causes  the  decomposition  of  limestone  as  above  men- 
tioned, giving  off  COi,  which  either  escapes  through 
crevices,  or  accumulates  in  underground  caverns,  under 
pressure,  and  finally  becomes  absorbed  by  the  water, 
and  comes  to  the  surface  in  the  form  of  effervescing 
spring-water,  as  at  the  well-known  Saratoga  Springs. 
The  gradual  oxidation  of  vegetable  matters,  either  upon 
the  surface  of  the  soil  or  buried  in  it,  generates  a  con- 
siderable quantity  of  carbon  dioxide.  The  gas  from 
these  various  sources  may  filter  through  the  soil,  crevices 
in  the  rock,  or  coal  bed,  and  accumulate  in  mines,  wells, 
cellars,  etc.,  in  such  quantities  that  the  miners  are  un- 
able to  work  in  it.  It  is  called  b}'  them  diole  damp,  to 
distinguish  it  from  fire  dump.  It  is  produced  in  mines 
by  an  explosion  of  marsh  gas  (fire  damp),  so  that  if  the 
explosion  does  not  kill  persons  unfortunate  enough  to 
be  in  the  mine  at  the  time,  they  may  die  from  breathing 
the  COa  developed  by  the  explosion.  The  atmosphere, 
as  will  be  seen,  is  continually  receiving  this  gas  in  abun- 
dance from  the  above  sources;  hence,  outdoor  air  always 
contains  about  .4  part  per  1,000.  The  air  of  rooms  and 
clo.sed  places  frequently  contains  a  much  larger  propor- 
tion than  this.  A  well-ventilated  room  shotUd  contain 
not  more  than  .6  part  per  1,000;  but  owing  to  poor  ven- 
tilation it  frequently  rises  as  high  as  4  parts  per  1,000  or 
more.  Even  in  the  open  air,  the  amount  depends  some- 
what upon  the  state  of  the  weather,  season  of  the  year, 
etc.  In  still,  foggy  weather  in  large  cities,  the  amount 
present  in  outdoor  air  may  rise  as  high  as  .8  part  per 
1.000,  or  enough  to  give  the  air  a  peculiarly  suffocating 
effect  upon  those  who  breathe  it. 

Properties  and  Preparatin-n . — Carbon  dioxide  is  a  color- 
less, transparent,  odorless  gas,  about  one  and  a  halt  times 
heavier  than  air,  and  may  be  ])oured  from  one  vessel  into 
another  like  water.  It  has  a  faintly  acid  taste.  At  ordi- 
narj'  temperatm-es  it  is  soluble  in  its  own  vohnne  of 
water,  with  which  it  probably  enters  into  combination 
to  form  carbonic  acid :  CO..  -f  HjO  =  HjCOa.  By  increas- 
ing the  pressure,  water  will  absorb  a  very  large  amount 
of  the  gas,  a  large  portion  of  which  escapes  again  when 
the  pressure  is  removed.  The  so-called  jilain  soda  is  a 
strong  solution  of  carbonic  acid  (HjCOa)  in  water,  made 
under  pressure.  The  gas  may  be  expelled  by  heat,  by 
freezing,  or  by  removing  the  pressure.  Under  a  press- 
ure of  fifty  atmospheres  at  15°  C.  (59°  F. ),  it  is  con- 
densed to  a  transparent,  colorless,  mobile  liquid,  not 
miscible  with  water  or  fixed  oils,  but  readily  .so  with 
ether,  alcohol,  naphtha,  turpentine,  and  carbon  disid- 
pbide.  When  the  pressure  is  removed  from  the  liquid 
it  evaporates  with  great  rapidity,  freezing  a  portion  of 
the  liquid  into  a  snow-likeisolid,  b_y  the  heat  aksorbed  in 
the  evaporation.  The  solid  evapfirates  very  slowl}^  and 
may  be  kept  longer  than  tlie  li(|uid.  By  moi.stening  this 
solid  with  ether,  and  placing  it  imder  the  bell-jar  of  an 
air  pump,  a  temperature  of  —110°  C.  (—166°  F.)  may  be 
obtained.  Carbon  dioxide  is  soluble  in  about  one-third  its 
own  volume  of  alcohol  at  the  ordinary  temperature  and 
pressure.  Dry  carbon  dioxide  has  no  effect  upon  litmus 
paper;  but  if  the  latter  be  first  moistenetl  it  is  reddened. 
On  drying,  the  blue  color  is  restored.  Lime  water  is 
at  first  rendered  turbid  by  CO^.  owing  to  the  precipi- 
tation of  calcium  carbonate;  but  on  conducting  the  gas 
into  the  turbid  liquid  for  some  minutes,  the  precipitate 
is  redis-solved,  and  the  solution  becomes  clear  again, 
owing  to  the  formation  of  calcium  bicarbonate  (H^Ca 
(003)2.  This  process  frequently  lakes  place  in  natural 
waters  to  produce  temporary  fiardness,  so  called,  because 
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the  calcium,  and  at  times  magnesium  carbonate  thus 
held  in  solution,  is  precipitated  bj-  boiling  oflf  tlie  excess 
of  carbon  dioxide.  Solutions  of  caustic  soda,  potash, 
lime,  baryta,  etc.,  rapidlj'  absorb  COj  with  tlie  forma- 
tion of  carbonates  of  the  metals.  Such  solutions  are 
used  to  dissolve  the  gas  from  mixtures  containing  it. 
The  gas  does  not  support  eitlier  respiration  or  combus- 
tion, although  this  property  is  not  peculiar  to  carbon 
dioxide.  It  is  not  combustible.  Sodium,  potassium, 
phosphorus,  boron,  carbon,  iron,  zinc,  and  magnesium, 
at  high  temperatures,  decompose  it  by  removing  its  oxy- 
gen and  converting  it  into  either  carbon  monoxide  or 
carbon.  It  is  also  decomposed  bv  the  chlorophyl  of 
plants  under  the  influence  of  sunlight  and  moisture,  the 
carbon  combining  directly  with  the  water  to  form  formal- 
dehyde, COo-f  HjO  =  CHjO-fO,,  while  the  oxygen 
escapes  in  the  free  condition.  Tlie  formaldehyde  then 
readily  polymerizes  to  form  dextrose  and  the  other  solu- 
ble carbohydrates ;  6  CHoO  =  CbHisOs.  Carbon  dioxide 
is  usually  prepared  in  the  laboratory  by  treating  a  car- 
bonate, usually  calcium  carbonate  or  marble,  with  a 
dilute  mineral  acid:  CaCOa  +  SHCl  =CaCl2+H,0+C02. 
Uxes. — The  following  are  among  the  most  important 
uses  of  carbon  dioxide :  Notably,  in  the  manufacture  of 
carbonates  and  bicarbonates,  carbonated  heverages,  white 
lead,  the  decomposition  of  sucrate  of  lime  in  the  prepa- 
ration of  sugar  from  beets,  in  setting  free  the  hypochlo- 
rites from  chloride  of  lime,  in  bleaching,  and  in  giving  a 
bead  to  beer,  ale,  wine,  etc. 

Physiological  Action. — The  physiological  effects  of  car- 
bon dioxide  vary  with  the  degree  of  dilution  or  admixture 
with  air.  Whoi  ixhnled  in  the  pure  state  it  causes  almost 
instant  death  from  spasm  of  the  glottis  and  apnmi.  Even 
when  somewliat  diluted,  there  is  almost  immediate  in- 
sensibility and  loss  of  muscular  jiower,  and  tlie  person 
drops  as  if  felled  by  a  blow,  and  usually  dies  without  a 
struggle,  unless  immediately  removed  into  pure  air. 
Such  accidents  are  most  likely  to  occur  from  goin,g  into 
deep  wells,  caves,  mines,  etc.,  where  the  gas,  termed 
choke  damp  by  miners  and  well-diggers,  has  accumulated ; 
or,  from  putting  tlie  head  into  a  fermenting  vat  which 
has  been  closed  for  a  time;  or  from  venturing  too  near 
to  the  mouth  of  a  lime  kiln,  burning  buildings,  or  vol- 
canoes. 

When  more  largely  diluted,  or,  as  is  most  likely  to  occur, 
when  the  air  is  gradually  poisoned  by  it,  the  first  feeling 
is  a  sense  of  closeness;  then  follow  weight  or  fulness  in 
the  liead,  pressure  in  the  temples,  giddiness,  singing  in 
the  ears,  somnolenc}',  sometimes  nausea  and  loss  of  mus- 
cular power.  Death  is  preceded  by  coma,  witli  stertorous 
breathing,  rarely  vomiting  and  convulsions;  the  face  is 
usually  of  a  leaden  hue,  or  pale,  and  the  heart's  action, 
at  first  violent,  finally  stops.  It  is  not  poisonous  when 
taken  into  the  stomach. 

Post-Mortciii  Appearances. — The  body  of  a  person  killed 
by  carbon  dioxide  usually  presents  a  livid,  or  very  pale, 
external  appearance.  Tlie  face  has  sometimes  been  found 
swollen  and  distorted,  but  usually  it  is  placid  and  there 
is  no  evidence  of  a  struggle.  The  body  is  found  in  an 
easy,  natural  position,  as  though  in  a  sleep  at  the  time 
of  death.  The  superficial  veins  are  usually  prominent, 
and  are  filled  with  dark  liquid  blood.  There  is  nearly 
always  congestion  of  the  brain  and  its  membranes,  with 
engorgement  of  the  sinuses,  and  congestion  of  the  lungs. 
The  blood  is  usuallj-  liquid  and  dark -colored.  When  tlie 
source  of  the  poisonous  gas  is  from  burning  coals,  the 
carbon  dioxide  is  mixed  with  carbon  monoxide,  and  the 
lilood  in  this  case  is  bright  red  instead  of  dark,  and  coag- 
ulates with  difficulty.  Putrefaction  of  the  bodv  after 
carbon-dioxide  poisoning  takes  jilacc  slowly,  and  bodily 
heat  and  rigidity  are  retained  an  imusualiy  long  time. 
All   the  internal   viscera  are  usually  found  congested. 

Injurious  (Non-Fatal)  Effects  of  the  Prcxence  of  Carbon 
Dioxide  in  the  Air  of  Rooms. — Thus  far  we  have  dis- 
cussed the  action  of  carbon  dioxide  upou  the  economy 
when  present  in  the  air  in  sufficient  quantity  to  cause 
death.  When  the  air  is  not  so  largely  charged  with 
this  gas,   the  symptoms  and  effects  are  less  marked. 


but  may  still  be  sufficient  to  occasion  some  distress. 
When  the  air  of  a  given  room  or  localit}'  contains  more 
than  6  or  7  parts  per  10,000,  it  is  to  be  considered 
contaminated  or  impure.  An  adult  man  exhales  about 
.7  cubic  foot  (19  litres)  of  carbon  dio.xide  each  hour. 
This  quantity  will  raise  the  contents  of  3.. 500  cubic  feet 
of  air  from  .4  to  .6  part  per  1,000  each  hour.  It  is  evi- 
dent, therefore,  that  this  amount  of  air  must  be  supplied 
to  each  adult  man  each  hour,  in  order  to  keep  the  air  he 
breathes  from  having  more  than  .6  part  per  1.000,  or  so 
as  not  to  add  more  "than  .3  part  per  1.000.  It  has  also 
been  found  that  the  air  of  a  room  cannot  be  changed 
more  than  three  or  four  times  per  hour  without  causing 
draughts.  Hence  (3,500  -f-  4  =  875)  an  adult  man  should 
have  about  900  cubic  feet  of  space  for  comfort,  when 
proper  care  is  had  to  ventilation.  When  air  moves  more 
than  19  inches  per  second  a  draught  is  perceived.  If  there 
were  no  ventilation  through  walls,  which  is  rarely  the 
case,  an  open  window,  having  an  opening  of  6  square 
feet,  would  allow  3,420  cubic  feet  of  air  to  pass,  when 
the  draught  is  barely  jierceptible ;  or  enough  for  a  healthy 
adult  man.  Paikes.  in  his  "Hygiene,"  p.  161  (Wood's 
Library),  gives  the  following  figures  as  representing  the 
average  amounts  of  CO,  given  off  per  hour  by  persons 
of  different  ages  when  in  a  state  of  repose.  For  adult 
males  (.say  160  pounds),  .7  cubic  foot;  for  adult  fe- 
males (say  120  pounds),  .6  cubic  foot;  for  children  (80 
pounds),  .4  cubic  foot;  for  a  mixed  community,  .6  cubic 
foot.  Under  these  conditions  the  amount  of  fresh  air  to 
be  supplied  in  liealth,  during  repose,  ought  to  be:  For 
adult  males.  3,500  cubic  feet;  for  adult^  females,  3,000 
cubic  feet;  for  children,  2,000;  for  a  mixed  community, 
3,000  cubic  feet,  per  head,  per  hour.  As  more  CO,  is 
evolved  from  the  body  on  exertion,  these  figures  are  too 
low  for  workshops,  factories,  mines,  etc.  In  mines  it  has 
been  found  that  6,000  cubic  feet  of  air  per  hour  is  neces- 
sary to  keej)  up  the  greatest  energies  of  the  men.  AVith 
light  work  a  man  weighing  160  pounds  throws  off  .95 
cubic  foot  of  CO2  in  one  hour,  while  in  lieavj'  work  the 
same  man  would  throw  off  1.96  cubic  feet  per  hour. 
This  would  require  for  light  work  the  delivery  of  4,750 
cubic  feet  of  fresh  air  per  hour,  and  for  heavy  work, 
9,800  cubic  feet.  The  amount  of  air  necessary  for  cattle, 
horses,  and  other  large  animals,  is  estimated  by  Marckcr 
("Proceedings  of  Civil  Engineers,"  vol.  xii.,  pp.  298  and 
308)  as  1  to  i.o  cubic  feet  per  hour  for  ever}-  pound  of 
weight,  or  1,000  to  1,500  cubic  feet  for  every  1,000  pounds 
of  weight.  For  small  animals  (sheep,  dogs,  cats,  etc.), 
150  to  180  cubic  feet  of  air  per  hour  should  be  supplied 
for  each  100  pounds  weight.  Birds  require  even  more. 
The  following  table,  from  Parkes'  "Hygiene,"  shows 
the  amount  of  contamination  produced  by  one  man  in 
different-sized  spaces  for  one  hour  and  each  succeeding 
hour: 

Table  to  Show  the  Degree  or  Co.ntaminatio.n  or  the  Air  bt 
Respiratio.v  UN  Terms  of  COj),  and  Amount  of  Air  Neces- 
sary to  Dilute  to  a  Gives  Standard  of  .2  per  I.IMO  Vol- 
umes, Exclusive  of  the  Amount  Originally  Present  in 
the  Air. 
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standard 

man  in  cubic 
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.3   during  the 

every     hour 

feet. 

change  of  air. 

flrst  hour. 

after  the  first 

100 

6.00 

2.900 

3.000 

200 

3.00 

2,800 

3,000 

300 

2.00 

2,700 

3,000 

400 

1.50 

2.600 

3,000 

300 

1.20 

2,  .500 

3,000 

600 

1.00 

2,400 

3,000 

700 

.86 

2,300 

3,000 

800 

.75 

2,200 

3.000 

900 

.67 

3,100 

3,000 

1,000 

.60 

2,000 

3,000 

In  hospital  wards,  where  sick  persons  are  confined, 
ventilation  should  supply  more  air  than  is  required  by 
the  healthv.     This  is  due  not  alone  to  the  COj  which 
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they  give  off,  but  to  organic  emanations  -n-hich  permeate 
the  air  and  give  it  an  unpleasant  odor  and  closeness.  In 
hospital  wards,  Parkes  lays  down  the  rule  that  the  quan- 
tity of  air  supplied  should  be  from  4,000  to  4,500  cubic 
feet  per  person  each  hour.  The  following  table  from 
Witthaus'  "Chemistry"  gives  the  amount  of  air  which 
ought  to  be  supplied  to  each  person  under  the  conditions 
annexed; 

Situation.  Cubic  metres.    Cubic  feet. 

Barracks  (ciay-tiine) 3.5  1,236 

Barracks  t  uiirht-time) TO  2,473 

Workshops  (inechanical) 70  2.473 

Schoolrooms 35  1,236 

Hospital  wards 85  3,004 

Hospital  wards  (surgical) 170  6,004 

Contagious  and  lying-in  wards 170  B.IKH 

Mines 150  5,297 

Mines  (coal)  170  6,004 

This  table  assumes  that  no  artificial  light  is  used ;  but 
even  in  this  case,  the  quantities  given  are  smaller  than 
most  physicians  would  prefer  to  supply.  No  hospital 
ward  occupied  by  a  number  of  persons  sliould  supply 
less  than 4, .500  orb, 000 cubic  feet  of  air,  per  person,  every 
hour,  and  in  the  case  of  most  septic  diseases,  outdoor 
air  is  to  be  preferred. 

Carbon  Divxide from  Oas- Lights. — A  burner  which  bums 
3  feet  of  gas  per  hour  (ordinary  size)  produces  about  2 
cubic  feet  of  COj  per  hour,  and  removes  a  corresponding 
amount  of  oxygen  from  the  air.     It  has  been  calculated 
that  each  burner  of  the  usual  form  (not  Argand)  should 
be  supplied  with  from  4,  .500  to  .5,500  cubic  feet  of  air  per 
hour  to  prevent  injurious  contamination  with  CO;.     Ow- 
ing, however,  to  the  evolution  of  heat  and  watery  vapor, 
and  the  removal  of  oxygen,  a  larger  quantity  than  this 
should  be  supplied  to  keep  the  air  comfortable.     A  cubic 
foot  of  coal  gas  produces  about  from  .5  to  ,8  cubic  foot 
of  CO2,  being  rather  higher  for  "  water  gas  "  than  for 
"coal  gas."     A  burner  consuming  3  feet  of  gas  per  hour 
would  produce  from  1.5  to  3.5  cubic  feet  of  CO2,  being 
a  little  more  than  three  adult  men,  or  four  average  per- 
sons, would  produce.     Pettenkofer  has  determined  that 
a  burner  consuming  5  feet  of  gas  per  hour,  giving  12 
candle  power,  gives  off  as  much  heat  as  8  men,  more  COj 
than  3  men,  and  as  much  watery  vapor  as  5  men.     Adopt- 
ing this  as  a  basis  of  calculation,  a  3foot  burner  should 
be  supplied  with  as  much  air  as  3  persons,  or  about  9,000 
feet  per  hour,  to  keep  the  air  iu  a  comfortable  condition. 
In  reality,  this  amount  of  ventilation  is  seldom  obtained 
in  a  room  of  ordinary  size.     The  basis  of  calculation  that 
has  usually  been  adopted  is  to  furnish  1.800  cubic  feet  of 
air  for  each  foot  of  gas  burned.     For  the  .same  illuminat- 
ing power,  oil  does  not  give  a  greater  degree  of  contam- 
ination than   gas.     An  ordinarj'  lamp  gives  about   the 
same  contamination  to  the  air  of  a  room  as  one  adult  man. 
Tests  for  Carbon  DiorUh. — The  physician  may  be  called 
upon  to  test  the  air  of  rooms,  or  enclosed  spaces,  for  CO™, 
either  for  diagnostic  or  for  medico-legal  purposes.     The 
following  simple  tests  may  be  employed :   A  moistened, 
blue  litmus  paper  suspended  in  the  air  of  the  room  is  at 
first  reddened  and  then  bleached  by  carbon  dioxide.     If 
the  amount  of  CO2  exceed  ten  or  twelve  per  cent.,  and 
if  it  have  been  added  to  the  air,  without  the  removal  of 
any  oxygen,  a  candle  will  usually  be  extinguished.     If 
the  CO;  has  been  jiroduced  by  combustion  or  respira- 
tion, the  candle  will  be  extinguished  by  five  per  cent. 
An  atmosphere  iu  which  a  caudle  will  burn  may  be  fatal 
to  animals  or  man.      Lime  water  or  barium  hydroxide 
(baryta  water)  is  rapidly  rendered  turbid  on  pouring  it 
frorn  one  vessel  into  another  in  an  atmosphere  rich  in 
COs.     A  piece  of  filter  paper  dipped  in  lime  water  col- 
ored red  with  phenolphthalein  is  bleached  white  by  CO.j, 
the  rapidity  of  the  bleaching  depending  upon  the  amount 
contained  in  the  air.     Or  the  same  colored  solution  may 
be  poured  into  a  bottle  filled  with  the  air  of  the  space  as 
follows:   Fill  a  quart  bottle  with  water,  and  pour  it  out 
slowly  in  the  room  whose  air  is  to  be  tested,  or,  better, 
siphon  it  out,  using 'a  piece  of  rubber  tubing  as  a  siphon. 
One  cubic  centimetre  of  thoroughly  saturated  lime  water, 
.  colored  pink  with  phenolphthalein,  should  be  decolorized 


by  1.6  litre  (1.6  quart)  of  outdoor  air,  oi"  one  quart 
(roughly)  of  ordinary  indoor  air.  The  air  of  a  room 
should  not  decolorize  more  than  1  c.c.  for  each  quart. 
The  1  c.c.  (HI  xv.)  of  colored  lime  water  may  be  diluted 
to  15  c.c.  (  3  ss).  with  distilled  water  and  poured  into  a 
quart  bottle  of  the  air,  and  shaken  up.  If  the  color  be 
discharged,  add  .5  c.c,  and  so  on  until  a  permanent  color 
remains  after  ten  minutes' shaking.  AV here  proper  ap- 
pliances are  at  hand,  it  will  be  much  more  accurate  to 
use  the  following  method : — 

Pettenkofer's  Method  for  Estimating  CO1  in  Air. — A 
glass  globe  or  bottle  holding  about  4  litres  is  carefully 
measured  by  filling  it  with  water  and  then  pouring  the 
water  out  into  a  suitable  graduated  measure.  The  bottle 
is  now  filled  bj'  an  air  bellows  with  the  air  to  be  tested. 
Twenty-five  cubic  centimetres  of  barium  hydroxide  solu- 
ti(m  of  known  strength,  in  comparison  with  a  .^  oxalic- 
acid  solution,  are  added,  and  the  bottle  is  tightly  corked 
and  allowed  to  stand  for  a  half-hour,  with  occasional 
shaking.  At  the  end  of  this  time  the  stopper  is  removed, 
a  few  drops  of  phenolphthalein  solution  added,  and  the  ^5, 
oxalic  acid  run  in  from  a  burette  until  the  pink  color  is  just 
discharged.  The  oxalic  acid  combines  with  the  unused 
BaOaHj,  but  does  not  decompose  the  bariiuii  carbonate 
formed  bj'  the  CO2  of  the  contained  air.  If  the  number 
of  cubic  centimetres  of  acid  recjuired  to  neutralize  25  c.c. 
of  the  barium  hydroxide  solution  put  into  the  bottle  be 
known,  or  determined  by  a  separate  titration,  the  differ- 
ence between  thisnimiber  and  the  number  of  cubic  centi- 
metres used  in  neutralizing  the  residual  BaO^Hj,  will 
represent  the  acid  equivalent  of  the  CO5  in  the  air  con- 
tained in  the  bottle,  expressed  in  cubic  centimetres  of  ^ 
acid. 

If  we  make  the  oxalic-acid  solution  by  dissolving  .2863 
gm.  of  the  pure  crystalline  acid  in  a  litre  of  water,  each 
cubic  centimetre  will  represent  1  mgm.  of  COs.  The 
volume  of  1  mgm.  of  CO3  at  15°  C.  (59°  F.)  at  the  average 
air  pressure,  is  ..536  c.c.  At  17°  C.  (62.6°  F.)the  volume 
is  .544  c.c.  At  20°  C.  (68°  F.)  it  is  .546  c.c.  At  22°  C. 
(71.6°  F.)  it  is  .549.  By  means  of  these  figui-es  the  volume 
of  the  CO2  found  may  ea.sily  be  calculated  by  multiply- 
ing the  number  of  cubic  centimetres  of  acid  corresponding 
to  the  loss  of  saturating  power  of  the  BaOjHi  solution, 
by  the  volume  of  1  mgm.  of  CO2  at  the  temperature  of 
the  room  when  the  sample  was  taken.  From  the  volume 
thus  obtained  it  is  easy  to  ealodate  the  relation  of  this  to 
the  air  taken.  Suppose,  for  example,  that  the  bottle  con- 
tains 4,500  c.c.  when  full.  After  adding  the  25  c.c.  of 
barium  hydroxide  it  would  contain  4,475  c.c.  Assume, 
also,  that  the  temperature  of  the  room  at  the  time  of  fill- 
ing the  bottle  is  23'  C,  or  71.6°  F.,  and  that  the  titration 
of  the  residual  BaOsH^  in  the  bottle  required  14  c.c.  of 
the  oxalic  acid.  Suppose,  further,  that  35  c.c.  of  the 
BaOjHa  solution  requires  23  c.c.  of  the  acid.  Then  23  — 
14  =  8  c.c. ,  the  acid  equivalent  of  the  CO2  in  the  contained 
air,  and  its  weight  =  8  mgm.  At  32°  C.  the  volume  of  8 
nigra,  of  CO2  is  .549  X  8  =  4.392  c.c. 

Then  4475  :  4. 393 :  :  1,000  :  x  =  .  986  part  of  CO,  in  1 ,  000 
parts  of  air. 

Carbonic  Acid  (H2CO3)  exists  only  in  solution.  It  has 
not  yet  been  isolated.  When  an  attempt  is  made  to  con- 
centrate it,  the  acid  breaks  up  into  water  and  carbonic 
anhydride  (CO2),  whic'h  escapes  with  effervescence.  The 
salts  of  the  acid,  the  carbonates  and  acid  carbonates 
(bicarbonates)  are  well  known.  Carbonic  acid  is  a  feeble 
acid,  and  is  expelled  from  its  salts  by  most  strong  acids. 
The  carbonates  all  effervesce  when  treated  with  the  min- 
eral acids,  and  this  serves  as  a  ready  test.  Some  of  the 
metals  are  dissolved  by  this  acid,  but  with  great  slow- 
ness. Copper  and  lead  are  corroded  by  it,  and  hence 
these  metals  may  contaminate  "soda  water,"  beer,  etc., 
drawn  through  pipes  composed  of  these  metals. 

Carbon  Monoxide. ^Ca(*"?w"s  Oxide,  Carbonic  Oxide 
(CO).  This  gas  was  discovered  in  1799  by  Priestley.  It 
is  always  formed  when  carbon,  or  combustibles  contain- 
ing carbon,  are  burned  with  an  insufficient  supply  of  air. 
It  does  not  occur  free  in  nature  except  as  tlie  result  of 
certain  manufacturing  processes.     It  is  produced  by  the 
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heating  of  coal  with  certain  ores,  such  as  those  of  iron 
and  zinc.  It  is  always  prepared  in  an  ordinary  coal  Are. 
The  air  entering  through  the  grate  produces  at  first  COj, 
which,  on  coming  in  contact  with  the  glowing  coals  above, 
is  reduced  to  this  lower  o.vide :  200=  -|-  Cj  =  4C0. 

This  gas  is  the  one  which  is  frequently  seen  burning 
witli  a  blue  fliclveriug  flame  at  the  surface  of  the  coals  in 
an  open  grate  fire.  The  gas  may  be  prepared  for  experi- 
mental purposes  by  passing  carbon  dio.xide  through  an 
iron  tube  loosely  filled  with  charcoal,  heated  to  redness, 
or  by  heating  in  a  flask  a  mi.\ture  of  o.xalic  and  suphuric 
acids.  In  the  last  method  tlie  gas  is  mi.xed  with  an  equal 
vohmie  of  COj,  which  may  be  alisorbed  by  passing  it 
through  wash  bottles  containing  milk  of  lime. 

Properties. — Carbon  mono.xide  is  a  colorless,  transpar- 
ent, odorless,  tasteless  gas.  which  may  be  liquefied  by  a 
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Fig.  1116.— 1,  Absorption  bands  of  o.xyhfpmoglobin  (Hoppe):  2,  absorption  bands  of  CO  hi^moplobin, 
showing  displacement  of  the  bands  (Hoppei.  The  same  appearance  is  seen  in  the  blood  of 
persons  poisoned  by  charcoal  fumes  or  coal  pas.  3.  absorption  band  of  reduced  haemoplobin. 
i.e.,  it  Is  No.  1,  with  a  drop  of  ammonium  sulphide  added  (Hoppe);  4  and  5,  the  same  as  Nos. 
1  and  3,  accordinK  to  Hansen. 

pressure  of  35.5  atmospheres  at  —139°  C.  (—282°  F.).  or 
at  ordinary  pressures  at  a  temperature  of  —190°  C.  ( —374° 
F.). 

The  density  of  the  gas  is  14  (H=l),  and  the  specific 
gravity.  .9678  (air  =  l),  or  nearly  that  of  air. 

It  is  but  slightlj'  soluble  in  water  or  alcohol.  It  dis- 
solves in  hot  caustic  potash  (KOH)  solutions,  with  the 
formation  of  potassium  formate  (KOCOH).  It  also 
unites  directlj'  with  potassium,  o.xj'gen,  and  chlorine. 

It  dissolves  readily  in  a  solution  of  a  cuprous  salt  in 
ammonium  hydroxide:  consequently,  ammonio-cuprous 
chloride  is  used  in  the  analysis  of  mixtures  of  gases  to 
absorb  the  CO  when  present. 

It  burns  readily  in  air.  with  a  blue  non-luminous  flame, 
the  sole  product  of  flie  combustion  being  carbon  dioxide. 
At  high  temperatures  it  has  a  very  strong  affinity  for 
oxygen,  and  will  take  it  from  manj'  of  the  metallic  oxides. 
It  is  by  its  agency  that  iron  ores  are  reduced  to  the  me- 
tallic state  in  the  blast  furnace.  The  diffusive  power  of 
the  gas  is  much  greater  than  that  of  carbon  dioxide,  CO2, 
and  cast-iron  plates,  when  red  hot,  allow  it  to  diffuse 
through  them  with  comparative  ease.  In  this  way  a 
small  quantity  of  the  gas  finds  its  way  into  the  air  of 
rooms  heated  by  stoves,  and  especially  by  ordinary  hot- 
air  furnaces. 

Smtrces. — The  most  frequent  sources  of  carbon  mon- 
oxide, likely  to  produce  it  in  poisonous  or  dangerous 
quantities,  are  open  charcoal  or  stove  coal  fires,  defective 


stove  pipes  or  furnace  flues,  and  the  escape  of  illuminat- 
ing gas,  especially  the  variety  known  as  irnter  gas. 

A  frequent  cause  of  fatal  poisoning  by  this  gas  is  an 
open  charcoal  fire.  This  is  sometimes  used  with  suici- 
dal intent,  especially  in  some  European  countries.  Le- 
blanc  gives  the  following  analysis  of  the  air  of  a  confined 
space  in  which  charcoal  was  burnt,  and  which  proved 
rapidly  falal  to  a  dog:  Oxygen,  19. 19  per  cent,:  nitro- 
gen, 76.G'3  per  cent. :  carbon  dioxide,  4.61  per  cent. ;  car- 
bon monoxide,  .54  per  cent. :  marsli  gas,  .04  per  cent. 

In  this  case,  however,  the  poisonous  effects  might  not 
be  due  alone  to  the  carbon  monoxide,  for  4.6  per  cent,  of 
carbon  dioxide  in  an  air  containing  1.4  per  cent,  less  oxy- 
gen than  normal  air  would  forma  poisonous  atmosphere. 
Another  source  of  carbon  monoxide,  and  one  which  is 
frequently  overlooked,  is  from  escape  of  the  gas  through 
defective  flues,  or  even  through 
the  red-hot  walls  of  the  flues  or 
pipes  of  stoves  and  hot-air  fur- 
naces. The  gas  thus  finding  its 
way  into  rooms  frequently  gives 
ri.se  to  headache,  dizziness,  loss 
of  appetite,  nau.sea,  debility,  and 
bronchial  irritation,  which  last 
effect  is  sometimes  very  severe. 
Indeed,  severe  cases  of  capillary 
bronchitis  iu  children  have  been 
traced  to  an  escape  of  poisonous 
gases  from  a  defective  flue.  The 
ordinary  hot-air  furnace,  in  com- 
mon use  at  the  present  day,  is 
the  cause  of  a  considerable  and 
undetermined  amount  of  chronic 
poisoning,  and  is  on  this  account 
open  to  very  serious  objection. 
From  ordinary  stoves,  wlien  the 
draught  is  rendered  imperfect 
by  the  downward  direction  of 
the  pipe  before  entering  the 
chimney,  carbon  monoxide  and 
other  gases  frequently  escape 
into  the  room. 

Perhaps    the    most    frequent 
soui'ce  of  fatal  quantities  of  this 
gas  in  the  air,  especially  in  large 
cities,  is  the  escape  of  illuminat- 
ing   gas.      From    thoughtlessly 
blowing  out  the  gas,  or  accident- 
ally  turning    the    stopcock,    or 
having  it  turned  by  children,  as 
occurred  to  a  number  of  persons  coming  under  the  care 
of  tlie  writer,  or  from  accidental  leakage  of  pipes,  the 
gas  may  find  its  way  into  a  room  in  sufficient  quantities 
to  give  fatal  results.     Even  in  waking  hours,  when  the 
gas  escapes  slowly,  the  odor  does  not  seem  to  be  a  per- 
fect safeguard.     (For  a  furflier  discussion  of  this  sub- 
ject, see  the  section  that  treats  of  coal  gas.) 

Phymological  Action. — Carbon  monoxide  is  a  very  poi- 
sonous gas,  entering  the  blood  and  combining  with  the 
hiT?moglobin  of  the  red  corpuscles  and  expelling  the  oxy- 
gen. When  the  blood  is  pretty  thoroughly  saturated 
with  this  gas,  death  is  usuallj'.  if  not  always,  the  result. 
Tlie  blood  of  persons  poisoned  with  this  gas  retains  its 
bright  cherry-red  color  for  a  long  time  after  death,  both 
in  the  body  and  out  of  it,  and  in  the  veins  as  well  as  in 
the  arteries. 

Properly  diluted,  the  blood  shows  in  the  spectroscope 
two  absorption  bands  situated  between  the  lines  D  and 
E,  but  slightly  nearer  E  than  the  similar  bands  of  oxy- 
haemoglobin  (see  Fig.  1116). 

These  bands  do  not  readil)'  disappear  when  the  blood 
is  treated  with  ammonium  sulphydrate,  i.e..  the  blood 
resists  the  action  of  reducing  agents.  In  ordinary  arte- 
rial blood,  reducing  agents  change  the  spectrum,  so  that 
the  two  bands  seen  in  1  disappear,  ai?d  one  broad  band, 
represented  in  3,  makes  its  appearance.  Vogel  has  pro- 
posed to  employ  this  jieculiar  behavior  of  haemoglobin  as 
a  means  of  detecting  CO  in  the  air. 
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The  process  ronsists  in  shaking  the  mixture  of  gases 
with  a  drop  of  blood  diluted  with  2  or  3  c.c.  of  distilled 
water,  and  observing  the  spectrum  of  this  blood  solutiou. 
This  method  is  said  to  detect  2.5  to  4  parts  per  1,000,  of 
this  gas  in  the  air. 

Blood  charged  with  carbon  monoxide,  in  the  absence  of 
oxygen,  resists  the  action  of  putrefaction  for  a  long  time. 
The  CO  may  be  expelled  from  blood  by  allowing  any 
inert  gas  to  bubble  through  it.  or  by  placing  it  in  a 
Tacuura.  The  very  poisonous  character  of  (;0  is  ex- 
plained by  the  behavior  of  the  htemoglobin  of  the  blood 
toward  it. 

Toxicology. — The  poisonous  action  of  carbon  monoxide 
has  been  known  since  1802,  when  Guyton  Morveau 
first  observed  it.  Leblancand  Dumas'  experiments  show 
that  air  containing  1  per  cent,  of  the  gas  will  kill  a  dog 
in  one  minute  and  a  half.  Dr.  Letheby  found  that  air 
containing  .5  per  cent,  killed  birds  in  three  minutes.  One 
per  cent,  of  the  gas  in  air  renders  it  fatal  to  most  animals, 
and  .5  per  cent,  to  some,  even  if  the  oxygen  is  normal  or 
in  excess  of  normal. 

Symptortw  of  Acute  CO  Poimniiig. — The  symptoms  of 
carbonic-oxide  poisoning  are  singularly  persistent.  The 
first  subjective  symptoms  are  dizziness,  excruciating 
headache,  debility,  and  a  feeling  <if  prostration ;  nausea 
and  vomiting  are  not  uncommon;  convulsions  are  fre- 
quently seen  in  experiments  upon  lower  animals,  as  well 
as  in  human  beings  poisoned  by  it.  This  gas  seems  to  act 
as  a  narcotic  poison,  death  usually  occurring  by  coma. 
The  face  is  usually,  though  not  always,  livid,  and  the  pu- 
pils are  dilated.  When  the  quantity  of  gas  is  not  suffi- 
cient to  produce  such  pronounced  results  as  those  above 
mentioned,  and  when  this  small  quantity  is  breathed  for 
days  or  weeks,  the  symptoms  are  those  of  malaise,  de- 
bility, anaemia,  anorexia,  and  usually  headache.  There 
is  frequently  a  dry,  irritative  cough.  These  symjitoms 
are  sometimes  mistaken  for  those  of  malaria,  and  proba- 
bly are  benefited  by  the  tonic  effect  of  quinine.  When 
the  severer  symptoms  are  well  marked,  the  chances  of 
recovery  decrease  with  the  length  of  time  the  patient  has 
been  exposed  to  the  gas.  When  the  time  of  exposure 
has  exceeded  eight  hours,  and  coma  has  set  in,  the  prog- 
nosis is  very  unfavorable.  If  the  time  is  less  than  eight 
hours,  and  the  coma  is  not  too  profound,  there  is  reason 
to  hope  for  recovery.  This  statement  is  based  u]ion  ex- 
periments upon  the  lower  animals,  and  the  histories  of  a 
number  of  recorded  cases.  JIucb  will  depend  upon  the 
amount  of  gas  breathed ;  but,  other  things  being  equal, 
the  longer  tlie  blood  is  exposed  to  the  gas,  and  the  more 
thoroughly  it  becomes  saturated  with  CO,  the  more  per- 
manent is  the  injury,  and  the  less  chance  there  is  for  re- 
covery. The  characteristic  ^)t>s<-Hjo?'(f»(  rippeaninces  are: 
the  bright  red  color  and  persistent  fluidity  of  the  blood, 
and  hyperiEmia  of  the  brain  and  meninges.  The  heart  is 
usually  nearly  empty  and  flaccid. 

Chronic  Poisoning. — The  symptoms  of  chronic  poison- 
ing with  carbon  monoxide  are  somewhat  different  from 
those  of  acute  poisoning.  In  this  case  the  amount  of  gas 
is  small  and  the  time  of  exposure  is  long.  The  hanno- 
globin  absorbs  the  CO  very  slowly,  while  it  also  absorbs 
oxj'gen  freely.  Under  these  circumstances,  a  part  of  the 
CO-hoemoglobin  is  decomposed,  but  a  part  of  it  remains 
in  the  blood.  The  symptoms  are  generally  vague,  incon- 
stant, and  very  often  overlooked  or  attributed  to  other 
causes.  The  chief  symptoms  are  malaise,  anaemia,  ano- 
rexia, and  disorders  of  digestion.  The  person  never  feels 
well,  but  he  seems  better  when  in  the  open  air.  Indeed, 
fresh  air  and  change  of  residence  are  the  best  and  only 
treatment.  Thes\'mptoms  are  such  as  to  suggest  chronic 
malarial  infection.  The  origin  of  this  form  of  poisoning 
is  usually  from  leaking  gas  pipes  either  in  the  house  or 
in  the  ground  near  tlie  liouse,  whence  the  gas  reaches 
the  dwelling  by  diffusion  through  the  soil. 

The  treattnent  of  eases  of  poisoning  by  CO  are,  briefly, 
fresh  air,  cold  affusions,  stinuilants,  and  artificial  respira- 
tion when  demanded.  Even  with  all  these,  death  will 
result  in  those  cases  in  which  the  exposure  has  been  of 
long  duration,  and  the  coma  pronounced,  i.e.,  when  the 


blood  has  become  well-nigh  saturated  with  tlie  gas.  In 
such  cases  transfusion,  or  displacing  the  poisonous  with 
pure  blood,  or  even  with  normal  salt  solution,  seems  more 
likely  to  succeed.  Good  results  have  followed  this 
method  of  treatment  in  a  number  of  cases. 

Illuminating  Gas.  Fuel  Gos,  or  Coal  Gas. — These  names 
are  applied  to  complex  mixtures  of  gases,  made  from 
coal,  wood,  oils,  resin,  petroleum,  shales,  etc.,  by  a  proc- 
ess of  destructive  distillation.  The  most  of  these  gases 
contain  more  or  less  of  the  oxides  of  carbon,  especially  of 
CO,  and  in  this  country  they  are  the  most  freciuent 
sources  of  poisoning  b}'  carbon  monoxide.  Much  of  what 
has  been  .said  as  to  the  effects  of  this  gas  applies  to  illu- 
minating gas. 

Coal  gas  was  first  used  for  house  lighting  by  William 
^Murdock  iu  London  in  1793.  It  was  first  used  for  street 
lighting  in  London  in  1812,  and  in  Paris  in  181.').  In  this 
country,  especially  in  the  larger  cities  and  in  some  towns, 
the  so-called  (ra/e;- ^(/s  enriched  with  naphtha  has  nearly 
replaced  coal  gas.  The  complete  apparatus  for  its  prep- 
aration consists  of:  1.  A  set  of  semi-cylindrical  iron  or 
clay  retorts,  set  liorizontally  in  a  furnace.  3.  A  series  of 
horizontal  and  upright  iron  pipes  acting  as  condensers,  iu 
which  the  liquid  products  of  the  distillation  are  condensed 
and  separated  from  each  other,  and  from  the  gases.  3. 
One  or  more  purifiers,  which  consist  of  upright  stacks, 
containing  moistened  coke,  freshly  slaked  lime,  ferric 
hydrate,  or  mixtures  of  these  with  sawdust.  The  object 
of  these  purifiers  is  to  absorb  the  most  of  the  carbon 
dioxide,  sulphuretted  hydrogen,  etc.,  before  the  gas  is 
stored  for  use.  4.  A  gasometer  or  gas-holder,  which 
consists  of  an  inverted  iron  tub  of  large  size  floated  iu  a 
well  of  water.  The  gas  is  conducted  into  this  gasometer 
by  a  pipe  leading  from  below  and  terminating  above  the 
water,  where  it  is  stored  ready  frjr  use. 

The  coal  is  heated  in  the  retorts  to  a  cherry-red  heat, 
or  about  l,r>0(T'  F.  This  temperature  breaks  it  up  into 
coke  (which  remains  in  the  retort),  liquid  and  volatile 
products,  and  gases.  Ordinary  bitmuinous  coals  yield 
about  ten  thousand  cubic  feet  of  rather  poor  gas  per  ton. 
It  is  a  conunon  practice  to  mix  with  these  coals  about 
five  to  ten  per  cent,  of  a  rich  boghead  or  cannel  coal,  to 
improve  the  illuminating  power  of  the  gas  produced. 

Composition. — The  gas  ordinarily  used  is  a  mechani- 
cal mixture  of  various  gases,  some  of  which  are  ilUmii- 
nating  agents,  while  others  have  no  value  in  this  respect, 
but  are  combustibles  furnishing  considerable  heat,  while 
there  are  usually  some  present  which  are  inert  either  as 
combustibles  or  as  illuminants.  Besides  the  true  gases, 
there  are  present  vapors  of  certain  hydrocarbons,  which 
are  of  value  as  illuminating  agents.  The  chemical  com- 
position of  the  gas  varies  with  the  coal  used,  and  the 
temperature  to  which  it  is  subjected.  The  chief  con- 
stituents of  coal  gas,  with  the  quantities  of  each,  are 
given  iu  the  following  table  from  Letheby : 

Volume  per  cent. 

1 .  Hydrogen  2.5  to  50 

2.  Marsh  pas 35  to  52 

3.  Condt'iisitilHlivilrocarbons:  01eflantEas(C2H4), 

propylene  iCjH,),  hut.Tlene  (CjHj) 3to20 

4.  Benzol  and  its  series (?) 

5.  Acetylene  (C^H,  i (?) 

6.  Naphthalene  (CmHs) (?) 

7.  Carbon  dio.tide  (CO,) 0to2 

8.  Carbon  monoxide  (CO)  5to9 

9.  Cvanogpn  (CNCN) Traces. 

10.  Ammonia  (NHa) Oto   .06 

11.  Bisulphide  of  carbon  (CSj)  004  to   .05 

12.  Aqueous  vapor  (HjO).... .6  to  2.5 

13.  Oxygen 0  to  10 

14.  Nitrogen 0to8 

15.  Sulphocyanogen traces. 

It  will  be  seen  that  this  table  presents  wide  variations 
as  to  the  percentage  of  the  various  gases.  The  illumi- 
nating power  of  the  gas  varies  with  the  proportion  of 
ethane,  CiHs,  ethylene  (ethene),  CsHj,  acetylene,  C-Hj, 
and  benzene,  CeHo,  and  their  homologues,  and  the  heating 
value  with  the  hydrogen,  marsh  gas,  and  carbon  mon- 
oxide present.  The  specific  gravity  of  coal  gas  is  about 
from  .400  to  .650,  air  being  taken  as  1. 
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The  illuminating  power  of  gas  is  measured  by  compar- 
ison with  a  standaril  spermaceti  candle  of  six  to  the 
pound,  and  consuming,  as  near  as  may  be,  one  hundred 
and  twenty  grains  of  spermaceti  per  hour.  It  is  as- 
sumed that  the  light  given  off  is  in  direct  proportion  to 
the  sperm  consumed.  The  gas  to  be  tested  is  to  be 
burned  at  the  rate  of  five  feet  per  hour.  Such  a  burner 
should  give  as  much  light  as  si.\teen  or  eighteen  standard 
candles.  It  may  reach  as  high  as  twenty-five  or  thirty 
candle-power. 

Watek  gas  may  be  referred  to  here  as  a  gas  manu- 
factured and  sold  for  the  same  purposes  as  coal  gas.  Its 
manufacture  is  conducted  on  a  large  scale  in  most  cities, 
and  to  a  large  extent  it  has  taken  the  place  of  coal  gas. 

This  gas  "is  manufactured  as  follows:  Steam  from  a 
boiler  is  forced  through  a  bed  of  glowing  anthracite 
coals,  previously  heated  to  a  very  high  temperature  by 
an  air  blast.  The  steam  from  theboiler  is  passed  through 
pipes  or  flues  over  the  tire  box.  so  as  to  superheat  it  to  a 
temperature  of  800°  to  900°  F.  In  passing  this  hot  steam 
through  the  coals  the  water  is  decomposed,  the  oxygen 
combines  with  the  carbon  of  the  coal  to  form  carbon  di- 
oxide, which  is  reduced,  b)*  the  heated  coal  above,  to  the 
monoxide:  C  + 3HsO  =  C0« +  2H,.  (CO. -f  C  =  2CO). 
The  hydrogen  of  the  steam  remains  in  a  free  state.  After 
the  steam"  has  passed  through  tlie  coal  for  about  six 
minutes,  the  latter  cools  off  and  tlie  process  stops.  Tlie 
air  blast  is  now  turned  on  until  the  coal  is  again  heated 
to  the  required  degree — i.e.,  for  about  eight  minutes — 
wlien  the  steam  is  again  passed  into  it.  It  is,  therefore, 
an  alternating  process.  Tlie  gas  tlius  produced  has  very 
little  illuminating  power,  but  answers  well  for  heating 
purposes.  To  give  illuminating  power  it  must  be  charged 
witli  b3'drocarbons.  This  is  accomplished  as  follows: 
Naplitha,  or  light  benzin,  is  placed  upon  shelves  in  a 
carburetter,  and  the  gas  passed  through  the  apparatus. 
A  small  quantity  of  the  vapor  of  the  naphtha  is  taken  up 
by  the  gas.  This  mixture  is  now  passed  through  retorts 
heated  to  bright  redness,  liy  which  process  the  vapors  are 
decomposed  and  converted  into  permanent  gases  instead 
of  condensible  vapors.  This  is  the  Tessie-du-ilotay 
process.  By  the  Lowe  process  the  carburetted  gas  is 
made  in  one  operation  instead  of  in  two,  as  above  de- 
scribed. Water  gas  is  cheaper  and  usually  of  higher  illu- 
minating power  than  coal  gas,  and  is  consequently  super- 
seding the  latter. 

The  principal  differences  in  the  chemical  composition 
of  coal  gas  and  water  gas  are,  that  the  latter,  as  usu- 
ally manufactured,  contains  a  larger  percentage  of  illu- 
minating agents  and  of  carbon  monoxide  than  the 
former. 

The  following  analyses  of  the  two  gases,  by  Professor 
Remsen  and  Dr.  Love,  will  serve  to  illustrate  these  dif- 
ferences : 


Constituents. 


Carbon  dioxide 

llluminants  {ethylene,  propylene,  butylene, 

ethane,  propane,  butane) 

Carbon  mono-iide 

Hydrogen 

Marsh  gas  (methane) 

Nitrogen 

Oxygen  


Rkmsen. 


0.0 

4.3 

7.9 

50.2 

29.8 


Water 
gas. 


0.3 

12.85 
28.25 
30.30 
21.45 
6.85 


Love. 


Water 
gas. 


0.0 

15.75 
21  ..51 
46.49 
11.75 
4.30 
.20 


Oil  gas  is  now  largely  made  by  heating  petroleum, 
tar,  or  shale  oils  in  a  retort  to  a  temperature  of  about 
1,000°  C.  This  gas,  especially  that  made  by  the  Pintsch 
process,  is  much  used  in  lighting  cars.  Oil  gas  is  fre- 
quently used  to  enrich  other  gases  of  low  illuminating 
power. 

AiK  GAS,  so  called,  is  produced  by  passing  air  through 
layers  of  very  light  petroleum  distillates,  known  as  gaso- 
lene, when  it  takes  up  enough  of  the  light  hydrocarbons 
to  form  a  combustible  mixture.  Air  gas  is"  much  used 
where  other  gas  is  not  available.     It  cannot  be  stored 


long  or  piped  a  long  distance  because  of  the  condensation 
of  the  illuminants. 

Acetylene,  C2H2,  has  recently  become  prominent,  and 
is  used  as  an  illuminant  in  small  lamps.  It  is  prepared  by 
treating  calcium  carbide  with  water,  when  the  following 
reaction  takes  place : 

CaC^  +  2H,0  =  Ca(0H)2  +  C^H,. 

The  calcium  carbide  is  prepared  by  heating  a  mixture 
of  powdered  coke  and  lime  in  an  electrical  furnace.  One 
ton  of  calcium  carbide  of  eighty-per-cent.  purity  is  said 
to  produce  1,000  cubic  feet  of  acetylene  gas.  Its  illumi- 
nating power  is  very  high,  and  when  burned  iu  an  ordi- 
nary burner  gives  off  considerable  soot.  When  burned 
iu  a  speciall.v  constructed  burner  it  gives  a  light  of  great 
brilliancy.  The  cost  of  production  prevents  its  general 
adoption  for  illuminating  purpcses.  Acetylene  combines 
with  copper  and  silver,  forming  acetylids,  which  are  ex- 
plosive. It  combines  with  the  haemoglobin  of  the  blood, 
and  thus  acts  as  a  poison.  The  gas  has  a  pungent,  suffo- 
cating, disagreeable  odor,  by  which  its  presence  in  the 
air  can  usually  be  detected. 

Fuel  Gas  and  Furnace  Gases. — Gases  of  more  or  less 
poisonous  character  are  produced  during  various  smelting 
and  roasting  processes  and  which  may  be  the  cause  of 
serious  accidental  poisoning.  The  most  commonly  met 
with  are  arsine  (arseniuretted  hydrogen),  stibine  {anti- 
moniuretted  hydrogen),  and  sulphurous  oxide,  obtained 
by  roasting  ores  containing  arsenic,  antimony,  or  sulphur, 
and  CO2  and  CO  obtained  in  smelting  processes  gener- 
ally. 

Carbon  monoxide  is  an  important  constituent  of  fuel 
rjait  or  producer  gas.  Producer  gas  is  made  by  forcing  air 
through  a  bed  of  incandescent  coal  or  coke  in  specially 
constructed  furnaces.  It  contains  from  twenty-flve  to 
thirty  per  cent,  of  CO,  to  which  it  owes  its  value  as  a 
fuel.  It  also  contains  some  CO2  and  free  nitrogen.  In 
another  form  of  furnace  steam  is  forced  through  the 
heated  coal,  when  CO  and  hydrogen  are  produced,  as  in 
makutg  iriiter  f/as.  It  is  needless  to  say  that  both  these 
gases  are  poisonous. 

Nati  RAi.  GAS  is  so  called  because  it  exists  already 
formed  in  the  earth  whence  it  issues  spontaneously,  or  is 
obtained  by  boring  wells.  The  gas  is  found  chiefly  in 
localities  where  petroleum  is  found.  In  this  country  tliis 
gas  is  found  iu  western  Pennsylvania,  in  eastern  Ohio,  in 
West  Virginia,  and  in  Fredonia,  N.  Y.  At  the  last-named 
place  it  was  used  as  an  illuminating  gas  as  early  as  1821. 

The  "  Burning  Sjirings  "  of  Baku,  on  the  Caspian  Sea, 
have  been  known  since  the  sixth  century  B.C.  The  com- 
position of  natural  gas  is  fairly  uniform,  and  it  consists 
of  about  ninety  per  cent,  of  marsh  gas  (methane)  with 
small  quantities  of  ethane,  CjHe,  propane,  CsHs,  and 
other  paraffin  hydrocarbons,  hydrogen,  carbon  monoxide, 
and  carbon  dioxide. 

It  is  a  valuable  fuel,  burning  with  a  feebly  luminous 
flame,  but  giving  out  an  intense  heat.  In  many  localities 
it  is  the  chief  fuel.  When  heated  in  a  suitable  furnace 
with  petroleum  or  the  liigher  hydrocarbons,  its  illuminat- 
ing power  may  be  greatly  increased  and  it  is  then  used  for 
illuminating  purposes. 

Action  of  Illu.minating  Gases  on  the  EcoNonrr. 
— All  forms  of  illuminating  gas  are  irrespirable  and  more 
or  less  poisonous. 

They  are  irrespirable  because  they  do  not  furnish  oxy- 
gen. The  chief  poisonous  agents  are  carbon  monoxide 
and  the  heavier  hydrocarbons  mentioned  above  under  the 
name  of  iUunnn^nU. 

The  physiological  action  of  carbon  monoxide  has  al- 
ready been  discussed  in  the  section  which  treats  of  that 
subject. 

The  heavy  hj-drocarbons  are  more  or  less  poisonous 
when  mixed  with  air.  The  symptoms  produced  are  diz- 
ziness, headache,  nausea,  and  prostration.  These  com- 
pounds are  more  deleterious  than  is  the  lighter  marsh  gas, 
but  their  exact  physiological  action  is  not  well  under- 
stood. The  physiological  effects  of  illuminating  gas  are 
due  not  alone  to  the  carbon  monoxide,  as  some  have  sup- 
posed, but  to  the  combined  effect  of  this  gas  and  the 
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heavier  h3'drocarbons,  together  with  tlie  loss  of  oxygen 
due  to  tlie  displacement  of  air  by  the  gas. 

S!/mpt<>iiif(. — The  symptoms  of  acute  jioisoniug  by  ordi- 
nary illuminating  gas  are:  headache,  dizziness,  liausea, 
a  staggering  gait,  great  muscular  weakness,  prostration, 
loss  of  memory,  and  finally,  unconsciousness  and  com- 
plete asphy.xia.  Convulsions  frequently  end  the  .scene. 
There  is  usually  little  diHic\ilty  in  making  the  diagnosis, 
as  the  circumstances  under  which  the  patient  is  found, 
the  odor  of  the  gas,  etc.,  will  prevent  deception.  The 
only  diseases  likely  to  be  confounded  \vith  this  form  of 
poisoning  are,  cerebral  apoplexy  and  urajmic  coma. 
Should  the  piiysician  not  see  the  patient  before  the  odor 
of  the  gas  has  escaped,  such  difficulty  might  arise.  In 
both  of  these  diseases  the  symptoms  are  pretty  constant, 
while  in  coal-gns  or  irnter-rjng  poiKoninu  they  ai'e  apt  to 
fluctuate;  the  patient  will  frequently  rouse  up  for  a  time, 
and  answer  questions  intelligently,  and  then  lapse  into 
unconsciousness,  or  be  seized  with  convulsions. 

A  marked  difference  in  the  svmptoms  will  be  noted, 
dependent  upon  whether  the  gas  is  admitted  into  the  air 
rapidly  or  slowly.  In  the  first  condition  the  person  rap- 
idly becomes  unconscious,  and  recovers  rapidly  wlien  re- 
moved into  fresh  air.  "\V!ien  the  gas  is  admitted  to  the 
air  of  a  room  slowly,  the  headache,  dizziness,  nausea,  and 
muscular  weakness  are  the  prominent  ,s_ymptoms,  and 
they  are  remarkably  persistent.  The  condition  of  the 
patient  often  seems  to  remain  constant  for  days  after  the 
accident;  and  when  entire  unconsciousness  has  occurred, 
recovery  is  very  unusual.  We  should  distinguish  ))e- 
tween  asphyxia  by  ilhmiinating  gas  and  poisoning  by 
carbon  monoxide  olitaineii  by  breathing  the  diluted  gas. 
The  first  is  produced  by  a  rapid  displacement  of  the  air 
of  t)ie  room  with  the  gas,  while  the  second  results  from 
a  slower  and  very  gradual  admixture  of  gas  with  the  air. 

Fresh  air  and  stinuilation  will  usually  suffice  to  restore 
the  patient  in  the  fir.st  case ;  Iwt  in  the  second,  while  these 
measures  should  not  be  neglected,  they  are  much  less 
useful,  and,  wlien  the  time  of  exijosure  has  been  consid- 
erable, of  slight  benefit.  It  may  be  well  to  name  here 
some  of  the  sources  of  coal-gas  poisoning  other  than 
leakages  directly  from  fixtures  in  the  room. 

The  odor  of  the  gas  is  so  characteristic  that  this  will 
in  most  cases  give  its  warning.  Repeated  instances, 
however,  prove  that  people  may  be  killed  by  this  gas 
without  detecting  the  odor. 

Cases  of  poisoning  have  occurred  when  the  leak  in  the 
pipes  occurred  in  an  adjoining  room,  or  in  a  cellar  or 
other  room  underneath.  Most  of  such  accidents  occur  in 
the  night  while  the  victims  are  asleep,  even  though  they 
were  exposed  to  the  same  influences  during  the  preceding 
day. 

it  should  be  known  that  these  poisonous  gases  may 
diffuse  themselves  through  walls,  soil,  and  partitions. 
It  shoidd  also  be  remembered  that  the  odorous  vapors 
may  be  almost  entirely  removed  by  diffusion  through  a 
thick  wall  or  .sevei'al  feet  of  soil.  The  gas  deprived  of 
its  odor  may  thus  pervade  the  air  of  a  sleeping-  or 
sitting-room,  and  give  no  warning  of  its  presence. 

In  winter,  when  the  ground  is  frozen,  and  the  upper 
layers  arc  impervious  to  the  gas.  this  may  diffuse  itself 
several  feet  laterally  from  a  broken  street  main,  reach 
the  cellar,  pass  thence  to  the  rooms  atiove,  and  so  do  its 
deadly  work  unperceived.  That  this  accident  has  fre- 
quently occurred  is  shown  by  abundant  evidence  taken 
from  the  statistics  of  any  large  city.  Aside  from  the 
fatal  cases  of  jioisoning  from  tins  source,  we  can  easily 
see  that  there  must  be  a  much  larger  number  of  cases  in 
which  headache,  dizziness,  loss  of  appetite,  general  de- 
bility, anaemia,  etc..  may  be  dependent  upon  a  smaller 
amount  of  the  same  gas  continually  finding  its  way  into 
the  air  of  houses. 

It  is  evident,  from  the  above,  that  cases  of  poisoning 
may  occur  in  houses  where  gas  is  not  used,  and  where 
the  pipes  do  not  even  enter  the  house. 

There  has  been,  at  various  times,  not  a  little  discussion 
as  to  the  relative  poisonous  effects  of  coal  gas  and  water 
gas.     This  question  has  been  made  the  subject  of  a  great 


number  of  investigations.  We  may  note  tb<it  of  Com- 
missioner Raymond,  of  Brooklyn,  N.  Y.,  Health  Depart- 
ment. 188y,  and  that  of  the  Committee  on  Manufactures 
of  the  Massachusetts  Legislature  of  1884. 

The  weight  of  experimental  evidence,  however,  goes 
to  show  that  water  gas  is  decidedly  more  dangerous  than 
cind  gas. 

With  a  given  amount  of  gas,  the  danger  line  is  reached 
sooner  with  water  gas ;  and,  indeed,  in  many  rooms  it  is 
not  easy  to  get  a  fatal  mixture  of  cval  gas  and  air  with 
the  escape  from  a  single  burner  jet.  owing  to  natural 
ventilation  through  walls,  floors,  windows,  etc.  That  is, 
dogs,  cats,  rabbits,  and  pigeons  will  endure  almost  in- 
definitely an  atmos|ihere  containing  one  per  cent,  of  coal 
gas,  while  the  same  animals  die  in  from  five  to  eight 
hours  when  exjiosed  to  an  atmosphere  containing  one 
per  cent,  of  water  gas. 

I'Jic  postiii'irU-ni.  apjiearnnces,  in  cases  of  poisiming  l/y 
illuminating  gas,  are  similar  to  those  found  after  poi.son- 
ing  with  carbon  monoxide.  There  is  generally  an  odor 
of  the  gas  about  the  body,  especially  on  compressing  the 
chest,  so  as  to  expel  the  residual  gas  from  the  hmgs. 

The  counlenance  may  lu-  palliil,  pink,  or  purple,  vary- 
ing in  ililTercnt  cases.  Fni|Urntly  more  iir  less  froth  will 
be  found  issuing  from  the  mouth,  due  probably  to  the 
nausea  which  precedes  death,  and  which  is  one  of  the 
marked  symptoms.  Occasionally,  rose-colored  patches 
will  be  found  on  the  thighs  or  other  parts  of  the  body. 

When  the  body  is  opened  the  blood  will  generally  be 
found  everywhere  in  a  fluid  condition,  and  uniformly  of  a 
light  I'cd  color  on  both  sides  of  the  heart.  It  shows  the 
spectroscopic  bands  of  carbon-monoxide  luvmogloliin 
see  Fig.  1116,  p.  Oli'J).  Tlie  lungs  will  usually  have  a 
brilliant  red  hue,  while  the  bronchial  tubes  will  be  tilled 
with  a  frothy  mucus.  The  venous  sinuses  of  the  bi'ain 
and  the  vertebral  nervous  system  will  be  foimd  engorged 
with  blood. 

The  above  appearances  are  not  always  found,  however, 
for  there  is  great  variation  in  this  form  of  pciisoning,  both 
as  to  the  symptoms  and  as  to  the  pnst-iuortem  appear- 
ances. These  variations  are  proliably  exjilained  by  the 
fact  that  in  some  instances  the  cause  of  death  is  a  true 
asphyxia,  while  in  others  it  is  CO  poisoning.  In  the 
former  we  may  expect  a  livid  hue  of  skin,  dark,  clotted 
blood,  and  engorgement  of  the  venous  sinuses;  while  in 
the  latter  we  may  expect  the  light,  fluid  blood,  the  rose- 
colored  spots  upon  the  skin,  a  lingering  death,  etc.  More 
careful  observation  is  needed  u]ion  these  points. 

Treatment. — We  have  inciilentally  mentioned  nearly  all 
that  can  be  said  of  the  treatment  of  coal-gas  poisoning. 
If  the  case  is  one  of  suffocation,  and  the  time  of  exposure 
has  not  been  too  long,  fresh  air.  stimidants.  and  rest  will 
usually  suftice  to  restore  the  patient  to  consciousness. 

No  antidote  for  poisoning  by  the  gas  is  known.  Trans- 
fusion of  blood  has  been  tried  with  apparent  success. 

In  experiments  upon  the  lower  animals  the  introduction 
of  normal  salt  solution  into  the  veins  has  occasionally 
been  successful  in  saving  life. 

Inhalations  of  oxygen  have  often  been  tried,  with 
temporar}-  benefit,  but  it  does  not  seem  to  expel  the  car- 
bon monoxide  from  the  blood.  If  persisted  in.  it  may 
save  life  when  the  blood  is  not  too  nearly  saturated  with 
the  gas.  EHas  U.  Bartley. 

CARBON     'y^lK\CH\.OMQ£.—  Tetrachloromethnne, 

(JhUini'Carhon :  CCh.  This  body  is  a  colorless,  thin, 
ethereal  fluid,  of  a  pleasant  aromatic  smell,  insoluble  in 
water  but  miscible  freely  with  alcohol  and  ether.  It  has 
been  tried  as  an  anaesthetic  and  has  been  found  to  operate 
after  the  general  manner  of  chloroform,  but  with  such  a 
depressing  effect  upon  heart  action  that  it  is  little  likely 
ever  to  come  into  practical  use.  Edward  Curtis. 

CARBONIC-ACID  WATER.— "Softo  w«««r."  Carbonic- 

acitl  water  is  the  product  of  the  solution  of  carbon  dioxide 
(carbonic-acid  ga.s)  in  water.  In  such  solution  there  is  a 
chemical  union  between  the  gas  and  the  water,  molecule 
for  molecule,  producing  the  body  carbonic  acid  projier 
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(HjCOs),  which  is  kuown  ouly  in  solution.  At  tlie  ordi- 
nary pressure  of  the  atraospliere  water  dissolves  about 
cue  vohime  of  carbon  dioxide,  but  will  take  up  increased 
quantities  under  artificial  increase  of  pressure  in  direct 
proportion  to  the  pressure.  The  carbonic-acid  water  of 
commerce  contains  from  five  to  ten  volumes  of  gas  forced 
to  dissolve  by  pressures  varying  from  five  to  ten  atmos- 
pheres. Such  supercharged  solutions  appear  as  color- 
less aqueous  fluids,  effervescing  briskly  on  release  from 
confinement,  from  spontaneous  evolution  of  the  excess  of 
carbon  dioxide.  The  reaction  is  acid  and  the  taste  pleas- 
antly acidulous  and  jjungent.  For  obvious  reasons  com- 
mercial carbonic-acid  water  must  be  kcjjt  strongly  con- 
fined in  well-stoppered  vessels,  and  special  care  is  neces- 
sary that  there  be  no  exposed  surface  of  lead  or  copper 
in  the  storing  vessel,  else  contamination  of  the  water  with 
those  metals  will  result.  A  carbonic-acid  water  charged 
with  five  volumes  of  gas  was  formerly  official  in  the 
United  States  Pharmacopoeia,  but  was  dismissed  in  the 
revision  of  1880. 

Carbonic-acid  water  is  valuable  medicinally  as  a  drink, 
and  as  a  vehicle  for  medicines.  As  a  diink  its  virtues  are 
that,  like  all  acids,  it  tends  to  excite  the  secretion  of  saliva 
and  buccal  mucus,  and  so  relieve  thirst  more  permanently 
than  plain  water,  and  that  it  is  peculiarly  grateful  to  the 
stomach,  tending  to  expel  flatus  and  allay  nausea.  As  a 
vehicle  for  medicines,  carbonic-acid  water  is  especially 
adapted  for  the  solution  of  mawkish  salts,  such  as  the 
purgative  salts  and  alkaline  carbonates,  bromides,  and 
iodides.  Not  only  is  disagreeable  taste  thus  disguised, 
but  the  salt,  whatever  it  be,  is  much  less  liable  to  disorder 
the  stomach. 

It  is  almost  needless  to  say  that  all  effervescing  drinks 
: — mineral  waters  and  sparkling  wines  or  malt  liquors — 
owe  their  effervescence  to  carbonic  acid  formed  by  the 
solution  in  the  liquid  of  carbon  dioxide  under  pressure. 

Edward  Curtis. 

CARBO-SAPOL  is  a  mixture  of  50  parts  of  carbolic 
acid,  35  parts  of  yellow  soda  soap,  and  25  parts  of  potash 
or  soft  soap.  These  substances  are  heated  together  on  a 
water  bath  until  they  form  a  clear  solution.  Carbosapol 
is  miscible  with  water  in  all  proportions,  and  has  a  strong 
antiseptic  action.  The  combination  of  soap  with  carbolic 
acid  makes  it  decidedly  useful  for  cleansing  the  skin  be- 
fore an  operation,  or  for  soaking  the  hands.  A  one-per- 
cent, solution  may  replace  creolin  or  lysol  as  a  vaginal  or 
intra-uterine  douche.  It  may  be  used  for  instruments  in 
one-  to  five-percent,  solution,  and  these  must  be  rinsed 
off  before  they  are  employed,  as  the  soapy  solution  makes 
them  slijipery.  W.  A.  Bastedo. 

CARBUNCLE. —  Carhunculus simplex seu  henignus.  (See 
also  Aiitlirax  and  Boils  in  this  H.\ndbook.) 

[Some  eminent  authorities  consider  simple  carbuncle  to 
be  a  form  of  anthrax  [ Anthrax  furonculeux).  and  apply 
this  designation  to  the  local  lesion.  This  seems  calcu- 
lated to  create  confusion,  as  the  nature  and  course  of  the 
two  diseases  are  widely  different ;  and  the  essential  ele- 
ment of  malignant  piistule — the  bacillus  anthracis — is  not 
found  in  the  fluids  or  tissue  in  cases  of  simple  nonmalig- 
nant  carbuncle.] 

Carbuncle  is  an  inflammation  of  the  skin  and  con- 
nective (cellular)  tissue  of  a  greater  or  less  degree  of  se- 
verity, accompanied  by  the  loss  of  a  certain  amount  of 
tissue,  and  exhibiting  a  tendency  to  mortification  of 
the  skin. 

Carbuncle  commences  in  the  subcutaneous  structures 
and  works  its  way  through  the  planes  of  connective  tis- 
sue, as  well  as  toward  the  surface.  A  brawnv  inflam- 
mation around  an  acutely  inflamed  central  tumor  is 
formed,  with  multiple  points  of  suppuration,  with  a 
strong  tendency  to  lateral  extension.  It  is  this  latter 
tendency,  and  the  consequent  much  larger  size  of  the  car- 
buncle, and  the  multiplicity  of  the  points  of  suppuration 
which  distinguish  the  carbuncle  from  the  boil.  Car- 
buncles are  chiefly  situated  on  the  nape  of  the  neck,  and 
on  the  back  or  buttock,  but  they  may  also  occur  on  the 


extensor  surface  of  the  forearm,  and  on  the  scalp  or  face, 
or  in  other  locations. 

The  symptoms  belonging  to  carbuncle  are  of  a  much 
graver  character  than  those  attending  furuncle  (see  under 
heading  Boils),  and  are  accompanied  by  more  or  less 
significant  signs  of  constitutional  disease,  such  as  fever, 
headache,  anorexia,  etc.  The  formation  of  a  carbuncle 
is  always  preceded  hj  more  or  less  serious  impairment  of 
the  general  health,  liy  a  feeling  of  malaise,  and  sometimes 
by  successive  chills.  Tliese  symptoms  become  intensified 
until  the  local  disease  is  manifested  by  elevation  of  tem- 
perature, and  by  redness  and  swelling  of  the  part,  ac- 
companied by  a  feeling  of  deep,  and  at  times  ill-defined, 
induration. 

Etiology. — Carbuncle  is  now  generally  believed  to  be 
caused  by  the  infection  of  the  site  of  the  disease  by  means 
of  a  bacterial  germ,  which  gains  admission  to  the  subcu- 
taneous tissues  through  some  wound  of  the  skin,  such  as 
a  minute  scratch,  a  slight  abrasion,  or  possibly  by  find- 
ing its  way  downward  through  the  follicle  of  a  cutaneous 
hair,  without  previous  injurv  of  the  skin.  The  organ- 
isms most  frequently  found  in  the  pus  of  a  carbuncle  are 
the  Staphylococcus  pyogenes  aureus  and  albus  (Warren). 
A  state  of  general  debility  places  the  tissues  in  a  condi- 
tion to  furnish  a  favorable  soil  for  the  growth  of  the  bac- 
teria. Certain  constitutional  diseases,  such  as  diabetes, 
are  frequently  accompanied  by  carbuncle.  Carbuncle  is 
rarely  observed  in  childhood.  It  is  most  frequently  seen 
in  persons  over  forty  years  of  age.  It  first  appears  as  a 
minute  papule  on  the  surface  of  the  skin,  which  is  usu- 
ally the  seat  of  considerable  irritation,  and  sometimes  of 
acute  pain.  From  this  point  the  area  of  commencing  in- 
flammation graduallj"  enlarges,  extending  lateral!}',  and 
involving  also  the  deeper  tissues  of  the  part,  until  a 
cone-shaped  area  of  the  tissues  is  involved  in  the  process. 
Warren  exjilains  the  peculiarities  of  carbuncular  in- 
flammation by  reference  to  the  anatomy  of  the  skin  in 
the  regions  most  frequently  the  seat  of  the  disease.  He 
says  (op.  eit.):  "The  skin  inthis  region  is  extremely  thick 
(neck,  back,  etc.),  probably  thicker  than  in  any  portion 
of  the  body  ;  it  forms  a  mass  of  dense  fibrous  tissue,  well 
calculated  to  sustain  burdens,  or  to  protect  a  compara- 
tively defenceless  portion  of  the  body.  The  hair  follicles 
being  those  supporting  downy  hair  only,  and  therefore 
shallow,  project  downward  only  a  short  distance  into  the 
uppermost  layers  of  the  subcutaneous  tissues.  Commu- 
nication with  the  adipose  tissue  is  by  oblique  columns  of 
fatty  tissue  which  extend  upward  from  below.  These 
fat  columns  [first  described  by  WaiTcn]  are  found  beneath 
each  hair  follicle.  They  contain  besides  loose  connective 
tissue,  fat  cells  and  vessels,  and  a  coil  of  sweat  gland 
suspended  midway  in  the  shaft.  At  the  point  where 
these  columns  open  into  the  parts  immediately  below  this 
dense  sheet  of  culis  is  fovmd  a  broad  band  of  fibrous  tis- 
sue, given  off  from  one  side  and  extending  obliquely 
down  into  the  subcutaneous  structures,  finally  to  be  at- 
tached to  the  fascia,  beneath  which  lie  the  muscles. 
These  fibrous  bands  which  interlace  in  various  directions, 
are  verj-  different  from  the  delicate  cellular  tissue  under- 
lying other  portions  of  the  skin,  and  form  a  dense  net- 
work which  holds  firmly  in  ])lace  the  tough  hide  to 
which  they  are  attached.'"  When  further  developed, 
the  carbuncle  presents  a  broad,  flattened  surface  of 
round  or  oval  outline,  elevated  to  a  greater  or  less  de- 
gree above  the  surface  of  the  surrounding  skin,  which 
is  of  a  bright  or  dull  red,  or  sometimes  of  a  tawny 
color,  and  which  is  very  tender  to  the  touch.  The 
skin  is  tense  and  hard,  and  the  density  of  the  surround- 
ing tissues  is  greater  than  in  ordinary  inflammations  of 
these  structures. 

Course  of  the  Dise.\se. — When  the  inflammation 
has  involved  an  area  of  a  certain  diameter,  its  periphery 
becomes  fixed,  and  it  rarely  afterwaiti  progresses  beyond 
this  boundary.  Soon  a  slight  elevation  of  the  epidermis 
is  noticeable,  which  speedily  ruptures  and  gives  exit  to 
a  clear  gelatinous  or  sero-purulent  discharge,  which 
quickly  dries  and  forms  crusts  about  the  orifice  of  exit. 
This  is  not  accompanied  by  amelioration  of  the  pain. 
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.  redness,  heat,  or  swelling,  nor  does  it  in  the  least  check 
the  progress  of  the  disease. 

As  the  carbuncle  increases  in  size,  the  distress,  which 
at  first  is  usually  not  excessive,  becomes  gradually  more 
intense,  until  it  reaches  a  stage  wlien  it  can  be  compared 
to  nothing  but  a  violent  burning  pain  located  deep  in 
the  tissues,  and  accompanied  l)j'  throbbing  and  often  by 
agonizing  exacerbations,  owing  to  the  fact  that  the  skin 
is  held  down  lirmly  to  the  fascia  by  the  fibrous  bands 
already  described.  Tlie  dense  cutis  vera  also  does  not 
yield  to  the  pressure  from  below;  the  disease  therefore 
advances  from  one  columnar  interspace  to  another  and 
thus  gradually  implicates  the  deeper  tissues.  The  pus 
makes  its  way  to  the  surface  through  the  points  of  least 
resistance,  these  points  being  the  colunmte  adiposa?.  and 
thus  the  carbuncle  becomes  the  seat  of  numerous  small 
openings  scattered  irregularly  over  its  surface,  which 
lead  down  to  the  seat  of  the  disease  in  the  deeper  tissues 
of  the  part.  Aftei'  a  time  the  centre  of-  the  carbuncle 
usually  becomes  gangrenous. 

The  infiltration  and  disintegration  of  the  tissiu's  and 
the  overlying  skin  are  often  so  complete,  and  coagulation 
necrosis  is  so  extensive,  that  large  slouglis  are  formed. 
The  centre  of  the  carbuncle  thus  becomes  an  open  crater. 
This  may  be  conflni'd  to  a  small  jiortion  of  tissue,  and 
does  not  always  lead  to  any  considerable  destruction  in 
the  part;  but  it  usually  occasions  a  loss  of  substance  to 
a  greater  or  less  amount,  sometimes  reaching  an  area  of 
25  to  30  cm.  in  diameter.  This  stage  is  often  accompa- 
nied by  a  notable  relief  from  the  pain. 

Irregular  fragments  of  necrosed  connective  tissue  or 
aponeurosis  are  often  separated  during  the  process  of 
healing,  and  appear  at  the  orifices  upon  the  summit  of 
the  carbuncle,  where  they  are  discharged  spontaneously, 
or  may  be  extracted  by  operative  measvires.  When  the 
necrosed  tissues  are  retained  beneath  the  skin,  they  fre- 
quently give  rise  to  abscesses  in  the  periphery  of  the 
original  seat  of  disease,  and  thus  increase  the  severity  of 
the  local  lesion  and  augment  the  danger  to  the  patient, 
as  well  as  enlarge  the  surface  to  be  subsequentl}'  healed. 
The  change  of  the  livid  color  at  the  border  of  the  indura- 
tion to  a  yellowish  hue  is  an  indication  that  the  disease 
has  reached  its  limit  in  extent. 

When  the  gangrenous  tissue  which  forms  the  centre  of 
the  carbimcle  has  been  entirely  eliminated,  the  process  of 
repair  commences,  by  the  gradual  formation  of  a  cicatri.x 
over  the  seat  of  the  disease.  This  is  generally  a  slow 
process,  and  in  some  cases  is  not  completed  on  account 
of  exhaustion  of  the  healing  power  of  the  system. 

In  the  milder  cases  there  may  be  little  or  no  fever;  but 
large  carbuncles  are  usually  associated  with  considerable 
cachexia,  and  the  condition  of  the  patient  at  times  be- 
comes critical. 

The  duration  of  the  disease  varies  according  to  the  age 
and  condition  of  the  patient,  and  the  means  employed 
in  its  treatment.  If  the  carbuncle  is  early  and  thorouglily 
incised,  a  complete  cure  may  sometimes  be  attained  in 
from  one  to  three  weeks,  although  cases  oftei;  require  six 
months  for  healing.  The  average  duration  of  the  disease 
is  considered  by  competent  authorities  to  be  from  one  to 
two  months. 

Di.\GN0Sis. — In  its  earh' stages  it  may  be  impossible  to 
differentiate  carbuncle  from  the  ordinary  furuncle ;  but 
the  diagnosis  would  soon  be  rendered  positive  by  the 
course  of  the  disease.  The  furuncle  is  quite  superficial, 
affects  only  a  limited  amount  of  tissue,  may  be  located 
upon  any  part  of  the  body,  is  not  accompanied  by  grave 
constitutional  symptoms,  is  developed  quickly,  is  not 
limited  to  any  particular  period  of  life,  and  is  relieved 
by  spontaneous  opening  or  by  surgical  incision.  The 
carbuncle,  on  the  contrary,  is  situated  in  the  deeper  tis- 
sues, especially  in  parts  like  the  neck,  back,  scalp,  etc., 
in  which  are  broad  aponeurotic  expansions.  It  usually 
occurs  iu  patients  already  the  subjects  of  diminished 
vitality  from  other  causes,  and  should  excite  suspicion  of 
diabetes,  alcoholism,  or  marked  uric-acid  diathesis.  Car- 
buncle is  accompanied  by  grave  and  often  alarming  con- 
stitutional symptoms,  by  high  fever,  and  by  extreme 


restlessness;  it  is  the  seat  of  great  and  continuous  pain, 
which  is  not  relieved  b)'  the  formation  of  an  opening. 
Tlie  infianuuation  extends  a  considerable  distance  beneath 
the  surrounding  tissues,  and  is  sometimes  followed  by 
extensive  gangrene  of  the  superficial  structures  or  by 
phlegmonous  inflammation  of  the  adjacent  parts,  and  is, 
}xir  cxccUencc,  a  disease  of  advanced  life. 

The  simple  non-specific  carbuncle  may  properly  be 
regarded  as  a  group  of  deep-seated  furuncles,  situated 
beneath  a  dense  and  resisting  cutaneous  surface,  which 
undermine  and  cause  necrosis  of  a  reiati\ely  large 
amount  of  tissue,  with  subsequent  gangrene  of  the 
overlaying  skin,  .sometimes  to  a  very  alarming  extent. 
Tlie  simple  furuncle  has  a  tendency  to  heal  as  soon  as 
an  opening  occurs:  the  carbuncle  shows  no  such  ten- 
dency. 

Carbuncle  may  be  confounded  with  commencing  ery- 
sipelas, and  with  a  simple  phlegmon  of  the  subcutaneoiis 
connective  tissue;  but  these  diseases  lack  the  localized 
character,  the  surrounding  induration,  the  punctated  sur- 
face, and  the  extensive  sloughing  of  a  circumscribed 
portion  of  connective  tissue.  Phlegmon  is  more  boggy 
and  diffused  than  is  commencing  carbuncle,  the  pain  and 
fever  are  not  so  marked  or  constant,  and  the  course  of 
the  symptoms  is  more  rapid.  Erysiiiclas  isaccomiianied 
by  intense  febrile  reaction,  a  more  diffused  swelling  of 
the  skin,  vivid  redness,  and  a  clearly  marked  boundary 
of  the  disease,  with  lines  of  inflaiumation  over  the  lym- 
phatic channels  and  infiltration  of  the  lynqihatic  glands. 
There  is  usually  no  tendency  on  the  part  of  a  carbuncle 
to  extend  beyond  its  original  limit. 

Carbuncle  often  presents  a  striking  similarity  to  an- 
thrax (malignant  pustule),  and  might  sometimes  be  mis- 
taken for  this  malady,  during  its  early  stages,  at  the  tiiue 
when  a  small  phlyctenular  elevation  of  the  epidermis 
upon  an  indurated  and  swollen  base  is  the  only  visilfie 
variation  from  the  normal  condition.  But  carbuncle  is 
rarely  accompanied  b_y  the  glandular  enlargement,  by 
the  peripheral  or  extended  a-dema,  or  by  so  profound 
signs  of  constitutional  disturbance  as  is  the  more  grave 
disease.  Aside  from  these  points  in  diagnosis  is  the  im- 
portant fact  that  malignant  pustule  is  observed  chiefly, 
if  not  exclusively,  anu5ug  those  who  have  been  in  some 
way  brought  in  contact  with  some  substance  containing 
the  infection,  and  therefore  is  more  especially  confined  to 
those  persons  who  are  obliged  to  handle  the  flesh,  hair, 
wool,  skins,  etc.,  of  animals,  or  to  those  who  are  engaged 
in  the  care  of  animals  already  diseased,  as  grooms  and 
shepherds  (in  the  grazing  regions  of  North  America  the 
disease  might  be  expected  among  cowboj's).  The  dried 
hides  of  animals,  particularly  those  received  from  South 
America,  frequently  contain  the  virus  of  malignant  pus- 
tule, and  constitute  a  soiuce  of  infection  to  cvirriers.  tan- 
ners, and  others  employed  in  their  manufacture;  and  in 
persons  following  these  occupations  any  form  of  boil  or 
carbuncle  should  be  regarded  with  suspicion  until  an- 
thrax can  be  excluded. 

The  more  frequent  seat  of  carbuncle  is  the  neck  and 
back;  then  the  scalp,  thorax,  face,  and  limbs.  Cases 
have  been  reported  in  which  the  eyelid  and  the  lip  were 
the  seat  of  carbuncle,  but  these  must  be  exceedingly  rare. 

Pathology. — Carbuncle  may  be  regarded  as  the  mani- 
festation of  a  septic  invasion  of  the  affected  tissues  with 
subsequent  coagulation  necrosis  and  gangrene  of  the  in- 
fected structures,  accompanied  if  not  preceded  by  a  de- 
praved condition  of  the  general  system.  It  has  been 
noticed  that  other  signs  of  a  constitutional  affection  are 
often  present  in  carbuncle.  Thus  Prout  observed,  in 
1840,  that  the  outbreak  of  the  local  disease  was  frequently 
accompanied  by  the  urinary  .symptoms  of  diabetes; 
though  it  is  quite  possible  that  the  diabetic  phenomena 
and  the  carbuncle  may  belong  to  the  outward  manifesta- 
tions of  some  grave  constitutional  affection,  possibly  of 
some  department  of  the  nervous  system.  The  local  fea- 
tures of  carbuncle  are  essentially  those  of  a  septic  infec- 
tion, and  are  to  be  regarded  as  such  so  far  as  prognosis 
and  treatment  are  concerned. 

Prognosis. — In  speaking  of  the  lesion  of  carbuncle. 
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allusion  was  made  to  the  ordinary  fui-uncle  as  the  mildest 
form  of  this  aifection.  In  prognosis  the  same  relation 
holds  true.  The  furuncle  is  superficial  in  location,  runs 
its  course  without  fever,  and  is  uniformly  followed  by 
rapid  recovery,  leaving  a  small  cicatrix,  which  is  usually 
tut  slightly  depressed  below  the  level  of  the  surrounding 
skin.  The"  prognosis  of  carbuncle,  however,  depends 
upon  three  factors,  viz. :  the  age  and  vigor  of  the  patient ; 
the  gravity  of  the  constitutional  symptoms,  the  amount 
of  pain,  etc.,  and  the  degree  of  interference  with  the 
process  of  alimentation ;  and  the  situation  and  extent  of 
the  local  disease  and  the  degree  to  which  gangrene  of  the 
skin  or  sloughing  of  the  deeper  tissues  occurs. 

Death  may  occur  from  exhaustion,  or  from  the  devel- 
opment of  secondary  abscesses  in  the  vicinity  of  the  orig- 
inal carbuncle,  especially  if  these  take  a  phlegmonous 
course.  A  fatal  issue  also  results  in  some  cases  from 
profound  depression  of  the  vital  powers,  apparently  due 
to  the  absorption  of  the  toxic  poison  of  the  disease. 
Hemorrhage  and  embolism  have  also  been  the  cause  of 
death  in  carbuncle.  When  the  disease  is  situated  on  the 
neck  or  scalp,  septic  meningitis  has  not  infrequently  been 
a  fatal  complication. 

When  the  carbuncle  is  situated  upon  the  neck  it  may 
produce  dyspnoea  by  pressure  upon  the  air  passages; 
when  it  is  located  upon  the  chest  or  abdomen  the  pleura 
or  peritoneum  may  become  inflamed ;  when  upon  the  face, 
distortion  of  the  features  may  ensue ;  and  when  situated 
upon  the  scalp  it  may  be  followed  by  meningitis. 

Tbeat.ment. — Carbuncle  is  believed  to  arise  from  an 
Infection  of  the  skin  and  subjacent  tissues  by  a  definite 
bacillary  organism,  and  is  accompanied  by  a  depraved 
condition  of  the  general  health;  and  therefore  the  first 
indication  would  be  to  restore  as  far  as  possible  the  nor- 
mal vigor  of  the  system  and  to  bring  about  a  better 
nutrition  of  the  bod}'.  Some  of  the  most  celebrated  au- 
thorities recommend  the  employment  of  active  emetics, 
followed  by  cathartics,  for  the  purpose  of  increasing  the 
eliminative  function  of  the  digestive  canal,  and  possibly, 
also,  as  a  means  of  derivative  action  upon  the  seat  of  the 
disease  by  assisting  in  the  removal  of  the  toxins  produced 
by  the  bacillus.  When  we  consider,  however,  that  the 
patient  with  carbmicle  is  generally  already  in  a  state  of 
impaired  vigor,  any  active  depletory  measures  should 
either  be  entirely  abstained  from  or  should  be  adopted 
with  great  caution,  lest  they  induce  a  dangerous  degree 
of  exhaustion  or  be  followed  by  sudden  collapse. 

A  careful  regulation  of  the  food,  in  regard  both  to 
quality  and  to  quantity,  is  generally  necessary,  and  at 
the  same  time  active  tonics  and  stimulants  must  be  ad- 
ministered. The  distress  is  frequently  so  great  as  to  re- 
quire the  use  of  anodynes,  and  often  the  degree  of  febrile 
reaction  is  an  indication  for  the  employment  of  large 
doses  of  quinine.  Cod-liver  oil  has  also  been  found  use- 
ful. If  rapid  exhaustion  supervenes,  the  administration 
of  champagne  has  sometimes  been  followed  by  great 
benefit.  When  convalescence  is  established,  iron  should 
be  given,  a  generous  and  strengthening  diet  should  be 
ordered,  and,  if  possible,  sea  bathing  or  a  change  of  cli- 
mate and  surroundings  should  be  advised. 

Locally,  the  treatment  must  depend  much  upon  the 
symptoms  belonging  to  each  particular  case.  At  times 
llic  application  of  cold  is  of  great  service  in  relieving  the 
pain  and  modifying  the  severity  of  the  inflammation,  but 
generally  hot  and  moist  applications  are  most  comfort- 
able to  the  patient.  These  may  consist  of  simple  hot  com- 
presses, but  the  most  common  mode  of  treatment  is  by 
means  of  large  poultices  which  should  be  frequently 
changed.  At  times  the  local  abstraction  of  blood  by 
means  of  leeches  affords  temporary  relief,  but  the  bleed- 
ing is  liable  to  be  excessive  in  amount,  and  may  induce 
a  condition  of  collapse. 

The  surgical  treatment  of  carbuncle  should  have  for 
its  object  the  liberation  of  the  sloughing  tissue  in  the 
centre  of  the  carbuncle,  and  the  free  exposure  of  all  sup- 
purating parts.  For  tliis  purpose  many  methods  of  jjro- 
cedure  have  been  advised,  such  as  the  circular  incision 
around  the  base  of  the  carbuncle ;  the  cauterization  of  the 


summit  of  the  swelling  by  means  of  potash  or  fernim 
candens;  the  crucial  incision  of  the  entire  carbuncle,  the 
subcutaneous  stellar  incision  through  its  substance ;  and 
the  treatment  by  compression  of  the  entire  carbimcle ;  or 
of  its  peripheral  portions,  by  means  of  firm  or  elastic 
bandages. 

All  operative  measures  should  be  carried  out  with  the 
strictest  attention  to  antiseptic  precautions.  The  sealt  of 
the  disease  should  be  previously  rendered  as  nearly  asep- 
tic as  possible. 

The  treatment  by  circular  incision  consists  in  cutting  a 
channel  quite  around  the  base  of  the  carbuncle,  so  as  to 
divide  the  skin  and  the  superficial  bloodvessels,  and  has 
for  its  object  the  diminution  of  the  vascular  supply,  with 
the  result  of  relieving  the  tension  and  reducing  the  fe- 
brile action  in  the  part,  and  thus  modifying  the  severity 
of  the  process  and  hastening  the  recovery.  It  is  more 
especially  to  be  employed  in  the  early  stages  of  the  dis- 
ease before  gangrene  has  occurred,  and  while  the  central 
slough  maj'  yet  be  ciuite  small. 

The  application  of  caustic  potash  or  the  hot  iron  to  the 
summit  of  the  carbuncle  has  the  aim  to  provide  a  path 
for  the  release  of  the  sloughing  centre  of  the  diseased 
part,  and  at  the  same  time  to  avoid  the  unnecessary  loss 
of  l)lood  from  hemorrhage.  The  tissue  to  which  the 
cautery  is  applied  is  destroyed  without  bleeding,  and  the 
interior  of  the  carbuncle  is  rendered  accessible  to  direct 
treatment.  This  mode  of  treatment  is  not  often  em- 
ployed, as  it  is  painful  in  its  action  and  the  resulting- 
benefit  is  not  greater  than  that  from  other  and  less  dis- 
tressing methods.  During  the  last  few  years  the  anti- 
septic treatment  has  superseded  all  other  forms.  In  cases 
of  great  debility  or  in  aged  patients,  as  well  as  in  mild 
forms  of  carbuncle,  the  use  of  carbolic  acid  in  dilute 
solution,  either  as  a  lotion  or  on  compresses  as  a  poultice, 
is  of  service. 

The  crucial  incision  of  the  entire  carbuncle  from  base- 
to  summit  is  doubtless  the  most  useful  and  effectual 
manner  of  exposing  the  interior  of  the  swelling  to  view, 
and  of  liberating  the  sloughing  centre  in  the  most  rapid 
manner.  When  the  operation  is  completed  the  carbuncle 
presents  four  deep  incisions  radiating  from  the  centre  to- 
tile  periphery.  By  this  means  the  whole  interior  of  the- 
diseased  part  is  made  accessible  to  direct  treatment  and 
the  most  favorable  conditions  for  rapid  and  complete  re- 
covery are  at  once  established.  The  incision  of  the  skin 
over  the  inflamed  part,  however,  may  be  attended  with  a 
considerable  loss  of  blood,  which  in  the  debilitated  con- 
dition of  many  of  the  subjects  of  this  disease  is  of  no 
small  import^ince.  To  obviate  this,  and  thus  to  save  the 
strength  of  the  patient,  the  method  of  subcutaneous 
stellar  incision  has  been  adopted  in  many  cases  of  exten- 
sive carbuncle. 

This  mode  of  treatment  consists  in  the  internal  division 
of  the  seat  of  disease  into  many  small  sections,  and  has 
for  its  object  the  rapid  and  easy  evacuation  of  the  slough- 
ing tissues  of  the  centre  of  the  carbuncle  and  the  libera- 
tion of  purulent  matter,  with  the  avoidance  of  excessive 
hemorrhage. 

In  performing  this  operation  the  surgeon  makes  use  of 
a  long  and  narrow  knife,  which  is  inserted  into  the  pei- 
forated  centre  of  the  carbuncle  and  carried  directly  to  the 
bottom  of  the  disease.  Its  point  is  then  directed  outward 
toward  the  periphery  of  the  carbuncle,  and  when  the  ex- 
ternal boundary  has  been  reached  the  edge  of  the  knife  is 
turned  toward  the  skin,  and  the  tissue  is  carefullj'  cut 
from  below  toward  the  surface.  The  incision  shoidd  not 
be  allowed  to  reach  the  skin,  on  account  of  the  bleeding 
which  would  ensue,  but  should  comprise  all  the  diseased 
tissues  below  the  skin.  This  process  should  be  repeated 
in  all  directions  until  the  carbuncle  consists  of  only  a 
superficial  covering  of  sound  skin  overlying  the  thor- 
oughly divided  and  broken-up  mass  of  the  carbuncle, 
which  should  then  be  removed  by  curetting  or  in  some 
other  effective  manner.  The  amount  of  hemorrhage  is 
usually  very  slight.  If  the  strength  of  the  patient  is  not 
too  much  reduced,  recovery  is  usually  rapid  and  com- 
plete. 
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Warren  iiiaiutains  tliat  a  more  radical  form  of  opera- 
tion should  be  carried  out  in  manj-  cases.  He  says :  "  Tlie 
most  radical  treatment  consists  in  total  e.xcision  of  the 
carbuncle.  A  circular  incision  should  be  made  round 
the  edge  of  tlie  infected  portion  of  the  skin,  and  all  the 
diseased  tissues  should  be  removed.  The  effect  is  imme- 
diate. The  fever  and  delirium  disappear  and  the  pain  is 
relieved." 

Carbuncle  of  the  lip  often  causes  very  grave  symp- 
toms. Evacuation  of  the  contents  and  extirpation  of  the 
infected  tissues  should  be  carried  out.  and  any  simpler 
mode  of  treatment  is  here  usually  insufficient.  This 
should  be  done  from  inside  the  mouth  Avhen  possible  on 
account  of  the  diminished  scar  or  deformity  thus  secured. 

The  applicaticm  of  heat,  preferably  by  dry  or  moist 
compresses,  should  follow  any  operative  measures. 
Should  the  necessity  for  disinfection  arise,  this  may  be 
accomplished  by  the  use  of  chlorinated  soda,  which  is 
preferable  to  carbolic  acid  on  account  of  the  somewhat 
greater  danger  of  poisoning  by  this  agent  in  carbuncle 
than  in  ordinary  surgery,  owing  to  the  more  extensive 
surface  for  absorption  and  the  age  and  weakened  condi- 
tion of  the  patient.  If  it  shotdd  become  desirable  to  em- 
ploy an  antiseptic,  a  solution  of  mercuric  bichloride  or 
some  other  efficient  agent  of  this  nature,  of  which  we 
now  jiossess  a  considerable  number,  may  be  used  in  the 
wound. 

The  cicatrix  following  carbuncle  is  generally  more  or 
less  depressed,  and  may  at  times  become  so  retracted  as 
to  produce  deformity,  and  occasionally  to  interfere  with 
the  functional  activity  of  parts  or  organs  (neck,  jaw, 
eyelid,  etc.).  "  Albert  JV.  Blodyett. 

Eeferences. 

Ashhurst :  IntejTiational  Encyclopedia  of  Surgery,  Il„  p.  317. 
Dennis :  System  of  Surgery,  vii.,  p.  499. 
Park :  System  of  Surgery  by  American  Authors,  ii.,  p.  17. 
Warren-Gouia :  International  Text-Book  of  Surgery,  1.,  p.  68. 

CARCINOMA. — The  carcinoma  is  a  tumorwhich  arises 

from  epitlielium  and  is  formed  of  masses  of  epithelitim 
growing  in  a  connective-tissue  stroma.  It  is  further 
characterized  by  unlimited  local  growth  and  by  giving 
rise  to  the  formation  of  tumors  of  a  similar  structure  in 
other  parts  of  the  body.  The  tumoi'may  arise  from  the 
surface  epithelium  of  the  exterior  of  the  bod_y,  frf)m  the 
epithelium  lining  the  alimentarj'  canal,  from  that  lining 
tlie  hmg,  or  from  the  various  involutions  of  epithelium 
constituting  the  glands.  Tumors  having  all  the  charac- 
teristics of  true  carcinoma  may  also  arise  in  places  where 
no  epithelial  structures  are  normally  present.  Such 
tumors  do  not  form  an  exception  to  the  general  rule  of 
origin,  for  the_y  arise  from  embryonic  epithelium  which 
in  the  course  of  development  has  become  included  in 
mesodennic  tissue  and  cut  off  from  connection  with  the 
epithelial  surface.  Examples  of  such  tumors  are  found 
in  carcinoma  of  the  deep  tissues  of  the  neck  originating 
from  the  epithelial  remains  of  the  branchial  clefts,  in  car- 
cinoma arising  in  tlie  walls  of  dermoid  cysts,  etc.  Tu- 
mors having  a  structure  veiy  similar  to  that  of  carcinoma 
may  arise  from  the  endothelium  of  blood  and  lymphatic 
vessels.  The  carcinoma  may  also  arise  from  the  germi- 
nal tissue  of  the  ovary  and  the  testicle. 

It  has  long  been  known  that  all  epithelial  surfaces  are 
not  equally  liable  to  carcinoma.  In  general,  we  find  that 
the  tumor  is  more  likelv  to  form  about  the  orifices  of  the 
body  where  skin  and  mucous  membrane  come  in  contact, 
as  in  the  li])s  and  anus,  or  where  the  course  of  embryonic 
differentiation  has  been  complicated,  as  in  the  lower  third 
of  the  oesophagus.  Carcinoma  arising  from  the  glands  is 
particularly  ajJt  to  occur  in  those  glands  which  are  gen- 
erally inactive  Init  which  have  the  power  of  extreme  pro- 
liferation and  functional  activity,  as  the  mammary  gland 
and  the  uterus.  In  certain  jilaces  the  occniTence  of  car- 
cinoma is  probably  to  be  explained  by  the  action  of  re- 
peated traumatic  stimuli,  but  the  influence  of  trauma  in 
producing  carcinoma  as  well  as  other  tumors,  has  proba- 
bly been  greatly  overestimated. 


On  microscopic  examination  the  carcinoipa  is  found  to 
be  composed  of  two  kinds  of  tissue:  first,  epithelial  cells 
arranged  in  masses  which  vary  in  size  and  form,  and 
which  are  enclosed  in  spaces  called  alveoli ;  secondly,  con- 
nective tissue  whicth  surrounds  the  alveoli  and  bears  the 
blood-vessels  for  the  nutrition  of  the  cells  in  the  alveoli. 
This  connective  tissue  is  called  the  stroma.  Neither 
stroma  nor  blood-vessels  penetrate  the  epithelial  masses. 
Normal  epithelial  structures  show  a  similar  arrangement 
of  tissue,  epithelial  cells  growing  in  the  closest  juxta- 


FIG.  1117.— Small  Carcinoma  cif  Fmciii.;i(i  Showing  Network  of  Epi- 
thelial Cell  Masses  surrounded  by  Couucctive-Tlssue  Stroma.  (No.  3 
Leitz,  without  eyepiece.) 

position  with  connective  tissue,  but  the  latter  never 
penetrating  between  the  cells.  Whether  we  consider  the 
covering  epithelium  or  the  glandular  epithelium  the  ar- 
rangement of  the  tissue  is  the  same. 

If,  in  the  normal  epithelial  structures,  the  cells  at  .some 
point  begin  to  multiply  and  penetrate  into  the  adjoining 
connective  tissue,  the  structure  of  carcinoma  is  produced. 
The  mere  proliferation  of  the  epithelium  does  not  produce 
the  carcinoma.  Epithelial  tissues  are  the  most  active  of 
any  tissues  of  the  body.  Both  the  covering  and  the 
glandular  epithelium  are  constantly  used  up  in  the  course 
of  their  phvsiological  activity,  and  the  loss  is  as  constantly 
repaired  by  the  formation  of  new  epithelial  cells.  This 
power  of  regeneration  is  sufficient  not  onlj'  for  the  ordi- 
nary wear  and  tear  of  the  tissues,  but  also  for  the  repair 
of  even  extensive  losses.  Furthermore,  the  epithelium 
may  be  excited  to  greater  activity  by  various  means, 
and  large  masses  of  tissue  composed  principally  of  ejii- 
thelium  may  be  produced.  Such  a  growth  of  epithe- 
lium is  constantly  accompanied  by  a  growth  of  young 
connective  tissue  bearing  blood-vessels.  An  epithelial 
growth  of  this  character  repeats  in  a  general  way  the 
structure  of  the  normal  tissue  and  is  called  typical,  but 
there  is  no  normal  prototype  for  the  structure  of  the  car- 
cinoma. The  penetration  of  the  connective  tissue  by  the 
epithelium  is  atj'pical.  It  is  possible,  however,  to  have 
such  an  atypical  growth  of  epithelium  giving  the  general 
structure  of  the  carcinoma  without  the  other  characteris- 
tics which  constitute  the  tumor.  When  the  proliferating 
epithelium  comes  in  contact  with  a  loose  cellular  connec- 
tive tissue,  such  as  is  produced  by  chronic  irritative  con- 
ditions, it  may  grow  down  into  it,  thus  constituting  an 
atypical  growth.  Such  conditions  are  found  around  the 
edges  of  chronic  ulcers  of  the  skin  and  in  other  condi- 
tions. The  growth  of  the  epithelium  may  be  very  active, 
but  it  will  extend  only  to  the  limits  of  the  altered  con- 
nective tissue. 

When  we  compare  the  epithelium  in  different  parts  of 
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the  body  we  find  differences  in  the  size  and  form  of  the 
epithelial  cells  and  in  their  arrangement.  These  differ- 
ences are  to  a  certain  e.\tent  apparent  in  the  carcinomata 
wliicli  arise  in  different  parts,  and  from  the  histological 
examination  of  the  tumor  we  can  say  with  considerable 
accuracy  from  what  epithelial  tissue  it  has  arisen.     From 


FIO.  1118.— ('an-ini>nia  of  Stomaib.  Involving  the  Submucosa,  and 
Showing  Masses  of  Cells  Lying  in  Spaces  Lined  with  Flat  Cells. 
(8  mm.  Zeiss.) 

this  it  is  possible  to  divide  the  carcinomata  into  three  great 
classes,  originating  respectively  from  squamous,  from 
cylindrical,  and  from  cuboidal  glandular  epithelium. 

To  explain  tlie  growth  of  the  carcinoma  it  is  necessary 
to  consider  the  structure  of  the  connective  tissue.  This 
is  formed  of  fibres  between  which  there  are  cells.  It 
carries  in  it  tlie  blood-vessels  and  lymphatics.  Tlic  cells 
lie  in  spaces  in  tlie  tissue  which  communicate  witli  ad- 
joining spaces,  and  from  the  enlargement  and  coalescence 
of  these  spaces  the  lymphatics  arise.  If  the  carcinoma 
begin  by  the  proliferation  of  epithelium,  the  new  cells 
not  passing  to  the  surface  as  in  a  typical  growth  but  into 
the  connective  tissue,  they  must  at  once  enter  into  this 
system  of  communicating  spaces  and  continue  to  grow 
in  them.  Every  mass  of  epithelial  cells  is  within  a  ly  mph 
space  in  the  tissue.  It  is  easy  to  sliow  this  in  various 
ways.  The  epithelial  masses  follow  the  general  direction 
of  the  lymphatics.  In  a  carcinoma  of  the  skin  the  most 
superficial  epithelial  masses  have  a  general  direction  per- 
pendicular to  the  surface,  while  those  lower  down  are 
horizontal,  corresponding  to  tlie  course  of  the  lymphatics. 
By  staining  the  fresh  tissue  with  nitrate  of"  silver  and 
washing  out  the  cells,  a  lining  of  endothelial  cells  similar 
to  that  lining  the  lymphatics  can  be  shown  in  the  alveoli. 
In  hardened  sections  the  cell  mass  often  shrinlis  away 
from  the  wall,  and  the  fiat  nuclei  of  the  lining  cells  can 
be  demonstrated. 

It  will  scarcely  be  possible  to  give  any  general  descrip- 
tion of  the  epithelial  cells  constituting  the  main  mass  of 
the  tumor.  Tlieir  resemblance  to  theliormal  epithelium 
from  wliich  they  have  aiisen  is  much  more  apparent 
when  they  are  examined  in  mass  than  when  the  single 
cells  are  compared.  Both  the  protoplasmic  body  of  the 
cell  and  the  nuclei  are.  in  general,  larger.  There  is  enor- 
mous variation  in  shape  due  to  the  pressure  to  which  they 
have  been  subjected.  Degenerative  processes  of  various 
kinds  are  apparent  in  the  protoplasm.  Vacuoles  filled 
with  fat,  or  hyaline  droplets,  are  often  seen.  Various 
cells,  such  as  polynuclear  leucocytes  or  lymphoid  or 
plasma  cells,  and   even   red   blood  corpuscles,  are   fre- 


quently found  enclosed  within  them  The  enclosed  cells 
lie  in  vacuoles  and  may  be  so  well  preserved  tliat  tlieir 
character  may  be  recognized,  or  the_v  are  only  represented 
by  degenerateii  fragments.  There  is  a  marked  difference 
in  the  character  of  the  nticleus  as  compared  with  the 
normal.  It  is  larger,  stains  more  actively,  and  is  rich  in 
chromatin.  The  cells  often  contain  several  nuclei  and 
ma}'  approach  the  character  of  giant  cells.  Occasionally 
single  cells  of  great  size  and  irregularity  of  form,  con- 
taining a  single  immense  nucleus,  may  be  found.  If  the 
process  of  cell  division  as  shown  by  the  nuclear  figures 
be  studied  the  same  irregularity  is  seen.  In  the  place  of 
the  simple  division  into  two  nuclei  the  most  complicated 
nuclear  figures,  showing  simultaneous  division  of  tlie 
nucleus  into  a  great  number  of  daughter  nuclei,  may  be 
found.  The  examination  of  the  single  cells  showsalmost 
as  great  a  departure  from  the  normal  tj'pe  as  does  the 
tumor  considered  as  a  whole.  All  the  changes  found  in 
the  cells  are  indicative  of  very  active  growth.  Tliis  is 
iiccessaiily  accompanied  by  degenerations  of  all  sorts,  for 
the  closely  packed  masses  of  cells  cannot  obtain  siifiicient 
nutrition. 

The  examination  of  the  mas,ses  of  epithelium  lying  in 
the  al  veoli  shows  great  variation  in  size  and  shape.  Serial 
sections  of  young  tumors,  especially  those  of  the  skin, 
show  that  the  eiiithelium  for  the  most  part  forms  a  solid 
mass  ramifying  in  the  connective  tissue.  In  the  periph- 
ery small  epithelial  masses  maj'  be  found  which  have  no 
connection  with  the  main  mass.  In  the  glandular  car- 
cinomata the  connection  between  different  parts  of  the 
epithelial  mass  exists  to  some  extent,  hut  is  not  so  evi- 
dent as  in  the  small  carcinomata  of  the  skin.  Generally 
there  is  a  sharp  separation  between  the  epithelium  and 
the  surrounding  stroma,  but  in  places  it  may  be  ditflcult 
to  make  it  out.  When  the  stroma  is  rich  in  cells  some 
of  these  may  be  very  similar  to  the  epithelium,  and  it  is 
difficult  to  distinguish  the  limits  of  the  epithelium  when 
growing  into  such  a  cell  mass.  It  is  often  impossible 
to  distinguish  single  epithelial  cells  separated  from  the 
main  mass  and  growing  between  the  cells  of  the  stroma. 
When  the  growing  carcinoma  invades  a  loose  connective 
tissue,    the   cells    penetrate   in  all   directions,    growing 


Fig.  1119. — Large  Alveolus  from  a  Carcinoma  of  the  Breast  with 
Numerous  Cell  Inclusions.  These  inclusions  are  not  to  be  con- 
founded with  the  supposed  parasites  described  by  Plummer  and 
others.     (8  mm.  Zeiss.) 

without  any  regularitj',  and  the  arrangement  into  cell 
masses  and  stroma  may  be  lost.  This  is  seen  in  the 
invasion  of  muscle.     The  epithelial  cells  grow  in  the 
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most  irregular  manner  iu  long  rows  between  the  mus- 
cular fibres  ami  in  the  loose  connective-tissue  septa. 
It  is  also  seen  to  a  less  degree  in  the  invasion  of  fat, 
the  cells  at  first  growing  in  the  connective-tissue  frame- 


FiG.  1120. — Longitudinal  Section  of  Pectoral  Muscle  Invaded  by 
Carcinoma  of  Breast,  Showiug  the  Masses  of  Kpithelial  Cells  Partly 
Between  and  Partly  Within  the  Muscular  Fibres.  The  muscular 
fibres  are  atrophied  and  some  of  them  necrotic.     (8  mm.  Zeiss.) 

work  between  the  fat  cells  and  afterward  filling  up  the 
spaces.  The  cells  of  a  skin  carcinoma  have  a  much 
greater  tendency  to  adhere  together,  and  there  is  a  much 
sharper  separation  into  cell  masses  and  stroma,  than  is 
the  case  in  the  glandular  carcinoma.  The  cell  masses 
vary  greatly  in  size:   in  some  eases  they  are  large  with 


tion  takes  place  almost  exclusively  in  the  cells  on  the 
outside  of  the  mass.  These  cells  are  in  contact  with  the 
stroma  carrying  the  blood-vessels  for  their  nutrition,  and 
are  larger,  and  the  nuclei  richer  in  chromatin,  than  the 


Fig.  1123.— Section  Through  the  Periphery  of  a  Carcinoma  of  the 
Breast,  Showing  the  Medullary  Type  of  Tumor.  There  are  large 
epithelial  masses  and  a  small  amount  of  stroma.     (8  mm.  Zeiss.) 

cells  in  the  interior.  By  the  increase  of  the  mass  in  size, 
the  cells  in  the  interior  are  removed  further  from  the 
source  of  nutrition  and  degenerate.  Very  often  the  in- 
terior of  the  mass  is  a  cavity  filled  with  degenerated  and 
necrotic  cells.  The  forms  of  the  cells  may  be  preserved 
or  they  may  soften  and  the  individual  cells  can  then  no 
longer  be  recognized.  In  such  cases  the  softened  mate- 
rial usually  contains  great  numbers  of  polynuclear  leuco- 
cytes.    The  softening  may  extend  to  the  jieriphery,  and 


Figs.  1121  a.nd  1122.— The  Invasion  of  Fat  by  Carcinoma  of  Breast.    In  Fig.  1121  the  Epithelial  Cell  Masses  are  Chiefly  Between  the  Fat  Cells. 
In  Fig.  1122  the  fat  has  largely  disappeared  and  the  spaces  are  filled  by  the  epithelial  cells.     (H  mm.  Zeiss.) 


but  little  stroma  between  them,  in  others  they  may  be 
reduced  to  simple  rows  of  cells  in  a  dense  stroma.  These 
two  forms  are  known  as  medullary  and  scirrhous  car- 
cinoma. We  may  commonly  find  both  types  in  the 
same  tumor,  one  or  the  other  predominating.     Prolifera- 


not  only  leucocytes  but  connective-tissue-forming  cells 
may  enter  the  mass  and  a  process  of  organization  take 
place  leading  to  the  absorption  of  the  necrotic  tissue 
which  is  replaced  by  young  connective  tissue.  AV'hen 
this  is  the  case  a  mass  of  growing  connective  tissue  may 
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be  found  within  the  alveolus  surrounded  by  epithelium. 
Occasionallj-  siugle  blood-vessels  surrounded  by  a  small 
amount  of  connective  tissue  may  push  their  way  from 
the  stroma  into  the  mass  of  epithelium. 

The  epithelial  cells  of  the  tumor  retain  to  a  marked  de- 
gree the  physiological  properties  of  the  cells  from  which 


Fig.  1134.— Sect.ii'ii  fr-iiii  CtMiIiv  of  saint-  Tuiiior  stiowinirScirrliniis  Type.  Tlmre 
are  small  massi-s  of  f|iitlif!iiil  idis  wiiidi  an- 1--  a  larije  e.xtent  degenerated, 
separated  by  a  dt-nst-  tiyaliiit-  eii-atiirial  sii'oma  \vhii;li  contains  few  cells. 


they  are  derived.  In  a  carcinoma  of  the  skin  the  cells 
around  tlie  outside  of  the  alveolus  have  the  properties  of 
the  Slaljiighian  layer,  and  the  central  cells  represent  the 
horny  layer.  Proceeding  from  the  periphery  of  the  alve 
olus  to  the  centre  the  eleidin  granules  begin  to  appear, 
and.  finally,  the  cells  become  flattened  and  converted  into 
keratin.  The  flat,  horny  cells  are  subject  to  pressure 
from  all  sides,  and  in  consequence  concentric  masses  of 
horny  cells  are  formed  which  have  been  called  epitlielud 
pearls  or  onion  bodies,  and  which  form  one  of  the 
distinguishing  features  of  carcinoma  of  the  skin. 
A  more  interesting  example  of  this  tendency  to 
the  physiological  type  is  .seen  in  the  cylindrical- 
cell  carcinoma,  which  forms  one  of  the  most  com- 
mon tumors  of  the  lower  alimentary  canal.  In 
these  tiimoi's  the  epithelium  rarel_v  forms  solid 
masses  filling  the  alveolus.  When  these  cells  enter 
into  a  lymi)h  space  iu  the  tissue  they  tend  to  grow 
in  the  same  manner  as  in  the  normal  structure — 
that  is,  in  close  contact  along  their  long  axes.  In 
consequence  of  this  the  spaces  become  lined  with 
cylindrical  cells  simulating  a  normal  gland  struc- 
ture with  a  lumen  iu  the  centre.  In  consequence 
of  the  continued  active  proliferation  groups  of 
cells  retaining  their  form  and  mode  of  growth  be- 
come forced  into  the  centre  of  the  space,  and 
grow  there,  forming  complicated  loops  or  round 
masses  with  a  central  cavity.  These  tumors  so 
greatly  resemble  the  adenomatous  or  true  glandu- 
lar tumors  that  they  are  often  called  by  this  name, 
or  their  malignant  character  is  expressed  by  the 
term  adeno-carcinoma  or  malignant  adenoma. 
They  do  not  differ  from  the  carcinoma  in  other 
situations  save  in  the  character  and  the  arrange- 
ment of  their  cells.  The  .same  tendency  to  a  nor- 
mal arrangement  of  ceils  may  be  seen  in  such  a 
typical  carcinoma  as  that  arising  in  the  mammary 
gland.  Within  the  single  alveoli  of  this,  peculiar 
r(juud  spaces  are  often  seen  among  the  cells  (Fig 
1123).     These  are  generally  interpreted  as  being 


formed  by  the  degeneration  and  absorption  of  certain 
cells.  No  remains  of  such  cells  are  found  within  the 
spaces,  nor  can  the  steps  in  their  formation  be  fol- 
lowed. The  cells  on  the  outside  of  the  small  cavity 
have  a  definite  arrangement  with  their  long  axes  par- 
allel. In  other  cases  spaces  very  similar  to  these  may  be 
found  containing  connective  tissue  and  blood- 
vessels, which  rejiresent  strands  of  the  stroma 
that  have  become  surrounded  l)_y  the  grow- 
ing epithelium,  and  thus  included  in  the  cells 
muss.  It  is  prolialile  that  cavities  may  be 
formed  by  the  degeneration  and  absorption  of 
such  masses  of  connective  tisstie.  In  other 
cases  careful  examination  will  show  that  the 
epithelial  cells  within  the  alveolus  are  arranged 
in  rows  with  their  long  axes  in  contact,  though 
the  rows  of  cells  are  distorted  from  pressure. 
Most  of  the  cavities  and  the  arrangement  of 
tlic  cells  in  rows  and  columns  are  due  to  a  ten- 
di-ncy  of  the  cells  to  follow  their  ph3'siological 
mode  of  growth.  Such  temlencies  are  more 
especially  seen  in  those  tumors  in  which  the 
growth  is  slower;  in  these  the  newly  formed 
cells  keep  up  their  nutrition  longer  and  have 
time  to  attempt  a  typical  arrangement.  It  may 
be  found  in  one  part  of  the  tumor  and  be  ab- 
sent in  another  part.  I  have  seen  a  typical 
scirrhous  carcinoma  of  the  breast  with  central 
degeneration  aud  diffuse  extension  into  the  sur- 
rounding tissue.  On  one  side  of  this,  appar- 
ently growing  out  from  it.  was  a  tumor  of  a 
totally  different  character,  of  the  size  of  a  hen's 
egg.  This  tumor  was  softer,  more  homogene- 
ous, and  more  vascular  than  the  scirrhous.  It 
was  sharply  circumscribed  and  did  not  infil- 
trate the  surrounding  tissue.  On  section  it 
was  found  to  be  composed  of  large  alveoli  filled 
with  well  preserved  i-ells,  'I'lieri-  w(  re  numer- 
ous large,  round,  and  oval  spaces  iu  each  alveolus.  The 
metastases  in  the  axillary  lymph  nodes  were  of  the  scir- 
rhous type. 

The  character  of  the  stroma  varies  nearlj'  as  much  as 
does  that  of  the  cell  masses.  It  forms  a  part  of  the  tumor 
and  grows  with  it.  a  large  part  being  undoubtedly  newly 
formed.  In  part,  it  represents  the  old  connective  tissue 
which  has  been  invaded  by  the  epithelium.  All  the  con- 
stituents of  the  normal  tissue  which  have  been  invaded  are 


Fig.  112.5.— Large  Alveolus  from  Carcinoma  of  Breast  witti  Central  Mass  of 
Degenerated  Cells.  There  are  large  numbers  of  leucocytes  in  the  necrotic 
muss.    (8  mm.  Zeiss.) 
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Fig.  1. — Cylindrical-cell  carcinoma  of  rectum,  showing 
muscular  coat,     x  20. 


the  invasion  of  the  submucous  tissue  and 


Fig.  3. — Section  of  epithelial  carcinoma  of  tongue,  sliowing  the  invasion  of  the  muscle  by  long  thin 
processes  of  carcinoma  cells.  The  muscular  fibres  are  cut  transversely  and  show  various  de- 
grees of  atrophy,     x  150. 

Fig.  3, — Extension  of  carcinoma  by  implantation.  Section  of  a  nodule  on  the  surface  of  the  perito- 
neum secondary  to  carcinoma  of  the  ovary.  The  tumor  growing  on  tlie  surface  has  formed 
vascular  connections  with  the  peritoneum,  but  lias  not  penetrated  the  tissue.     X  oO. 

Fig.  4. — Section  through  a  small  carcinoma  of  the  breast,  showing  the  rapid  peripheral  extension 
and  the  central  atrophy.  The  darker  areas  show  the  places  where  the  cells  are  most  abundant. 
X  10. 
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Fl(i.  Uai.— I.iiiye  KiiltlU'lial  I'eail  from  cuiTlrioniii  ii(  TouKin'.  Tlje  section 
was  stained  witti  iron  biematoxylin  which  colors  the  keratin  an  intense 
blacli.    (8  mm.  Zeiss.) 


contained  in  tlie  stroma.  In  a  carcinoma  of  the  skin  the 
stroma  contains  sweat  glands,  and  in  the  mamma  ati'o- 
phic  glandidar  tissue.  It  also  contains  nerves  and  blond- 
vessels.  We  may  partly  c.\plain  the  new  formation  of 
stroma  as  a  formation  of  tissue  to  carry  new 
blood-vessels  to  the  masses  of  epithelium 
which  demand  nutrition,  just  as  the  inter- 
stitial tissue  is  formed  in  a  developing 
gland.  In  part,  it  is  due  to  the  presence 
of  the  epithelial  cell  masses  acting  as  for- 
eign bodies.  In  some  cases  it  contains  large 
numbers  of  cells,  in  others  but  few  are 
present.  The  most  numerous  cells  in  it  are 
small  round  cells  corresponding  to  the 
lymphoid  cells  of  the  blood  and  of  the 
lymph  nodes.  These  are  found  both  as  a 
general  infiltration  of  the  tissue  and  iu 
small  circumscribed  masses  somewhat  re- 
sembling lymph  nodules.  These  cells  are 
usually  found  in  the  greatest  numbers  in 
the  periphery  of  the  tumor,  and  may  even 
form  a  compact  mass  into  which  the  tumor 
grows.  Next  to  these  cells,  the  plasma  cells 
are  most  numerous,  and  are  more  generally 
present  in  carcinomata  of  the  skin.  There 
are  also  evidences  of  proliferation  of  the 
connective-tissue  cells,  but  these  are  not 
present  in  very  great  numbers  and  are  con- 
cealed by  the  infiltrating  cells.  In  a  carci- 
noma of  the  uterus,  where  the  cells  grow 
out  into  a  tissue  composed  of  smooth  mus- 
cle fibres,  the  stroma  is  formed  of  muscular 
tissue.  The  stroma  should  not  be  consid- 
ered an  integral  part  of  the  tumor,  but  it 
is  only  an  accidental  growth  due  to  the 
mode  of  development  and  growth  of  the 
tumor.  Although  the  connective  -  tissue 
cells  iu  it  are  usually  not  very  numerous, 
they  may  be  so  abundant  that  the  stroma 
resembles  the  tissue  of  a  sarcoma.  Slucoid 
*nd  other  degenerations  of  the  stroma  are 
not  uncommon.  The  relation  between  the 
Vol.  II.— 43 


stroma  and  the  epithelial  masses  may  be  affected 
by  the  rapidity  of  growth  of  these.  When  the 
alveoli  are  nimierous,  by  their  constant  enlarge- 
ment the  stroma  may  be  reduced  to  mere  shreds 
of  connective  tissue  which  lie  w'ithin  the  cell 
masses,  giving  the  tumor,  or  certain  foci  in  it, 
the  appearance  of  a  sarcoma.  In  the  scirrhous 
type  the  stroma  changes  its  character,  becoming 
converted  into  a  tissue  similar  to  cicatricial  tissue. 
In  this  the  cells  are  very  few,  the  fibres  are 
fused  together  and  hyaline.  Giant  cells  are 
sometimes  found  in  the  stroma.  Their  forma- 
tion here  is  analogous  to  their  formation  around 
foreign  bodies,  and  is  a  point  in  favor  of  con- 
sidering the  stroma  a  growth  excited  b_y  the 
epithelial  cells  acting  as  foreign  bodies.  They 
are  found  especially  in  carcinoma  of  the  skin, 
in  the  vicinity  of  large  epithelial  pearls  which 
sometimes  occupy  almost  the  entire  alveolus, 
and  the  giant  cells  often  contain  the  single 
scales  of  horny  epithelium.  Numbers  of  large 
epithelioid  cells  may  be  found  in  the  vicinity 
of  the  giant  cells,  the  group  somewhat  resem- 
bling a  miliary  tubercle. 

The  growth  of  the  carcinoma  as  a  whole  is 
analogous  to  that  of  a  single  alveolus.  This  can 
be  best  studied  in  sections  which  are  made 
through  small  tumors  (Plate  XX.,  Fig.  1).  The 
most  active  growth  is  found  in  the  periphery. 
The  alveoli  here  are  round  or  oblong,  niunerous, 
and  the  cells  show  but  little  degeneration.  In 
the  centre  the  alveoli  are  very  small  and  ang\ilar, 
the  cells  are  small  and  degenerated,  and  there 
are  but  few  nuclear  figures.  In  places  the  alveoli 
have  disappeared  altogether,  and  there  is  a  dense 
hyaline  cicatricial  ti.ssue  and  a  depression  is 
formed  corresponding  to  the  atrophic  centre.  The  atro- 
phy of  the  centre  is  partly  to  be  explained  by  the  com- 
pression and  occlusion  of  the  blood-vessels  by  growing 
epithelial    massi-s   between   which    they  must  pass,   and 
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Fig.  1127.— Section  of  Carcinoma  of  Stomach.    The  ceUs  have  a  general  cylindrical 
type  and  are  airanged  around  the  walls  of  the  spaces.     (8  mm.  Zeiss.) 
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partly  by  the  active  peripheral  growth  consuming  the 
nutriment.  The  centre  of  the  tumor  often  .shows  the 
most  tj-pical  scirrhous  character,  while  the  periphery  has 
the  medullary  t3-pe. 

The  boundary  of  the  tumor  is  never  sharp  (Plate  XX., 
Fig.  1);  it  extends  in  lines  into  the  surrounding  tissues. 
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FlG.  1128.— Atrophic  Glandular  Tissue  from  the  Struma  of  a  Carci- 
noma of  the  Mamma.     (8  mm.  Zeiss.) 

Small  masses  are  found  in  the  vicinity  either  separated 
from  or  connected  with  the  main  tumor  by  a  thin  line  of 
tissue.  There  is  never  any  formation  of  a  capsule,  and 
from  the  nature  of  the  tumor — a  mass  of  epithelium  grow- 
ing into  the  lymph  spaces  and  lymphatics — it  is  impossible 
that  there  should  be  a  capsule  formation.  The  advancing 
cell  masses  are  often  surrounded  by  inliitrating  cells,  but 
they  may  be  found  in  tissue  perfectly  normal.  Growing 
as  it  does,  the  tumor  enters  into  a  tissue,  and  the  essential 
constituents  of  the  tissue  give  way  before  it.  The  destruc- 
tion and  invasion  f>f  tissue  in  contact  with  it  is  one  of  the 
most  marked  characteristics  of  the  carcinoma.  The  de- 
struction of  the  tissue  does  not  seem  to  be  brought  about 
by  the  iiressure  exerted  b)-  the  growing  cells,  nor  do  the 
invading  cells  remove  it  by  phagocytosis.  This  process 
can  best  be  studied  in  the  skin  and  in  muscle.  When  the 
tumor  extends  toward  the  skin  this  usually  becomes  thin 
and  atrophic  before  coming  into  actual  contact  with  the 
cell  masses.  The  cell  layers  diminish  in  thickness  until 
there  may  be  but  a  series  of  two  or  three  cells  below  the 
horny  layer.  No  nuclear  figures  are  seen  in  the  cells. 
Occasionally  in  a  few  places  single  carcinoma  cells  and 
even  single  groupsof  them  may  be  found  within  the  cells 
of  the  epidermis.  The  skin  over  the  tumor  is  not  ele- 
vated, but  more  generally  depressed.  The  atrophy  of 
the  skin  is  due  to  the  demands  for  nutrition  made  hy  the 
advancing  tumor.  No  new  cells  are  formed,  and  the  old 
cells  gradually  become  horny  and  are  cast  off.  Where 
the  tumor  enters  into  the  dense  connective  tissue  of  the 
skin  there  is  usually  a  peculiar  relation  of  cells  and 
stroma.  The  small  lymph  spaces  of  the  skin  here  cannot 
dilate  under  the  pressure  of  the  cells  intiltrating  it.  so 
that  there  is  an  interlacing  system  of  small  alveoli  filled 
with  epithehal  cells  lying  in  a  dense  unchanged  stroma. 
There  is  usually  no  appearance  suggestive  of  new  forma- 
tion of  stroma.  In  contact  with  the  muscle,  as  where  a 
carcinoma  of  the  breast  comes  in  contact  with  the  pecto- 
ralis  major,  the  tumor  extends  first  along  the  connective- 
tissue  septa  and  coarsely  infiltrates  the  muscle.  In  places 
the  growth  is  more  rapid  and  small  nodules  may  be 
formed  in  addition  to  the  general  infiltration.  At  this 
stage  the  muscular  fibres  are  small  and  atrophic.  Later 
there  is  extension  between  the  fibres  themselves.     The 


fibres  lose  their  striation  and  are  converted  into  hyalin. 
In  places  the  degenerative  increase  in  the  nuclei  is  prom- 
inent. Phagocytic  giant  cells  may  be  formed  in  the  stroma 
and  these  take  part  in  the  absorption  of  the  necrotic 
fibres.  The  epithelial  cells  may  push  their  way  into  the 
sarcolemma  and  extend  within"  this.  A  section  through 
such  a  place  shows  a  general  infiltration  of  epithelial 
cells  arranged  with  some  regularity  in  long  lines  parallel 
to  the  muscular  fibres,  and  among  them,  small,  generally 
angular  remains  of  the  fibres  may  be  seen.  The  epithelial 
cells  infiltrate  the  loose  tissue,  and  there  is  no  sharp  dis- 
tinction between  cells  and  stroma.  The  same  process  of 
atrophy  and  gradual  disappearance  of  tissue  is  seen  in 
the  extension  of  the  tumor  into  such  a  parenchymatous 
organ  as  the  liver.  There  is  more  evidence  of  the  effect 
of  pressure  here  than  elsewhere.  The  liver  cells  in  the 
vicinity  are  usually  flattened  or  have  a  cylindrical  form. 
In  some  cases,  especially  where  the  extension  is  very 
rapid,  there  is  but  little  evidence  of  pressure  even  here. 
^Vhen  the  tumor  comes  in  contact  with  the  fat  it  extends 
in  the  larger  connective-tissue  septa,  then  along  the  fine 
septa  between  the  fat  cells.  These  become  reduced  to 
small  spaces  which  finally  disappear,  the  cells  of  the 
tumor  filling  the  entire  tissue.  There  is  but  little  stroma 
in  the  tissue.  Nothing  shows  better  how  little  part  the 
stroma  plays  in  the  tumor  than  the  study  of  the  periphery 
of  a  rapidly  growing  tumor.  The  abundance  of  the 
stroma  has  a  direct  relation  to  the  amount  of  connective- 
tissue  in  the  tissue  invaded.  Different  tumors  vary  enor- 
mously in  the  degree  of  their  infiltration.  One  occasion- 
ally sees  tumors  in  which  the  growth  is  almost  as  homo- 
geneous as  is  that  of  a  benign  tumor,  in  which  it  is  almost 
possible  to  determine  the  limit  of  the  growth  by  the  naked 
eye.  As  the  direct  opposite  to  these  are  tumors  with 
such  extensive  infiltration  that  small  extensions  may  be 
found  far  beyond  what  appears  to  be  the  periphery. 

Not  only  is  there  this  general  growth  by  infiltration, 
but  small  nodulesof  the  tumor  are  found  in  the  surround- 
ing tissue,  this  being  termed  dissemination.  These  small 
nodules  may  be  connected  with  the  main  mass  by  small 
lines  not  visible  to  the  unaided  eye,  or  they  may  be  inde- 
pendent.    They  are  found  in  carcinoma  of  the  breast, 


Fig.  1120.— Peciordl  Muscle  Invaded  by  Carcinoma  of  the  Breast 
with  great  Numliers  of  Lymphoid  Cells  in  the  Stroma.  The  larger 
dark  areas  represent  the  atrophied  muscular  fibres  cut  obUquely. 
(8  mm.  Zeiss,  i 

more  generally  beneath  the  skin  than  in  the  deeper  tissue. 
They  repeat  all  the  characteristics  of  the  main  tumor. 
Their  presence  is  easily  explained  by  a  careful  examina- 
tion of  the  tissue  in  the  vicinity  of  the  tumor.     This  often. 
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shows  dilated  lymph  vessels  filled  with  small  masses  of 
epithelial  cells,  or,  in  some  cases,  with  single  cells.  I 
have  sometimes  been  able  to  see  the  beginning  of  a  per- 
ipheral nodule  in  an  extension  of  the  epithelial  growth 


Fig.  1130.— Cross  Section  of  Muscular  Fil>res  Invaded  by  Carcinoma. 
The  fibres  are  small  and  irrepular  in  shape.     18  mm.  Zeiss.) 

from  such  a  vessel  into  the  surrounding  tissue.  The 
cells  are  carried  passively  in  the  lymph  stream.  Exam- 
ination of  the  fresh  tissue  of  a  carcinoma  on  a  warm  stage 
shows  that  the  cells  have  slight  amn>boid  movement, 
limited  to  the  extension  and  retraction  of  processes.  There 
is  no  evidence  of  such  an  extent  of  amieboid  movement 
as  would  lead  to  a  voluntary  progression  of 
the  cells  into  the  tissue,  nor  is  it  necessary 
to  assume  such  to  explain  these  secondarj- 
nodules. 

It  is  characteristic  of  the  tumor  not  only 
to  grow  by  infiltration  and  dissemination, 
but  small  tumors  similar  to  the  original  arc 
formed  in  distant  parts.  These  are  termed 
metastases.  They  are  due  to  the  convey- 
ance of  tumor  cells,  by  means  of  lymphatic 
and  blood-vessels,  from  the  primary  tumor 
and  their  deposit  in  the  places  where  the 
metastases  appear.  The  relation  between 
the  epithelial  masses  and  tlie  lymphatics  is 
so  close  in  the  carcinoma  that  the  metastases 
appeartirst  in  those  lym])h  nodes  into  which 
the  lymphatics  of  the  tissue  in  which  the 
primary  tumor  is  seated  enter.  Thus  in  car- 
cinoma of  the  breast  the  tirst  metastases  are 
in  the  axillary  lymph  nodes,  in  carcinoma  of 
the  uterus,  in  the  post-mesenteric  lymph 
nodes,  etc. 

We  have  already  spoken  of  the  fact  that 
single  tumor  cells  and  small  connected 
masses  of  them  may  be  found  in  lymph 
vessels  in  the  vicinity  of  the  primary  tvmior. 

The  affected  lymph  nodes  are  enlarged 
and  may  contain  small,  grayish  masses  or  be 
entirely  converted  into  tumor.  They  may  be 
affected  and  yet  show  to  the  naked  eye  no 
evidence  of  this.  So  general  is  this  second- 
ary affection  of  the  lymph  nodes  that  surgeons  in  all  cases 
of  operation  for  carcinoma  of  the  breast  remove  the  axil- 
lary nodes.  ^Microscopic  examination  of  the  nodes,  partic- 
ularly those  which  to  the  naked  eye  show  no  lesion,  often 
give  clear  indications  of  the  manner  in  which  the  infec- 


tion has  taken  place.  The  metastasis  begins  in  the  per- 
iphery of  the  node  at  the  place  of  entrance  of  the  afferent 
lymphatics.  These  are  often  dilated  and  contain  masses 
of  ttunor  cells.  There  may  be  one  or  a  number  of  small 
tumor  foci  in  the  periphery  of  the  node  in  immediate  re- 
lation with  the  lymphatic  sinuses,  or  these  may  be  gen- 
erally injecteil  with  tumor  cells.  The  peripheral  sinus 
of  the  node  is  not  infre(jueutly  seen  filled  with  gi'owing 
luasses  of  the  tumor  which  from  here  extend  into  the 
Ij-mph  nodules.  Between  the  masses  of  epithelial  cells 
there  is  in  the  beginning  only  the  lymphoid  tissue  of  the 
node.  After  this  atropliies,  its  place  is  taken  by  connec- 
tive tissue.  'The  character  of  the  original  tumor  is  re- 
peated in  the  metastases,  although  in  general  the  cells  of 
the  metastatic  growth  show  less  of  a  physiological  ten- 
than  do  those  of  the  original  tumor.  In  the  metas- 
■arcinoma  of  the  skin  the  tendency  to  pearl  for- 
less  marked,  and  in  those  from  glandular 
lata  the  cells  do  not  usually  show  the  tendencies 
)hysiological  arrangement  which  may  be  marked  iu 
ry  tumor.  The  extension  of  a  primary  carci- 
ito  adjoining  tissue  may  involve  other  sets  of 
lymph  vessels.  AVhen  a  carcinoma  of  the  breast  extends 
deeply  into  the  tissue  beneath,  metastases  may  develop 
in  the  lymph  nodes  of  the  anterior  mediastinum.  Only 
the  lymph  nodes  which  are  primarily  connected  with  the 
original  tumor  may  be  affected,  or  the  process  may  e.x- 
tenil  from  these  into  adjacent  nodes.  The  tumor  growth 
may  affect  the  entire  node,  and  the  cells  find  their  way 
into  the  efferent  lymphatics,  or  they  may  [lass  through 
the  node  by  means  of  the  lymph  stream  without  produc- 
ing a  growth.  In  extensive  metastatic  formation  in  the 
axillary  nodes  the  clavicidar  nodes  also  are  usually  in- 
volved. The  detection,  by  microscopic  examination,  of 
metastases  in  the  lymi)h  nodes  is  usually  easy,  though 
in  some  cases  the  lymph  sinuses  are  filled  with  large 
endothelial  cells  which  have  some  resemblance  to  carci- 
noma cells  and  may  be  mistaken  for  these. 

Metastasis  by  means  of  the  blood  circulation  is  less 
common  in  general  than  that  which  takes  place  by  way 
of  the  lymphatics,  although  in  carcinoma  of  the  intesti- 
nal canal  the  former  nu>de  of  disseminating  the  disease 


■f-: 


Fig.  1131.— Supei-Ilcial  Lymphatics  of  Skin  Dilated  and  Filled  with  Ma,sses  of  Carcinoma 
Cells.    From  a  carcinoma  of  the  scrotum  with  numerous  metastases.    (No.  3  Leitz.) 


is  the  rule.  The  tumor  cells  ma}'  enter  into  the  blood 
by  means  of  the  lymjih  circulation,  or  there  may  be  a 
direct  growth  of  the  primary  tumor  into  the  blood-ves- 
sels. In  carcinoma  of  the  liver  a  growth  of  the  tumor 
into  the  portal  and  hepatic  veins  is  so  common  that  it 
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maj'  almost  be  regarded  as  the  rule.  The  frequency  of 
metastases  by  blood-vessels  in  carcinoma  of  the  intestinal 
canal  is  probably  to  be  explained  by  the  presence,  in 
the  latter  situation,  of  numerous  and  thin-walled  veins, 
which  offer  less  resistance  to  the  extension  of  the  tumor 
into  them.  "Where  the  metastases  take  place  depends 
upon  tlie  distribution  of  the  blood-vessels  coming  from 
the  part.  The  metastases  transported,  by  way  of  the 
blood  cliannels,  from  the  primary  tumors  of  the  intestinal 
canal,  are  found  in  the  liver,  while  those  coming  from 
tumors  in  other  parts  of  the  body  are  found  in  the  lungs. 
There  are  certain  exceptions  to  this  because  the  tumor 
emboli  may  pass  like  other  emboli  in  the  direction  op- 
po-site  to  that  of  the  blood  current.  Thus  metastases 
may  be  found  in  the  liver  secondary  to  carcinoma  of  the 
lung,  or  in  the  kidney  secondary  to  carcinoma  of  the 
liver.  In  these  cases  the  emlioli  are  probably  larger 
and  are  carried  by  the  force  of  gravity  in  the  reverse 
direction  to  that  of  the  blood  stream.  Very  interesting 
combinations  are  often  found  of  metastases  by  both 
blood  and  lynipli  circulation.  Thus  I  have  seen  in  car- 
cinoma of  the  uterus  metastases  in  the  post-mesenteric 
lymph  nodes,  and  from  these  a  growth  of  the  tumor  into 
the  thoracic  duct,  converting  this  into  a  large  carcino- 
matous cord  which  extended  into  the  subclavian  vein. 
There  were  numerous  very  minute  metastases  in  the  lung 
simulating  miliary  tubercles,  and  from  these  extension 
had  taken  place  into  the  subpleural  lymphatics,  which 
were  actually  injected  with  the  tumor  masses,  and  into 
the  bronchial  nodes.  The  metastases  by  way  of  the 
blood-vessels  may  be  single  or  so  numerous  as  to  simu- 
late a  case  of  acute  miliary  tuberculosis.  In  such  cases 
the  condition  is  spoken  of  as  a  general  carcinomatosis. 

Extension  of  the  tumor  may  also  take  place  at  various 
places  on  the  surface,  due  to  the  implantation  of  masses 
of  a  tumor  along  an  adjoining  surface  (Plate  XX.,  Fig. 
4).  We  find  examples  of  this  in  the  appearance  of  nu- 
merous nodides  on  the  surface  of  the  peritoneum  in  car- 
cinoma of  the  ovary  which  extends  to  the  peritoneum. 
Such  metastases  are  most  apt  to  be  found  in  those  situa- 


riG.  1132.— Section  of  Ovarian  Tube  in  a  Case  of  Carcinoma  of  the  Ovarv.  There  are 
numerous  tumor  masses  both  in  the  wall  and  in  the  lumen.  The  involvement  of  the 
tube  was  most  marked  at  the  distal  end.  The  process  probably  began  in  the  lumen  and 
from  this  extended  into  the  wall.     (80  mm.  Leitz.) 


tions  where  solid  particles  are  carried  by  the  force  of 
gravity.  There  may  also  be  extension  by  implantation 
along  "the  surfaces  covered  by  epithelium.  In  caicinoma 
of  the  kidnej'  tumors  may  be  found  along  the  course  of 
the  ureters  or  in  the  bladder.  In  carcinoma  of  the  ovary 
they  may  be  found  in  the  Fallopian  tubes.  The  carci- 
noma often  shows  a  marked  tendency  to  extension  along 


the  course  of  the  nerves  by  means  of  the  perineural 
lymphatics.  The  nerve  as  a  whole  may  be  surrounded 
and  compressed  by  masses  of  epithelial  cells  or  these 
may  be  found  between  the  single  nerve  fibres.  In  carci- 
noma of  the  tongue  involvement  of  the  inferior  maxillary 
branch  of  the  fifth  nerve  is  common.  The  extreme  pain 
which  .so  often  accompanies  carcinoma  can  be  explained 
either  by  extension  of  the  tumor  into  the  nerves  or  by 
their  compression  in  the  contracting  stroma.  Tumor 
cells  are  rarely  found  free  in  the  blood-vessels  as  they 
are  in  the  lymphatics,  but  are  usually  associated  with 
thrombi,  and  the  main  mass  included  in  the  thrombus 
may  be  degenerated.  I  have  frequently  found  a  ves- 
sel entirely  occluded  by  a  mass  which  was  composed  of 
fibrin  and  necrotic  tumor  cells,  and  along  the  wall  of 
the  vessel,  where  they  could  obtain  nutrition  from  with- 
out, there  could  be  seen  a  line  of  growing  cells.  In  one 
case  of  carcinoma  of  the  breast  1  found  a  small,  round 
mass  of  epithelial  cells,  the  centre  of  which  was  degen- 
erated and  filled  with  leucocytes,  around  this  a  small 
layer  of  fibrin,  and  on  the  outside  evidently  circulating 
blood.  Such  a  mass  was  probably  broken  off  from  a 
fresh  tumor  thrombus  and  may  have  been  actually  in 
process  of  transportation. 

It  is  important  to  detenuine,  in  carcinoma,  whether  the 
tumor  originates  in  single  cells  or  groups  of  cells  which 
continue  to  grow,  or  whether  it  starts  from  a  compara- 
tiveh'  large  area  of  tissue,  or,  finally,  whether  tissues  of 
a  similar  character  coming  in  contact  with  the  growth 
can  develop  the  same  tendencies.  It  is  very  difficult  to 
determine  these  points  by  microscopic  examination.  In 
carcinoma  of  the  skin  we  undoubtedly  often  find  large 
areas  of  epidermis  in  direct  association  with  the  tumor. 
It  is  also  possible  to  find  the  epidermis  in  the  vicinity 
of  the  tumor,  but  not  immediately  connected  with  it, 
apparently  taking  part  in  its  growth,  and  growing  iu 
the  same  manner.  The  same  thing  is  true  in  carcinoma 
of  other  epithelial  surfaces,  as  in  the  alimentary  canal. 
Here  we  often  find  the  tumor  in  continuity  with  the 
glands  over  a  large  extent  of  the  surface,  the  glands  ap- 
parently growing  into  the  tissue  be- 
neath and  branching  in  this.  Ribbert, 
who  holds  that  the  origin  of  the  car- 
cinoma is  due  to  the  separation  of 
single  epithelial  cells  and  their  inclu- 
sion in  the  connective  tissue,  believes 
that  this  connection  of  the  tumor  with 
the  epithelial  tissues  is  really  second- 
ary, and  due  to  the  extension  of  the  tu- 
mor to  the  surface  with  the  formation 
of  a  connection  between  the  cells  of  the 
tumor  and  the  epithelial  surface.  It 
is  certainly  true  that  when  metastasis 
takes  place  the  parenchymatous  cells 
of  the  organ  invaded  take  no  part  in 
the  growth.  Thus,  in  the  secondary 
nodules  in  the  liver,  the  liver  cells  are 
never  converted  into  those  of  the  tu- 
mor. When  a  glandular  carcinoma 
comes  in  contact  with  epidermis,  al- 
though this  may  actually  be  invaded 
by  the  single  cells  of  the  tumor  and  be 
in  contact  with  tumor  epithelium,  there 
is  no  transformation.  In  a  carcinoma 
of  the  breast  the  glandular  tissue  is 
usually  atrophic.  The  tumor  tends  to 
extend  along  the  ducts  which  may  be 
surrounded  by  lymphatics  filled  with 
tumor  cells,  and  yet  the  epithelium  of 
the  duct  may  show  no  change.  In 
other  cases  the  epithelium  certainly  ap- 
pears to  take  part  in  the  growth.  There  may  be  a  sim- 
ple proliferation  of  epithelium  leading  to  the  formation 
of  projecting  papillary  masses  within  the  duct,  or  in 
combination  with  this  there  may  be  an  outward  growth 
of  the  epithelium  into  the  surrounding  tissue.  The  cells 
change  their  character,  becoming  larger  and  taking  on 
all  the  characteristics  of  the  tumor  cells.     Undoubtedly, 
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for  most  of  these  conditions  the  explanation  of  secondary 
tumor  extension  given  by  Ribbert  applies.  In  favorable 
sections,  and  especially  in  series  of  sections,  the  tumor 
evidently  extends  from  the  outside  into  the  duct,  and  the 
tumor  epithelium  grows  over  or  replaces^  the  epithelium 
of  the  duct.  It  is  often  possible  to  distinguish  definitely 
between  the  epithelium  of  the  duct  and  the  tumor  cells 
in  connection  with  it.  In  other  cases  this  explanation 
will  not  suffice.  The  clearest  evidi'iice  of  a  participation 
of  the  general  epithelial 
structures  of  a  part  in  the 
growth  of  the  tumor  was 
given  in  a  case  of  carcinoma 
of  the  skin,  in  which  there 
were  undoubtedly  prolifera- 
tion and  outward  growth  of 
the  epithelium  of  several 
hair  follicles  which  were  in 
the  immediate  vicinity  of 
the  tumor,  but  in  no  way 
connected  with  it.  I  have 
seen  a  similar  condition  in 
the  ducts  and  alveoli  in  car- 
cinoma of  the  breast. 

I  have  ahead}-  spoken  of 
the  necrosis  in  the  centres 
of  the  cell  masses  (Fig. 
1135).  In  addition  to  this 
there  may  be  more  exten- 
sive necrosis  involving 
either  entire  alveoli  or 
masses  of  alveoli  with  stro- 
ma. Such  necrosis  is  due 
to  disturbances  of  circula- 
tion, usually  by  compres- 
sion of  arteries  or  veins,  or 
both,  by  the  growing  tu- 
mor masses  between  which 

they  run.  In  other  cases  it  is  due  to  the  formation  of 
thrombi.  The  necrotic  tissue  may  remain,  undergoing  but 
little  change,  or  it  may  be  absorbed  and  its  place  taken  by 
dense  cicatricial  stroma.  The  boundaries  of  the  necrotic 
tissue  are  often  extremely  irregular,  unchanged  tumor  tis- 
sue projecting  irregularly  into  it.  Hemorrhage  may  ac- 
companj-  the  necrosis,  but  is  not  common.  Where  the  ne- 
crotic tissue  comes  in  contact  with  the  surface  bacteria  may 
enter,  producing  gangrenous  softening  accompanied  by 
suppuration.  Ulceration  is  a  common  accompaniment  of 
both  the  glandular  and  the  surface  varieties  of  carcinoma. 

When  the  tumor  extends  to  the  surface  the  eiiithelium 
over  this  gradually  disappears  by  atrophy,  and  the  tumor 
appears  as  a  raw  uncovered  mass  resembling  somewhat 
the  base  of  an  ordinary  ulcer,  although  it  is  smoother  and 
paler.  There  is  always  on  the  surface  a  thin  line  of  ne- 
crosis due  to  the  action  of  traumatic  causes.  In  addition 
to  this  there  is  more  extensive  necrosis  extending  irregu- 
larly from  the  surface  into  the  tumor  tissue.  The  cells 
of  the  tumor  at  the  surface  are  placed  under  more  unfa- 
vorable conditions  as  regards  their  nutrition  than  are  the 
cells  iu  any  other  part  of  the  tumor,  for  they  receive  their 
blood-supply  from  one  side  only,  and  constriction  of  the 
vessels  is  constantly  going  on.  Necrosis  due  to  this  takes 
piace  and  assists  in  the  extension  of  the  superficial  trau- 
matic necrosis.  The  necrosis  is  always  assisted  by  the 
action  of  bacteria,  and  extensive  gangrenous  sloughs  may 
be  produced.  There  is  continuous  new  formation  of  tis- 
sue pushing  up  from  below,  so  that  the  ulceration  is  usu- 
ally not  deep  and  gives  but  little  idea  of  the  extent  of  the 
loss  of  substance.  The  destruction  of  tissue  may  be  so 
extensive  that  in  spite  of  rapid  growth  the  resulting 
tumor  may  be  insignificant  iu  size.  In  carcinomata  of 
the  lip  the  surface  of  the  tumor  may  appear  as  an  ulcer 
somewhat  depressed,  or  be  covered  by  a  scab  formed 
principally  of  a  mass  of  cast-off  epithelial  scales.  When 
a  glandular  carcinoma  extends  to  the  surface  it  is  not 
usually  covered  by  a  scab,  because  but  little  exudation 
can  find  its  way  from  the  tissue  beneath  to  take  part  in 
its  formation. 


Ulceration  plays  a  very  important  parfin  carcinomata 
of  the  intestinal  canal,  especially  in  those  of  the  stomach, 
and  the  results  of  the  process  differ  somewhat  from  the 
results  of  the  process  elsewhere.  The  necrotic  tissue  is 
destroyed  by  the  action  of  the  gastric  juice,  leading  to 
the  formation  of  a  smooth,  clean  ulcer,  and  the  tumor 
grows  iu  elevated  mas.ses  around  the  edge  of  this.  The 
process  of  necrosis  may  be  so  active  that  the  ulcer  may 
resemble  a  simple  ulcer  and  onl}-  by  microscopical  ex- 


Fig.  1133.— Longitudinal  Section  of  a  Large  Duct  In  Carcinoma  of  the  Breast.  The  cylindrical  epithelium 
of  the  duct  Is  partly  preserved  but  in  places  it  is  covered  by  a  growth  of  the  carcinoma  cells  which 
extend  into  the  lumen  from  the  walls.    (No.  3  Leitz.) 


amination  of  the  edge  can  its  character  be  determined. 
In  other  parts  of  the  intestinal  canal  necrosis  with  result- 
ing gangrene  is  more  conunon,  though  we  may  have  iu 
the  rectum  cai-cinoma  with  ulceration,  of  the  same  char- 
acter as  that  in  the  stomach.  In  the  alimentary  canal 
the  contraction  which  so  constantly  accompanies  the 
growth  and  which  is  due  to  the  conversion  of  the  stroma 
into  cicatricial  tissue,  leads  to  constriction  and  occlusion 
of  the  lumen.  The  occlusion  is  assisted  by  the  action  of 
the  elevated  tumor  masses  around  the  ulcer. 

Constiiutioruil  Effects. — ^The  effect  of  a  carcinoma  on  the 
individual  remains  to  be  considered.  The  most  constant 
condition  accompanj-ing  it  consists  in  emaciation  and  the 
production  of  cachexia.  The  cachexia  is  proljably  due 
to  a  number  of  conditions.  The  malnutrition  is  due  in 
the  first  place  to  the  loss  of  sleep  induced  by  pain.  The 
absorption  of  the  toxic  products  coming  from  the  necro- 
tic tissue  may  interfere  with  the  nutrition  and  produce  a 
condition  of  chronic  toxanuia.  To  this  must  be  added 
the  absorption  of  toxic  substances  from  bacterial  action, 
and  finally  a  general  infection  produced  by  bacteria  which 
have  invaded  the  tumor.  The  evidence  of  such  condi- 
tions is  seen  not  only  in  general  degeneration  of  the  organs 
but  iu  such  special  degenerations  as  amyloid.  Changes 
in  the  blood  are  unimportant.  In  the  later  stages  there 
may  be  considerable  diminution  in  the  number  of  red  cor- 
puscles. The  leucocytes  may  remain  normal  or  show 
some  increase,  this  particularly  when  ulceration  is  present. 

Etiology. — The  cause  of  carcinoma  remains  in  absolute 
obscurity.  A  fair  measure  of  our  absolute  ignorance  of  the 
subject  may  be  found  in  the  number  of  theories  which  have 
been  advaiiced,  each  of  which  has  its  advocates  and  each 
of  which  is  favored  by  certain  conditions  associated  with 
the  tumor.  The  first  of  these  theories  and  the  one  which 
probably  still  has  the  most  adherents  is  the  traumatic  the- 
ory which  supposes  the  tumor  to  be  due  to  the  continuous 
action  of  an  irritant  which  excites  the  cells  to  prolifera- 
tion. Virchow  has  been  the  most  prominent  defender  of 
this  theory  and  many  surgeons  have  supported  it.  Car- 
cinoma of  the  lower  lip,  which  is  practically  confined  to 
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males,  is  used  in  support  of  the  traumatic  theory,  being 
supposed  to  be  due  to  smoking.  The  development  of 
carcinoma  in  the  site  of  old  cicatrices,  particular!}-  those 
resulting  from  burns,  is  also  used  in  favor  of  the  trau- 
matic origin.  Probably  the  facts  of  the  infrequency  of 
carcinoma  in  those  parts  of  the  body  most  exposed  to 
trauma  and  its  frequency  in  those  parts  least  exposed  are 
the  strongest  arguments  against  the  traumatic  theory. 
No  parts  of  the  body  are  so  exposed  to  traumata  of  various 
sorts  as  the  hands  and  feet,  and  yet  the  tumor  is  exceed- 
ingly rare  in  the  former  and  almost  never  occurs  in  the 
latter.  No  parts  of  the  body  are  less  exposed  to  trauma 
than  the  mammary  gland  and  the  uterus,  and  the  tumor 
is  very  freciuent  in  these  situations.  Even  in  the  pessary 
days  of  gynaecology,  when  the  uterus  was  possibly  the 
most  abused  organ  in  the  body,  carcinoma  of  this  was 
not  rendered  more  frequent.  In  the  example  given 
of  the  association  of  carcinoma  of  the  lower  lip  and  smok- 
ing, the  infrequency  of  the  tumor  in  the  upper  lip,  in 
spite  of  the  fact 
that  this  nuist  be 
as  much  exposed 
to  the  traumatic 
or  irritative  ac- 
tion of  the  tobac- 
co, is  not  explain- 
ed. Carcinoma  is 
not  more  frequent 
in  those  who  by 
reason  of  occupa 
tion  or  conditions 
of  life  are  more 
subject  to  trau- 
mata. Another 
exam  pi e  often 
cited  to  show  the 
influence  of  trau- 
ma is  the  associa- 
tion between  gall 
stones  and  carci- 
noma of  the  gall 
bladder.  This  tu- 
mor is  about  four 
times  as  common 
in  women  as  in 
men.  and  lacing  in 
association  with 
gall  stones  is  sup- 
posed to  be  a  fa- 
voring cause.  It  is  undoubtedly  true  that  gall  stones  are 
constantly  found  associated  with  the  tumor,  but  this  ma}- 
be  due  to  the  fact  that  their  formation  is  favored  by  the 
production  of  necrotic  tissue  which  may  serve  as  a  nidus 
in  the  formation  of  the  concretion.  It  has  also  been 
urged  that  in  cases  of  metastatic  tumor  formation  in  the 
gall-bladder  calculi  are  not  found,  but  here  again  the  in- 
frequency of  ulceration  and  other  conditions  which 
■would  favor  their  formation  must  be  considered. 

It  woidd  not  do  to  dismiss  the  influence  of  trauma 
in  the  production  of  the  tumor  as  alt<igether  incredible, 
but  if  it  plays  anj-  part  it  must  be  a  very  minor  one,  or 
it  may  help  in  the  action  of  other  causes. 

There  is  much  that  may  be  said  in  favor  of  the  germinal 
theory  of  origin.  This  assumes  that  in  the  course  of  em- 
bryonic development  remains  of  embryonic  tissues  may 
be"  included  within  the  normal  tissues,  and  from  such 
embryonic  remains,  or  from  certain  cells  which  have  re- 
tained their  embryonic  capacity  for  growth,  the  tumor 
may  develop.  In  favor  of  this  theory  it  may  be  said  that 
such  remains  of  eml)ryonie  tissues  do  become  included 
within  normal  tissues  and  from  them  tumors  often  de- 
velop. This  theory,  though  not  original  with  Cohnheim, 
was  taken  up  by  hinr  and  advocated  with  all  the  force 
and  charm  whicli  cliaracterize  his  w-ork. 

Ribbert  has  of  late  advanced  a  theory  of  formation 
which  may  be  said  to  be  a  modification  of  the  germinal 
theory.  He  supposes  that  not  onlj-  such  embryimic  re- 
mains of  tissue  may  be  included  in  other  tissues,  but  in 
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is  dilated  and  partly  lllled  with  a  papillary  jrniwth.    The  empty  capsules  are  seen  in  the 
lumen.    The  younger  forms  are  in  the  epithelial  cells.    (S  mm.  Zeiss.) 


the  course  of  pathological  processes  epithelial  cells  may 
be  separated  from  their  connection  with  one  another  and 
enclosed  in  the  connective  tissue.  The  stroma,  for  him, 
forms  an  integral  part  of  the  growth,  and  the  tumor  usu- 
ally begins  with  cellular  infiltration  of  the  connective 
tissue.  There  is  much  that  is  opposed  to  this  theory  of 
Ribbert's.  The  cellular  infiltration  around  the  edge  of  a 
young  carcinoma,  though  commonly  present,  may  be 
entirely  absent.  I  have  regarded  it  as  due  to  the  reac- 
tion of  the  connective  tissue  to  the  presence  of  epithelial 
cells  out  of  place  and  which  act  as  foreign  bodies.  It 
is  not  at  all  an  uncommon  thing  in  the  course  of  surgical 
operations  to  have  both  collections  of  epithelial  cells 
and  single  cells  included  in  the  connective  tissue,  as  in 
the  suturing  of  wounds  of  the  skin  or  intestine,  and  the 
same  thing  pi'obably  takes  place  in  any  operation  on  a 
glandular  organ.  The  cells  may  remain  in  the  tissues 
for  a  consideralile  time  and  may  even  show  evidences  of 
growth,  luit  they  are  finally  desti-oyed  by  the  phagocytic 

action  of  cells  de- 
ri\ed  from  the  tis- 
sue.  Another 
point  against  the 
theory  of  Ribbert 
is  his  assumption 
that  the  small  cell 
intiltiafion  is  in- 
dicative of  activ- 
ity on  the  part  of 
the  connective  tis- 
sue and  the  cells 
are  derived  from 
this.  They  are 
really  chiefly 
1  y  m  p  h  o  i  d  and 
plasma  cells,  and 
the  condition  may 
not  betoken  any 
activity  whatever 
on  the  part  of  the 
connective  tissue. 
Boll,  in  1876, 
spoke  of  the  im- . 
portance  of  the 
stroma  in  the  car- 
cinoma. He  says 
also  that  in  the  de- 
velopment of  the 
tumor  there  is 
marked  proliferation  of  the  connective  tissue,  leading  to 
the  formation  of  a  vascular  germinal  tissue  into  which 
the  epithelial  growth  takes  place.  He  thinks  that  the 
formation  of  such  a  tissue  is  the  one  essential  condition 
for  the  formation  of  carcinoma.  When  it  is  formed  the 
old  strife  between  the  epithelium  and  the  connective 
tissue  breaks  out  anew.  Thiersch,  also,  says  that  the  fre- 
quency of  cai'cinoma  in  old  people  may  be  due  to  de- 
generative conditions  of  the  connective  tissue  which  can 
no  longer  successfully  oppo.se  the  growth  of  the  epithe- 
liimi.  In  this  connection  it  must  further  be  rcmembeied 
that  the  c'i)ithclial  cells  of  a  cai'cinoma  do  not  grow  as  does 
ordinary  epithelium.  The  cells  may  retain  something  of 
their  physiological  tendencies  as  shown  in  their  manner 
of  growth,  but  they  have  a  capacity  for  growth  and  an 
activity  of  gi-owth  far  in  excess  of  any  normal  tissue. 
Hanseraann  has  called  particular  attention  to  the  very 
marked  difference  in  structure  and  in  the  manner  of 
multiplication  in  the  cells  of  the  carcinoma  as  contrasted 
with  normal  epithelium.  The  enormous  capacity  for 
growth  is  not  due  to  the  abnormal  situation  in  which  the 
cells  And  themselves,  but  to  ceitain  qualities  in  the  cells 
themselves.  In  their  abnormal  situation  they  are  not 
placed  in  the  most  favorable  conditions  for  nutrition,  but 
in  spite  of  this  their  growth  is  so  rapid  that  the  increase 
more  than  compensates  for  the  cell  destruction  that  takes 
place.  Normal  epithelium  placed  in  the  same  situation 
shows  only  a  limited  power  of  proliferation  and  finally 
disappears. 
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This  being  tlie  case,  nothing  was  more  natural  than  to 
suppose  that  some  intluenee  was  e.xerted  on  the  cells 
giving  them  other  properties,  and  with  this  came  tlie  idea 
of  the  parasitic  origin  of  carcinoma.  In  the  tirst  place, 
there  seems  much  analogy  between  a  carcinoma  and  such 
an  infectious  disease  as  tuberculosis.  Both  arise  in  some 
primary  point,  and  from  there  the  same  process  extends 
farther  by  means  of  tlie  blood  and  lymphatic  vessels. 
But  the  analogy  does  not  go  further.  In  tuberculosis 
the  nodules  are  ilue  to  proliferation  of  the  ordinary  cells 
of  the  tissue  and  to  exudation.  The  tissue  formed  has 
certain  characteristics  due  to  its  arrangement  and  ten- 
dency to  necrosis,  but  the  same  elements  which  compose  it 
may  he  found  in  a  variety  of  conditions.  In  carcinoma  the 
new  formation  of  tissue  has  a  deliuite  structure  and  could 
not  arise  from  simple  proliferation  of  the  tissue  elements. 
In  infection  of  certain  epithelial  surfaces  by  protozoa 
there  may  be  marked  epithelial  jiroliferation  which  may 
somewhat  simulate  a  tumor,  but  the  growth  is  typical 
and  if  the  infection  pioceeds  further  the  character  of 
the  formation  in  which  it  appears  is  modified  by  the 
character  of  the  tissue.  Examples  of  this  are  seen  in  the 
psorosperm  infection  of  the  alimentary  canal  and  liver  of 
the  rabbit.  In  the  infectious  disease  the  pathogenic 
organism  alone  is  necessary ;  in  the  carcinoma  the  cell 
is  the  infectious  agent.  The  infectious  disease  ma}'  be 
transmitted  from  one  individual  to  another.  There  is  no 
evidence  to  show  that  carcinoma  is  ever  transmitted  from 
one  individual  to  another  under  natural  conditions,  and 
even  inoculation  experiments  which  have  been  made 
from  man  to  man  and  from  man  to  animals  have  always 
been  without  any  result.  There  have  been  cases,  however, 
of  successful  inoculation  from  [dace  to  place  on  the  same 
individual.  In  animals  it  has  been  pos.sible  to  transfer 
carcinoma  from  one  animal  to  another  by  implanting 
pieces  of  the  tumor.  Even  if  the  carcinoma  could  be 
inoculated  from  man  to  man.  or  even  from  man  to  ani 
mal,  it  would  be  nothing  in  favor  of  its  parasitic  origin. 
When  the  disease  once  develops,  when  the  epithelial  cells 
once  take  on  the  pecidiarities  of  growth  which  character- 
ize the  tumor,  these  cells  are  [iractically  parasites.  They 
live  in  strange  situations  and  at  the  expense  of  the  tissue 
which  is  their  host,  and  have  the  power  of  unlimited  in- 
crease. It  might  even  be  possible  to  suppose  that  favor- 
able conditions  for  their  increase  might  be  provided  out- 
side of  the  body,  and  the  disease  might  ))e  transnntted 
by  inoculation  with  generations  of  cells  which  have  de- 
velojied  in  vitro.  It  seems  most  remarkable  that  it  is  not 
possible  to  place  these  cells,  still  growing  and  contained 
in  tissue,  in  another  individual  and  have  them  retain 
their  power.  It  is  possible  that  there  may  lie  certain 
chemical  differences  in  the  tissue  fluids  of  an  individual 
with  carcinoma  which  are  favorable  or  essential  for  such 
a  growth  of  the  cells. 

The  carcinoma  is  easy  of  explanation  after  it  has  begun; 
the  difficulty  is  in  finding  its  primary  cause.  Ground  for 
the  assumption  of  a  parasitic  origin  has  been  found  in 
the  supi)osed  increase  in  the  fretjuency  of  carcinoma. 
If  it  is  due  to  end^ryonic  causes  or  trauma  or  any  such 
constantly  acting  cau.se,  there  should  be  no  likelihood  of 
-  increase.  If  due  to  parasites,  carcinoma,  like  other  in 
fectious  diseases,  should  show  periods  of  increase  and  de- 
cline. There  seems  to  be  little  iloubt,  from  the  numerous 
statistics  which  have  been  gathered  on  this  subject,  that 
there  has  been  a  marked  increase  in  the  mortality  from 
carcinoma  in  the  past  twenty-five  j'ears.  There  are  a 
number  of  things  to  be  considered  in  connection  with 
this  increase.  Tliere  has  been  an  increase  in  longevity, 
due  principally  to  diminished  mortality  in  the  infectious 
diseases.  Carcinoma  is  essentially  a  disease  of  later  life. 
and  more  peojile  reach  what  may  be  termed  the  carci- 
noma age.  The  diagnosis  of  carcinoma,  especially  of  the 
internal  organs,  has  become  more  accurate  and  deaths  are 
now  properl}'  attributed  to  this  disease  which  were  for- 
merly put  down  under  other  heads.  Deaths  from  carci- 
noma were  formerly  concealed  as  much  as  possible,  due 
to  a  horror  of  the  disease  and  fear  of  a  supposed  heredi- 
tary family  taint  being  known.     Hospital  surgeons  have 


a  geui-ral  idea  that  the  disease  is  increasing,  from  the  in- 
creaseil  luuuber  of  cases  which  come  to  the'hospitals  for 
operation,  due  to  the  much  greater  success  which  now  at- 
tends such  operations.  There  still  remains  a  great  deal 
of  work  to  be  done  on  the  statistical  side,  with  a  careful 
consideration  of  the  operation  of  other  cau.ses,  befoie  we 
can  say  how  much  the  disease  is  increasing  or  if  it  is  in- 
creasing at  all.  The  increase  as  generally  shown  is  not 
in  favor  of  the  parasitic  theory,  for  it  has  been  gradually 
progressive,  and  not  marked  by  exacerliations  and  remis- 
sions as  would  be  the  case  with  an  ird'ectious  disease. 

Although  from  a  theoretical  jioint  of  view  all  that  we 
know  about  the  carcinoma  woidd  oppose  the  parasitic 
theory,  the  proof  of  this  is  believed  by  some  to  have  been 
shown  b}'  the  actual  presence  of  parasites  in  the  cells 
themselves.  No  consideration  need  be  given  to  the  old 
works  on  this  sidjject,  in  which  bacteria  were  found  in 
cultures  made  from  tumors.  No  connection  was  ever 
shown  between  the  tumor  and  the  bacteria  and  no  results 
followed  from  inoculation.  Following  this  there  have 
been  numerous  descriptions  of  other  organisms  than  bac- 
teria, and  attempts  have  been  made  to  cultivate  these  sup- 
posed organisms  and  to  reproduce  the  disease  by  inocu- 
lation. At  first  these  problematical  organisms  were 
supposed  to  be  protozoa,  and  in  some  cases  the  entire  life 
history  of  the  organisms  was  described.  Since  the  work 
of  Basse  the  protozoie  idea  has  been  given  up  and  most 
of  the  present  writers  on  the  subject  describe  the  organ- 
isms as  belonging  to  the  blastomycetes.  All  of  these 
descriptions  depend  upon  certain  bodies  which  are  in- 
cluded in  the  cell  protoidasm.  These  bodies  included  in 
the  protoplasm  difTer  in  their  size,  form,  and  staining 
reactions.  There  are  certain  among  them  which  have 
about  the  same  size  and  apparently  the  same  structure, 
and  these  have  been  especially  .selected  as  being  varieties 
of  the  j'easts.  They  are  not  universally  present  in  all 
carcinomata.  They  are  found  more  frequently  in  carci- 
nomata  of  the  breast  than  in  those  developing  from  any 
other  part,  and  have  seemed  to  me  to  be  more  frequent  in 
those  tumors  and  portions  of  tumors  in  which  degenera- 
tions are  more  frequent.  They  are  not  present  in  carci- 
nomata of  the  skin.  These  bodies  are  in  the  vicinity  of 
the  nucleus  and  as  a  rule  they  have  about  the  diameter 
of  a  red  blood  corpuscle,  though  they  may  be  much 
smaller  or  larger.  In  some  cases  they  are  as  large  as 
the  nucleus  of  the  cell.  They  usually  have  a  sharp 
edge  separating  them  from  the  protoplasm  and  occasion- 
ally a  small  space  maj-  be  seen  at  one  side,  but  they  do 
not  lie  in  defuiite  vacuoles.  The}'  have  a  homogeneous, 
non-granular  structure,  and  usually  there  is  a  single 
granule  in  the  centre  of  about  the  size  of  the  nucleolus 
of  a  cell  and  which  stains  in  the  same  manner.  Not  in- 
frecpiently  there  are  radiating  lines  which  extend  from 
the  central  granide  to  the  periphery  of  the  body. 

Plimmer,  an  English  investigator,  has  laid  great  stress 
on  these  bodies  and  regards  them  as  the  specific  organ- 
ism which  produces  the  tumor.  The  niuuber  of  these 
bodies  varies  cnormou.sly.  In  some  tumors  almost  every 
alveolus  contains  several  of  them,  in  others  they  are 
wholly  absent.  They  have  no  specific  staining  reactions. 
Plimmer  has  devised  a  special  stain  to  demonstrate  them, 
but  they  may  be  shown  by  the  ordinar}-  stain  of  lia>ma- 
toxylin  and  eosin.  They  are  certainly  the  most  distinc- 
tive of  all  bodies  included  in  the  protoplasm,  but  there  is 
nothing  in  their  size,  form,  structure,  or  staining  reac- 
tions which  should  lead  us  to  consider  them  living  para- 
sites. The  other  objects  included  in  the  protoplasm 
may  be  divided  into  two  classes.  One  class  is  composed 
of  bodies  generally  roimd,  sometimes  .single,  sometimes 
in  groups,  always  homogeneous  and  closely  invested  by 
the  protoplasm.  They  stain  in  various  ways,  and  many 
of  them  have  a  special  aftinity  for  certain  dyes  and  in 
this  way  may  be  sharply  differentiated  from  the  proto- 
plasm. Russel  described  certain  of  these  which  are 
sharply  stained  with  fuchsin,  and  which  have  since  been 
generally  known  as  Kussel  fuchsin  bodies,  and  he  regarded 
them  as  probable  parasites.  Bodies  similar  to  these  may 
be  found  in  a  large  number  of  pathological  conditions. 
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and  they  are  obviously  nothing  but  various  forms  of  de- 
generation of  the  protophisni.  The  third  group  of  bodies 
are  the  most  variable  of  all.  They  always  lie  in  vacuoles 
in  the  protoplasm.  They  are  irregular  in  size,  and  care- 
ful study  will  show  every  variation  between  tlie  most  in- 
definite of  these  bodies  and  structures  which  may  cer- 
tainly be  recognized  as  cells,  and  even  the  special  variety 
of  cells  may  be  distinguished.  The  cells  of  carcinoma 
differ  further  from  ordinary  epithelial  cells  in  their 
marked  phagocytic  properties.  The  included  cells  may 
be  cells  or  portions  of  cells  from  the  tumor  itself,  poly- 
nuclear  leucocytes,  or  the  lymphoid  and  plasma  cells  of 
the  stroma.  The  last  two  groups  of  inclusions  are  easily 
explained ;  they  are  in  no  way  peculiar  to  carcinomata  or 
any  of  the  tumors. 

The  various  transformations  whicli  included  cells  may 
undergo  can  probably  be  better  studied  in  the  large  cells 
of  typhoid  fever  than  elsewhere.  They  are  also  very 
numerous  in  tlie  proliferating  connective-tissue  cells  of 
granulation  tissue.  The  bodies  fiist  described  are  more 
difficult  of  explanation  and  probably  no  single  explana- 
tion of  their  origin  can  be  given.  I  am  convinced  that 
many  of  them  are  due  to  degeneration  of  the  nucleus. 
In  a  tumor  which  developed  in  a  cicatrix  after  tlie  opera- 
tion, and  in  which  they  were  very  numerous,  it  was 
possible  to  see  transitions  in  the  nuclei  leading  to 
these  bodies.  The  chromatin  of  the  nucleus  disap- 
peared, the  whole  structure  becoming  homogeneous,  and 
the  nucleolus  remaining  as  tlie  central  granule.  Tlicj' 
may  also  be  referred  to  degeneration  of  segments  of  the 
nucleus  which  are  occasionally  thrown  off  and  which 
represent  the  degenerative  direct  division.  Borel  be- 
lieves that  some  of  them  are  certainlj'  to  be  referred  to 
changes  taking  place  around  the  centrosome,  the  radiate 
bodies  being  the  spindle,  and  the  granule  in  the  middle 
the  remains  of  the  centrosome  In  the  giant  cells  of  a 
sarcoma  I  liave  seen  degenerations  of  the  numerous  cen- 
trosomes  which  become  swollen  up  and  the  spindle 
around  them  more  definite,  but  none  of  these  bodies 
were  found.  Whatever  the  explanation  given,  there  is 
nothing  in  the  present  state  of  our  knowledge  which 
should  lead  us  to  regard  them  as  parasites.  The  de- 
fenders of  tlie  parasitic  theory  have  been  able,  in  a  small 
number  of  cases,  to  cultivate  yeasts  from  carcinomata. 
They  have  inoculated  animals  with  these  cultures  and  in 
a  very  few  instances,  not  more  often  than  could  be  ex- 
plained as  a  coincidence,  epitheliiil  tumors  have  resulted. 
Almost  invariably  the  new  formation  of  tissue  wliich  has 
resulted  from  the  inoculation  has  been  granulation  tissue 
of  a  sort  which  would  follow  from  the  introduction  of 
any  injurious  agent. 

it  would  not  be  justifiable  to  deny  the  possibility  that 
carcinoma  may  lie  due  to  a  jiarasite,  but  no  evidence  of 
this  has  been  adduced  up  to  the  present  time.  On  the 
contrary,  everything  we  know  of  the  tumor  speaks 
against  this  idea.  If  a  parasite  is  the  cause,  it  must  be 
different  from  any  form  of  jiarasite  we  know,  and  its 
relations  to  the  tissue  must  be  different.  It  would  be 
difficult  to  assume  that  a  parasite  could  infect  the  tissues 
at  a  certain  point,  giving  to  the  cells  certain  properties 
which  would  be  retained  by  all  following  generations 
of  cells.  Otherwise  we  must  assume  a  symbiosis  be- 
tween cell  and  parasite,  as  the  parasite  must  be  present 
in  all  cells  and  be  carried  with  the  cell  to  produce  a 
metastasis,  for  a  metastasis  cannot  be  due  to  a  parasite 
alone. 

When  the  carcinoma  once  starts  the  cells  themselves 
act  as  parasites.  In  the  removal  of  a  carcinoma,  if  the 
operation  is  to  be  successful,  all  the  parasitic  cells  must 
be  removed.  It  is  not  sufficient  to  remove  the  primary 
tumor  and  the  lymph  glands  connected  with  the  tissue, 
but  the  tissue  between  the  two.  in  which  the  lymph 
vessels  run  and  which  may  contain  straggling  cells, 
must  also  be  removed.  It  may  be  extremely  difficult  to 
do  this,  for  the  blocking  of  the  glands  liy  metastases  and 
the  occlusion  of  the  ordinary  lymph  channels  may  bring 
other  collateral  channels  into  pla}'.  The  frequency  with 
which  the  tumor  reappears  in  the  cicatrix  after  opera- 


tion may  possibly  often  be  due  to  infection  of  the  in- 
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CARCINOMA.   (CLINICAL.)    See  Cancer,     (ainical.) 

CARCINOMA  OF  THE  SKIN.— A  uniform  nomencla- 
ture (if  malignant  growths  of  epithelial  tissue  is,  even  in 
the  present  state  of  our  pathological  knowledge,  by  no 
means  employed  by  writers. 

In  a  general  way,  however,  carcinoma  is  used  to  desig- 
nate all  varieties  of  inalignunt  growths  of  eiiitlielium,  in- 
cluding both  the  glandular  and  the  surface  varieties. 
The  majority  of  writers  use  the  term  epithelioma  when 
referring  to  primary  cutaneous  cancers. 

Fabre  and  Domergue  *  make  a  clinical  and  pathological 
distinction  between  epitheliomata  and  carcinomata  of  the 
surface  in  the  manner  of  growth  (orientation)  of  the  cells 
and  the  relationship  of  the  cells  to  the  basal  layer  of  the 
epidermis. 

In  the  present  article  carcinoma  is  employed  as  a  com- 
prehensive term  embracing  all  the  varieties  which  have 
their  starting-point  in  the  surface  epidermis  or  its  ap- 
pendages. 

Symptomatology. — The  primary  forms  which  skin 
cancers  assume  depend  to  some  extent  on  their  seat  and 
minute  structure.  We  are  unable,  because  of  so  many 
exceptions  to  this  statement,  to  formulate  any  rule  which 
will  always  associate  a  definite  clinical  type  "with  a  fixed 
histological  structure. 

The  old  division  of  carcinomata  of  the  skin  into  (1)  the 
superficial,  flat,  or  discoiil.  (2)  the  deep-seated,  nodular, 
or  infiltrating,  and  (3)  the  papillary,  is  still  largely  em- 
ployed as  furnishing  convenient  terms  for  use  in  descrip- 
tions. 

This  classification  is  more  or  less  imperfect,  as  the  flat 
or  discoid  form  may  become  deep-seated,  the  latter  in- 
volving the  skin  secondarily  as  a  superficial  growth,  while 
both  are  at  times  complicated  by  papillary  outgrowths. 

Unuaf  has  attempted  to  reduce  the  majority  of  skin 
carcinomata  to  a  few  t3'pes  according  to  the  gross  histo- 
logical apjiearances  or  architecture  of  the  growths.  He 
obtains  in  this  way  three  chief  forms  which  lie  designates 
(1)  the  fungating,  (2)  the  cylindrical,  (3)  the  alveolar,  each 
of  which  is  further  subdivided.  A  fourth  or  sub-form 
(carcinomatous  lympliatic  infarction  secondarily  affecting 
the  skin  after  breast  cancer  and  in  metastases)  is  added  to 
this  classification. 

The  classification  proposed  by  Unna  is  based  chiefly  on 
the  histological  structure  of  the  growth,  and  in  the  fungat- 
ing form  the  macroscopic  appearance  of  the  tumor  is 
considered  as  well. 

To  one  unfamiliar  with  the  histological  details  of  carci- 
noma of  the  skin  the  classification  is  too  involved  for 
practical  purposes.  A  further  reference  will  be  made  to 
it  in  describing  the  minute  anatomy  of  these  new  growths. 

To  a  void  confusion  in  the  clinical  picture  of  the  malady 
certain  primary  types  of  more  or  less  uniformity  will  be 
described,  and  then  reference  will  be  made  to  the  forms 
which  follow  or  develop  on  some  pre-existing  morbid 
condition  of  the  skin  or  constitute  the  final  stage  of  such 
affections,  as  xeroderma  iiigmentosum,  Paget's  disease, 
lupus  vulgaris,  syphilis,  etc. 

An  important  fact  to  be  borne  in  mind  is  that  carci- 
nomata of  the  skin  arc  not  infre(iuently  multiform  in  their 
manifestation  and  often  have  a  relatively  benign  course. 

Superficial  Epithelioma. — One  of  the  most  frequent 
forms  in  which  carcinoma  of  the  skin  begins  is  as  a 
small,  hard,  pearly  gray  nodule  generally  foimd  on  the 
upper  two-thirds  of  the  face  in  individuals  over  fortj' 
j-ears  of  age.  These  nodules  are  often  multiple,  may  re- 
main for  j-ears  with  little  or  no  change,  or  even  may  dis- 
appear spontaneously.  If  they  are  removed  during  their 
primary  stage  before  ulceration  begins  they  show  only  a 
slight  tendency  to  recur. 


*  "  Les  Cancers  Epltheliaux,"  Paris,  1898. 

+  Unna,  "  Histopathology  of  the  Diseajses  of  the  Skin,"  p.  6T0. 


680 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES,    carclnoma'of  the '"* 


After  a  time  oue  or  more  of  these  small  growths  may 
slowly  increase  in  size,  the  centre  at  the  same  time  sink- 
ing iii  and  eventually  becoming  lissiired  or  excoriated  as 
the  result  of  scratching  or  other  irritation.  At  this 
stage,  tlie  new  growtli  consists  of  a  superficial  ulcer 
covered  with  crusts  made  up  of  blood  and  secretions  from 
the  affected  surface,  and  surrounded  by  a  hard,  elevateil, 
waxy  looking  margin  (Fig.  1,  Colored  plate  XXI.). 
Thecentral  ulceration  may  heal  but  is  sure  to  recur, 
each  time  becoming  somewhat  larger,  but  seldom  involv- 
■  ing  the  deeper  tissues;  it  hasare<l,  granular  base,  secretes 
but  little  pus,  and  rarely  causes  pain.  The  iloor  and 
edges  of  the  ulcer,  con.sisting  of  soft  friable  tissue  ex- 
tending beneath  the  overlying  epidermis,  are  easily  re- 
moved by  the  curette.  Instead  of  extending  in  a  regular 
and  progressive  manner  the  ulceration  may  heal  in  the 
centre  while  continuing  to  spread  at  the  margins,  or  one 
side  may  cicatrize,  as  a  result  of  which  gyrate  and  irregu- 
larly outlined  ulcers  with  new  foci  may  develop  in  the 
scar  tissue  (Fig.  1135).    S\ich  :i  carcinnmatous  ulcer  may 


Fig.  113.1.— Superflciiil  Epithelioma  of  the  Face  (Rodent  Ulcer  Type) 
of  Fifteen  Yeai-s'  Duration.  Showing  scar  tissue  and  peripheral 
ulceration. 

generally  be  differentiated  from  syphilitic  or  lupous  ul- 
ceration by  the  presence  of  the  elevated,  waxy,  or  pearh' 
gray  margin. 

The  progress  of  the  affection  is  excessivelj"  slow,  last- 
ing ten,  twenty,  or  even  forty  years  before  the  patient 
dies  from  this  or  some  other  malad3'.  It  may  even- 
tually, however,  invade  the  orbit,  destroy  the  greater 
part  of  the  skin  of  the  face,  the  malar  bones,  the  upper 
jaw,  and  penetrate  the  skull,  causing  the  death  of  the 
patient  from  hemorrhage,  exhaustion,  or  the  involvement 
of  vital  organs.  Fungating  tumors  reaching  a  consider- 
able size  may  spring  up  from  these  ulcei'ating  surfaces. 

This  variety  of  malignant  growth,  which  has  its  pri- 
mary seat  near  the  eye.  beginning  as  a  minute,  pearly  gray 
nodule  and  spreading  in  a  slow  but  progressive  manner, 
is  the  so-called  rodent  or  Jacob's  ulcer,  regarding  the  na- 
ture of  which  there  has  been  so  much  discussion  aitd  di- 
vergence of  opinion.  It  seldom  or  never  invades  the 
lymph  nodes,  and  does  not  produce  luetastases  or  give  rise 
to  cachexia.  It  was  looked  upon  by  the  older  writers,  such 
asBrodie  and  Paget,  as  a  disease  distinct  from  carcinoma 
and  some  modern  authors  even  now  deny  its  carcinoma- 
tous nature.  Probably  several  varieties  of  superficial 
skin  carcinoma  during  their  course  may  assume  the  ap- 
pearances described,  so  that  the  name,  if  retained,  should 
be  used  in  its  clinical  significance  rather  than  to  indicate  a 
distinct  species  of  epithelial  new  growth.  Unna.  on  the 
other  hand,  opposes  the  view  that  every  flat,  superficial, 
carcinomatous  ulcer  should  be  called  rodent  ulcer.  He 
.believes  that  the  latter  affection  has  certain  definite  clinical 


as  well  as  histological  features  which  are  chaJ'acteristic, 
and  that  it  should  not  be  confused  with  other  varieties  of 
carcinoma. 

In  addition  to  the  early  lesion  in  the  form  described, 
epitheliomata  about  the  face  may  begin  as  brownish-red 
tubercles,  hemispherical  in  outline,  quite  smooth,  and 
of  medium  consistence.  AVhen  first  observed  they  are 
smaller  than  a  split  pea,  sliglitly  elevated,  and  may  reach 
the  diameter  of  half  an  inch  before  breaking  down. 
These  small  nodules  are  readily  scraped  away  with  the 
dermal  curette  and  apparently  show  little  tendency  to 
recm'.  They  are  seen  about  the  ala  of  the  nose,  the  eye- 
lid, and  the  forehead.  Sections  of  such  growths  under 
the  microscope  are  found  to  contain  proliferating  bands, 
tubular  processes,  and  acinous-shaped  masses  of  small 
epithelial  cells  which  correspond  to  those  in  the  basal 
layer  of  the  epidermis.  These  proliferating  tracts  and 
masses  of  cells  are  surrounded  by  a  layer  of  columnar 
cells  which  represents  the  basal  laj'er  and  probably  limits 
their  rapid  growth.  They  are  enclosed  in  a  loose  mesh- 
work  of  connective  tissue  which  is  generall)'  poorly  de- 
veloped or  may  be  almost  absent. 

If  undisturlied  these  nodules  grow  slowly  for  a  num- 
berof  vears,  tlieu.  under  the  stimulus  of  some  irritant,  in- 
crease more  rapidly  in  size,  finally  resulting  in  open  ulcers. 

Disseminated  Epithelioma  of  the  ^'Sebaceous  Type." — 
JIultiple  epitheliomata  which  are  met  with  especially 
about  the  face,  sometimes  on  the  hands  and  trunk,  are 
usually  preceded  by  certain  definite  changes  in  the  skin 
to  which  the  name  "senile  keratosis"  has  been  applied. 

The  skin  at  first  becomes  somewhat  rough,  and  is  cov- 
ered by  scales  adherent  to  the  follicular  openings.  Later, 
scabby  concretions  of  a  dirty  yellowish-brown  color  form, 
and  beneath  them  is  found  a  warty  condition  which  bleeds 
readUy  on  slight  irritation.  Small  cup-sbajied  depres- 
sions are  sulisequently  noted  beneath  the  thickened  and 
altered  horny  laj-er;  these  coalesce  and  give  rise  to  open 
c-pitheliomatous  ulcers  having  hard,  elevated  edges  and 
bases.  A  number  of  j'cars  may  elapse  from  the  time 
when  the  first  changes  in  the  skin  appear  before  a  malig- 
nant development  takes  place. 

The  same  patient  is  frequently  affected  with  several  epi- 
theliomatous  ulcers  in  different  stages  of  growtii  as  well 
as  with  encrusted  papillomatous  areas  which  ha\'e  not 
yet  undergone  the  malignant  change.  The  severer  cases 
occur  among  those  patients  who  are  exposed  to  vicissi- 
tudes of  weather  and  to  the  heat  of  the  sun  and  in  whom 
the  earlier  alterations  in  the  skin  which  predispose  to  the 
condition  are  overlooked  or  neglected. 

Other  senile  changes  in  the  skin,  as  pigment  deposits, 
papillomata,  alterations  in  the  blood-vessels,  atrophy  of 
the  subcutaneous  connective  tissue,  predispose  to  malig- 
nant new  growths.  These  changes  are  allied  to  those 
which  occur  in  the  young  in  a  more  aggravated  form, 
constituting  the  disease  known  as  xeroderma  pigmento- 
sum, which,  as  a  rule,  tenuinates  in  the  development  of 
one  or  more  malignant  tumors.  Tliey  are  also  met  with 
in  the  condition  known  as  sailors'  skin,  which  Unna  *  has 
observed  and  investigated.  The  changes  which  take 
place  on  the  exposed  portions  of  the  face  and  hands  are 
at  first  a  cyanotic  redness,  followed  by  pigment  deposits 
and  leucodermatous  spots.  Localized  thickening  of  the 
horny  layer  of  the  epidermis  next  occurs,  and  this,  at 
certain  spots,  assumes  a  warty  character,  to  be  followed 
by  papillary  and  ulcerating  epitheliomata.  While  in 
their  early  stages  these  ulcers  pursue  an  indolent  course, 
and  involve  only  the  superficial  tissues ;  at  a  later  date 
they  are  more  rapidly  destructive  than  the  rodent  ulcers. 

In  Paget's  disease  of  the  nipple  a  superficial,  moist, 
crusted,  slightly  scaling  dermatitis  may  exist  for  a 
number  of  years  as  a  precancerous  condition.  Healing 
cannot  be  brought  about  by  the  ordinary  applications 
and  eventually  a  .superficial  or  deep-seated  carcinoma 
appears  in  or  beneath  the  chronic  dermatitis.  It  is  usu- 
ally of  the  alveolar  type,  and  more  frequently  begins  in 
the  lactiferous  ducts  than  in  the  epidermis  itself.     Swell- 

^  Unna.  "  Histopalhology  of  Diseases  of  the  Skin,"  p,  719. 
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ing  of  the  lymph  nodes  is  met  witli  in  the  later  stages  of 
the  disease. 

Multiple  epitheliomata  at  times  develop  on  old  patches 
Df  psoriasis.  The  prolonged  use  of  arsenic  in  this  and 
other  chronic  sliin  diseases  is  at  times  followed  by  patches 
of  keratosis  and  horu-lilce  lesions  especially  on  tlie  palms 
of  the  hands  and  soics  of  the  feet,  beneath  which  can- 
cerous ulceration  begins.  These  malignant  changes  are 
usually  multiple,  and  in  tifty  per  cent,  of  the  cases  re- 
corded they  developed  before  the  age  of  forty.  Among 
arsenic  miners  carcinoma,  beginning  as  arsenic  warts  on 
the  lingers,  has  not  infrequently  been  observed. 

Hutchinson  has  repeatedly  called  attention  to  the  etio- 
logical relationship  supposed  to  exist  between  the  internal 
use  of  arsenic  and  the  development,  on  the  palms  and 
soles,  of  keratoses  which  terminate  in  carcinoma:  and 
lately  Hartzcll*  has  reviewed  the  subject,  giving  at  the 
same  time  the  rejjort  of  a  case  of  his  own  which  showed 
this  sequence  of  development. 

C'hiin.iiey-Sint'ep.1'  Ciineeruf  the  Scrotum. — This  variety 
of  cancer,  which  at  one  time  was  often  met  with  in  Eng- 
land, has  become  less  frequent  since  the  enforcement  of 
laws  forbidding  sweeps  to  ascend  flues.  The  retention 
of  soot  in  the  folds  of  the  scrotum  gives  rise  to  a  chronic 
dermatitis  and  warty  outgrowths.  After  a  time  one  or 
more  of  these  warts  ulcerate  and  eventually  involve  the 
superficial  as  well  as  the  deep  tissues.  The  inguinal 
lymph  nodes  after  a  time  become  implicated. 

Tar  and  Paraffin  Cancer. — Volkmannf  first  called  at- 
tention to  the  occurrence  of  cancer  of  the  scrotum  and 
forearms  in  workers  in  coal  tar  and  paraffin.  The  an- 
tecedent changes  in  the  skin  are  similar  to  those  met 
with  in  chimney-sweeps'  cancer.  The  follicular  open- 
ings are  occluded,  the  skin  becomes  dry,  thickened,  and 
the  seat  of  warty  growths  which  subsequently  become 
malignant. 

It  is  not  improbable,  as  has  been  suggested  by  Esmarch 
and  Langenbeck,  that  tobacco,  soot,  tar  and  paraffin  are 
■closely  allied  in  their  power  to  stimulate  epithelial  growth. 
Abnormal  cell  division  has  been  e.\perimentally  produced 
by  treating  the  dividing  cells  with  poisons  and  chemical 
agents,  thus  rendering  more  probable  the  relationship 
which  is  believed  to  c.\ist  between  the  long-continued 
use  of  arsenic  and  the  development  of  cancer,  and  at  the 
same  time  favoring  the  view  that  this  variety  of  new 
growth  may  owe  its  origin  to  the  stimulation  furnished 
by  such  chemical  agents  as  tobacco,  tar.  etc. 

Chronic  affections  of  the  derma,  as  lupus,  syphilis, 
etc.,  seem  to  favor  the  development  of  carcinoma  by 
lessening  or  removing  the  normal  barrier  which  sep- 
arates the  epithelium  from  the  connective  tissue.  At 
the  same  titne  a  constiint  irritation  is  exerted  on  the 
epithelial  layer  which  causes  it  to  undergo  hypertrophy 
and  ultimately  raaj-  lead  to  its  becoming  the  seat  of  a 
malignant  growth, 

Carcinomata  develop  from  active  lupusor  from  its  scar 
tissue  so  frequently  as  to  indicate  more  than  an  accidental 
relationship.  They  are  apt  to  assume  fungating  forms, 
to  prove  rebellious  to  treatment,  and  to  pursue  a  more 
rapid  course  than  when  they  develop  independently  of 
such  a  connection.  They  have  also  not  infrequently 
been  observed  to  start  from  late  syphilitic  lesions  of  the 
skin,  in  which  case  there  is  danger  that  they  may  be  over- 
looked because  the  original  disease  often  obscures  their 
characteristic  features. 

Sy]>hilis  of  the  tongue  is  one  of  the  most  frequent 
precancerous  affections  of  this  organ.  Late  syphilitic 
neoplasms,  interstitial  glossitis,  and  leucokeratosis  may 
be  followed  by  rapidly  growing  carcinomata.  Indifferent 
scar  tissue  of  the  skin,  when  exposed  to  long-continued 
irritations,  forms  a  favorable  soil  for  the  development  of 
a  malignant  tumor.  The  course  of  such  growths  is  less 
rajiid  than  when  they  start  from  the  scar-tissue  of  lupus. 
In  the  latter  case  there  is  nearly  always  more  or  less  ac- 

*  "  Epithelioma  as  a  Sequel  of  Psoriasis  and  the  Probability  of  its 
Arsenical  Origin."  The  Amer.  Jour.  Med.  Sol.,  vol.  cxviii.,  1899, 
p.  a).5. 

t  Beitrage  zur  Chirurgie,  18VS,  p.  380. 


five  tuberculous  disease  and  thus  less  resistance  is  offered 
to  the  epithelial  ingrowths. 

Papillnry  Carcinoma. — Papillomatous  tumors  bear 
much  the  same  relationship  to  epitheliomata  as  the  ade- 
nomata do  to  glandular  carcinomata.  They  consist  of  a 
rapid  growth  of  the  cells  comprising  the  Jlalpighian  layer 
with  a  consecutive  hypertrophy  of  the  papilfc  lieneath. 
As  long  as  the  basement  membrane  remains  unimpaired 
the  invasion  of  the  underlying  tissues  by  the  growing 
epithelium  is  prevented. 

Papillary  growths  frequently  spring  up  from  the  base 
and  periphery  of  carcinomatous  ulcers,  especiall}-  when 
a  mucous  membrane  is  involved,  and  obscure  by  their 
rapid  development  the  features  of  the  primary  tumor. 
The  scalp  is  sometimes  the  seat  of  these  secondary 
growths  (Fig.  3,  colored  plate  XXI.).  which  assume  a 
cauliflower- like  appearance  and  convey  the  impression 
of  a  more  malignant  tumor  than  is  warranted  by  their 
clinical  course.  These  outgrowths  are  usually  broader 
at  their  surface  than  where  they  are  attached  to  the  mor- 
bid growth,  and  thej'  spread  over  the  healthy  skin  in  a 
radiating  manner  for  a  consi<lerable  distance.  " 

The  scats  of  iiredilcction  of  a  primary  papillary  carci- 
noma are  the  glans  penis  and  the  lips.  An  absence  of  a 
firm  epithelial  covering  facilitates  the  surface  growth  of 
the  prickle  layer  (Unna).  The  homy  laver  may  in  the 
early  stages  be  thickened  and  firmly  attached,  but,  later, 
corniflcation  becomes  abnormal,  and  the  enlarged  papilla 
with  the  rapidlj-  growing  and  unprotected  prickle  cells, 
bleeds  readily  on  slight  irritation.  Surface  infection  takes 
place  with  consecutive  necrosis  of  the  superficial  layer  of 
cells.  As  long  as  the  epithelial  ]iroliferation  is  superficial, 
these  growths  are  easily  removed.  When  the  deeper 
tissues  are  invaded  they  spread  at  times  with  alarming  ra- 
pidity owing  to  their  active  cell-growth.  Sooner  or  later 
ulceration  takes  place  and  the  early  features  of  the  affec- 
tion may  be  lost.  In  Fig.  2  of  the  accompanying  col- 
ored plate  a  carcinomatous  ulcer  is  depicted  which  began 
as  a  wart,  but  at  the  time  when  the  picture  was  taken 
the  papillomatous  growth  had  entirely  disappeared. 

These  carcinomata  differ  from  the  growths  of  the  ro- 
dent-ulcer type  in  their  tendency  to  fonn  horny  or  hya- 
line pearls  as  well  as  in  their  more  rapid  and  malignant 
course. 

Ctitaneous  horns  are  modified  papillomatous  tumors  in 
which  cornification  is  greatly  exaggerated.  Epithelio- 
mata sometimes  start  from  the  base  of  such  growths  and 
terminate  in  open  ulcers,  which  pursue  the  ordinary 
course  of  the  malignant  new  growth. 

Carcinomata  from  yari. — Pigmented  and  non-pig- 
mented  moles  often  present  the  structure  of  an  alveolar 
carcinoma,  and  while  the  great  majority  of  such  con- 
genital malformations  retain  their  benign  character,  they 
occasionally  give  rise  to  growths  of  great  malignancy. 

Unna  *  and  Gilchrist  +  have  shown  that  these  na'vi  are 
caused  by  the  snaring  off  of  epithelium  from  the  surface 
epidermis  in  embryonic  life  or  in  early  youth.  Malig- 
nant tumors  arising  from  such  a  matrix  later  in  life  are 
therefore  carcinomata  and  not  sarcomata,  as  has  been  so 
long  held  by  the  majority  of  pathologists. 

It  has  not  been  clearly  determined  tliat  all  malignant 
melanotic  tumors  are  carcinomata,  but  if  certain  of  these 
are  of  mesodermic  origin  it  is  impossible  to  differentiate 
the  two  classes  clinically.  These  melanotic  tumors  may 
develop  on  any  part  of  the  body,  generally  on  the  ex- 
tremities or  genitals.  They  are  at  first  bluish-black  or 
slate-colored  growths  assuming  wart-like  or  fungous 
forms. 

Secondary  tumors  may  develop  in  the  vicinity  of  the 
parent  growth,  and,  spreading  along  the  lymphatic  ves- 
sels, give  rise  to  large  nodular  growths  in  the  lymph 
nodes.  ^Metastatic  tumors  rapidly  form  in  the  viscera, 
and  cachexia  soon  appears,  followed  by  a  fatal  termina- 
tion, sometimes  within  a  few  months  after  the  appear- 
ance of  the  primary  tumor. 


*  "  Histopatholopy  of  Diseases  of  the  Skin."  p.  745. 

+  Joum.  of  Cutan.  and  Genito-Urinary  Dis.,  vol.  xvii.,  p.  117. 
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.  ivi.  been  copied  from  photographs  of  author's  cases. 

itheliomaof  the  face,  the  so-called  rodent-ulcer  lyjn:  m  me 

•  new  growth  is  made  up  of  small  epithelial  cells  which  cor- 
of  the  epidermis  or  in  the  outer  roof-sheath  of  the  hairs. 

a  small  yicarly-gray  nodule  ■\  ly  uloerated  in  the 

vated  niaririn.     The  proj.'^ress  ■  of  epithelioma  is 

iua  of  the  skin.     The  growth  here  portrayed  is  of  eight 

.h  rapidly  spread  after  the  application  of  some  caustic. 

•  ro  enlarged.     The  microscope  showed  the  tumor  to  be  a 

1 ,1-1  .'-inis;;*;  (if  \vliirli   i<   m.»rr  vrravi'  tluiii  that   of  the  roflcnt- 

■  •■n  when  fully  developed  on  the  scalp  of  an  old  woman.  It 
its  margin  resting  on  the  healthy  skin.  The  body  of  the 
warty  vegetations  which  readily  bled  on  slight  irritation. 
was  found  to  resemble  an  alveolar  carcinoma,  the  connect!  ve- 
.vly  developed  blood-vessels. 
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.FIG.   1.    EARLY   STAGE    OF    RODENT    ULCER    OF   THE    FACE 


FIG.    2     SQUAMOUS-CELLED    EPITHELIOMA  OF    THE    SKIN. 


FIG. 3.    PAPILLARY    OUTGROWTH    WHICH    DEVELOPED  ON  EPITHELIOMA    OF    THE    SCALP. 
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Deep- Seated  or  JS'od  II  laf  Cavcinonia. — Tlie  great  majority 
of  cutaneous  cancers  conform  to  one  or  more  of  the  types 
which  have  been  described  and  are  in  their  early  stages 
more  or  less  superficial.  >Iany  preserve  such  a  location 
during  their  entire  evolution,  the  new  growth  ulcerating 
as  soo^  as  it  develops.  Others  may  early  tend  lo  involve 
the  deeper  tissues,  giving  ri.se  to  distinct  indurations  or 
veritable  tumors  which  invade  the  muscles  or  boues. 
The  deeji-seated  or  uodidar  carcinoma  is,  therefore,  usu- 
ally secondary  to  a  surface  ulceration,  but  it  may  occur 
near  the  cicatrices  of  former  operations  for  malignant  dis- 
ease, a  group  of  cells  in  the  subcutaneous  tis.sue  acting  as 
a  focus  for  the  relapsing  growth. 

Metastatic  cancers  of  the  skin  from  visceral  or  breast 
carcinoma  are  usually  first  detected  as  small  subcutane- 
ous nodules  which,  in  exceptional  cases,  may  enlarge, 
assume  an  irregularly  rounded  shape,  and  become  firmlj' 
attached  to  the  uuderlyiu,g  tissues. 

Certain  carcinomata  of  the  surface  eiiithelium,  more 
especial!}'  of  the  tongue  and  lip,  show  an  early  tendency 
to  deep  infiltration  and  are  apt  to  pursue  a  luore  malig- 
nant course  from  the  beginning.  The  only  plausible  ex- 
planation that  has  been  given  as  to  why  these  growths 
tend  to  involve  tlie  deeper  .structures,  is,  that  the  down- 
ward growth  of  the  epitlielium  can  take  place  more  readily 
in  these  localities  where  the  tissues  are  rather  succulent. 
Fabre-Domergue,  however,  attributes  their  more  malig- 
nant course  to  the  character  of  the  new  cell  growth, 
which  is  favored  by  the  absence  or  non-continuity  of  the 
basal  layer  about  the  masses  of  growing  epithelium.  In 
carcinoma  of  the  tongue  there  is  little  or  no  disposition 
on  the  part  of  the  epithelial  cells  to  form  concentric 
globes  containing  horny  or  hyaline  masses,  but  the  con- 
stituent cells  grow,  multiidy,  and  end  their  existence 
independently  and  simultaneously.  There  is,  conse- 
quently, in  these  tumors  of  the  tongue  an  absence  of 
those  histological  features  which  limit  cell  growth  in 
many  of  the  surface  epitheliomata. 

Deep-seated  epitheliomata,  when  primary,  may  begin 
as  single  or  multijile  pea-sized  nodides  of  a  whitish  or 
purplish  color.  They  increase  slowly  in  size,  become 
more  irregular  in  outline,  and  form  adhesions  to  tlie 
overlying  skin.  Eventually  there  is  produced  a  firm, 
projecting  tumor,  wliich  may  reach  the  size  of  a  hen's 
egg,  over  which  dilated  blood-vessels  are  prominently 
seen.  Ulceration  subsequently  takes  place,  leading  to 
the  formation  of  cavities  which  increase  in  a  luogressive 
manner  as  the  infiltration  spreads  and  breaking  down  of 
the  tissues  occurs. 

Papillomatous  growths  sometimes  spring  up  from  the 
base  or  walls  of  the  ulcerating  surface,  the  edges  of 
which  may  contain  waxy  nodules  like  those  seen  in  the 
superticial  varieties.  The  lym])li  nodes  may  be  involved 
at  a  comparatively  early  period  and  metastases  may  de- 
velop in  the  internal  organs;  then  follow  marasmus  and 
death. 

Under  the  name  of  tuberose  carcinoma  cases  of  this 
kind  have  been  described  in  which  multiple,  deep-sealed 
tumiirs  developed  simultaneously  and  broke  down  into 
ulcers  which  soon  led  to  the  patient's  death. 

C(irriiuiiii(i1<iii,i  Lyiiiphntir  Iiifiiretioit. — This  is  the  name 
given  liy  Uniia  to  a  sub-form  of  cancer  of  the  skin.  It  is 
generally  described  as  lenticular  carcinoma.  It  is  met 
with,  in  the  great  majority  of  cases,  in  the  skin  covering 
the  female  lu'east  as  a  development  secondary  to  mam- 
mary earcinonia ;  it  may  also  develop  in  the  cicatrix  fol- 
lowing operation  for  cancer  of  the  gland.  Epithelial  cells 
from  the  primary  growth  are  conveyed  liy  the  lymph 
vessels  and  gi\'e  rise  to  the  formation  of  small  white  or 
pinkish  papules  from  the  size  of  a  small  shot  to  that  of 
a  pea.  Infiltrated  patches  at  times  result  from  the  con- 
fluence of  numerous  ]irimar\-  nodules  which  may  or  may 
not  undergo  ulceration. 

"When  tiie  lymphatic  infection  is  active  and  extensive 
the  entire  cutaneous  surface  over  the  front  and  back  of 
the  chest  may  be  involved,  the  process  even  extending 
to  the  skin  of  the  abdomen  and  arms.  In  the  later  sta.ges 
the  skin  becomes  liard  and  leathery  in  consistence  from 


the  growth  and  contraction  of  tlie  connective  tissue,  pro- 
ducing the  condition  known  as  cancer  en  cuiraane. 

The  constriction  produced  b}'  the  new  gi-owth  may  be 
sufficient  to  interfere  with  respiration  or  may  give" rise 
to  a?dema  of  the  arm  from  interference  with  the  lymph 
circulation.  A  fatal  result  maj'  follow  within  a  few 
months  after  such  a  develojiment  occurs,  but  in  certain 
cases  general  infection  is  delayed  for  a  number  of  years. 

Cinrinrima  uf  the  Sireat  Glmidx. — The  most  divergent 
opinions  exist  as  to  the  role  played  liy  the  sweat  glands 
in  tumor  production.  Certain  pathologists  at  various 
times  have  attempted  to  show  that  many  small-celled 
epitheliomata,  in  which  the  cells  grow  in  tubular  proc- 
esses, have  such  an  origin.  It  has,  however,  been  clearly 
demonstrated  that  neither  the  shape,  size,  nor  arrange- 
ment of  the  cells  furnishes  sufficient  criteria  on  which  to 
base  the  diagnosis  of  sweat  gland  cancer.  Darier  *  has  re- 
ported a  peculiar  case  that  occurred  in  the  service  of  Bes- 
nier,  in  which  multiple,  deep-seated,  and  painful  tumors 
developed  with  great  rapidity  on  the  trunk  of  a  man  aged 
seventy -one.  Darier's  examination  .showed  that  each 
tumor  started  with  a-  proliferation  of  the  sweat-gland 
epithelium,  which  filled  the  lumen  of  the  canal,  broke 
through  the  membrana  propria,  and  infiltrated  the  con- 
nective tissue.  He  gave  to  his  case  the  name  " diffuse 
multiple  epithelioma  of  (he  sudoriparous  glands,"  and 
believed  it  to  be  unique  in  the  number,  the  rapid  evolu- 
tion, and  the  structure  of  the  tumors.  The  author  was 
able  to  find  but  two  analogous  cases  in  medical  literature, 
one  of  which  was  repo'rted  by  Malherbe,  the  other  by 
Creightou.  In  the  latter  case  a  dog  was  the  subject  of 
the  affection.  In  Darier's  case  death  resulted  within  a 
few  months  after  tlie  beginning  of  the  affection. 

The  author  of  the  jiresent  article  some  ,years  ago  ex- 
amined a  tumor  which  liad  been  removeil  b)'  Dr  Bronson 
from  the  anterior  surface  of  the  leg  of  a  man  thirfj'-five 
years  old,  and  which  jiroved  microscopically  to  be  a  car- 
cinoma originating  in  the  coil  gland.  The  growth  in 
question  was  composed  of  distinct  lobules,  separated  by 
the  ingrowth  of  connective  tissue;  it  was  soft  to  the  feel, 
about  half  the  size  of  a  small  egg,  and  defined  from  the 
surrounding  ti.ssue  without  being  distinctly  encajisulaled. 
It  extended  about  one  inch  below  the  skin,  and  measured 
an  inch  and  a  half  in  its  long  diameter.  An  open  ulcer, 
somewhat  larger  than  a  dime,  was  present  over  the  tumor. 
The  cancerous  nature  of  the  new  growili  was  not  sus- 
pected prior  to  the  microscopic  examination. 

Neither  the  duration  of  the  tumor  nor  its  onset  as  a 
surface  or  deep  affection  was  noted. 

CiirciiiMna  df  the  Lip. — Cancer  of  the  lip,  by  reason  of 
its  frequency,  malignant  course,  and  the  importance  of 
an  early  diagnosis,  demands  a  separate  consideration. 
Its  seat  of  predilection  is  the  lower  lip,  at  the  junction 
of  the  skin  and  mucous  membrane  near  the  median  line. 
It  niav  occur  near  the  angle  of  the  mouth.  The  develop- 
ment of  a  tumor  on  the  upper  lip  has  been  noted  in  one 
or  two  instances.  In  these  cases  contact  with  the  primary 
growth  on  the  lower  li]i  may  have  served  as  a  cause. 
Cancers  of  the  up]ier  li]i,  as  a  rule,  occur  at  some  dis- 
tance from  the  vcrmiliDii  border  and  are  usually  of  the 
rodent  ulcer  or  superficial  l.vpe  of  growth.  When  the 
niticous  membrane  is  involved  by  the  extension  of  such 
a  tumor  of  the  up]ier  lip  its  clinical  course  differs  from 
that  of  the  typical  cancer  of  the  lower  lip.  It  does  not 
penetrate  deeply  nor  infect  the  Ij-niph  nodes  as  in  the 
latter  case. 

A  number  of  primary  changes  in  the  surface  epithelium 
may  precede  ulceration  or  tumor  formation.  Hyperker- 
atosis over  a  limited  area,  followed  by  a  fissure  and  later 
by  ulceration,  is  often  observed.  The  ulcer  is  irregular  in 
outline  and  svirrounded  by  thickened  and  elevated  mar- 
gins (Fig.  li;^6).  The  base  of  the  ulcer  becomes  indu- 
rated and  the  infiltration  gradually  extends  to  the  deep- 
est issues. 

In  another  case  the  epithelium  may  become  eroded  in- 

*  ■■  Contributions  a  I'etude  de  I'epith^llome  des  glands  sudoripares." 
Arch,  de  mM.  exp^rimentale  et  d'anat.  pathol.,  1889,  pp.  115,  3b7. 
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stead  of  thickened  and  covered  by  closely  approximated 
granulations  which  enlarge  until  they  assume  a  trarty 
character.  This  papillomatous  growth  may  spread  lat- 
erally until  almost  the  entire  lip  is  covered  with  granula- 
tions before  deep  extension  takes  place.  Instead  of  the 
ragged  ulcer  which  is  portrayed  in  Fig.  1137,  a  shallow. 


FUi.  1136.- 


-An  Early  Stage  of  Cancer  of  the  Lip.    Showing  super- 
ficial ulceration. 


oval  and  regularly  outlined  loss  of  tissue  may  constitute 
an  early  form  of  lip  cancer  (Fig.  1136).  (Figs.  1136  and 
1137  are  reproduced  here  by  the  kind  permission  of  the 
JVfJO  York  Medical  Jo-urnal.) 

Changes  in  the  epidermis  may  be  overlooked  and  the 
patient's  attention  may  be  first  directed  to  a  hard  growth 
below  the  surface.  This  soon  ulcerates,  leaving  a  cavity 
surrounded  by  hard  walls  and  base  from  which  the  de- 
generated epithelial  cells  forming  the  centre  of  the  epithe- 
lial "  pearls  "  may  be  squeezed  out  as  comedo-like  bodies. 

In  neglected  cases  the  infiltration  and  ulceration  in- 
volve the  entire  lo\v<?r  lip  and  the  floor  of  the  mouth ;  the 
teeth  become  loosened  and  all  the  adjacent  tissues  are  de- 
stroyed. The  submaxillary  and  submental  lymph  nodes 
are  involved,  as  a  rule,  before  such  extensive  tissue  de- 
struction occurs.  The  average  duration  of  life  in  un- 
treated cases  is  from  three  to  five  years,  death  taking 
place  from  sepsis  or  metastasis. 

Cancer  of  the  lower  lip  occurs  in  about  fifty  per  cent, 
of  surface  epitheliomata.  The  male  sex  furnishes  an 
overwhelming  percentage  of  all  cases,  variously  estimated 
at  from  eight  to  one  to  twenty  to  one.  Statistics  show 
that  the  large  majority  of  those  so  afflicted  are  addicted 
to  the  use  of  tobacco,  and  of  the  few  cases  met  with  in 
women  three-quarters  were  smokers. 

Buigiiosis. — The  initial  lesion  of  syphilis  is  often  mis- 
taken for  cancer  of  the  lip.  Chancres  of  the  lip  are  usu- 
ally protuberant  with  an  eroded  or  encrusted  surface ;  they 
develop  rapidly  and  ver_y  early  involve  the  lymph  nodes. 
The  initial  sore  of  syphilis  is  "more  likely  to"  be  met  with 
in  young  adults,  while  epithelioma  is  a"  disease  of  later 
life.  Numerous  exceptions  to  these  rules,  however,  are 
found. 

Late  ulcerating  syphilides  of  the  lip  have  also  been 
mistaken  for  cancer,  but  these  neoplasms  of  syphilis  are 
usually  multiple,  rapidly  break  down  or  undergo  ab- 
sorption with  atrophy,  and  lack  the  hard  base  which  is 
alwaj's  present  in  cancer. 

In  a  doubtful  case  appeal  should  be  made  to  the 
microscope. 

Prognosis. — The  course  of  carcinoma  of  the  lip  is  much 
more  rapidly  fatal  than  is  that  of  the  flat  variety  of  epi- 


thelioma of  the  skin.  An  early  and  radical  excision  by 
the  knife  is  the  only  method  of  treatment  which  promises 
subsecjuent  immunity  to  the  patient.  If  the  operation  is 
performed  while  the  affection  is  superficial  the  outlook  is 
not  unfavorable.  Even  in  such  cases  early  operations 
sometimes  fail  to  pre\ent  general  infection. 

Pathology  .and  Morbid  Anatomy. — Carcinomata  of 
the  skin  in  the  great  majority  of  cases  start  from  the 
surface  epithelium  or  the  epithelium  lining  the  hair  folli- 
cles. The  sebaceous  and  sweat  glands  only  exception- 
ally are  primarily  implicated. 

It  is  not  possible  in  all  instances  to  associate  a  definite 
clinical  type  with  a  fixed  histological  structure. 

L'nna's  plan  of  classification,  which  reduces  the  major- 
ity of  skin  cancers  to  a  few  types  according  to  the  archi- 
tecture of  the  growths,  involves  the  mutual  relationship 
of  the  growing  epithelium  to  the  resisting  connective 
tissue.  A  proper  presentation  of  his  views  would  in- 
volve an  extended  discussion,  which  is  .scarcely  in  place 
in  this  connection.  A  distinction  of  some  clinical  as  well 
as  pathological  importance  is  that  which  separates  these 
new  growths  of  eiiithelium  into  two  groups,  in  one  of 
which  the  cells  are  chiefly  of  the  squamous  variety,  while 
in  the  other  they  are  of  the  small  or  columnar  type.  As 
a  rule  the  squamous-celled  epithelioma  is  found  about  the 
muco-cutaneous  orifices,  more  readily  involves  the  lymph 
nodes,  and  is  more  malignant  than  the  small-celled  variety 
of  the  disease.  The  di&erence  in  malignancy  between 
these  two  types  of  growth  is  perhaps  not  so  decided  as 
it  was  at  one  time  believed  to  be. 

Squamous-celled  epitheliomata  are  seen  at  a  dlstantc 
from  the  (jrifices.  They  may  persist  for  a  period  of  ten 
years  without  invading  the  lymph  nodes,  and  then  ex- 
ceptionall}'  the  rodent -ulcer  tj'pe  of  growth  is  met  with 
in  which  the  communicating  lymph  nodes  are  involved. 

We  are  as  yet  ignorant  of  the  factors  which  render 
rodent  ulcer  a  relatively  benign  affection  and  the  squa- 
mous-celled epithelioma  a  more  malignant  growth.  The 
superficial  seat  of  rodent  ulcer  and  the  early  occurrence 
of  ulceration  are  supposed  by  some  writers  to  prevent 
the  absorption  of  the  cells  by  the  lymph  vessels.  The 
resisting  power  of  the  connective  tissue,  which  in  rodent 
ulcer  earlv  assumes  a  structvire  like  that  met  with  in 


FIG.  1137. 


-Early  form  of  Cancer  of  tbe  Lip.    A  shallow  couca^  e  ulcer 
near  angle  of  the  mouth. 


scirrhous  cancer,  is  looked  upon  by  Unna  as  an  important 
factor  in  determining  the  clinical  course  of  the  affection. 
Although  the  new  growth  of  epithelium  which  we 
see  in  lodent  ulcer  is  always  made  up  of  small  cells  which 
correspond  to  those  in  the  basal  layer  of  the  epidermis  or 
the  outer  root  sheath  of  the  hair  follicle,  it  is  possible  th** 
there  are  a  number  of  other  clinical  varieties  of  smaU- 
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celled  skin  cancers  which  are  not  identical,  at  least  clini- 
cally, with  rodent  ulcer. 

Carcinoniata  of  the  surface  epithelium,  according  to 
the  classiticaliouof  Falire-Domergue,  may  develop  in  the 
direction  of  the  adult  type  of  cell,  giving  rise  to  cornifi- 
cation  of  individual  cells  or  to  rudimentary  epidermic 


Fig.  113ti.  -Frum  u  i:M.jriit  Ul.t-r  "t  the  F: Showing  cylindrical 

processes  uf   small  epillielial  cells  surrouniled  by  a  basal  layer. 
fSpencer  one-quarter  inch,  projection  ocular  2.) 

"globes,  "  between  wliirh  type  and  the  true  epitheliomata 
there  arc  many  transitional  forms.  They  may  further- 
more assume  the  embryonic  type  of  growth  and  simulate 
so  closely  glandular  carcinomata  that  it  is  not  always 
possible  to  differentiate  them  by  their  histological  struc- 
ture. 

In  carcinomata  of  the  adult  there  are,  beside  the  em- 
bryonic type  of  cell,  the  same  tendency  to  general  cell 
activity  throughout  the  growth,  a  non-continuity  or 
absence  of  the  basal  layer,  and  consequently  in  both  the 
same  tendency  to  deep  infiltration  and  general  infection. 

The  clinical  gravity  of  the  tumor  depends,  therefore, 
on  its  structure  rather  than  on  its  location. 

The  embryonic  epithelioma  (Fabre-Domergue),  the  tu- 
bular epithelioma  of  Cornil  and  Ranvier,  and  the  small- 
er columnar-celled  epithelioma  correspond  in  all  essential 
points  and  are  identical  in  structure  with  rodent  ulcer  in 
its  earlier  stages.  The  tumor  originates  from  the  lower- 
most layer  of  the  rete  Malpighii  or  from  the  outer  root 
sheath  and  preserves  with  rare  exceptions  its  embryonic 
cell  structure  throughout  its  entire  course.  The  new 
growth  of  epithelium  develops  in  the  form  of  cylindrical 
processes  throughout  the  lymph  spaces  of  the  denna  (Fig. 
1138).  It  is  preceded  by  the  appearance  of  a  dense  mass 
of  mononucleated  leucocytes  (plasma  cells,  Unna).  The 
connective  tissue  between  the  masses  of  growing  epithe- 
Uum  becomes  thickened  and  sclerotic  and  probably  limits 
the  down  growth  of  the  cylindrical  processes,  which 
may  later  assume  elongated  shapes  owing  to  the  greater 
resistance  which  they  encounter. 

The  tubular  processes  of  young  epithelium  are  sur- 
rounded, in  the  earlier  stages  of  the  process,  by  a  layer 
of  cells  which  correspond  to  the  ba.sal  cells  of  tlic  epi- 
dermis (Fig.  1138).  As  the  affection  extends  it  is  more 
difficult  to  identify  this  layer  and  it  finally  disappears. 
The  loss  of  this  protective  layer  is  probably  one  reason 
for  the  more  rapid  extension  of  the  growth  In  its  later 


No  good  reason  has  as  yet  been  advanced  why  the 
lymph  nodes  are  not  involved  in  rodent  ulcer  unless  it  is 
owing  to  the  greater  resistance  interposed  by  the  connec- 
tive tissue.  That  they  may  exceptionally  become  in- 
fected was  shown  in  a"  case  which  recently  came  under 


the  observation  of  the  writer.  A  patient,  sixtj-  years  old, 
presented  a  typical  rodent  ulcer,  of  ten  years'  duration,  on 
the  side  of  the  no.se,  extending  to  the  inner  canthus.  He 
had  at  the  same  time,  behind  the  ear,  an  epithelioma 
with  identical  clinical  features.  The  lymph  node  over 
the  mastoid  process  was  enlarged  and  after  excision  was 
found  to  be  invaded  by  typical  cylindrical  processes  of 
epithelium  which  could  not  be  distinguished  from  those 
in  the  derma. 

The  exceptional  situation  of  the  epithelioma  in  this 
case,  at  a  point  where  the  integument  is  thin  and  where 
the  growth  was  subjected  to  pressure  against  the  under- 
lying bone,  was  probably  the  factor  which  determined  the 
invasion  of  the  lymph  node  in  the  immediate  i)roximity. 

Sireat-Glnnd  Cancer. — The  case  of  sweat-gland  cancer 
which  came  under  the  observation  of  the  writer  and  to 
which  reference  has  been  made,  had  the  following  histo- 
logical structure :  Under  a  low  power  the  derma  was  found 
to  be  the  seat  of  numerous  bands,  masses,  and  gland-like 
arrangements  of  small  epithelial  cells  which  extended 
from  beneath  the  epidermis  to  the  subcutaneous  connec- 
tive tissue.  They  differed  in  their  arrangement  from 
that  met  with  in  other  varieties  of  skin  cancer,  and  sug- 
gested to  the  observer  an  attempted  reproduction  of 
glandular  tissue.  Under  a  higb<'r  aniyililication  a  com- 
plicated network  was  seen;  it  was  formed  by  the  inter- 
lacement of  bands  of  epithelial  tissue  enclosing  cavities 
which  were  partially  or  completely  filled  with  degen- 
erated cells  (U'  with  a  homogeneous  substance  allied  to 
colloid  matter.  Cyst-like  cavities  were  found  in  other 
parts  of  the  microscopic  field.  They  were  lined  by  a 
single  lawyer  of  columnar  epithelial  cells,  and  presented 
a  striking  resemblance  to  overgrown  sweat  ducts. 

Fig.  1 139  represents  a  group  of  enlarged  and  proliferat- 
ing sweat  ducts  cut  transversely.  The  columnar  shape 
and  regular  arrangement  of  the  peripherally  located  cells 
are  well  shown.  These  cells  are  situated  upon  a  base- 
ment membrane,  and  are  an  almost  exact  reproduction 
of  those  normally  met  with  in  the  sweat  glands,  although 
here  very  much  hypertrophied.  The  lumen  of  the 
tubules  is  completely  filled  by  the  growing  and  multi- 


FiG.  1139.— From  a  Cancer  of  the  Leg.  Showing  a  group  of  enlarged 
and  proliferating  sweat  ducts  cut  transversely.  (Spencer  one- 
quarter  Inch,  projection  ocular  4.) 

plying  cells,  and  in  places  the  basement  membrane  is 
penetrated  and  the  surrounding  connective  tissue  in- 
fected by  them.  The  other  anatomical  structures  of  the 
skin  were  not  im]ilicated  in  the  cancerous  process,  neither 
was  there  any  evidence  of  a  tendency  to  cell-nesting  or 
the  formation  of  epidermic  "globes."  The  epithelial 
I   processes  met  with  in  the  small-celled  carcinoma  of  the 
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skin,  starting  in  tlie  lete  Malpigliii.  resemble  to  some  ex- 
tent the  cell  armngeraents  observed  in  the  case  under 
consideration.  In  the  epidermic  cancer,  however,  the 
cells  are  larger,  and  do  not  rest  upon  a  distinct  basement 
membrane,  as  in  this  case.  Furthermore,  tlie  epithelial 
bands  or  tubules  starting  from  the  rete  have  no  distinct 
calibre,  and  do  not  reproduce  so  perfectl}'  the  glandular 
structure. 

Etiology. — The  development  of  cancer  of  the  skin  is 
favored  by  a  number  of  antecedent  conditions  to  which 
reference  has  been  made  under  Symptomatology.  In  a 
general  way  the  statement  is  true"  that  chronic  irritation 
of  slight  intensity  is  one  of  the  most,  potent  factors  wliich 
precede  the  malignant  change  in  epithelial  growths.  The 
origin  of  highly  malignant  tumors  from  certain  con- 
genital moles  has  given  some  support  to  C'ohnheim's 
theory  of  latent  embryonic  "  remains.  "  In  xeroderma 
pigmentosum  a  congenital  weakness  of  the  skin  is  pres- 
ent wliieli  strongly  "predisposes  to  malignant  growths. 
Heredity  probably  has  some  influence  in  favoring  the 
evolutiiin  of  some  forms  of  malignant  disease. 

Inflammatory  changes  in  the  papillary  region  of  the 
derma,  by  impairing  the  integrity  of  the  basement  mem- 
brane, favors  the  downward  growth  of  epithelium. 
Atrophic  changes  in  the  connective  tissue  in  advanced 
life  exercise  a  similar  influence. 

The  advocates  of  the  |>arasific  origin  of  cancer  consider 
the  association  of  the  malignant  affection  with  pre-exist- 
ing lesions  as  accidental.  According  to  them  the  changes 
in  syphilis  and  otiier  chronic  skin  diseases  merely  furnish 
a  favorable  soil  for  the  superadded  infectious  agent. 

Cancer  of  tlie  skin  is  more  freipient  after  the  age  of 
forty,  though  no  time  of  life  is  exempt.  Kaposi  has  ob- 
served it  a  number  of  times  between  the  ages  of  eight  and 
eighteen.  Rodent  ulcer  begins,  as  a  rule,  about  the  age 
of  forty,  but  it  maj-  make  little  or  no  progress  for  several 
years. 

Diagnosis. — Suiierficial  cancerof  the  skin  is  frequently 
mistaken  for  late  syphilitic  infiltration  and  ulceration  or 
for  lupus.  These  late  nodular  and  vdceralive  syphilitic 
lesions  are  usually  more  rapid  in  their  evolution  and  in- 
volution, are  frequently  nudtiple,  and  lack  the  char- 
acteristic elevated  and  waxy  border  which  distinguishes 
malignant  ulceration.  When  syphilitic  \Ucers  or  those 
of  lujiusare  complicated  with  epithelioma  the  diagnosis 
is  more  dillicult.  Lupus  generally  develops  early  in  life, 
pursues  a  chronic  course,  and  spreads  on  the  margins  of 
the  patch  by  brownish-red  nodules  deeply  embedded  in 
the  skin.  These  nodules  or  tubercles  are  as  characteristic 
of  liipus  as  the  waxy  margin  is  of  superficial  epithelioma. 

Tubercidosis  verrucosa  cutis  might  be  mistaken  for 
papillary  cancer  of  the  fingers  or  hands.  Induration 
aliout  the  base  of  a  wart  or  cutaneous  horn  should  excite 
sus|iicion  of  a  malignant  change. 

In  case  of  doubtful  diagnosis  resort  should  alwaj's  be 
made  to  the  microscope. 

Prognosis. — In  superficial  cancer  of  the  skin  the  prog- 
nosis is  more  favorable  than  in  any  other  form  of  the  dis 
ease,  as  the  progress  is  slow  and  the  lymphatic  system 
seldom  implicated.  If  the  growth  is  radically  removed 
in  its  early  stages  there  is  little  tendency  to  recur. 

Cancers  from  moles  are  decidedly  malignant,  as  they 
early  involve  the  lymphatics  and  may  soon  be  followed 
by  a  general  metastasis.  Papillary  cancers  are  usually 
rapidly  growing,  and  when  they  infiltrate  the  deeper 
parts,  if  not  removed,  lead  to  a  fatal  issue  within  from 
one  to  three  years. 

Rodent  ulcer  in  its  later  stages  almost  invariably  re- 
turns after  removal,  though  preserving  its  local  seat. 

It  is  well  to  bear  in  mind  that  a  superficial  growth 
may  become  deep-seated  and  pursue  a  rapidly  fatal 
course,  as  in  the  galloping  or  phagedenic  epithelioma 
described  by  Besnier. 

Tre.\tment. — Early  and  complete  extirpation  with 
the  knife  is  the  only  method  of  treatment  that  should  be 
employed  in  cancer  of  the  mucous  membrane  of  the 
mouth,  or  of  the  lip. 

On  other  parts  of  the  body,  as  the  neck,  scrotum,  etc. , 


when  the  skin  is  freely  movable  and  union  by  first  inten- 
tion can  be  secured,  an  excision  offers  the  most  rapid, 
painless,  and  satisfactory  method  of  cure.  If  the  opera- 
tion is  resorted  to  before  the  lymph  nodes  are  invaded 
and  if  the  incisions  are  made  at  a  sufficient  distance  from, 
the  morbid  growth,  a  cure  may  be  looked  for  in  the  ma- 
jority of  cases. 

Associated  lymph  nodes  when  invaded  should  be  re- 
moved in  as  thorough  a  manner  as  possible. 

Partial  removal  of  cancer  of  the  skin,  even  the  most 
superfcial,  by  the  knife,  curette,  or  caustics,  accom- 
plishes no  good  result  and  frequently  stimulates  these 
new  growths  to  increase<l  activity. 

Superficial  cancers  of  the  skin  are  sometimes  so  situated 
that  a  cutting  operation  is  followed  by  more  deformity 
than  after  the  employment  of  curettage  and  caustics. 
Many  patients  are  so  prejudiced  against  any  cutting 
operation  that  they  will  endure  the  more  prolonged  and 
painful  action  of  caustics  rather  than  submit  to  the  use 
of  the  knife.  Under  these  circumstances  the  diseased 
tissue  may  be  scraped  away  with  the  dermal  curette  and 
some  suitable  caustic  applied  to  the  resulting  ulcer. 

Nimierous  cures  of  cancer  of  the  face  have  been  ob- 
tained in  this  way  by  the  writer,  the  caustics  employed, 
as  a  rule,  having  been  arsenic,  in  the  form  of  Marsden's 
or  Bougard's  paste,  or  pure  chloride  of  zinc.  Arsenic  is 
perhaps  the  best  of  all  caustics  as  it  is  more  certain  in  its 
action  and  presumably  has  a  selective  action  on  the  mor- 
bid tissue.  Marsden's  paste  is  made  by  mixing  two 
parts  of  arsenious  acid  w'ith  one  part  of  powdered  gum 
acacia  and  sufficient  water  to  make  the  mixture  of  a  firm 
consistence. 

Robinson,  who  has  devoted  much  time  and  considera- 
tion to  the  use  of  caustics  in  the  treatment  of  cancer,  pre- 
fers to  vary  the  strength  and  duration  of  the  application 
according  to  the  cancer  to  be  treated.  He  uses  the  paste 
in  the  strength  recommended  by  Marsden  and  somewhat 
weaker,  but  never  uses  less  than  equal  parts  of  arsenic 
and  gum  acacia.  The  paste  is  applied  somewhat  bejond 
the  diseased  area  and  is  left  on  for  from  eight  to  twenty 
hours  (Robinson).  If  the  desired  destruction  of  tissue  is 
not  obtained  witliin  the  shorter  limit  ii second  but  weaker 
application  shoulil  at  once  be  made  until  the  necessary 
necrosis  is  accomplished. 

The  advantages  claimed  for  the  caustic  treatment  of 
cancer  are  the  lesser  degree  of  deformity  which  results 
and  the  greater  certainty  of  reaching  foci  of  diseased  cells 
in  the  lymph  vessels  outside  of  the  parent  growth.  It 
is.  however,  painful,  and  the  separation  of  the  resulting 
slough  is  somewhat  slow. 

Pain  during  the  action  of  the  caustic  may  be  controlled 
by  morphine,  and  the  after-treatment  should  be  conducted 
on  the  usual  lines. 

Before  scraping  away  the  morbid  tissue  as  preliminary 
to  the  use  of  the  caustic  agent,  the  parts  may  be  rendered 
anaesthetic  by  a  spray  of  chloride  of  ethyl.  If  this  is  fol- 
lowed by  the  application  of  tamjions  saturated  in  a  five 
or  ten  per  cent,  solution  of  cocaine  the  slight  surgical 
procedure  may  be  rendered  absolutely  painless. 

Instead  of  employing  destructive  chemical  caustics 
like  arsenic  and  chloride  of  zinc  the  Paquelin  or  galvano- 
cautery  may  be  used  to  complete  the  treatment.  The 
act\ial  cautery  is,  however,  not  so  certain  to  reach  all  the 
diseased  cells  as  is  the  arsenical  paste. 

Patients  who  have  been  ojierafed  on  for  cancer  should 
remain  under  observation  for  one  or  two  years  or  longer, 
and  the  slightest  recurrence  should  immediately  be  re- 
moved. 

The  internal  use  of  arsenic  for  several  months  after  the 
removal  of  malignant  tumors  has,  perhaps,  some  influ- 
ence in  preventing  or  limiting  recurrences. 

John  A.  Fordyce. 

CARDAMOM.— CARDAMOMUM.  The  fruit  of  Met- 
taria  npchs  (Sonnerat)  Baillou  (fam.  Zingiber<tc«f).  Since 
the  seed  is  the  only  active  part,  the  above  definition  should 
be  so  restricted.  The  cardamom  plant  is  a  tall,  reed-like, 
perennial  herb,  from  six  to  twelve  feet  high.     The  flow- 
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FIG.  1140.— Malabar 
Cardamom. 
(Natural  size.) 


err.  and  fruits  are  borne  upon  special  short,  seal}'  stems, 
partly  prostrate  among  the  bases  of  the  leafy  culms. 

The  plant  is  a  native  of  Southern  India,  where  also  it 
has  been  long  in  cultivation.  It  has  been  introduced  into 
other  tropical  countries.  The  cardamoms  of  commerce 
are  mostly  the  product  of  cultivated 
plants,  which  are  grown  in  the  moist 
shade,  either  in  clearings  of  the  nat- 
ural forests  or  in  plantations  of  betel 
palms.  The  fruits  are  gathered  before 
they  are  quite  ripe.  The_y  are  thor- 
oughl}'  washed,  partly  with  soap  and 
partly  witlt  a  solution  of  a  saponace- 
ous fruit,  and  tlieu  bleaclied  for  .some 
hours.  They  are  frequently  tubbed 
between  the  hands  with  a  mi.\tufe  of 
starch  and  buttermilk.  They  are  ovoid  or  oblong, 
pointed,  rounded-triangular,  three-valved,  and  three- 
celled  capsules.  The  husk,  when  dried,  is  of  a  pale 
yellowish-gray  or  brown,  flexible,  and  tough.  Tliose 
which  liave  been  starched  have  a  white  and  almost 
chalky  siu-face.  The  seeds,  five  or  six  in  each  cell, 
are  irregularly  compressed,  brown,  and  spicy.  The 
fruits  of  the  best  varieties  are  usually  short,  about 
once  and  a  half  or  twice  as  long  as  broad  (1  to  1.5  em. 
=  IB  to  15  in.),  very  plump  and  full.  They  are  com- 
mercially called  "shorts."  Others,  longer  and  more 
angular,  are  denominated  "short-longs"  and  "longs." 
The  larger  and  longer  cardamoms  are  mostly  the  produce 
of  other  species  of  Elettaria,  and  are  therefore  unofficial. 
Their  odor  and  taste  are  not  so  pleasant.  In  selecting 
cardamoms,  the  point  of  chief  importance  is  to  see  that 
they  are  short,  plump,  and  well-tilled,  as  otherwise  the 
proportion  of  husk  is  too  great,  and  the  strength  is  thus 
weakened  througli  the  diminution  of  the  active  portion. 
This  difficulty  can  be  avoided  by  specifying  the  amount 
of  the  seeds  instead  of  the  fruits.  The  seeds  from  un- 
filled fruits  are  themselves  defective,  however. 

Cardamoms  are  also  distinguished,  according  to  the 
countries  or  ports  from  which  they  are  exported,  as 
Malaliar,  Aleppo,  Sladras,  etc.  The  former  are  the  most 
esteemed. 

Tlie  seeds  contain  about  live  per  cent,  of  a  pale  yel- 
low aromatic  oil,  of  complex  composition,  which  repre- 
sents them  in  0(inr  and  taste.  The  ash  of  cardamom  is 
rich  in  manganese.  Cardamom  is  a  typical  aromatic,  and 
is  useful  in  all  the  conditions  whicli  call  for  articles  of  tliat 
class.  As  an  agreeable  flavor  and  a|ipetizer,  as  a  stimu- 
lant to  digestion,  and  as  a  carminative  in  flatulence  and 
in  simple  colic,  it  is  sometimes,  but  not  often,  given  alone. 
In  combinations,  as  a  pleasant  and  useful  adjuvant  and 
corrective,  it  is  in  more  frequent  u.se,  acting  favorably 
with  catliartics,  bitter  tonics,  stimulants,  etc.  But  the 
princijial  use  of  cardamom  is  as  a  condiment  or  house- 
hold flavor,  for  wliich  purpose,  especially  on  the  conti- 
nent of  Europe  and  in  the  East,  it  is  extensively  em- 
ployed. It  is  also  u.sed  in  flavoring  liqueurs,  and 
in  curry-powder,  etc.  It  is  less  irritating  than  the  spices 
proper,  and  more  so  than  ani.se  and  the  milder  carmina- 
tives. The  dose  of  cardamom  as  an  aromatic  by  itself 
would  be  from  .5  to  1  gm.  (gr.  viij  ad  .xv.).  There  is  a 
ten  percent,  official  tincture  which  represents  it  com- 
pletely. The  compound  tincture  contains  tw'o  per  cent.' 
each  of  cardamom  and  cinnammon,  one  of  caraway,  five 
of  glycerin,  and  one-half  per  cent,  of  cochineal,  in  cliluted 
alcohol,  and  is  given  in  do.ses  of  8  to  lo  c.c.  (2  to  4  fl.  3  )■ 
It  also  enters  into  the  aromatic  powder  and  the  aroiuatic 
fluid  extract.  W.  P.  BoUes. 

CARDAMOM,  OIL  OF.— This  term  is  understood  as 
applying  to  the  volatile  oil.  and  not  to  the  ten  percent, 
of  fixed  oil  which  the  seeds  yield.  It  is  yielded  to  the 
extent  of  five  or  six  per  cent.  It  is  of  a  pale  j-ellow 
color,  highly  aromatic,  has  a  specific  gravity  of  about 
,900  and  a  rotation  of  +13".  Its  important  constituent  is 
terpinene  (CioHn).  Its  properties  are  identical  with 
those  of  cardamom.  It  is,  however,  chiefly  used  for  fla- 
voring, especially  liqueurs.  Henry  H.  Et/sby. 


CARDIAC  DEPRESSANTS  AND  CARDIAC  STIMU- 
LANTS.—I.  Cakdi.\c  Depuess.^nts. — The  term  cardiac 
depressant  is  applied  to  drugs  which  lessen  the  force  and 
frequency  of  the  heart's  action  and  are  employed  for 
this  purpose  in  therapeutics.  Since  all  classes  of  verte- 
brates and  many  invertebrates  are  provided  with  a  ner- 
vous mechanism  (t  lie  cardio-inhibitory  apparatus)  through 
which  sneh  changes  in  the  heart  are  brought  about  in 
the  normal  animal,  we  should  expect  to  find  that  those 
drugs  which  experience  has  shown  to  have  the  power  of 
reducing  tlie  heart's  action  would  exert  their  influence 
through  this  mechanism.  As  a  matter  of  fjvct,  the  two 
drugs  which  are  most  used  for  their  depressing  infiuence 
upon  the  heart,  aconite  and  veratrum  viride,  do  exert 
their  influence  through  the  cardio-inhibitory  nerves.  It 
is  conceivable  that  the  jiart  affected  by  these  drugs  might 
be  any  point  in  this  mechanism — the  nerve  centres  in  the 
medulla,  the  nerve  fibres,  which  in  the  higher  animals 
are  contained  in  the  vagi  trunks,  or  that  which  is  rather 
vaguely  (since  the  exact  anatomical  elements  are  not 
well  known)  termed  the  endings  of  the  nerves  in  tlie 
heart.  As  is  well  known,  nerve  fibres  are,  as  a  rule,  less 
easily  afl'ectcHl  by  drugs  than  are  nerve  cells  or  the  termi- 
nations of  nerve  fibres;  and  no  drug  is  known  which  is 
able  to  exert  a  special  influence  upon  the  cardio-inhibitory 
nerve  fibres,  although  there  arc  many  which  stinndate 
the  nerve  cells  in  which  these  fibres  originate  and  also 
their  terminations  in  the  heart.  There  are,  moreover, 
drugs  which  seem  to  increase  simply  the  sensitiveness  of 
the  vagus  terminations  without  actually  stinuilating 
them,  or  at  least  without  stimulating  them  sufficieutly 
to  slow  the  heart ;  the  increased  sensitiverjcss  may,  how-- 
ever,  cause  them  to  respond  to  a  slighter  stimulus  than 
usual  or  with  greater  energy  to  a  normal  stimulus. 

Another  class  of  drugs,  of  which  tartar  emetic  is  a 
good  example,  depress  the  action  of  the  cardiac  muscle 
directly  and  so  have  been  used  as  cardiac  depressants ; 
but  such  drugs  are  not  considered  as  safe  as  tliose  which 
work  through,  so  to  speak,  more  physiological  channels. 
In  fact,  the  depression  brought  about  by  a  direct  action 
upon  the  cardiac  muscle  is  often  associated  with  the  con- 
dition known  as  collapse. 

For  the  sake  of  completeness  it  may  be  added  that  the 
heart's  action  may  be  <iepressed  by  drugs  acting  in  ways 
other  than  those  just  mentioned.  Thus,  if  a  drug  causes 
a  great  fall  of  blood  jiressure  the  heart  may  be  imper- 
fectly supplied  with  blood  and  beat  very  feebly  and 
slowlj'.  If  the  lilood  pressure  be  much  increased  by  » 
drug  causing  contraction  of  the  arterioles,  the  high  blood 
pressure  may  act  as  a  stimulus  to  the  vagus  centre  and 
so  depress  tlie  action  of  tlie  heart.  The  vagus  centre 
may  be  stimulated  reflexly  by  drugs  having  a  powerful 
local  action;  it  may  also  be  stimulated  by  the  accumula- 
tion of  carbon  dioxide  in  the  blood  if  some  drug  which 
interferes  w'ith  the  respiration  has  been  given.  Again, 
it  is  ]irobable  that  there  are  drugs  which  can  slow  the 
heart  by  dejiressing  tlie  accelerator  nerves.  Since  these 
nerves  are  in  a  condition  of  tonic  activity,  any  interfer- 
ence witli  their  activity  would  lead  to  a  slower  rate. 

While  the  most  tj-pical  cardiac  depressants  exert  their 
influence  through  the  cardio-inhibitory  mechanism,  their 
action  upon  the  organism  is  not  by  any  means  confined 
to  this  apparatus.  Not  only  may  many  other  functions 
— as,  for  instance,  those  of  the  central  nervous  system, 
the  respiration,  secretion,  etc. — be  influenced,  but  other 
parts  of  the  vascular  mechanism  (the  vasomotor  centres 
and  nerves,  the  blood-vessels,  the  accelerator  nerves  of 
the  heart,  the  cardiac  muscle,  etc.)  may  undergo  changes 
which  exert  a  profound  influence  on  their  action  as  car- 
diac tlepressants.  In  fact,  a  drug  may  stimulate  the 
vagus  and  thus  slow  the  heart  and  at  the  same  time 
stimulate  the  cardiac  muscle  and  in  this  way  antagonize 
the  efl'ect  of  the  vagus;  sometimes  one  and  sometimes 
the  other  effect  will  predominate.  The  condition  be- 
comes much  more  complicated  when  the  jireparation 
used  contains  several  active  principles,  each  with  its 
peculiar  action.  For  this  reason  it  is  desirable  to  use 
simple  preparations  and  to  determine  as  accurately  as 
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possible  all  their  effects;  iu  this  way  reasons  can  some- 
times be  found  for  the  failure  of  the  drugs  to  produce 
the  desired  effects  under  certain  circumstances. 

The  three  drugs  which  have  been  used  most  exten- 
sively as  cardiac  depressants  are  aconite,  veratrum  viride, 
and  tartar  emetic. 

Aomitc  — The  action  of  aconite  as  employed  in  medi- 
cine is  almojit  identical  with  that  of  its  chief  alI;aloid. 
aconitine.  As  most  of  the  physiological  experiments  have 
been  made  with  the  alkaloid,  its  action  will  be  considered 
first,  and  then  the  manner  in  which  the  other  substances 
present  in  the  ordinary  preparations  of  aconite  influence 
its  action  will  be  discussed. 

Aconitine  affects  the  circulation  in  three  ways:  it  has 
a  direct  action  ujion  the  heart  muscle,  it  stimulates  the 
centre  of  the  cardio-iubibitory  nerves,  and  it  intluences  the 
vasomotor  centre.  "With  medicinal  doses  the  second  of 
these  effects,  the  stimulation  of  the  cardio-inhibitory 
nerves,  is  the  most  prominent  ^nd  important  and  is  the 
one  desired  in  therapeutics. 

"When  aconitine  is  administered  to  man  or  to  one  of  the 
other  mammals  the  tirst  effect  upon  the  circulation  is 
usually  a  slight  acceleration  of  the  heart.  This  is  usually 
attribiited  to  a  direct  action  upon  the  cardiac  muscles,  al- 
though it  is  not  improbable  tliat  iu  some  cases  the  effect 
may  be  brought  about  reflexly  through  the  local  irritant 
action  which  the  drug  is  well  known  to  liave  upon  the 
terminations  of  sensory  nerves.  This  slight  acceleration 
may  be  accompanied  by  a  small  increase  in  arterial  press- 
ure. The  acceleration  of  the  heart,  which  with  mammals 
is  never  marked  and  does  not  always  occiu',  is  followed 
by  a  remarkable  slowing  and  weakening  of  the  heart 
beat.  In  man  a  pulse  rate  of  86  to  40  not  uncommonly 
follows  a  moderate  dose  of  aconite.  In  cases  of  poison- 
ing a  still  slower  rate  is  occasionally  seen ;  it  is  said  to 
have  been  reduced  to  10  per  minute  in  one  case.  At  the 
same  time  the  pulse  is  much  weakened.  Sudden  exertion 
at  this  stage  may  lead  to  a  very  rapid,  irregular  heart 
action  and  fatal  syncope  has  occurred.  Achscharumow 
(Arc/ii>>  fur  Aiifit.  inxl  Phymnl.,  1866,  p.  SS."))  showed 
that  this  slowing  of  the  heart  is  due  almost  entin'ly  to  a 
powerful  stinudation  of  the  centre  of  the  cardio-inhibitory 
nerves  in  the  medulla  oblongata.  Section  of  the  vagi 
prevents  the  slowing  in  nearly  every  case.  At  times, 
however,  there  seems  to  be  a  slight  stimulation  of  the 
peripheral  endings  of  the  vagi,  for  some  slowing  niaj' 
be  observed  when  the  drug  is  administered  after  section 
ot  the  vagi ;  this  slowing  is  abolished  by  atropine.  This 
action  upon  the  vagus  terminals  is  of  very  slight  im- 
portance in  comiiarison  with  that  upon  the  medullary 
centres;  in  fact,  there  is  probably  no  drug  which  stimu- 
lates these  centres  as  powerfully  as  does  aconitine  and 
has  at  the  same  time  so  little  action,  in  small  doses, 
upon  other  parts  of  the  vascular  mechanism.  The 
amount  of  blood  expelled  liy  the  heart  under  the  in- 
fluence of  aconitine  is  much  reduced  and  the  blood  press- 
ure falls  nuirkedly.  Some  of  the  general  symptoms 
of  aconite  poisoning  are  attributed  to  this  fallof  blood 
pressure.  Thus  there  is  a  marked  lowering  of  the  bod)' 
temperature,  and  this  is  usually  ascribed  to  the  depression 
of  the  circulation  ^^•hieh  leads  to  lessened  oxidation  and 
to  an  increased  loss  of  heat  from  the  surface  of  the  body. 
Experiments  of  Bnmton  and  Cash,  however,  indicate 
that  there  is  also  some  action  upon  the  nerve  centres 
regulating  the  temperature  of  the  body.  The  convulsions 
which  frequently  occur  in  cases  of  severe  poisoning  by 
aconite  have  been  ascribed  by  some  to  the  low  blood 
pressure.  While  it  is  very  probable  that  the  latter  is  one 
factor  in  causing  the  convulsions,  these  seem  to  be  due  to 
a  greater  degree  to  a  direct  action  upon  some  of  the  nerve 
centres,  for  convulsions  occur  in  animals  in  which  the 
fall  of  blood  pressure  is  prevented  by  paralyzing  the 
vagi  with  atropine.  Jloreover,  there  is  ample  evidence 
that  several  other  parts  of  the  medulla  oblongata — the 
cardio-inhibitory,.  the  vaso-motor,  and  the  vomiting  cen- 
tres—are stimulated  by  aconite,  and  it  is  very  probable 
that  the  nerve  cells  causing  convulsions  are  similarly 
stimulated.     The  severe  dyspnoea  which  is  one  of  the 


lirst  symptoms  of  aconite  poisoning  seems  to  be  depenaent 
to  some  extent  upon  the  low  blood  pressure,  for  von  Anrep 
(Archill  fur  Amit.  viid  Phyaiol.,  1880.  Supple.  Bd.,  p. 
180)  found  that  if  the  blood  pressure  was  raised  by  com- 
pressing the  abdominal  aorta  the  lirst  symptoms  of  dysp- 
ntea  disappeared.  Later  there  is  a  direct  action  upon 
the  respiratory  centre.  The  great  muscular  weakness  so 
often  observed  seems  to  be  due  to  anaemia  of  the  spinal 
cord. 

The  details  of  the  action  of  aconitine  upon  the  mam- 
malian heart  have  been  recentlj'  studied  by  Matthews 
(Juurmil  of  Expi'rimenlitl  Medicine,  ii.,  p.  593)  aud  Cash 
and  Dunstan  (Phil.  Trans,  of  Roy.  Soc,  Loudon,  cxc, 
p.  248).  By  the  use  of  a  modified  form  of  the  Roy- 
Adami  myocardiograph(an  instrument  by  which  the  rate 
and  force  of  the  contraction  of  the  cardiac  muscle  can  be 
recorded)  3Iatthews  found  that  during  the  above,  or 
first,  stage  of  its  action  aconitine  causes  the  following 
changes:  the  diastolic  pauses  of  the  ventricle  are  pro- 
longed, the  systolic  contractions  are  weakened,  while  the 
relaxations  of  the  ventricle  are  little  changed  or  are  a 
little  increased.  The  relaxations  of  the  auricle  are  little 
affected,  but  the  diastolic  pauses  are  much  longer  than  in 
the  ventricle.  The  auricular  systolic  contractions  are 
greatly  weakened  aud  iu  some  experiments  are  entirely 
suppressed,  the  auricle  remaining  in  diastole;  in  such 
cases  the  ventricle  assumes  a  slow,  spontaneous  rhythm. 
If  the  drug  be  administered  in  small  doses,  the  rhythm 
can  be  reduced  to  one-half  or  to  one-third  of  its  original 
rate  and  the  blood  pressure  lowered  to  a  corresponding 
degree. 

If  the  administration  of  aconitine  be  continued  the  heart 
beat  becomes  irregular  and  extremely  rapid.  Sometimes 
this  effect  is  the  first  one  seen  in  man,  even  after  a  moder- 
ate dose  of  the  drug;  it  would  seem  that  in  such  cases 
the  cardio-inhibitory  centre  is  not  very  irritable.  The 
cause  of  this  acceleration  is  frequently  said  to  be  the 
paralysis  of  the  vagus  terminations,  but  direct  stimulation 
of  the  cardiac  muscle  se<'ms  to  be  a  much  more  important 
factor.  In  fact,  tlie  effect  of  aconitine  upon  the  peripheral 
endings  of  the  vagi  in  the  later  stages  of  the  mtoxication 
has  been  a  matter  of  considerable  dispute.  Some  writers 
state  that  these  structures  are  paralyzed,  others  tliat  they 
remain  intact,  while  a  third  group  state  that  they  may 
seem  paralyzed  at  one  instant  and  not  at  the  next. 
JIatthews  has  observed  that  sometimes  stimulation  of 
the  vagus  iu  the  latcrstages  of  poisoning  causes  a  change 
in  the  form  of  the  contraction  but  no  diminution  in  tlie 
rate.  The  c.xpliinalion  of  the  above  results  is  jirobably 
that  while  the  irritability  of  the  vagus  terminations  is 
depressed  that  of  the  heart  muscle  is  greatly  increased  so 
that  inhibition  is  much  more  difficult.  One  reason  why 
stimulation  of  the  vagi  causes  slowing  of  the  ventricle  at 
one  instant  and  not  at  the  next  may  be  found  in  the  vary- 
ing irritability  of  the  muscle  fibres  coimecting  auricle 
and  ventricle;  these  may  be  in  a  condition  to  transmit 
impulses  from  the  auricle  to  the  ventricle  at  one  time  but 
not  at  another. 

Simultaueously  with  this  acceleration,  and  often  pre- 
ceding it,  there  appear  marked  irregularities  in  the 
rhythm  of  the  heart.  These  irregularities  affect  both  the 
strength  and  the  rate  of  the  heart  beat;  they  will  be  dis- 
cussed somewhat  fully  here  as  similar  irregidarities  occur 
after  poisonous  doses  of  many  of  the  drugs  acting  upon 
the  heart.  At  first,  certain  ventricular  beats  seem 
"  missed  " ;  when  the  number  of  such  beats  increases,  the 
rate  may  seem  but  half  as  fast  as  before;  but  closer  ex- 
amination usually  shows  that  there  is  an  alternation  of 
large  and  small  beats  and  that  only  the  former  are  dis- 
tinctly recorded.  The  blood  pressure  falls  during  these 
imperfect  systoles.  This  period  of  alternate  large  and 
small  beats  may  be  followed  by  a  very  rapid  but  regular 
rhythm  during  which  the  extent  of  the  contractions  is 
very  limited.  The  auricle  departs  but  little  from  the 
position  of  diastole  and  the  ventricle  from  that  of  systole. 
Then  periods  of  rapid  beats  may  alternate  with  periods 
of  slow  beats.  So  far  the  auriculo-ventricular  rhj'thm 
may  have  remained  unaltered,  each  beat  of  the  auricle 
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being  followed  by  one  of  the  ventricle;  but  this  rhjthm 
is  soon  disturbed  and  contractions  of  the  ventricle  may 
occur  independently  of  the  auricle.  The  ventricular 
beat  may  dissociate  itself  entirely  from  that  of  tlie  auricle 
and  the  two  chambers  beat  indepeudentl_v  of  each  other. 
At  the  same  time  there  seems  to  be  an  effort  on  the  i)art 
of  the  heart  to  maintain  a  sim|)le  ratio  between  the  beats 
of  the  auricle  and  the  ventricle;  frequently  this  ratio  is 
two  to  one  or  one  to  two — i.e..  the  ventricle  beats  one-half 
or  twice  as  fast  as  the  auricle.  Sometimes,  wlien  no  such 
simple  ratio  e.\ists,  if  one  chamber  becomes  accelerated 
the  other  may  become  slow-ed  until  such  a  ratio  is  estab- 
lished. Many  varieties  of  pulse  may  devclo.p  during 
this  stage ;  but  they  may  at  any  time  j'ield  to  a  regular 
one  for  a  brief  period,  and  stimulation  of  the  vagi  or  ac- 
celerators will  usually  bring  about  the  same  result.  The 
chief  cause  of  this  irregularity  seems  to  be  an  increase  of 
the  irritability  of  the  cardiac  muscle  which  enables  the 
ventricle  to  beat  independently  of  the  impulses  received 
from  the  auricle.  Two  rhythms  (one  ventricular,  the  other 
auricular)  are  thus  established,  and  they  may  interfere 
with  each  other.  The  extent  of  this  interference  is  deter- 
mined by  the  condition  of  the  muscle  tibres  connecting 
auricle  and  ventricle  and  which  transmit  the  impulses 
from  one  cliamlier  to  the  other.  As  the  into.xication 
continues  the  irritability  of  the  cardiac  muscle  becomes 
greater  and  greater,  and  the  ventricle  contracts  exceed- 
ingly rapidly  and  imperfectly  and  finally  passes  into 
delirium.  Tliese  cardiac  irregtdarities  caused  by  aconite 
are  antagonized  to  a  considerable  extent  by  atropine. 
The  latter  does  not  prevent  the  acceleration,  but  it  reiluces 
the  tendency  to  arbythmia  and  tends  to  approximate  the 
speed  of  the  ventricle  to  that  of  the  auricle  when  the 
auricido- ventricular  rhythm  is  disordered,  and  it  averts  or 
delays  the  very  rapid  and  feeble  action  of  the  systole 
which  is  the  precursor  of  deatii.  In  fact,  atropine  often 
enables  the  heart  to  stand  several  times  the  fatal  dose  of 
acouitine.  Although  the  usual  cause  of  death  in  aconite 
poisoning  is  failure  of  the  respiration,  it  is  necessary  to 
pay  attention  to  the  condition  of  the  heart,  and  probably 
as  much  good  is  to  be  expected  from  atropine  as  from 
any  drug. 

The  blood  pressure  is  extremely  irregular  during  the 
second  stage  of  the  action  of  aconitine.  When  the  heart 
is  very  irregidar  the  pressure  falls  to  nearly  zero,  but  it 
rises  again  during  the  periods  in  whicli  the  heart  beats 
more  regularly.  It  is  also  fairly  liigli  when  some  simple 
ratio  is  maintained  between  the  rate  of  the  auricular  and 
ventricular  beats  and  is  lowest  when  the  ase(|uence  of 
the  two  chambers  is  most  marked.  These  sudden  changes 
in  the  blood  pressure  are  unihiubtedly  due  largely  to 
changes  in  the  heart  beat,  but  there  is  eviden<'e  that  the 
vaso-motor  centre  is  also  alTected.  If  atropine  be  ad- 
ministered to  an  animal  in  quantity  sufticient  to  paralyze 
the  vagus  terminations,  aconitine  causes  a  rise  instead  of 
a  fall  of  blood  ]5ressure.  The  cause  of  this  ri.se  of  press- 
ure is  usually  considered  to  be  a  stimulation  of  the  vaso 
motor  centre,  but  it  is  also  stated  that  there  is  a  constric- 
tion of  peripheral  vessels  due  to  a  direct  action  of  the 
drug  upon  their  walls.  In  the  second  stage  of  poisoning 
the  vasomotor  centre  is  depressed  ;  asphyxia  now  causes 
but  a  slight  rise  of  blood  pressure,  and  the  same  is  true 
of  a  stimulation  of  a  sensory  nerve  (although  in  this  case 
the  possibility  of  the  paralysis  of  the  sensory  nerve  itself 
must  be  considered).  The  peripheral  vaso-motor  nerves 
remain  intact,  as  is  shown  by  the  fact  that  stimulation 
of  the  medulla  or  of  the  splanchnic  nerves  causes  a  rise 
of  blood  pressure  even  late  in  the  intoxication. 

Most  preparations  of  aconite  contain  besides  aconitine 
certain  of  its  decomposition  products,  especially  benza- 
conine  and  aconine.  Benzaconinc,  which  differs  from 
aconitine  onlj'  in  that  one  acetyl  group  has  been  removed, 
has  an  action  upon  the  heart  having  little  resemblance  to 
that  of  aconitine;  in  fact,  it  acts  to  some  extent  as  an 
antagonist  of  aconitine.  Instead  of  causing  a  great  ac- 
celeration of  the  heart  as  do  large  doses  of  aconitine.  it 
slows  the  heart,  especially  the  ventricles,  and  if  inco- 
ordination between  auricle  and  ventricle  is  produced  the 
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latter  beats  more  slowly  than  the  former:  with  aconitine 
the  opposite  is  usuall.y  the  case.  The  slowing  of  the 
heart  is  due  largely  to  a  direct  depression  of  this  organ. 
It  is  not  due  to  a  stimulation  of  the  inhibitoiy  nerves, 
either  centrally  or  peripherally,  as  it  occurs  after  atropine. 

Aconine,  which  dill'ers  from  benzaconinc  in  that  a 
benzoyl  grou])  has  been  removed,  has  an  action  just  the 
reverse  of  aconitine.  Instead  of  being  a  cardiac  depressant 
it  is  a  cardiac  stimulant  and  strengthens  the  heart  beat; 
the  blood  pressure  rises  and  no  disturbances  of  the 
rhythm  are  produced.  In  fact,  it  is  an  antagonist  of 
aconitine  and  tends  to  prevent  ascquence  of  the  auricle 
and  ventricle  by  facilitating  the  transmission  of  im- 
pulses from  one  chamber  to  the  other.  It  also  opposes 
the  tendency  of  the  ventricle  to  go  into  delirium. 

The  action  of  benzaconinc  and  aconine  is.  however,  so 
feeble  in  comparison  with  that  of  aconitine  that  it  is  im- 
probable that  they  do  more  than  simply  to  weaken  the 
action  of  the  latter.  It  is  due  largely  to  these  decom- 
position products  that  the  preparations  of  aconite  vary 
so  much  in  strength. 

A  number  of  other  alkaloids  derived  froih  the  Aconi- 
tum  genus  have  been  isolated,  but  they  have  at  present 
little  interest  and  their  action  upon  the  heart  is  not  well 
known.  Among  these  are  pseudaconitine  (the  alkaloid 
of  Aconituin  fcrox);  lappaconitine,  septeutrionaline.  and 
cynoctonine — all  derived  from  Aconitum  septentrionale; 
and  lycaconitine  and  mj-octonine  from  Aconitum  lycoc- 
tonum.  In  addition  to  these  certain  artificial  derivatives 
of  aconitine  have  been  prepared  recently  and  studied  by 
Cash  and  Dunstan. 

Another  alkaloid  closely  resembling  aconitine,  but  one 
which  is  little  known,  is  delphinine.  It  is  found  in  Del- 
phinium staphi.sagria,  or  stavesacre,  along  with  a  num- 
ber of  other  bases  which  may  be  products  of  its  decom- 
position. 

Veriitrtim  viricle.  Several  species  of  the  genus  Vera- 
trum  have  been  found  to  contain  alkaloids  which  re- 
semble aconitine  in  their  action  upon  the  heart.  The 
only  prcjiarations  in  use  as  cardiac  depressants  are  de- 
rived from  the  rhizome  and  roots  of  the  American  or 
green  hellebore,  veratrum  viride.  After  tlie  adminis- 
tration of  veratrum  viride  to  man  the  first  effect  upon 
the  circulatory  system  is  a  reduction  of  the  force  of  the 
pulse;  the  rate  is  not  at  first  infiuenced.  A  little  later 
the  pulse  rate  is  much  reduced ;  in  exceptional  cases  it 
may  fall  to  33  or  even  30  beats  per  minute,  any  alarming 
symptoms  which  may  arise  passing  away  when  the  ad- 
ministration of  the  drug  is  discontinued.  The  pulse 
may  be  moderately  full,  but  it  is  soft  and  compressible. 
If  any  exertion  be  made  at  this  stage  the  jndse  becomes 
very  rapid  and  may  become  almost  imjierceptible.  The 
slowing  is  especially  marked  during  sleep,  the  patients 
thus  exhibiting  an  intensification  of  the  ordinary  physio- 
logical law  in  virtue  of  which  the  pulse  falls  during 
sleep.  The  reduction  in  pul.se  rate  is  often  accompanied 
or  followed  by  nausea  and  vomiting ;  there  seems,  how- 
ever, to  be  no  connection  between  these,  for  if  the  drug 
is  administered  with  care  a  very  marked  reduction  of  the 
pulse  rate  may  occur  without  any  nausea  being  produced. 
Decided  muscular  weakness  accompanies  the  depression 
of  the  pulse.  Profuse  perspiration  also  occurs;  this  is 
frequently  attributed  to  the  low  blood  pressure,  but  as 
the  drug  stinuilates  the  cutaneotis  glands  of  frogs  it  is 
not  improbable  that  it  has  some  direct  action  upon  the 
terminations  of  the  sweat  glands.  After  toxic  doses 
there  are  also  a  fall  of  temperature  and  convulsions  as  in 
aconite  poisoning  and  a  running,  almost  imperceptible 
pulse. 

Efforts  have  been  made  to  analyze  the  action  of  the 
veratrum  alkaloids  by  experiments  upon  animals,  but 
these  have  not  as  3-et  been  entirely  satisfactory.  This 
result  is  due  largely  to  the  confusion  which  has  jirevailed 
as  to  the  chemistry  of  these  bodies,  so  that  it  is  not 
always  certain  with  what  substances  the  various  in- 
vestigators have  worked.  According  to  Wright  and 
Luff  the  following  alkaloids  occur  in  veratrum  viride; 
jervine,  pseudojervine,  cevadine,  very  little  rubijervine 
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and  traces  of  vcratriue  aiifl  veratralbine.  The  alkaloid 
called  by  Wright  and  Luff  "  cevadinc  "  has  the  empirical 
formula  CsjHisNOa ;  this  is  usually  called  "  veratrine  "  or 
the  "crystalized  veratrine  of  Merck,"  and  will  be  so 
designated  here.  There  are  three  modifications  of  this 
veratrine,  one  crystalline  and  two  amorphous;  they  all 
have  the  same  physiological  action.  The  alkaloid  called 
by  AV right  and  Luff  "veratrine"  has  the  formula 
C's-HssNOii;  its  physiological  action  is  not  well  known. 
Bullock  discovered  an  alkaloid  in  veratrum  viride  which 
he  named  veratroidine:  this  seems  to  have  been  a  mix- 
ture of  rubijervine  and  an  almost  inert  resin.  Wood 
studied  the  physiological  action  of  jervine  and  the  so- 
called  veratroidine.  The  alkaloids  the  physiological  ac- 
tion of  which  have  been  most  studied  in  Europe  have 
been  derived  from  veratrum  sabodilla  (Asagroea  offici- 
nalis) and  V.  album.  The  seeds  of  the  former  contain 
veratrine  (CaaHisNOs),  the  veratrine  of  Wright  (CjtHss- 
NOu),  and  cevadine.  A  mixture  of  these  alkaloids  con- 
stitutes the  Veratrina  of  the  United  States  Pharma- 
copoeia. Of  these  alkaloids  only  veratrine  has  been 
carefullj-  studied,  but  it  is  not  certain  that  the  earlier  in- 
vestigators worked  with  pure  preparations.  Veratrum 
album  contains  protoveratriue,  jervine,  pseudojervine, 
rubijervine,  protoveratridine,  and  others;  of  these  the 
physiological  action  of  protoveratriue  is  best  known. 

Thus  the  alkaloids  of  veratrum  viride  the  physiological 
action  of  which  is  known  are  jervine,  veratrine,  and  rubi- 
jervine. The  effects  produced  by  preparations  of  the 
entire  drug  are  doubtless  due  largely  to  these  three 
boilies,  and  a  brief  resume  of  their  action  will  be  given. 

The  principal  investigation  of  the  phjsiological  action 
of  jervine  has  been  made  by  Wood  (.-i»(<'''.  Jour,  of  the, 
Med.  Sriena's,  1870,  and  Philadcliihia  Medical  Times,  iv. , 
1874),  and  the  following  account  is  taken  from  his  papers. 
After  the  administration  of  jervine  to  an  animal  the  pulse 
is  generally,  if  not  invariabh',  lessened  in  frequency, 
provided  the  animal  is  quiet.  When  there  are  convul- 
sions or  even  marked  tremors  the  pulse  becomes  verj' 
rapid.  The  arterial  pressure  is  greatly  lowered,  falling 
progressively  from  the  beginning  to  tlie  end  of  the  ex- 
periment. The  force  of  the  individual  beats  appears  not 
to  be  much  altered  at  first.  According  to  AVood  these 
effects  are  not  due  to  a  stimulation  of  the  cardio-inhibi- 
tory  nerves,  for  they  occur  after  seclion  of  these  nerves. 

Stimulation  of  the  peripheral  ends  of  the  vagi  in  animals 
under  the  influence  of  jervine  caused  the  usual  cardiac 
results.  The  alkaloid  lessens  the  arterial  pressure  after 
division  of  the  spinal  cord — /.<'.,  after  vaso-motor  paraly- 
sis; it  also  paralyzes  the  heart  of  the  frog  or  turtle  when 
placed  directly  upon  it.  From  these  experiments  AVood 
concludes  that  jervine  lowers  the  force  and  frequency  of 
the  cardiac  beats  by  a  direct  action  upon  the  cardiac 
muscle  or  its  contained  ganglia.  Apparently,  however. 
Wood  did  not  exclude  tlie  possibility  of  the  slow  heart 
being  due  to  a  stimulation  of  the  vagus  endings.  Stimu- 
lation of  sensory  nerves  or  asphyxia  caused  little  or  no 
rise  of  arterial  pressure,  indicating  a  paralysis  of  the  vaso- 
motor centre. 

Wood  also  studied  the  action  of  an  alkaloid  which  he 
called  veratroidine;  this,  as  has  been  already  noted, 
seems  to  be  a  mixture  of  rubijervine  and  a  resin.  This 
substance  caused  at  first  a  slowing  of  the  heart  and  a  fall 
of  arterial  pressure.  After  a  time,  the  pulse  still  re- 
maining very  slow,  the  individual  beats  became  imusu- 
ally  powerful  and  the  blood  pressure  became  normal ; 
then  suddenly  the  pulse  rate  became  very  rapid,  the  in- 
dividual heart  beats  losing  much  of  their  extraordinary 
vigor,  l)ut  the  arterial  pressure  rising  nearly  fifty  per 
cent,  beyond  its  original  position.  If  the  alkaloid  was 
thrown  directly  into  a  vein  there  was  a  very  rapid  fall, 
and  then  a  remarkable  rise  of  blood  pressure;  the  latter 
is  due  to  asphxyia  and  did  not  occur  if  artificial  respira- 
tion was  maintained.  The  slowing  of  the  heart  was  due 
to  stimulation  of  the  cardio-inhibitory  centres  in  the 
medulla;  it  did  not  occur  if  the  vagi  liad  been  divided. 
If,  inoreover,  marked  slowing  had  occurred  with  intact 
vagi,  section  of  these  nerves  was  followed  by  a  great 


acceleration.  The  slowing  was  especially  marked  when 
the  spinal  cord  had  been  cut  so  as  to  paralyze  the  ac- 
celerators; under  these  circumstances  AVood  saw  gr.  -^ 
of  the  alkaloid  completely  stop  the  heart,  which  how- 
ever commenced  to  beat  again  when  the  vagi  were  di- 
vided. After  large  doses  the  slow  pulse  was  replaced  by 
a  very  rapid  one ;  that  this  was  due,  at  least  in  part,  to 
paralysis  of  the  vagus  termination  was  shown  by  the 
fact  that  stin\ulation  of  the  vagus  now  had  no  "effect 
upon  the  heart.  Enormous  doses  thrown  directly  into 
the  circulation  killed  the  cardiac  muscle  directly.  Ver- 
atroidine (rubijervine)  had  little  or  no  effect  upon  the 
vaso-motor  system.  Asphyxia  or  stimulation  of  a  sensory 
nerve  caused  a  great  rise  of  arterial  pressure  just  as  in 
normal  animals. 

The  action  of  veratrine  upon  the  mammalian  heart 
resembles  in  general  that  of  aconitine,  except  that  the 
stimulation  of  the  cardiac  muscle  is  not  so  marked. 
Bezold  and  Hirt  ("Untersuchungen  aus  dem  physiolog. 
Laboratorium  in  Wiirzburg,"  1.867,  p.  95)  describe  the 
effect  upon  the  circulation  in  mammals  as  follows:  The 
first  effect  of  a  small  dose  is  a  slight  acceleration  of  the 
heart,  probably  due  to  direct  stimulation  to  the  cardiac 
muscle ;  then  comes  a  slowing  of  the  heart.  With  a  large 
dose  the  latter  is  the  first  effect;  the  pulse  rate  may  be 
reduced  to  one-half  or  one-third  the  previous  rate.  Sec- 
tion of  the  vagi  now  is  followed  by  an  acceleration  of 
the  heart ;  this  shows  that  the  medidlary  centres  of  the 
cardio-inhibitory  nerves  are  stimulated  just  as  in  aconite 
poisoning.  At  the  same  time  thare  is  an  increase  in  the 
irritability  of  the  vagus  endings  in  the  heart,  for  electric 
stimulation  of  the  peripheral  end  of  this  nerve,  which  in 
the  unpoisoned  animal  had  no  effect,  produces  a  marked 
slowing  after  the  administration  of  the  drug.  If  the 
vagi  be  divided  before  the  administration  of  the  alkaloid, 
then  this  causes  an  acceleration  of  the  heart,  showing- 
that  the  cardiac  muscle  is  affected  directly.  This  ac- 
celeration is  followed  by  a  slowing  of  the  heart;  this 
seems  to  be  due  to  a  direct  poisoning  of  the  heart  muscle. 
With  larger  doses  the  heart  is  slowed  still  more,  and  now 
the  strongest  stimulation  of  the  vagi  has  no  effect  upon 
the  heart,  showing  that  the  vagus  endings  are  paralyzed. 
These  facts  indicate  that  large  doses  reduce  the  irritabil- 
ity of  the  cardiac  muscle  and  paralyze  the  terminations 
of  the  vagi,  whereas  small  doses  increase  the  irritability 
of  both. 

After  a  very  large  amount  of  veratrine  the  heart  be- 
comes irregular;  unlike  the  heart  in  aconitine  poisoning, 
however,  it  remains  slow.  The  irregularity  consists 
chiefly  in  the  ventricle  assuming  a  rhythm  slower  than 
that  of  the  auricle;  the  ventricular  beats  then  become 
weak  and  of  a  jieristaltic  character.  Little  blofid  is  ex- 
pelled, and  the  ventricle  becomes  widely  distended  and 
finally  stops  in  diastole;  even  electrical  stimulation  does 
not  cause  a  contraction — indicating  a  profound  poison- 
ing of  the  cardiac  muscle. 

Small  amounts  of  veratrine  stimulate  the  vaso-motor 
centre;  this  and  the  slight  stimulation  of  the  cardiac 
muscle  cause  a  rise  of  blood  pressure.  After  larger 
amounts  the  vasomotor  centre  is  depressed;  this  in- 
creases the  fall  of  blood  pressure  caused  by  the  slow 
heart.  Bezold  and  Hirt  ascribed  the  fall  of  pressure  in 
part  to  a  stimulation  of  the  depressor  nerve,  but  later  in- 
vestigators have  failed  to  confirm  this  view.  Lissauer 
{Archiv  fiir  experiment.  Path,  itiui  Pliurmakol.,  xxiii.,  p, 
36,  1887)  has  obtained  results  slightly  different  from 
those  of  Bezold  and  Hirt.  Thus,  he  thinks  the  chief 
action  of  veratrine  is  upon  the  vasomotor  system  and 
that  the  heart  is  noc  as  much  depressed  as  was  thought 
to  be  the  case  by  Bezold  and  Hirt.  Lissauer  found  no 
paralysis  of  the  vagus  endings. 

Yledbom  (Skand.  Archie  fSr  Pfiysiolor/ie.  viii.,  p.  197, 
1898)  has  recently  contributed  a  very  interesting  article 
on  the  action  of  veratrine  upon  the  isolated  mammalian 
heart.  The  heart  (of  the  rabbit)  was  kept  alive  by  the 
circulation  of  a  mixture  of  blood  and  normal  saline  solu- 
tion through  the  coronary  arteries — i.e..  by  a  modification 
of  Newell  Martin's  method.       The   contractions  were 
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recorded  by  a  thread  attached  to  the  ventricle  and  mov- 
ins  a  small  lever.  When  a  very  small  amount  of  vera- 
triiie  was  mixed  with  the  circulating  blood  there  was 
first  a  sudtleu  and  very  considerable  (up  t(j  fortj-  per 
cent.)  increase  in  the  amplitude  of  the  contractions.  This 
increase  in  the  amplitude  was  due  to  a  more  complete 
systole,  i.e.,  to  a  greater  shortening  of  the  muscle  fibres. 
Soon  the  rela.xation  became  less  complete  and  so  the 
amplitude  decreased  again.  There  was  usually  a  slight 
acceleration  of  the  liearl  (as  described  by  Bezold  and 
Hirt);  this  was  followed  by  a  marked  slowing.  During 
these  slow,  large  heart  beats  the  individual  contractions 
were  much  prolonged — up  to  three  and  a  half  seconds. 
As  is  well  known,  one  of  the  most  characteristic  of  the 
physiological  actions  of  veratrine  is  the  peculiar  effect  it 
exerts  on  ordinary  striated  muscle;  the  contraction  is  in- 
creased and  enormously  prolonged.  Bezold  and  Hirt, 
Bohm.  and  others  have  shown  that  the  ventricle  of  the 
frog's  heart  is  alTected  in  a  way  similar  to  that  of  the 
skeletal  muscle.  The  experiments  of  Hedbom  show  that 
veratrine  has  a  similar  action  upon  the  mammalian  heart. 
The  slight  acceleration  of  the  heart  seen  immediately 
after  the  injection  of  the  drug  seems  to  be  due  to  a  direct 
stimulation  of  the  cardiac  muscle:  the  more  marked 
slowing  which  follows  is  probably  due  to  a  stimulation 
of  the  vagus  terminations  in  the  heart,  as  it  is  often  re- 
moved by  the  administration  of  atropine.  A  secondary 
acceleration  follows  this  slowing  of  the  heart.  Tliis  ap- 
pears to  be  due  in  part  to  a  paraly.sis  of  the  vagus  termina- 
tions, in  part  to  a  stimulation  of  the  cardiac  muscle. 
This  secondary  acceleration  is  often  accompanied  or  pre- 
ceded b\'  marked  irregularities,  resembling  those  seen  in 
digitalis  poi.soniug.  This  irregularity  is  marked  by  the 
formation  of  groups  and  by  the  ajipearance  of  "  missed  " 
beats — i.e.  strong  contractions  are  follow-ed  by  very  weak, 
almost  imperceptible  ones.  Finally,  the  heart  muscle  is 
paraly/.e<l. 

Thiis  the  action  of  three  of  the  alkaloids  of  veratruni 
viriile  uiion  the  heart  is  tolerably  well  known;  that  of 
the  otliers  is  very  imperfectly  known,  but  they  seem  to 
resemble  those  already  described.  No  complete  experi- 
ments .seem  to  have  been  made  with  any  of  tlie  ordinary 
preparations  of  veratrum  viride  in  which  all  of  the  alka- 
loids are  present,  and  it  is  not  altogether  easy  to  form  a 
clear  idea  of  the  details  of  the  action  of  such  preparation 
from  what  is  known  concerning  these  three  alkaloids. 
While  chemical  analyses  show  the  proportion  in  which 
the  various  alkaloidsoecur  in  veratrum  viride,  we  have 
few  data  as  to  the  comparative  toxicity  of  the  individual 
alkaloids.  It  seems,  however,  that  veratrine  is  more 
powerful  than  most  of  the  others,  and  since,  according 
to  "Wright  and  Luff,  it  is  the  most  abundant  alkaloid  in 
veratruni  viride,  it  probably  plays  a  much  more  impor- 
tant part  in  the  action  of  tlie  preparations  of  the  crude 
drug  than  has  been  generally  recognized.  R\ibijervine 
is  also  very  poisonous,  but  it  occurs  in  small  quantities. 

From  the  various  experiments  described  above,  assum- 
ing that  all  are  trustworthy,  we  may  perhaps  draw  the 
following  conclusions  as  to  the  action  of  veratrum  viride 
upon  the  circulation ;  The  slowing  and  weakening  of  the 
heart  are  due  to  the  stimulation  of  the  medullary  centres 
of  the  eardio-inhibitory  nerves  by  the  veratrine  and  rubi- 
jervine  (veratroidine).  This  slowing  may  be  increased  by 
the  stimulation  of  the  vagus  terminations  by  the  action  of 
the  veratrine.  The  slowing  may  be  due  in  part  to  the 
direct  action  upon  the  cardiac  muscle  by  the  jervine.  but 
this  effect  is  doubtless  antagonized  to  some  extent  by  the 
stimulating  action  of  the  veratrine  described  by  Hedbom. 
In  therapeutics  this  slowing  of  the  heart  is  the  only  effect 
desired,  and  it  will  be  seen  that  it  is  produced  to  a  large 
extent  in  the  same  way  as  when  aconite  is  used — i.e..  by 
a  stimulation  of  the  vagus  centre  in  the  medulla.  With 
veratrum  viride  there  is  another  action,  however,  which 
is  scarcely  shown  at  all  by  aconite,  viz.,  a  stimulation  of 
the  vagus  terminations  inthe  heart,  and  it  is  possible  that 
veratrum  viride  may  thus  cause  slowing  in  some  cases 
in  whicli  aconite  would  fail.  The  rapid  pulse  after  large 
doses  of  the  drug  is  due  to  a  paralysis  of  the  vagus 


terminations  by  veratrine  and  rubijervineand  perhaps  to 
some  stimulation  of  the  cardiac  muscle.  At  the  same 
time  jervine  and  larger  amoiuits  of  veratrine  weaken  the 
heart  by  a  direct  action  upon  the  cardiac  muscle.  Vera- 
trum viride  in  large  amounts  does  not  lend  to  produce 
as  rapid  a  pulse  as  does  aconite,  probabh-  partly  because 
all  the  alkaloids  have  a  less  stimulating  action  on  the 
cardiac  muscle  and  parti}'  on  account  of  the  peculiar 
action  of  veratrine  upon  all  kinds  of  striped  muscle. 
The  fall  of  blood  pressure  caused  by  veratrum  \-iride  is 
due  largely  to  the  slowing  of  the  heart;  at  the  same  time 
the  vaso-motor  centre  is  depressed  by  the  jervine  and 
when  larger  amounts  are  given,  by  tin,'  veratrine. 

The  physiological  action  of  protovcratrine,  the  chief 
alkaloid  of  veratrum  album,  has  been  studied  by  Eden 
{Archie  fiir  exper.  Path,  vvrl  PJidiiiifikol..  xxix.,  p.  440, 
1893).  As  far  as  its  action  upon  the  circulation  is  con- 
cerned this  alkaloid  does  not  differ  very  nuich  from 
veratrine. 

Tartar  Emetic. — Tartar  emetic  is  classed  with  the  car- 
diac depressants  for  clinical  and  not  for  idiarmacological 
reasons.  Although  it  depresses  the  circulation  to  a 
marked  degree,  it  has  no  such  special  action  upon  the 
heart  as  have  aconite  and  veratrum  viride ;  in  fact  its 
action  does  not  differ  greatly  from  that  of  several  other 
drugs  which,  since  they  have  never  been  used  clinically 
for  this  purpose,  are  never  thought  of  as  cardiac  de- 
pressants. 

The  action  of  tartar  emetic  upon  the  pulse  in  small 
doses  is  closely  connected  with,  and  to  a  considerable 
extent  dependent  upon,  its  action  as  an  emetic,  for  ordi- 
naril_y  it  is  absorbed  very  slowly  antl  in  very  small 
amounts.  The  effect  upon  the  circulation  of  man  is  de- 
scribed by  Ackermann  {Viirhoir's  Archiv,  xxv.,  p.  531, 
1862)  as  follows:  After  a  small  dose  the  pidse  becomes 
accelerated  as  feelings  of  nausea  arise  and  reaches  its 
maximum  rate  jiist  before  the  act  of  vomiting.  Thus 
in  one  case  the  normal  pulse  rate  was  71  per  minute; 
during  the  period  of  nausea  it  rose  to  110.  The  strength 
of  the  pulse  decreases  with  the  increase  in  rate,  and  vice 
versa.  It  is  not  necessary  for  vomiting  to  occtir;  the 
mere  sensation  of  nausea  is  sufficient  to  cause  an  ac- 
celeration of  the  heart.  Any  drug  (such  as  aporaor- 
pliiue)  or  an_v  condition  (as  sea-sickness,  swinging,  etc.) 
which  causes  feelings  of  nausea  is  accompanied  by  a 
similar  acceleration  of  the  pulse.  This  acceleration  is 
sometimes  attributed  to  a  reflex  stimulation  of  the  ac- 
celerator nerves,  but  it  is  more  probable  that  it  is  due  to 
a  reflex  diminution  of  the  tonus  of  the  eardio-inhibitory 
nerves.  Accompanying  this  change  in  the  pulse  rate 
and  probably  dependent  upon  it  there  is  a  fall  of  tem- 
perature of  the  extremities  and  other  sym]itoms  of  mild 
collapse.  Thus  Ackermann  found  the  temperature  of 
the  hands  to  fall  .3  to  3.5°  C.  during  the  period  of  nausea; 
the  temperature  under  the  tongue  did  not  vary.  After 
large  doses  the  pulse  becomes  very  feeble,  then  slow,  in- 
termittent, and  irregular  and  the  other  symptoms  of  col- 
lapse are  very  marked.  The  depression  of  the  central 
nervous  system  and  of  the  respiration  is  doubtless  due  in 
part  to  the  circulatory  disturbances.  These  more  pro- 
noimced  effects  upon  the  circidation  are  probably  due  in 
part  to  a  direct  action  of  the  poison  upon  the  heart.  That 
antimony  does  exert  a  depressing  action  upon  the  heart 
is  shown  by  experiments  upon  the  lower  animals;  the 
action  is  most  marked  in  the  case  of  the  frog's  heart. 

Soloweitschyk  {ArcMefiir erper.  Path.  i/iiS  Pharmakol., 
xii. ,  p.  441,  1880)  found  that  for  some  time  after  the  ad- 
ministration of  antimony  (in  the  form  of  the  antimony- 
sodium  tartrate)  to  a  frog  the  heart  contintied  to  beat 
regularly:  the  contractions  were  at  times  unusually  vig- 
orous and  the  rate  was  slightly  increased.  Then  the  con- 
tractions became  irregular  and  peristaltic:  arhythmia  of 
auricle  and  ventricle  soon  developed,  the  latter  beating 
but  one-half,  then  one-third,  one-fourth,  etc.,  as  rapidly 
as  the  former.  Finally  the  ventricle  stopped  in  diastole 
while  the  auricles  continued  to  beat  feebly.  The  cardiac 
muscle  does  not  seem  to  be  paralyzed,  for  a  little  helle- 
borcin  will  cause  it  to  commence  beating  again ;  only  the 
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power  to  contract  rhythmically  seems  to  be  destroyed  by 
the  antimony.  That  this  stoppage  of  the  heart  is  not 
due  to  a  stirnulation  of  the  vagi  is  shown  by  the  fact  that 
atropine  has  no  influence  upon  it. 

It  is  difficult  to  state  exactly  the  effects  of  antimony 
upon  the  mammalian  heart,  for  in  the  experiments  hither- 
to recorded  the  effects  upon  the  heart  were  not  diifcren- 
tiated  from  those  upon  the  vasomotor  system.  It  is 
very  probable,  however,  that  after  large  amounts  of 
antimony  the  mammalian  heart  mu.scle  is  influenced  in  a 
way  very  similar  to  that  of  the  frog,  but  that  this  action 
is  obscured  by  the  vasomotor  changes.  Injected  into  a 
vein  or  an  artery  of  an  animal  antimony  causes  an  almost 
immediate  acceleration  of  the  pulse.  At  the  same  time 
the  blood  pressure  falls;  this  fall  of  blood  pressure  is 
gradual  but  continuous  until  it  reaches  zero  and  the  ani- 
mal dies.  When  the  fall  of  blood  pressure  has  become 
very  marked  (in  many  cases  when  it  has  fallen  to  about 
one-half  or  one-third"  its  previous  height)  the  heart  be- 
comes slow  and  irregular.  The  diastolic  pauses  are 
greatly  prolonged,  but  the  changes  in  the  blood  pressure 
following  eacli  contraction  are  very  great,  indicating  that 
the  heart  beat  is  fairly  strong  and  that  the  vessel  walls 
are  much  relaxed.  This  fall  of  arterial  pressure  cannot 
be  ascribed  to  the  weakening  of  the  heart,  for  it  precedes 
this,  and  there  is  no  constant  relation  between  the  con- 
dition of  the  heart  and  the  height  of  the  blood  press- 
ure. The  cause  of  the  fall  of  blood  pressure  seems  to 
be  a  paraly.sis  of  the  peripheral  vaso-motor  system ;  the 
blood-vessels,  especially  those  of  the  splanchnic  area,  are 
dilated  and  the  most  powerful  stimulation  of  the  medulla 
oblongata  is  powerless  to  contract  them.  It  is  not  known 
whether  tlie  vaso-motor  nerves  or  the  muscle  of  the  vessel 
walls  or  both  are  poisoned  ;  the  fact,  however,  that  other 
unstriped  muscle  (that  of  the  intestines  for  example)  is 
not  parah'zed  points  to  the  nerves  or  their  ganglia  being 
the  structures  acted  upon.  It  is  not  impossible  that  the 
changes  in  the  heart  are  in  reality  due  to  the  great  fall 
of  arterial  pressure,  but  the  fact  that  antimony  has  such 
a  poisonous  action  upon  the  frog's  heart  makes  it  prob- 
able that  the  mammalian  heart  issimilarlv  affected.  The 
heart  finally  stops  in  diastole;  just  before  the  final  stand- 
still there  is  frequently  a  very  brief  period  during  which 
the  heart  beats  with  great  ra]3idity,  but  the  contractions 
are  exceedingly  weak  and  the  blood  pressure  remains 
very  low.  The  cardiac  nerves  do  not  seem  to  be  involved 
in  the  later  stages  of  the  poisoning.  Some  have  stated 
that  the  vagus  terminations  are  parah'zed,  but  this  does 
not  seem  to  be  the  case.  Immediately  after  death  the 
heart  is  foiuid  to  be  unirritable  to  electrical  stimulation. 

There  are  a  number  of  other  drugs  which  affect  the 
circulation  in  ways  similar  to  the  above  and  which  might 
be  classified  with  the  cardiac  depressants;  that  they  are 
not  so  classified  is  due  to  the  fact  that  they  have  never 
been  used  to  any  great  extent  for  their  action  upon  the 
heart.  Among  these  substances  may  be  mentioned 
sahcylic  and  carbolic  acids,  potassium  salts,  double  salts 
of  copper,  zinc  and  .some  other  heavy  metals,  chloral, 
sa])onin,  apomorphine,  emetine,  muscarin,  cholin,  pilo- 
carpine, hydrocj-anic  acid,  and  the  various  mineral  and 
organic  acids.  With  some  of  these  drugs  it  is  largely  a 
matter  of  dosage;  small  amounts  may  stimulate  the 
heart  while  larger  amounts  depress  it. 

There  are  also  drugs  which  may  at  times  relieve,  in 
one  way  or  another,  the  heart  and  so  act  as  cardiac  seda- 
tives. Thus  atropine  seems  to  reduce  the  sensibility  of 
the  nervous  structures  of  the  heart  to  increased  pressure, 
and  Brunton  has  found  it  useful  in  some  cases  of  palpita- 
tion with  high  blood  pressure  and  in  persons  suffering 
from  the  effects  of  cardiac  strain  following  violent  mus 
cular  exertion.  Digitalis  was  at  one  time  called  a  car- 
diac sedative  from  its  power  to  cause  a  rapid,  irregular, 
irritable  heart  to  beat  slowly  and  regularly;  in  such 
cases  the  action  is  exerted  largely  through  the  inhibitory 
nerves  and  so  has  a  certain  resemblance  to  the  action  of 
aconite  and  veratrum  viride,  although  there  are  other 
reasons  for  placing  these  drugs  in  entirely  different 
classes. 


Some  drugs  may  have  the  effect  of  cardiac  sedatives 
by  reducing  irritation  which  has  caused,  reflexly,  palpi- 
tation of  the  heart;  thus  hydrocyanic  acid  will  sometimes 
relieve  the  palpitation  caused  by  indigestion.  In  some 
cases  local  irritation  will  prevent  the  most  powerful  of 
the  cardiac  depressants  from  exerting  their  normal  ac- 
tion. An  interesting  case  of  this  kind  is  described  b\'  Percy 
(Trans.  Amer.  Jled.  Ass'n,  1863,  p.  268).  Large  repeated 
doses  of  veratrum  viride  had  no  effect  upon  the  pulse  of 
a  patient  until  two  large  and  ver}'  active  ascarides  were 
removed  from  the  stomach  by  vomiting ;  after  this  had 
occurred  there  was  an  immediate  and  marked  reduction 
in  the  pulse.  There  are  certain  mechanical  means  which 
produce  effects  analogous  to  those  caused  by  the  cardiac 
depressants.  Thus  pressure  over  the  heart — such  as  that 
caused  by  a  plaster — removal  of  blood  by  venesection, 
and  the  application  of  cold  to  the  cardiac  region  all  re- 
duce the  force  and  frequencj'  of  the  heart  beat  and  may 
be  used  instead  of  drugs. 

It  is  difficult  to  form  an  opinion  as  to  the  extent  to 
which  the  three  chief  cardiac  depressants — aconite,  vera- 
trum viride.  and  tartar  emetic — are  employed  at  present, 
the  practice  of  physicians  varying  so  much.  The  gen- 
eral indication  for  "their  \ise  has  been  said  to  be  "  increased 
arterial  excitement,  sthenic  fevers,  and  severe  local  in- 
flammations." In  the  first  condition  they  are  used  sim- 
idy  to  reduce  the  force  and  frequency  of  the  pulse ;  in 
sthenic  fevers  they  are  used  not  only  to  lessen  the  force 
of  the  heart  but  to  obtain  a  relaxation  of  the  peripheral 
vessels,  while  in  local  inflammations  it  is  desired  to  divert, 
bj'  their  use.  the  blood  into  other  channels.  Pneumonia 
was  formerlj-  thought  to  be  pre-eminently  a  disease  in 
which  these  drugs  were  to  be  used  and  all  three  have 
been  employed  very  extensively  in  it.  At  present  they 
are  used  to  a  much  more  limited  extent ;  this  is  especially 
true  of  tartar  emetic,  and  although  many  use  aconite  and 
veratrum  viride,  some  have  discarded  all  three  and  use 
the  lancet  when  they  think  it  desirable  to  depress  the 
circulation.  The  reader  is  referred  to  the  articles  in  this 
IIan'DHook  on  the  various  disturbances  of  the  circulation 
for  a  discussion  of  the  use  of  these  remedies,  but  a  few  of 
the  cases  in  which  they  are  employed  will  be  simply 
mentioned  here. 

Aconite  seems  to  give  the  best  results  in  inflammations 
of  limited  extent,  especially  in  tonsillitis,  quinsy,  and 
acute  sore  throat.  Jluch  of  the  relief  in  these  cases  seems 
to  be  due  to  the  perspiration  which  follows  the  depression 
of  the  circulation.  By  diverting  the  blood  away  from 
the  inflamed  tissues  these  become  less  painful  and  the 
swelling  subsides.  Aconite  is  often  serviceable  in  severe 
colds,  in  otitis,  and  in  certain  forms  of  asthma.  It  is 
sometimes  used  in  nervous  palpitation  of  the  heart  and 
in  that  occurring  in  excessive  hypertrophj'  of  the  heart — 
although  here  it  may  become  a  very  dangerous  remedy. 
Occasionally  it  will  relieve  restlessness  and  give  the  pa- 
tient refreshing  sleep. 

Veratrum  viride  seems  to  be  used  as  a  cardiac  depress- 
ant to  a  more  limited  degree  than  aconite;  it  is  probably 
used  more  extensively  in  pneumonia  and  puerperal  fever 
than  in  the  numerous  other  conditions  for  which  it  has 
been  recommended. 

Tartar  emetic  is  probably  used  still  less  for  its  action 
upon  the  circulation,  although  it  is  praised  very  highly 
in  typhus  and  other  fevers  when  there  is  much  excite- 
ment and  wild  delirimn.  It  is  used  much  more  exten- 
sively as  a  diaphoretic,  although  its  action  as  such  may 
depend  to  some  extent  tipon  its  power  to  depress  the 
circulation. 

II.  Cardi.^c  Stimcxants. 

There  are  a  great  many  drugs  which  can  increase,  in 
one  way  or  another,  or  under  certain  circumstances,  the 
force  of  the  circulation  ;  to  a  few  of  these  which  are  used 
largely  by  physicians  for  this  purpose  the  name  "  cardiac 
stimulants  "  is  applied.  Aside  from  their  action  on  the 
circulation,  these  drugs  have  little  in  common  in  either 
their  chemical  or  their  physiological  properties.     Their 
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action  upon  the  circulation  is.  moreover,  liroiight  about  in 
tlie  most  diverse  ways,  and  is  often  determined  to  a  consid- 
erable extent  by  the  previous  condition  of  the  circulation. 
Some  act  chiefly  upon  the  blood-vessels,  others  upon  the 
heart;  some  act  reflexlj-.  others  directly;  while  some 
may  cause  one  kind  of  change  reflcxly  and  just  the  op- 
posite when  absorbed;  some  slow,  others  accelerate,  the 
heart.  The  action  of  some  is  very  rapid  while  that  of 
others  is  slowly  developed  and  long  continued.  The  last- 
named  difference  has  served  as  a  basis  for  the  only  classi- 
fication of  these  drugs  it  seems  possible  to  make.  Those 
which  act  rapidly  are  called  "cardiac  stimulants  proper" 
or  simpl.v  "cardiac  stimulants,"  those  with  a  slower  ac- 
tion "cardiac  tonics." 

Cardiac  stimulants,  used  in  the  narrower  sense,  bring 
about  their  effects  largely  reflexly  and  are  used  to  pre- 
vent or  counteract  sudden  failure  of  the  heart's  action. 
They  are  used  especially  in  fainting  fits  or  syncope  due 
to  sudden  emotion,  physical  injury,  poisoning  by  car- 
diac depressants,  or  when  the  heart  fails  suddenly  in 
fevers,  after  snake-bites,  etc.  The  action  of  most  of 
them  is  primarily  upon  the  blood-vessels,  and  the  heart 
is  usually  influenced  only  secondarily.  They  may  be 
administered  by  inhalation  (as  is  the  case  with  ammonia 
in  smelling  salts),  by  the  stomach  or  subcutaneously  or 
intravenously.  When  applied  to  a  mucous  membrane 
they  exert  their  influence  largely  through  their  local 
irritating  action ;  some  have  little  action  after  absorption 
while  others  (such  as  alcohol  and  ether)  are  essentially 
cardiac  depressants  when  they  once  get  into  the  circula- 
tion. These  drugs  are  seldom  used  when  there  are  organic 
changes  in  the  heart. 

The  most  important  members  of  this  group  are  alcohol 
and  the  various  liquids  containing  it  in  concentrated 
form,  ether  and  chloroform — these  three  only  when 
brought  into  contact  with  a  mucous  membrane  or  in- 
jected subcutaneously — the  various  preparations  of  am- 
monia, camphor,  and  the  volatile  oils. 

One  of  the  most  powerful  of  all  cardiac  stimulants  is 
heat  applied  to  the  cardiac  region.  In  addition  to  the 
above  there  are  many  drugs  which,  under  certain  cir- 
cumstances, may  act  as  cardiac  stimulants  but  which  are 
not  ordinarily  included  under  that  heading. 

Alcouol. — Dr.  J.  J.  Abel,  who  has  given  considerable 
attention  to  the  subject  of  alcohol,  has  ])repared  the  fol- 
lowing summary  of  its  action  upon  the  circulation.  (For 
a  more  complete  account  see  Dr.  Abel's  paper  in  the  re- 
port of  the  "Committee  of  Fifty.") 

It  has  long  been  a  matter  of  discussion  how  best  to 
define  the  action  of  ethyl  alcohol  and  of  alcoholic  fluids 
on  the  circulatory  apparatus.  The  term  "circulatory 
stimulant,"  as  applied  to  alcoholics  of  all  kinds,  is  firndy 
fixed  in  medical  literature,  but  it  has  become  impossible, 
in  view  of  modern  analyses,  to  retain  this  tenn  in  its 
original  significance.  The  appearances  of  so-called 
stimulation" are  manifest  especially  in  those  individuals 
who  are  unaccustomed  to  the  use  of  alcohol,  and  who 
possess  an  excitable  vascular  apparatus.  In  such  the 
eyes  become  more  brilliant,  a  sensation  of  warmth  is  ex- 
perienced in  the  stomach  and  on  the  surface  of  the  body, 
the  sweat  glands,  the  salivary  and  gastric  glands  are 
stimulated,  the  pidse  is  fuller  and  faster,  gestures  and 
muscular  movements  in  general  are  more  frequent  and 
more  pronounced,  and  the  respiration  responds  by  an  in- 
crease in  rate  and  depth.  The  environment  often  sup- 
plements the  action  of  the  wine  or  other  beverage  in 
its  emotional  or  intellectual  effect.  In  view  of  these 
phenomena  it  is  not  strange  that  mankind  speaks  of  al- 
cohol as  a  cerebral,  circulatory,  or  respiratory  stimulant. 

"When  it  comes  to  the  action  of  alcoholics  on  the  cir- 
culatory apparatus,  numerous  difficulties  are  encountered ; 
secondary  or  reflex  must  be  separated  from  primary  ac- 
tions. But  nowhere  has  modern  analysis  given  us  a 
clearer  idea  of  the  true  action  of  a  substance  than  in  that 
of  alcohol  on  the  various  parts  of  the  circulatory  ap- 
paratus. What  is  to  follow  holds,  strictly  speaking,  for 
pure  ethyl  alcohol  only.  Yet  it  will  be  found  to  hold 
also  for  -wines,  spirits,  and  other  forms  of  alcoholics 


which  mankind  has  accepted  after  long  and  frequent 
empirical  trials.  It  must  be  borne  in  mind  that  esters, 
aldehydes,  the  small  quantities  of  higher  alcohols,  the 
salts,  etc.,  in  short  the  sum  of  the  by-|>roducts  of  alco- 
holic fermentation,  are  quantitatively  insignificant  in 
comparison  with  the  ethyl  alcohol  contained  in  all  alco- 
holics. This  becomes  strikingly  evident  when  they  are 
studied  in  the  light  of  toxicology.  Thus,  1  litre  of 
brandy  will  kill  64.9  kgm.  of  living  animals  (dogs,  rab- 
bits, etc.),  while  the  ethyl  alcohol  alone  of  this  litre  of 
brandy  will  kill  64.3  kgm.  It  is  not  denied  that  these 
b3'-products  have  a  very  important  action  on  the  sense 
of  taste  and  that  of  smell,  and  on  the  functions  of  the 
digestive  tract,  nor  that  they  noticeably  enlarge  the  effects 
about  to  be  described.  It  is  especially  the  esters  of 
wines  and  spirits  which  are  to  be  thought  of  in  this  con- 
nection as  slightly  increasing  the  action  of  tlie  ethyl 
alcohol,  as  their  action  is  similar  to  that  of  alcohol,  though 
more  intense,  quantity  for  quantity. 

When  we  inquire  into  the  direct  action  of  alcohol  on 
each  of  the  several  parts  of  the  vascular  apparatus  taken 
b_v  itself,  we  reach  the  following  conclusions. 

I.  Action  of  Alcohol  on  the  Isolated  Heart. — Alcohol  in 
small  and  moderate  quantities,  that  is,  in  such  amounts 
as  are  to  be  found  in  the  blood  in  any  condition  far  short 
of  intoxication,  does  not  have  a  direct  stinuilating  action 
upon  the  isolated  heart  of  either  warm-  or  cold-blooded 
animals ;  indeed,  moderate  quantities  show  no  appreciable 
action  either  in  the  way  of  stimulation  or  depression. 
The  experiments  of  ^lartin  and  Stevens,  Henuneter, 
Ringer  and  Sainsbury,  Drescr,  Diaballa,  Bock  and  others, 
furnish  incontrovertible  proof  of  this  statement.  But 
such  a  statement  does  not  refer  to  the  long-continued 
daily  administration  of  small  and  moderate  quantities  of 
alcohol,  but  solely  to  its  administration  during  brief 
periods,  as  in  physiological  experiments. 

In  very  large  doses,  such,  for  example,  as  result  in 
helpless  and  perhaps  fatal  intoxication,  alcohol  is  seen  to 
be  a  direct  and  powerful  depres.sant  of  the  heart,  weak- 
ening first  the  auricular,  later  the  ventricidar  systole, 
causing  more  or  less  distention  of  both  cavities,  marked 
slowing  of  its  movements  and  great  diminution  of  its 
output  of  blood.  As  we  shall  see  later,  these  positive 
statements  do  not  stand  in  contradiction  of  the  fact  that 
alcohol  is  of  frequent  and  beneficial  use  in  conditions  of 
great  depression  of  the  heart  or  central  nervous  system. 
In  experiments  like  those  from  which  the  above  conclu- 
sions were  deduced,  the  heart  was  severed  from  all  vital 
connection  with  the  rest  of  the  body. 

II.  Direct  Action  on  the  Walls  of  the  Arteries  and  Vedw, 
that  is.  the  Blood- Vessels  Eemored from  all  Central  Kerrous 
Control. — Small  and  moderate  quantities  of  alcohol  have 
no  direct  action  on  the  walls  of  the  blood-vessels.  Very 
large  amounts  no  doubt  have  a  direct  dilating  action  on 
the  vessels,  like  that  shown  for  the  heart  itself.  The 
flushing  of  the  face  and  other  parts  of  the  body  so  fre- 
quently observed  after  moderate  quantities  of  alcohol  is 
brought  about  by  an  action  on  the  central  nervous 
mechanism  which  controls  the  calibre  of  the  vessels. 

III.  Influence  on  the  Arterial  Blood  Pressure. — Here  we 
are  dealing  with  a  resultant  effect  of  the  work  of  the 
heart,  and  of  the  peripheral  resistance  oft'ered  by  the 
smallest  blood-vessels.  These  interdependent  variables 
are  affected  through  controlling  nerves,  and  it  is  evident 
that  here  Is  an  opportunity  for  indirect  influences  of 
various  kinds. 

It  must  be  admitted  that  blood-pressure  measurements 
are  of  minor  importance  to  the  clinician.  It  is  well 
known  that  minor  fluctuations  in  the  arterial  pressure 
are  of  frequent  occurrence,  and  Hensen  even  affirms  that 
daily  changes  of  40  to  60  mm.  Hg  are  not  uncommon  in 
individuals  lying  in  bed.  Arterial  pressure,  as  usually 
measured,  gives  us  only  the  lateral  pressure  on  the  walls 
of  the  larger  arteries,  and  without  additional  data  it 
gives  us  no  information  on  that  important  question,  the 
intensity  of  the  blood  flow — in  other  words,  the  amount 
of  blood  which  passes  in  the  unit  of  time  through  a  given 
capillary  area.     Whether  an  organ  will  receive  its  re- 


693 


l?ardlac  Sttmnlants. 
Cardiac  Stimulants. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


quired  amount  of  oxygen  and  other  necessary  material 
must  all  depend  on  this.  Now  the  state  of  constriction 
of  the  peiiplieral  arterioles  is  a  factor  of  the  greatest  im- 
portance in  determining  the  value  of  this  resultant  as 
well  as  of  the  arterial  pressure.  As  Krehl,  Hensen,  and 
others  have  pointed  out,  even  during  periods  of  little  or 
no  variation  in  the  aortic  pressure,  considerable  varia- 
tions are  possible  in  the  unit  quantity  of  blood  passing 
through  the  aorta.  In  other  words,  variation  in  the 
peripheral  resistance  may  be  offset  in  sucli  a  way  by  re- 
sponsive variations  in  the  action  of  tlie  heart  that  a 
change  occurs,  either  in  the  way  of  an  increase  or  de- 
crease in  the  amount  of  blood  passing  through  the  organs 
of  the  body,  although  aortic  pressure  remains  practically 
unchanged.  As  a  rule,  however,  an  increase  in  arterial 
pressure  means  an  increase  in  the  intensity  of  the  periph- 
eral circulation.  Being  an  important  item  in  the  study 
of  the  hemodynamics,  blood-pressure  determinations  can- 
not be  neglected :  yet  it  is  necessary  to  point  out.  as  Hensen 
has  well  said,  that  what  we  most  need  to  know  is  not 
the  arterial  blood  pressure,  hut  rather  the  relation  of  the 
quantitative  blood  flow  in  any  given  organ  to  the  actual 
needs  of  that  organ,  a  relation  which  at  present  it  is  im- 
possible to  determine. 

In  regard  to  the  action  of  alcohol  on  the  arterial  press- 
ure, we  may  say  that,  given  in  moderate  quantities  and 
in  such  a  dilution  as  to  avoid  the  consequences  of  local 
irritntion,  it  has  no  appreciable  effect  on  it.  When  so 
large  a  quantity  is  given  that  a  change  in  the  pressure  be- 
comes apparent,  it  is  always  in  the  direction  of  a  fall  and 
not  of  a  rise.  In  the  early  stages  of  its  action  it  usually 
causes  some  degree  of  flushing  of  the  skin  and  brain,  and 
later,  when  very  large  quantities  have  been  taken,  dilata- 
tion of  the  abdominal  vessels  occurs.  A  marked  fall  of 
hlood  pressure  due  to  such  large  quantities  is  a  to.xic 
plienomennn,  and  is  never  met  with  under  ordinary  cir- 
cumstances. It  is  due  to  a  sedative  or  depressant  action 
of  the  alcohol  on  the  vaso-motor  centres,  and  also  in  part 
to  its  action  in  weakening  the  heart. 

IV.  Actionof  Alcohnl  on  the  Pulse  Rate. — When  alcohol 
or  beverages  containing  alcohol  are  administered  to 
healthy  persons  in  small  doses,  or  even  in  such  doses  as 
will  produce  transient  psychical  changes,  no  alteration 
<ii  W^e  pulse  rate  is  usually  observed,  provided  that  local 
irritation  in  the  mouth  and  stomach  is  avoided,  and  the 
indirect  effects  of  the  mental  action  of  the  alcohol,  such 
as  bodily  movements,  are  not  allowed  to  influence  the 
experiment.  It  is  not  improbable  that  in  some  excitable 
individuals  the  cerebral  effects  of  the  alcohol  and  the  cir- 
cumstances of  its  administration  may  combine  to  induce 
such  mental  effects  that  slight  changes  in  the  pulse  rate 
occur. 

As  a  rule,  when  the  quantity  of  alcohol  administered  is 
not  too  small,  the  cluiraeter  of  the  pulse  wave  undergoes 
a  slight  change,  the  pulse  becomes  fuller  and  softer  in  con- 
sequence of  a  dilatation  of  superficial  arteries.  The  heart 
is  not  weakened  at  this  time,  and  the  fuller  pulse  may 
give  a  false  impression  and  lead  to  the  belief  that  the 
arterial  tension  has  been  raised.  The  pulse  tracings  of 
Marvaud,  Parkes,  von  Jaksch,  Jaquet,  and  others,  show 
that  moderate  quantities  of  alcohol  influence  the  form  of 
the  pulse  wave  in  like  manner  with  chloral  and  other 
hypnotics,  though  less  markedly  from  a  quantitative 
point  of  view.  The  slight  dilatation  of  the  superficial 
arteries  is  due  to  the  sedative  action  of  the  alcohol  on 
the  vaso-constrictor  centre  of  the  medulla,  and  is  not 
sufficient  to  lower  the  arterial  tension  as  measured  in  the 
carotid. 

By  virtue  of  its  local  action  on  mucous  membranes, 
and  also  by  virtue  of  its  cerebral  effects,  alcohol  is 
capable  of  influencing  the  several  parts  of  the  vascular 
apparatus  in  a  number  of  waj'S  often  directly  opposed  to 
those  mentioned  above.  Such  indirect  effects  are  com- 
mon to  its  pharmacological  congeners,  and  are  familiar 
in  the  use  of  alcohol  in  daily  life  and  in  medical  practice. 
Of  these  none  is  more  often  observed  than  a  quickening 
of  the  pulse  rate.  Such  indirect  effects  must  not  be 
allowed  to  obscure  its  true  inherent  action,  which  is  al- 


ways depressant  in  kind.  "When  once  in  the  blood  and 
tissues,  it  must  be  classed  with  the  anaisthetics  and 
narcotics. 

It  is  not  to  be  inferred  that  the  above  statements  for- 
bid a  reasonable  and  prudent  use  of  alcohol  in  thera- 
peutics. The  records  of  clinical  medicine  show  that 
alcohol,  by  virtue  of  its  numerous  indirect  as  well  as 
direct  influences,  often  serves  the  purpose  of  a  "  circu- 
latory stimulant. "  In  conditions  of  shock  tlie  weak  pulse 
may  become  fuller  and  stronger,  the  feeble  heart  may  beat 
more  vigorously.  Again,  a  quick  pulse  may  become 
slower  as  the  rapidly  beating,  fluttering  heart  is  induced 
to  slow  down  to  a  regular  rhythm.  Other  examples  need 
not  be  cited.  The  day  is  happily  past  when  the  thera- 
peutist plied  his  patient  with  a  number  of  bottles  of  wine 
a  day  in  tlie  belief  that  he  could  stimulate  the  heart, 
lower  the  temperature,  supply  nutriment,  and  effect 
other  good  ends,  without  detriment  of  anj-  kind,  by  giv- 
ing these  large  quantities.  Certainly  its  administration 
in  excessive  doses  can  onh"  do  harm. 

Though  the  pharmacologist  cannot  admit  that  this 
agent  is  capable  of  stimulating  the  isolated  mammalian 
heart,  it  would  be  rash  to  assert  that  it  cannot  serve  as  a 
cardiac  stimulant  in  the  human  sj'stem.  Gutnikow, 
who  accepts  it  as  a  proved  fact  that  alcohol  can  only 
lower  the  arterial  pressure,  when  once  it  has  reached  the 
circulating  blood,  has  made  it  the  object  of  his  researches 
to  harmonize  this  with  the  equall}-  well-known  fact  that 
it  is  often  used  in  medical  practice  as  an  analeptic,  as  an 
agent  that  "strengthens  and  fortifies  the  heart."  Ac- 
cording to  this  author  the  sum  total  of  the  action  of 
alcohol  on  the  circulation  is  to  the  effect  that,  although 
there  is  a  condition  of  lowered  arterial  tension,  yet  the 
mutual  relations  of  the  pressures  in  the  cavities  of  the 
heart  and  in  the  arteries  and  veins  are  such  that  the  heart 
works  as  if  it  irere  strengthened.  It  now  has  an  easier 
task  to  keep  all  the  minute  arteries  and  veins  and  the 
capillaries  well  filled:  under  the  new  conditions  its 
propelling  power  is  not  injured  but  rather  improved. 
It  may  well  be  the  case  in  certain  clinical  conditions,  in 
the  light  of  the  remarks  made  in  a  previous  paragraph 
on  the  relations  existing  between  aortic  pressure  and  the 
volume  of  the  peripheral  circulation,  that  alcohol  will 
give  cause  for  a  better  peripheral  circulation,  although 
the  aortic  pressure  is  slightly  lowered. 

Whatever  may  be  the  future  theories  in  regard  to  its 
clinical  uses,  the  old  position  of  alcohol  as  a  blood-press- 
ure-raising agent  and  heart  stimulant  can  no  longer  be 
defended,  and  it  remains  for  the  practitioner  to  use  this 
agent  with  care  and  great  discretion. 

Ammonia. — Tlie  preparations  of  ammonia  which  are 
used  for  their  effect  upon  the  circulation  are  solutions  of 
the  gas  in  water  or  in  alcoliol  and  the  carbonate;  the 
latter  is  a  rather  complex  mixture  of  the  carbonates  and 
carbamates  of  ammonia,  which  give  off  ammonia  on  ex- 
posure and  hence  has  an  action  similar  to  but  less  power- 
ful than  that  of  the  solutions  of  ammonia. 

Ammonia  has  a  very  powerful  local  action  as  well  as 
an  action  upon  the  nerve  centres  when  it  reaches  the  cir- 
culation and  it  is  important  to  distinguish  between  these. 
When  ammonia  reaches  the  circulation  it  is  converted 
into  urea  very  rapidly;  hence  unless  considerable  quanti- 
ties are  injected  at  once  into  the  circulation  no  symptoms 
are  produced.  AVliile  ammonia  is  absorbed  with  con- 
siderable rapidity  from  the  stomach,  it  is  doubtful  whether 
after  the  use  of  medicinal  doses  it  reaches  the  circulation 
in  sufficient  concentration  to  have  any  appreciable  ef- 
fect. Hence  the  effects  of  ammonia  (and  of  ammonium 
carbonate)  when  given  by  the  stomach  are  due  largely, 
if  not  entirely,  to  the  reflexes  caused  b}'  its  local  action ; 
the  effects  of  the  intravenous  injection  of  considerable 
quantities  will  be  discussed  later. 

The  effects  of  ammonia  can  be  elicited  by  applying  it 
to  either  the  respiratory  or  the  digestive  tract  orsubcuta- 
neously,  and  consist  of  a  powerful  reflex  stimulation  of  the 
vasomotor  and  respiratory  centres.  The  result  is  a  rise 
of  arterial  pressure  and  an  improvement  in  the  pulse; 
the  latter  is  probably  dependent  upon  the  rise  of  blood 
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pressure,  for  the  heart,  so  far  as  it  is  affected  reflexly  at 
all,  seems  to  be  slowed  by  a  stimulation  of  tlie  vagus 
centre.  The  rise  of  blood  pressure  will  rouse  the  patient 
from  a  fainting  spell,  from  a  condition  of  sudden  collapse, 
from  failure  of  the  circulation  during  ansesthesia  and  from 
similar  conditions.  The  effect  is  very  transitory,  but  is 
often  sufficient  to  carry  a  person  through  a  dangerous 
period.  Both  the  ph3'siok)gical  action  and  practical  ex- 
perience point  to  the  conclusion  that  ammonia  is  of  little 
service  when  the  failure  of  the  circulation  is  dependent 
upon  some  slow  and  persistent  cause.  If  ammonia  is 
applied  to  the  nostrils  for  too  long  a  period  or  in  too 
concentrated  a  form  it  may  produce  inflammation  of 
the  respiratory  passages:  also  when  it  is  swallowed  in 
large  quantities  some  of  the  vapor  may  reach  the  re- 
spiratory passages  and  cause  death  by  oedema  of  the 
larynx. 

When  ammonia  or  one  of  its  neutral  salts  is  injected 
directly  into  the  circulation  of  a  mammal  the  effects  are 
those  observed  whenever  a  powerful  stimulant  to  the 
medulla  or  spinal  cord  is  injected — increase  of  respira- 
tion, convulsions,  tetanus,  and  a  rise  of  blood  pressure. 
These  effects  are  probably  due  to  the  irritating  action  of 
the  ammonia  upon  the  nerve  cells  rather  than  to  any 
specific  stimulation  of  them,  as  is  the  case  with  such  an 
alkaloid  as  strychnine  for  example.  Very  similar  effects 
follow  the  subcutaneous  application  of  ammonia  or  of  its 
salts,  although  here  the  elfect  is  complicated  by  changes 
brought  about  reflexly.  The  results  are  the  same  what- 
ever the  salt  used,  provided  the  acid  in  combination  has 
DOt,  of  itself,  a  poisonous  action;  this  shows  that  the 
results  are  due  to  the  ammonivun  iou. 

A  considerable  amount  of  a  salt  of  ammonia  may  be 
injected  into  the  circulation  of  an  animal  without  pro- 
ducing any  toxic  symptoms,  jirovided  the  injection  be 
made  very  slowly.  Thus  Marfoii  (A/r/iii-  fiir  exp.  Path, 
vnd  Pharmakol.,  xxxiii.,  p.  71,  1893)  showed  that  .03  gm. 
of  ammonia  (in  the  form  of  the  carbonate)  per  kilogram 
could  be  injected  per  hour  into  a  dog  without  causing 
anj'  symptoms.  The  explanation  of  this  is  that  the  am- 
monia is  rapidly  converted  into  urea. 

The  effects  ot  ammonia  and  its  salts  when  injected 
rapidly  into  the  circulation  or  subcutaneously  into  an 
animal  have  been  investigated  by  Blake  {Edin.  Mtil.  and 
Surg.  Jour.,  Ivi.,  p.  1,  1841),  Lange  (Arckirfiir  exp.  Path, 
und  Pharmokol.,  ii.,  p.  375,  1874),  Funke  and  Deahna 
(Archiv  fiir  die  gen.  Physinl.,  ix.,  p.  416,  1874),  and  For- 
manek  {Archircs  inteniat.  de  Pharinacodynamie  et  de 
Therapie.  vii.,  p.  229,  1900).  The  first  effect  is  usually  a 
slowing  of  the  heart  and  a  slight  fall  of  blood  pressure; 
then  there  is  "a  marked  rise  of  blood  pressure,  the  lieart 
sometimes  remaining  slowed,  sometimes  being  acceler- 
ated. The  slowing  of  the  heart  and  the  first  fall  of  blood 
pressure  are  due  .almost  entirely  to  a  stimulation  of  the 
■centre  of  the  cardio-inhibitory  nerves,  for  they  usually 
■disappear  immediately  upon  section  of  the  vagi.  There 
may  sometimes  be  a  slight,  unimportant  slowing  of  the 
heart  after  section  of  the  vagi;  this  is  probably  due  to  a 
slight  stimulation  of  the  vagus  endings  in  the  heart,  for 
these  are  stimulated  by  a  great  many  of  the  drugs  which 
stimulate  the  medullary  centres  of  the  vagus.  If  a  very 
large  amount  of  ammonia  is  injected  into  a  vein  the 
heart  may  be  poisoned  directly  and  va&y  either  beat  very 
■slowly  or  be  arrested  at  once  in  diastole. 

The  rise  of  blood  pressure  has  been  attributed  by  some 
to  a  stimulation  of  the  heart,  by  others  to  a  stimulation 
of  the  vasomotor  system;  it  is  due  to  both  of  these,  but 
probably  more  to  the  latter  than  to  the  former.  The 
action  of  the  salts  of  ammonia  when  directly  applied  to 
the  frog's  heart  has  been  studied  by  Ringer  and  Sains- 
bury.  These  results  are  of  especial  value  because  no 
similar  experiments  have  been  made  upon  the  mam- 
malian heart.  Briefly  stated.  Ringer  finds  that  am- 
monium salts  added  to  the  nutrient  fluid  circulating 
through  the  isolated  frog's  heart  increase,  in  small  doses, 
the  strength  of  the  ventricular  contractions,  but  that 
larger  doses  destroy  muscular  contractility;  spontane- 
ous action,  however,  continued  until  contractility  was 


lost;  in  the  end  stage  there  was  no  response  even  when 
the  ventricle  was  strongly  stimulated  electrically.  Ringer 
also  finds  that  ammonia  lessens  dilatation  of  the  ventricle 
and  arrests  it  in  systole.  If  the  heart  has  been  weakened 
by  chloroform  or  other  anaesthetics,  the  beat  is  strength- 
ened by  ammonia,  and  a  heart  stopped  in  diastole  by 
chloroform  passes  into  the  condition  of  systole  under  the 
influence  of  ammonia.  Since  these  experiments  were 
made  upon  the  ventricle  of  the  frog's  heart  we  are 
justified  in  concluding  that  ammonia  stimulates  the  car- 
diac muscle  directly.  It  is  not  known  to  what  extent 
ammonia  has  a  similar  action  upon  the  mammalian  heart. 
An  acceleration  and  strengthening  of  the  heart  beat  some- 
times follows  its  injection,  but  this  stimulation  is  usually 
of  short  duration  and  does  not  always  occur.  Some  think 
that  the  improvement  in  the  heart  beat  is  to  be  attributed 
to  the  rise  of  blood  pressure  rather  than  to  a  direct  effect 
upon  the  heart,  while  Formanek  thinks  it  is  due' in  part 
to  a  stinudation  of  the  accelerator  nerves. 

The  great  rise  of  blood  pressure  following  the  injection 
of  ammonia  is  usuallj'  attributed  to  a  stimulation  of  the 
vaso-motor  centre,  and  this  view  is  made  very  probable 
by  the  fact  that  the  other  medullary  centres  are  so 
powerfully  stimulated  by  this  substance.  Funke  and 
Deahna  found  that  in  frogs  section  of  the  cord  or  of  the 
sciatic  plexus  greatly  diminished  or  abolished  altogether 
the  constriction  of  the  blood-vessels  following  the  sub- 
cutaneous injection  of  ammonia.  On  the  other  hand, 
there  is  considerable  experimental  evidence  that  the 
perii)heral  vaso-motor  system  (the  nerves  or  the  muscles 
of  tlie  vessels)  is  stimulated  directly.  Thus  Lange  ob- 
tained a  marked  rise  of  pressure  after  division  of  the 
cord,  i.e.,  after  the  vasomotor  centre  had  been  separated 
from  the  arterioles.  Beyer  {Medical  Neirs.  1886)  trans- 
fused the  vessels  of  tcrrajjius  (from  which  the  heart  had 
been  removed)  with  Ringer's  solution  to  which  salts  of 
ammonia  had  been  added.  There  was  first  an  increased 
then  a  diminished  outflow  from  the  veins,  i.e.,  a  dilata- 
tion followed  by  a  constriction  of  the  blood-vessels.  We 
are  probably  justified  in  concluding  that  the  rise  of  blood 
pressure  caused  by  ammonia  is  due  partly  to  a  stimula- 
tion of  the  vaso-motor  centre  and  partly  to  a  direct  ac- 
tion upon  the  arteries;  it  is  very  jirobable  that  direct 
stimulation  of  the  heart  also  is  a  factor,  especially  if  this 
organ  has  been  previously  weakened  by  aua;sthetics, 
etc.  Binz  (Centralbl.  fiir  klin.  Med.,  ix.,  p.  26,  1888) 
found  that  if  the  arterial  pressure  of  an  animal  was  made 
very  low  by  the  administration  of  chloral  hydrate,  am- 
monia would  cause  it  to  I'ise;  the  improvement  was, 
however,  temporary  and  when  the  ammonia  was  pushed 
convulsions  followed. 

Intravenous  and  hypodermic  injections  of  ammonia  are 
sometimes  made  in  cases  of  sudden  and  dangerous  col- 
lapse, as  in  failure  of  the  heart  during  aniesthesia,  in 
cholera,  after  injuries,  etc.  It  has  been  used  extensively 
in  cases  of  poisoning  from  snake  bite  but  the  improve- 
ment in  these  cases  seems  to  be  temporary.  When 
ammonia  is  administered  by  the  mouth  or  by  the  respi- 
ratory tract  the  only  effect  upon  the  circulation  is  the 
reflex  stimulation  of  the  vaso-motor  centre;  by  its  intra- 
venous use  the  peripheral  vaso-motor  system  as  well  as 
the  medullary  centre  is  stimulated  and  there  is  further 
probably  some  direct  action  upon  the  heart.  When  am- 
monia is  given  intravenously  in  very  large  amounts  there 
is  danger  of  causing  convulsions;  animals,  however, 
usually  recover  quickly  from  such  convulsions. 

Camphor. — Camphor  has  long  been  used,  especially  in 
Germany,  as  a  cardiac  stimulant  in  cases  of  collapse  and 
cardiac  weakness  from  fevers  and  other  causes;  the  pulse 
becomes  fuller  and  stronger  under  its  influence.  State- 
ments as  to  the  action  of  camphor  upon  the  heart  are  in- 
complete and  in  some  cases  contradictory;  moreover.  Its 
cardiac  action  is  undoubtedly  much  obscured  by  its  ac- 
tion on  the  central  nervous  sj'Stem,  the  respiration,  and 
the  vaso-motor  centre.  The  beneficial  effects  in  collapse, 
etc.,  are  probably  due  quite  as  much  to  these  effects  as 
to  the  effects  upon  the  heart.  Camphor  has,  moreover, 
a  well-marked  local  action  and  it  is  not  easy  to  distin- 
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guish  between  the  effects  produced  reflexly  and  those 
produced  after  its  absorption. 

Some  of  »he  rather  fragmentary  statements  as  to  the 
action  of  camphor  will  be  given.  Lewin  (Archiv  fur 
fxper.  Path,  und  Pharmfikol.,  xxvii.,  p.  329,  1890)  found 
that  camphor  administered  to  rabbits  in  wliich  the  blood 
pressure  was  extremely  low  as  a  result  of  large  doses  of 
chloral  hydrate  caused  a  marked  rise  of  pressure ;  fre- 
quently if  was  doubled.  The  rise  of  blood  pressure  was 
longer"  continued  when  the  camphor  was  given  by  the 
stomach  than  when  it  was  injected  into  a  vein.  Lewin 
argues  that  since  the  vasomotor  centre  was  paralyzed 
by  the  chloral  the  rise  of  blood  pressure  must  have  been 
due  largely  to  a  stimulation  of  the  heart  (for  camphor 
has,  so  far  as  is  known,  no  direct  stimulating  action 
upon  the  peripheral  vessels).  If  the  chloral  ansesthesia 
was  not  so  very  deep  tlien  the  vaso-motor  centre  was 
stimulated,  as  was  shown  by  the  fact  that  it  became  sensi- 
tive to  the  effects  of  asphyxia. 

It  is  a  significant  fact,  however,  that  Wiedemann 
{ Archiv  fiir  e.rjK'r.  Path,  und  Pharma/coL,  vi.,  p.  228. 
1876)  failed  to  obtain  any  rise  of  blood  pressure  from  the 
administration  of  camphor  after  section  of  the  spinal 
cord— as  would  be  expected  if  Lewin's  conclusions  are 
correct.  It  is  very  proltable  that  there  was  some  source 
of  error  in  the  experiments  of  one  or  the  other  investi- 
gatoi-.  Their  results  could,  however,  be  brought  into  ac- 
cord if  we  suppose  the  medullary  centres  of  the  acceler- 
ator nerves  to  be  stimulated  by  the  camphor.  There 
is,  however,  no  experimental  basis  for  the  latter  sup- 
position. 

Small  doses  (five  to  ten  grains)  administered  to  a 
healthy  man  usually  cause  an  acceleration  of  the  pulse, 
although  sometimes  they  have  little  effect  or  ma.v  even 
cause  slowing.  Larger  doses  (twenty  grains  or  more) 
slow  and  weaken  the  pulse ;  after  toxic  doses  the  pulse 
may  be  accelerated  again. 

When  from  any  of  a  number  of  causes  the  pulse  is 
very  weak  or  almost  imperceptible,  camphor  will  make 
it  fuller  and  stronger.  Binz  and  Baum  found  that  in 
animals  in  which  fever  had  been  induced  by  the  injection 
of  putrid  matter,  camphor  increased  the  strength  of  the 
heart  beat  and  caused  it  to  continue  longer  after  death 
than  in  the  case  of  control  animals. 

HvM^mc^v  {Airliie  fi'tr  Jleitknnde,  xi.,  p.  334,  1870)  and 
Harnaek  and  Witkowski  (Archiv  fiir  exper.  Path,  und 
Phaniiakol.,  v.,  p.  427,  1876)  state  that  camphor  causes 
the  frog's  heart  to  beat  more  slowly  but  more  powerf  idly  ; 
this  is  due,  according  to  these  authors,  to  a  direct  action 
upon  the  heart,  for  the  latter  can  be  made  to  beat  again 
after  it  has  been  lirought  to  a  standstill  by  muscarine, 
and,  on  the  other  hand,  neither  muscarine  nor  stimulation 
of  the  vagus  can  stop  the  heart  poisoned  with  camphor. 
Lewin  (lev.  cit.)  found  the  frog's  heart  to  be  slowed  by  a 
prolongation  of  the  systole ;  the  diastole  was  less  complete 
and  so  the  output  was  diminished.  Thus  the  effect  of 
camphor  upon  the  frog's  heart  is  similar  in  some  respects 
to  that  of  digitaliue. 

The  blood-pressure  in  mammals  is  usually  considerablj' 
increased  by  camphor ;  this  seems  to  be  due  in  part  to  an 
action  upon  the  heart,  in  part  to  a  stimidation  of  the 
vasomotor  centre.  Whether  the  latter  is  stimulated 
directly  or  reflexly  is  not  known.  In  some  cases  rhyth- 
mical variations  of  the  blood  pressure  appear ;  these  are 
especiallj'  marked  if  convulsions  occur,  but  the}'  are  also 
seen  when  convulsions  are  prevented  by  curare  (Wiede- 
mann, he.  cit.).  It  has  been  suggested  that  these  rhyth- 
mical variations  are  due  to  a  direct  action  ujion  the  vaso- 
motor centre,  just  as  the  convulsions  are  due  to  a  direct 
action  upon  the  cerebral  cortex ;  or  the  cerebral  cortex 
may  send  rhythmical  impulses  to  the  vasomotor  centre 
independently  of  those  causin.g  the  convulsions. 

Thus,  as  far  as  we  are  able  to  judge  from  the  avail- 
able data,  camphor  has  an  action  upon  the  circulation 
similar  to  that  of  ammonia,  and  it  seems  to  be  of  use  in 
similar  conditions.  Like  that  of  ammonia  the  action  of 
camphor  is  very  transitory.  Van  der  Helm  ("  Versuche 
liber  einige  arzneilicheErregungsmittel,"  Dissert.,  Bonn, 


1887,  p.  28)  says  that  the  action  of  camphor  upon  the 
blood  pressure,  as  well  as  upon  the  respiration,  is  longer 
continued  than  is  that  of  ammonia.  Attention  was  called 
above  to  the  fact  that  the  effect  of  camphor  is  more  last- 
ing when  it  is  given  by  the  stomach  than  when  injected 
intravenously ;  the  explanation  of  this  is  probably  tliat  in 
the  latter  case  the  camphor  is  very  rapidly  destroyed  in 
the  organism.  Moreover,  when  the  drug  is  given  by  the 
stomach,  the  reflex  as  well  as  the  direct  effects  of  its  ac- 
tion are  obtained.  The  slight  solubility  of  camphor  in 
water  and  the  consequent  great  irregularity  of  its  rate  of 
absorption  from  the  digestive  tract  are  two  of  the  chief 
drawbacks  to  its  employment  in  therapeutics.  A  num- 
ber of  the  other  members  of  the  camphor  group  have 
been  studied,  but  as  yet  no  good  substitute  for  camphor 
has  been  discovered.  Camphorol,  amido-camphor,  and 
camphoric  acid  resemble  camphor  in  their  physiological 
action  but  are  less  powerful. 

Musk  has  also  been  used  as  a  cardiac  stimulant  in  con- 
ditions similar  to  those  for  which  camphor  has  been  pre- 
scribed ;  it  has  been  especially  recommended  in  certain 
cases  of  advanced  typhoid  fever.  Almost  nothing  is 
known  as  to  its  physiological  action,  but  it  seems  t& 
strengthen  the  heart  beat;  it  has  a  more  decided  action 
upon  the  respiration. 

Most  of  the  volatile  oils  when  taken  into  the  stomach 
act  as  mild  cardiac  stimulants.  Their  action  is  entirely  a 
reflex  one,  for  when  injected  into  a  vein  they  depress  the 
vaso-motor  centre  and,  in  large  doses,  the  heart. 

Cardiac  Tonics. — Those  drugs  which  are  employed  ta 
produce  a  more  lasting  effect  upon  the  heart  are  called 
cardiac  tonics.  They  act  chieflj'  upon  the  cardiac  muscle ; 
to  a  less  extent  upon  the  cardiac  nerves  and  the  vaso- 
motor apparatus.  Their  action  is  usuall.y  slow ;  fre- 
quently no  change  in  the  circulation  can  be  made  out  for 
manj-  hours,  sometimes  not  for  days,  after  their  adminis- 
tration has  been  begun.  It  is  chiefly  in  diseases  of  the 
heart,  especiallj'  those  associated  with  valvular  lesions  in 
which  dilatation  has  occurred,  that  these  drugs  are  used. 
Among  them  are  some  of  the  most  valuable  remedies- 
known  to  medicine. 

The  most  important  members  of  this  group  are  those 
belonging  to  the  "digitalis  series,"  including  digitaliSr 
itself,  strophanthus,  scilla,  eonvallaria,  adonis,  erythro- 
phltt'um,  helleborus  niger,  etc.  Caffeine  and  strychnine, 
as  far  as  their  action  upon  the  heart  is  concerned,  also 
belong  to  the  group  of  cardiac  tonics. 

The  Dif/italis  Series. — The  "digitalis  series"  embraces- 
a  nvimber  of  substances  derived  from  various  families  of 
the  vegetable  kingdom  and  having  little  in  common  as 
regards  their  chemical  composition ;  some  substances 
found  in  the  animal  and  even  in  the  mineral  kingdoms 
may  be  included  in  this  series.  The  bond  that  unites 
these  various  substances  is  a  peculiar  and  specific  influ- 
ence upon  the  heart  r  the  action  of  any  one  member  is 
almost  identical  with  that  of  all  the  others  and  different 
from  almost  all  other  sidjstances.  So  great  is  this  similar- 
ity of  action  that  pharmacologists  do  not  hesitate  to  apply 
the  discoveries  made  concerning  one  member  to  all  the 
others  and  speak  of  the  action  of  "digitalis,"  although 
the  experiments  in  questions  were  made  with  some  other 
member. 

The  three  drugs  of  this  series  which  are  most  used  are 
digitalis,  strophanthus,  and  scilla,  and  most  of  the  physio- 
logical experiments  have  been  made  with  these,  especially 
with  the  first  two. 

Few  drugs  in  the  Pharmacopoeia  have  been  the  subject 
of  so  much  discussion  as  digitalis,  and  even  yet  writers 
are  not  in  accord  as  to  some  of  its  physiological  actions. 
Clinicians  formerly  classed  it  with  the  cardiac  sedatives, 
although  now  it  is  placed  first  in  the  list  of  cardiac  stimu- 
lants or  tonics.  Different  experimenters  have  credited  it 
with  having  nearly  every  action  upon  the  vascular  mech- 
anism which  it  is  possible  for  a  drug  to  have.  These 
discordant  results  are  all  the  more  remarkable  as  they  are 
not  due  to  the  workers  having  used  different  prepara- 
tions: aliuost  any  preparation  of  these  drugs,  provided  it 
is  active  at  all,  will  produce  the  effects  typical  of  th« 
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series.  The  real  source  of  trouble  has  been  that  the 
pharmacologists  and  physicians  have  failed,  until  very 
recently,  to  make  use  of  the  advances  in  methods  of  work 
and  of  the  facts  discovered  by  modern  physioloiry. 

Very  little  knowledge  of  the  action  of  digilalis  upon 
the  circulation  can  be  obtained  by  its  administi'ation  to 
healthy  men  beyond  the  fact  that  the  pulse  first  becomes 
very  slow  and  later  intermittent  and  irregular.  The 
ape.x  beat  is  stronger  and  the  arteries  feel  more  tense. 
At  the  same  time  the  irritability  of  the  heart  seems  to 
become  abnormally  great ;  slight  e.xerlion  may  cause  it 
to  assume  a  rate  of  120  to  130. 

Experiments  upon  the  frog's  heart  have  played  a  very 
important  jiart  in  the  historj-  of  the  study  of  the  physio- 
logical action  of  digitalis:  the  greatest  service  such  ex- 
periments have  rendered  is  the  proof  that  the  action  of 
digitalis  is  primarily  ujion  the  cardiac  muscle.  The 
changes  brought  about  in  the  frogs  heart  are  readil)' 
observed  by  expo.sing  the  heart  and  injecting  the  drug 
into  a  lymph  space.  The  heart  soon  liecomes  slowed, 
but  the  essential  feature  is  that  the  ventricular  systole 
becomes  more  complete.  The  blood  is  more  completely 
expelled  from  the  heart,  and  during  each  systole  the  ven- 
tricle becomes  almost  white;  it  also  remains  contracted 
for  a  longer  period.  Tlie  diastole  becomes  shorter  and 
then  less  complete;  the  time  I'elatious  between  systole 
and  diastole  become  almost  reversed.  Instead  of  a  short, 
sudden  systole  and  a  long-continued  diastole,  as  normally, 
the  systole  becomes  ver}'  long  while  the.  diastole  is  a 
sudden,  imperfect  relaxivtion  of  very  short  duration 
whicli  merely  iutcrrujjts  for  an  instant  the  prolonged 
contraction.  Finally  the  ventricle  stops  in  systole;  it  is 
firmly  contracted  and  white,  while  the  auricles  are  dis- 
tended with  blood  and  may  contract  feebly  for  a  short 
time.  Before  the  ventricle  is  finall.y  arrested  certain 
irregidarities  usually  appear.  One  part  of  the  ventricle, 
usually  the  apex,  does  not  relax  during  diastole  and  the 
blood  is  thrown  against  the  relaxed  walls  of  the  other 
parts  causing  little  bulgings.  Or  the  ventricle  may 
assume  a  mottled  appearance  from  there  being  numerous 
small  areas  of  muscle  which  remain  contracted.  The 
blood  may  be  thrown  from  one  side  of  the  ventricle  to 
the  other,  the  heart  undergoing  the  "  peristaltic  contrac- 
tions" so  often  mentioned  by  German  writers. 

The  picture  of  the  frog's  heart  under  digitalis  is  an 
extremely  characteristic  one,  and  such  an  exjieriment  as 
the  above  is  of  much  more  value  as  a  means  of  identify- 
ing one  of  this  series  in  toxicological  examinations  than 
are  most  of  the  chemical  tests. 

If,  after  the  ventricle  has  stopped,  the  intracardiac 
pressure  be  increased,  the  heart  will  commence  beating 
again,  showing  that  the  cardiac  muscle  is  not  in  a  condi- 
tion of  rigor.  If  apomorpbine,  or  some  other  drug  wliieli 
tends  to  paralyze  the  heart  muscle,  be  applied  to  the 
contracted  ventricle,  the  latter  will  relax  and  commence 
beating  again.  These  facts  led  Schmiedeberg  to  the 
view,  which  has  been  widely  accepted,  that  tlie  essential 
action  of  digitalis  upon  the  cardiac  muscle  is  a  change  in 
its  elasticity.  There  are  certain  facts  which  make  it  diffi- 
cult to  accept  this  view  of  Schmiedeberg's,  and  the  only 
statement  wc  can  safely  make  is  that  digitalis  tends  to 
increase  and  prolong  the  contraction  of  the  heart  and  to 
diminish  and  shorten  diastole.  The  ab.solute  power  of 
the  Iieart  muscle — i.e..  the  pressure  against  which  the 
heart  is  able  to  contract — does  not  seem  to  be  increased 
by  digitalis.  Since  the  extent  of  the  contraction  is  in- 
creased, the  effect  of  digitalis  has  been  compared  to  an 
increase  in  the  length  of  the  nniscle  fibres  while  their 
cross  section  (which  determines  the  absolute  power)  re- 
mains the  same.  That  this  action  of  digitalis  is  upon 
the  cardiac  muscle  itself,  and  not  upon  nervous  structures 
contained  in  the  heart,  is  shown  by  the  fact  that  entirely 
similar  changes  are  produced  in  the  apex  of  the  frog's 
ventricle  and  in  the  hearts  of  certain  invertebrates  which 
are  free  of  nerve  cells.  So  specific  is  the  action  of  digi- 
talis upon  the  heart  that  this  organ  may  be  completely 
stopped  in  systole  and  yet  the  frog  jumi)  about  very 
much  as  if  it   were   normal,   i.e.,  the   central   nervous 


system  and  skeletal  muscles  are  very  little  affected  when 
the  action  upon  the  heart  is  at  its  maximum. 

These  effects  of  digitalis  upon  the  cardiac  muscle  are 
sometimes  obscured  by  the  residts  of  a  stimulation  of  the 
vagus  caused  by  tlie  drug.  In  some  cases  after  the  ap- 
plication of  digitalis  tlie  .systole  is  incomplete  while  the 
diastole  is  much  prolonged  and  the  relaxation  durhig  it 
very  great:  the  heart  maj'  even  stop  temporarily  in 
diastole.  Section  of  the  vagi  or  the  paralysis  of  their 
endings  b_y  atropine  causes  this  picture  to  change  in- 
stantly and  the  results  are  now  as  those  descrilied  above. 

One  other  action  of  digitalis  upon  the  frog's  hearf  is  to 
be  noticed,  viz..  an  increase  in  its  irritability.  That  the 
irritability  of  the  muscle  is  increased  is  shown  liv  the  fact 
that  a  preparation  of  the  apex  of  the  ventricle  which  has 
been  exhausted  by  the  transfusion  of  normal  saline  solu- 
tion through  it  and  which  has  ceased  to  beat  will  com- 
mence again  when  digitalis  is  applied  to  it.  Sometimes 
there  is  a  slight  acceleration  of  the  heart  immediately 
after  the  iniection  of  digitalis:  this  is  doubtless  due  to 
an  increase  in  the  irritability  nf  the  muscle. 

The  study  of  the  elfi'cts  of  digitalis  upon  the  frog's 
heart  is  of  importance  because  the  changes  produced  by 
it  in  tlie  mammalian  heart  can  be  traced  back  to  the  same 
two  factors — an  alteration  of  the  cardiac  muscle  combined 
with  a  stimulation  of  the  cardio-inhibitory  nerves. 

The  action  of  digitalis  upon  the  circulation  of  mam- 
mals is  usualh'  divided  into  four  stages  (Schmiedeberg, 
Archirfiire.rpir.  Path,  vml Pharmakol . ,  xvi.,  p,  175,  iy8'2). 

1.  Rise  of  arterial  pressure  accompanied  as  a  rule  by 
.slowing  of  the  heart. 

2.  Continued  rise  of  blood  pressure  with  increase  in 
the  pulse  rate. 

3.  Continued  liigh  pressure  witli  great  irregularity  of 
the  heart. 

4.  Rapid  sinking  of  the  blood  pressure,  failure  of  the 
heart,  standstill,  and  death. 

Such  a  division  of  the  action  into  stages  serves  a  use- 
ful purijose  in  so  far  as  it  emphasizes  some  of  the  salient 
points;  but  as  a  matter  of  fact  these  stages  merge  into 
each  other  and  frequently  some  of  the  features  of  one 
appear  in  the  others.  Some  of  the  chief  points  to  be 
considered,  then,  are  (1)  the  slowing  of  the  heart,  (2)  the 
rise  of  blood  piessure,  (3)  the  secondary  acceleration  of 
the  heart,  and  (4)  the  cause  of  the  irregularity  and  death 
of  the  heart. 

The  slowing  of  the  heart  was  observed  in  man  hy 
Withering,  by  whom  digitalis  was  introduced  into  medi- 
cine ("An  Account  of  the  Foxglove  and  Some  of  its 
Medical  Uses;  with  Practical  Remarks  on  Dropsy  and 
Other  Diseases,"  Birmingham,  ITHri).  Withering  was 
chiefly  interested  in  the  diuresis  produced  by  digitalis 
and  paid  but  little  attention  to  its  action  upon  the  heart, 
although  he  remarked  "  that  it  has  a  power  over  the 
motion  of  the  heart  to  a  degree  yet  unobserved  in  any 
other  medicine  and  that  this  jiower  may  be  converted  to 
salutary  ends."  John  Ferriar  wrote  an  essay  in  1799  on 
the  action  of  digitalis  in  which  he  states  that  the  chief 
action  is  to  slow  the  heart.  The  first  efforts  to  discover 
the  cause  of  this  slowing  of  the  heart  seem  to  have  been 
made  by  Traube  in  IWl.  Traube  found  that  the  slow- 
ing was  removed  by  section  of  the  vagi,  and  he  therefore 
ascribed  it  to  a  stimulation  of  the  cardio-inhibitory  centre 
in  the  medulla — an  explanation  which  has  received 
abundant  confirmation.  Occasionally  digitalis  causes  a 
slight  slowing  of  the  heart  after  section  of  the  vagi ;  this 
has  been  shown  to  be  due  to  a  stimulation  of  the  vagus  end- 
ings in  the  heart.  The  irritability  of  the  vagi  is  increased 
by  digitalis,  for  a  stiniulatinn  of  these  nerves  which  was 
inefficient  before,  will  slow  the  heartafter,  itsadministra- 
tion.  An  attempt  was  made  to  show  that  the  stimulation 
of  the  vagus  centre  was  not  a  direct  effect  of  the  digitalis 
but  a  secondary  effect  due  to  the  rise  of  biood  pressure: 
this  is  disproved  by  the  fact  that  the  heart  is  often 
slowed  althotigli  there  is  no  rise  of  blood  pressure. 

Thomas  ob.served  that  digitalis  sometimes  failed  to 
slow  the  heart  in  pneumonia;  Brunton  and  Cash  investi- 
gated the  cause  of  this  and  reached  the  conclusion  that  it 
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was  due  to  a  partial  paralysis  of  the  medullary  centres 
of  the  vagi  hv  the  fever  "so  that  they  were  no  longer 
easily  stimulated  by  the  drug.  Hence  if  digitalis  is  given 
in  a"  case  of  fever"  the  rate  of  the  pulse  is  not  always  a 
safe  guide  as  to  whether  the  drug  has  been  given  in  sufii- 
cient'quantity  to  affect  the  cardiac  muscle. 

The  acceleration  of  the  heart  which  occurs  in  the  later 
stages  of  digitalis  poisoning  was  at  first  attributed  to  a 
paralysis  of  the  vagi,  for  a  number  of  investigators  failed 
to  obtain  any  slowing  of  the  heart  by  stimulating  these 
nerves  during  this  stage.  This  explanation  has  proved 
insufficient  because  in  some  experiments  the  vagi  retain 
their  control  over  the  heart  up  to  the  end.  and.  moreover, 
digitalis  causes  an  acceleration  of  the  heart  after  the  vagi 
have  been  paralyzed  by  atropine.  Attention  was  called 
above  to  the  fact  that"  the  irritability  of  cardiac  muscle 
of  the  frog  is  increased  by  digitalis,  and,  as  will  be  shown 
later,  there  is  abundant  evidence  that  the  same  occurs 
with  the  mammalian  heart.  Hence  at  present  it  is  con- 
sidered that  the  acceleration  may  be  due  in  part  to  the 
paralysis  of  the  vagi,  but  that  the  increased  irritability 
of  the  cardiac  muscle  which  renders  the  heart  more  diffi- 
cult of  inhibition  is  a  more  important  factor.  Of  course, 
the  acceleration  may  be  due  in  part  to  a  stimulation  of 
the  accelerator  nerves,  but  there  is  no  clear  proof  that 
this  is  the  case. 

The  rise  of  blood  pressure  caused  by  digitalis  has  been 
a  matter  of  much  dispute.  Blake  {Edinbnrgh  Med.  and 
Surg.  Jour.,  April,  1839)  was  the  first  to  make  blood- 
pressure  experiments  with  digitalis:  he  concluded  that 
the  rise  was  due  to  a  contraction  of  the  capillaries  and 
other  peripheral  vessels.  A  group  of  German  investigat- 
ors (among  them  Schmiedeberg  and  his  pupils)  have  al- 
ways maintained  that  the  increased  strength  of  the  heart 
beat  is  the  cause  of  the  rise  of  blood  pressure.  They  based 
their  view  upon  experiments  upon  the  frog's  heart  as 
well  as  upon  deductions  drawn  from  the  behavior  of  the 
mammalian  heart.  There  has  been  much  discussion  as  to 
whether  the  vasoconstrictor  centre  is  involved  in  the  rise 
of  pressure ;  there  is  no  question  that  a  marked  rise  occurs 
after  section  of  the  spinal  cord,  but  it  is  not  yet  settled 
whether,  in  the  intact  animal,  stimulation  of  the  vaso- 
motor centre  may  not  be  a  factor  in  the  cause  of  the  rise 
of  blood  pressure.  A  large  amount  of  evidence  has 
accumulated  which  shows  that  the  peripheral  vessels  are 
constricted  by  digitalis.  Thus  Donaldson  and  Stevens 
{Journal  iff  Physiology,  iv.,  p.  165,  1883)  observed  a 
marked  diminution  in  the  outflow  from  the  veins  of  a 
ten-apin  (in  which  the  central  nervous  system  had  been 
destroyed  and  the  heart  removed)  when  digitalis  was 
added  to  the  solutions  transfused  through  the  vessels. 
Similar  results  have  been  obtained  in  transfusion  experi- 
ments w ith  the  kidneys  and  other  " surviving "  organs  of 
mammals.  On  the  whole  the  evidence  is  very  strong 
that,  in  a  normal  animal,  the  constriction  of  the  arterioles, 
due  to  a  direct  action  upon  their  muscular  walls,  is  a 
verj-,  perhaps  the  most,  important  factor  in  the  rise  of 
blood  pressure.  Stimulation  of  the  cardiac  muscle  is  an- 
other factor,  and  it  is  probable  that  there  is  also  some 
stimulation  of  the  vasoconstrictor  centre.  In  the  case  of 
a  man  with  incompetent  valves,  the  heart  action  is  prob- 
ably a  much  more  important  factor  in  causing  the  rise  of 
blood  pressure  than  it  is  in  a  normal  individual.  This 
point  will  be  discussed  later. 

The  fall  of  blood  pressure  and  the  irregularities  of  the 
heart  in  the  late  stages  of  digitalis  poisoning  are  attributed 
entirely  to  changes  in  the  heart.  It  has  been  shown  that 
there  is  no  dilatation  of  the  arterioles,  as  was  once  sup- 
posed to  be  the  case,  even  after  verj'  large  amoimts  of 
the  poison. 

Until  comparatively  recently  very  little  was  known  as 
to  the  details  of  the  changes  produced  by  digitalis  in  the 
mammalian  heart ;  that  the  strength  of  the  beat  is  in- 
creased was  generally  inferred  from  the  experiments  upon 
the  frog's  heart.  Jloreover,  several  English  physicians  in 
the  earlier  part  of  the  centurj-  (e.g.,  Beddoes  and  King- 
lake,  1801)  had  reached  the  conclusion,  from  studying  the 
pulse,  that  while  digitalis  slows  the  heart,  the  strength 


of  the  beat  is  not  decreased,  but  is,  on  the  contrary,  in- 
creased. The  increased  energy  of  the  heart's  contraction 
is  also  evident  from  a  study  of  the  pulse  waves  in  an 
animal  deeplv  poisoned  with  chloral.  Chloral  causes  a 
complete  relaxation  of  the  arterioles.  If  digitalis  be  ad- 
ministered to  an  animal  in  which  this  has  occurred  the 
pulse  waves  are  greatly  increased,  indicating  that  the 
heart  is  expelling  more  blood  at  each  contraction.  It 
has  been  a  debatable  question  whether  this  increased  out- 
put of  the  heart  is  due  to  a  change  in  systole  or  in  dias- 
tole. Schmiedeberg  ("Grundriss  der  Arzneimittellehre," 
dritte  Auflage,  p.  f6s,  189.5)  and  Williams  (Archir  fur 
erper.  Puth.  und  PhuriiiakoL.  xiii.,  p.  9,  1880)  maintain 
that  there  is  an  increased  diastolic  extensibility  without 
any  change  in  the  contractility.  According  to"  these  au- 
thors, the  elastic  resistance  of  the  heart  is  diminished  and 
there  is  an  increa.sed  diastole.  As  the  heart  contracts  to 
its  former  volume  in  systole  more  blood  is  expelled  and 
consequently  more  work  accomplished. 

Jlore  recent  workers  have  adopted  the  view  that  the 
essential  change  is  one  in  systole,  but  that  this  is  com- 
bined with  the  effects  of  a  stimulation  of  the  vagi  (Cushny) 
or  of  the  vagi  and  accelerators  (Fran^ois-Franck).  Fran- 
fois-Franck  (Clinique  Medicale  de  la  ChariU,  Potain,  p. 
549,  1894)  pointed  out  the  resemblance  between  the 
action  of  digitalis  upon  the  heart  and  the  effects  of  the 
simultaneous  stimulation  of  the  vagi  and  accelerators; 
in  each  case  there  is  a  slowing  of  the  pulse  but  an  in- 
crease in  its  force.  At  the  same  time  the  increase  in 
force  is  due,  according  to  this.author,  in  part  to  a  direct 
muscular  action.  In  a  later  paper  (Compter  rendus  de  In 
Societe  de  Biologie.  1897,  p.  Ill)  he  seems  to  lean  toward 
the  view  that  the  change  in  the  muscle  is  a  more  im- 
portant factor  than  be  at  first  supposed.  Cushny  {Jour- 
nal  of  Eiperimental  Medicine,  ii.,  p.  254.  1897)  advanced, 
independently,  a  theory  for  the  action  of  digitalis  very 
similar  to  that  of  Frangois-Franck,  except  that  he  ascribes 
those  changes  which  the  French  writer  thought  to  be  due 
to  a  stimulation  of  the  accelerators  entirely  to  the  mus- 
cular action. 

As  the  methods  used  by  Cushny  are  probably  more 
exact  than  those  of  others  his  results  will  be  given  in 
.some  detail.  Cushny  studied  the  effect  of  digitalis  upon 
the  heart  by  means  of  the  myocardiograph  and  thecardi- 
ometer  of  Hoy  and  Adami.  The  former  is  an  instrument 
with  which  the  distance  between  two  points  on  the 
heart's  surface  and  their  movements  relative  to  each 
other  are  recorded.  The  curve  made  by  this  instrument 
is  similar  to  an  ordinary  muscle  curve  and  shows  not 
only  the  rate  of  the  heart  beat  but  also  its  strength  and 
changes  in  tonicity:  i.e.,  whether  the  heart  tends  to  as- 
sume the  position  of  systole  or  that  of  diastole.  The 
cardiometer  measures  the  volume  of  the  heart  in  its  suc- 
cessive phases  and  tlierefore  records  the  amount  of  blood 
expelled  from  the  heart.  The  experiments  of  Cushny 
were  made  upon  dogs  and  cats.  The  action  of  digitalis 
may  be  divided  into  two  stages:  the  first  stage  is  char- 
acterized by  a  slow  pulse  due  to  stimulation  of  the  vagus, 
while  in  the  second  stage  the  heart  is  accelerated.  In 
both  stages  there  are  very  important  changes  in  the  car- 
diac muscle.  The  first  stage  may  be  divided  into  the 
"therapeutic  stage"  and  a  stage  of  "excessive  inhibi- 
tion "  ;  the  latter  stage  does  not  always  occur.  The  early 
part  of  the  first  stage  is  the  one  of  greatest  interest  as  it 
is  the  only  one  desired  in  the  medicinal  use  of  digitalis. 

Within  one  or  two  minutes  after  the  intravenous  in- 
jection of  a  very  small  amount  of  digitalis  changes  in  the 
heart  occur  which  are  characterized  by  a  slowing  of  the 
beat  and  increased  excursions  of  the  recording  levers 
toward  systole  and  generally  toward  diastole.  The 
slowing  of  the  heart,  being  caused  by  stimulation  of  the 
vagi,  is  due  largely  to  a  prolongation  of  the  diastolic 
pauses.  At  the  same  time  the  duration  of  the  systole  is 
somewhat  increased :  but  this  seems  to  be  due  entirely  to 
the  slowing  of  the  heart,  for  there  is  no  evidence  that  the 
contraction  of  the  mammalian  cardiac  muscle  is  pro- 
longed, as  is  so  markedly  the  case  with  the  frog's  heart. 
The  increased  excursion  toward  svstole  of  the  lever  fixed 
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,  to  the  ventricle  shows  that  this  cavity  is  emptying  itself 
much  more  completely  than  it  normally  does.  It  is  gen- 
erally recognized  that  normally  the  ventricles  do  not 
empty  themselvescompletely  so  that  at  the  end  of  systole 
they  contain  some  blood.  Under  the  influence  of  digitalis 
the  blood  remaining  in  the  ventricle  at  the  end  of  systole 
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Fig.  lUl.— Tracings  of  the  Ventricular  Contractions  under  Digitalis  in  Experiments  on 
Two  Dogs,  y,  N'.  Normal  contractions:  D,  D'.  contractions  under  digitalis.  The 
levers  move  upward  during  systole.  In  />  the  rhythm  is  slower  and  the  movements 
extend  funhcr  upward  and  downward  than  in  A',  i.e.,  the  contractions  are  more 
complete  and  the  dilatation  during  diastole  is  greater.  In  V  the  rhythm  is  slower,  and 
the  tracing  extends  further  upward  than  in  N'.  but  reaches  almost  the  same  point 
below,  i.e.,  the  contraction  is  stronger,  but  the  dilatation  is  scarcely  changed.  ( From 
Cushny.J 


is  much  less  than  before.  This  increased  contraction  of 
the  ventiicle  is  due  to  an  action  of  the  drug  on  the  cardiac 
muscle,  just  as  in  the  frog's  heart.  The  papillary  muscles 
undergo  the  same  change  as  the  rest  of  the  ventricular 
wall,  contracting  more  strongly  and  more  completely  than 
before  the  administration  of  the  drug.  The  intraventricu- 
lar pressure  during  systole  was  found  by  Fran(,'ois-Franck 
to  be  much  increased.  The  relaxation  of  the  ventiicle 
during  diastole  varies  considerably  in  different  conditions. 
As  is  well  known,  stimulation  of  the  vagus  always  tends 
to  increase  the  relaxation  of  the  ventricle,  but  in  the  case 
of  digitalis  this  action  is  opposed  by  tlie  direct  eifect  of 
the  drug  upon  the  heart  muscle.  The  result  depends 
upon  these  opposing  factors,  and  the  effect  of  these  again 
depends,  largely,  upon  the  condition  of  the  heart.  If  the 
heart  is  normal  or  does  not  dilate  much  during  diastole, 
digitalis  increases  the  relaxation  (Fig.  1141,  D).  If,  how- 
ever, the  heart  is  weak  and  dilated  digitalis  tends  to 
lessen  this  dilatation  so  that  the  relaxation  of  the  ven- 
tricle during  diastole  is  less  than  before  the  administra- 
tion of  the  drug;  this  is  always  the  case  if  the  vagus 
terminations  have  been  paralyzed  bv  atropine  (see  Fig. 
1143.  B). 

In  the  auricles  the  same  forces  are  at  work  as  in  the 
ventricle.  The  direct  muscular  action  tends  to  cause  a 
more  complete  contraction  in  systole  while  the  stimula- 
tion of  the  vagus  opposes  this  action  as  well  as  causes  a 
slowing  of  the  beat.  As  is  well  known,  stimulation  of  the 
vagus  produces  a  much  greater  effect  upon  the  auricle 
than  upon  the  ventricle,  while  there  is  a  much  smaller 
amount  of  muscular  tissue  upon  which  the  digitalis  can 
act  directly.  Hence  after  even  a  comparatively  small 
dose  of  digitalis  the  inhibitory  action  may  at  times  pre- 
dominate and  thus  greatly  reduce  the  extent  of  the  con- 
traction of  the  auricles  and  so  the  volume  of  blood  ex- 
pelled. With  ordinary  medicinal  doses,  however,  the 
effect  upon  the  auricles  is  very  much  the  same  as  that 
upon  the  ventricles:  the  heart  beat  is  slowed,  but  the 
contraction  in  systole  is  increased  while  the  relaxation  in 
diastole  is  not  much  influenced. 

It  is  clear  that  the  output  of  the  ventricle  at  each  beat 
must  be  increased  by  digitalis,  for  the  ventricle  usuallj- 
contains  more  blood  at  the  beginning  and  less  at  the  end 
of  systole  than  normally.  If  the  rate  of  the  heart  re- 
mained the  same,  it  is  evident  that  the  output  per  unit  of 
time  would  also  be  increased.  But  the  slowing  of  the 
heart  tends  to  reduce  the  total  output;  hence  only 
cardiometer  records  can  show  which  of  these  opposing 
factors  prevail.  As  a  matter  of  fact,  Cushny  found  that 
the  output  of  the  heart  per  unit  of  time  (e.g. ,  in  a  minute) 


was  uniformly  increased  by  small  doses  of  digitalis ;  this 
increase  amounted  at  times  to  fifty  per  cent.  With 
somewhat  larger  doses  the  inhibitory  action  may  become 
extreme  and  now  the  oiit]iut  is  diminished.  The  output 
is  increased  again  when  the  heart  becomes  more  rajiid. 
During  all  the  early  jiart  of  the  first  stage  the  rhythm 
of  the  heart  is  normal;  each  beat  of  the 
auricles  is  followed  by  one  of  the  ven- 
tricles, and  the  two  sides  of  the  heart 
beat  together.  If  the  drug  is  pushed 
the  slowing  becomes  extreme  and,  as 
always  happens  when  the  vagus  is 
strongly  stimulated,  the  rhythm  is  dis- 
turbed. The  muscular  action  may  be 
entirely  concealed  lij-  the  inhiliitory 
action  so  that  the  systoles  become 
weaker  and  less  blood  is  expelled;  as 
a  rule,  however,  the  output  per  beat 
is  still  greater  than  normal  while  that 
per  unit  of  time  is  less  owing  to  the 
slow  rate  of  the  heart.  The  auriculo- 
ventricular  beat  may  be  more  or  less 
dis.sociated  and  the  two  chambers  beat 
at  different  rhythms.  Sometimes  this 
is  due  to  the  excessive  inhiljition  pre- 
venting the  impulses  from  the  auricle 
reaching  the  ventricle,  a  "block  "  being 
formed  between  the  two  chambers.  At 
the  same  time  the  irritability  of  the  ventricular  muscle 
may  be  so  increased  that  the  ventricle  assumes  a  rhythm 
entirely  independent  ot  the  auricle;  this  "idioventricu- 
lar "  rhythm  maj-  be  more  rapid  or  slower  than  that  of 
the  auricle  (see  Fig.  1143).  These  changes  in  the  rhythm 
of  the  heart  always  indicate  a  grave  condition  of  poison- 
ing and  are  not  met  with  in  the  therapeutic  use  of  digitalis. 
During  the  second  stage  of  the  action  of  digitalis  the 
muscular  prevails  over  the  inhibitory  action.  The  pulse 
becomes  very  rajiid,  the  inhiljitorv  nerves  no  longer  being 
able  to  keep  the  heart  in  check.  The  auricles  are  often 
later  in  being  accelerated  than  the  ventricles  because  the 
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Fig.  1143.— Tracings  of  the  Movements  of  the  Ventricle  (Lower)  and 
Auricle  (Upper)  under  Digitalis.  During  systole  the  levers  make 
an  up-stroke.  In  this  experiment  the  inhihitory  terminations  had 
been  paralyzed,  so  that  onlv  the  muscular  action  is  developed.  A^ 
Normal :  B,  after  digitalis.'  The  rhvthm  of  the  heart  is  sUghtly 
accelerated  in  B,  and  the  levers  extend  further  upward,  indicating 
a  more  perfect  systole  in  both  auricle  and  ventricle.  The  ven- 
tricular lever  does  not  reach  so  far  downward  in  B,  i.e.,  the  ven- 
tricular diastole  is  less  complete.    (From  Cushny.) 

inhibitory  nerves  have  a  greater  Influence  over  them. 
The  difference  in  rhythm  of  the  two  divisions  leads  to 
very  characteristic  variations  in  the  strength  of  the  con- 
tractions of  both  auricles  and  ventricles.  Numerous 
other  forms  of  irregularities  occur  which  it  is  Impossible 
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to  describe  in  a  few  words.  They  have  man.y  points  of 
resemblance  to  those  described  under  aconitine  and  can 
all  be  traced  to  the  increased  irritability  of  the  cardiac 
muscle  and  to  the  interference  of  the  (independent) 
auricular  and  ventricular  rhythms.  (For  detailed  ac- 
counts of  these  irregularities,  which  are  of  toxicological 
rather  than  of  pharmacological  interest,  see  the  elaborate 
descriptions  of  Cushnv,  Knoll  [Sitzb.  der  Wiener  Akrid., 
xci.\.,  Abth.  iii..  p.  31,  1890,  and  ciii.,  Sitz.  November  8th, 
1894],  and  Fran^ois-Franck.)  Many  of  the  forms  of 
irregularity  can  l)e  imitated  in  tlie  normal  animal  by 
electrical  stimulation  of  different  parts  of  the  heart 
(see  Cushuy,  Jouriutl  of  Phyifiblorjy ,  xxv.,  p.  49.  1899). 
Stimulation  of  the  accelerators  or  of  the  vagi  will  often 
cause  the  most  irregular  heart  to  become  regular  again, 
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Fig.  1143.— Traeinc  of  the  Auricular  (Upper)  and  Ventricular  Movements  (Lower)  under  Dig- 
italis, as  tile  First  Stage  Passes  into  the  Second.  During  systole  the  levers  move  upward, 
dming  diastole  downward.  The  rhythm  of  the  two  chainbtrs  is  at  first  the  same,  liut  soon 
changes,  the  auricle  maintaining  its  rapid  tieat,  while  the  ventricln  h.-comi's  slow  and 
irregular.  At  the  end  of  the  tracing  the  ventricle  ag-ain  becomes  rapid,  wliilp  the  auricles 
become  slow.  The  strength  of  the  contractions  and  the  extent  of  reiu.xation  of  the  ven- 
tricular muscle  remain  little  altered,  while  the  auricle  rapidly  weakens  in  strength,  but 
improves  again  at  the  end  of  the  tracing.    (From  Cushny.) 


and  there  is  some  evidence  that  the  tonic  activity  of  the 
accelerators  is  an  important  factor  in  counteracting  the 
tendency  of  the  heart  to  become  irregular  from  digitalis. 

Eventually  the  heart  passes  into  delirium  cordis  owing 
to  the  excessive  stimulation  of  the  cardiac  muscle.  After 
death  the  mammalian  heart  is  found  widely  dilated  in 
diastole,  not  contracted  in  svstole  as  is  the  case  with  the 
frog's  heart.  Thus  there  seems  to  be  a  difference  be- 
tween the  effects  of  digitalis  tipon  the  hearts  of  warm 
and  of  cold  blooded  animals — the  former  stopping  in 
diastole,  the  latter  in  systole.  Frangois-Franck  main- 
tains, however,  that  this  difference  is  only  apjiarent ; 
that  the  lieart  stops  in  systole  in  both  cases,  but  that  the 
niammaliau  heart  is  incapable  of  remaining  long  in  this 
condition. 

There  has  been  considerable  discussion  as  to  whether 
the  two  halves  of  the  heart  tire  influenced  alike  by 
digitalis.  Some  have  claimed  that  one  ventricle  was 
more  powerfully  stimulated  than  the  other  and  that  they 
at  times  beat  at  entirely  ditfereut  rhythms.  I^ater 
writers,  using  more  exact  methods,  have  failed  altogether 
to  confirm  these  results.  The  auriculo- ventricular  rhythm 
may  be  disturbed  but  the  two  aniricles  anil  the  two"  ven- 
tricles always  beat  at  the  same  rate,  although  variations 
in  the  strength  of  the  beat  may  occur  in  one  chamber 
independently  of  the  other. 

Experiments  upon  the  isolated  mammalian  heart  give 
results  in  entire  accoid  with  tliose  obtained  by  Cushny 
upon  the  heart  ia  connection  with  the  nervous  and  vascti- 
lar  systems.  Tschistowitsch  (CentralM.  fiir  Pliyxiol..  i., 
p.  133,  1887)  showed,  several  years  ago,  that  helleborein 
stimulates  the  isolated  heart  and  increases  its  output  per 
unit  of  time.  Recently  Hedbom  {Sktind.  Archie  fiir 
Phyitiol.,  viii.,  p.  18.5,  1898)  has  desciibed  in  detail  the 
action  of  digitalin  upon  the  isolated  rabbit  heart.  Im- 
mediately after  the  drug  reached  the  heart  there  was  a 
slight  acceleration,  just  as  we  have  seen  to  be  the  case 
when  digitalin  is  applied  to  the  frog  heart.  This  jirimarv 
acceleration  was  followed  by  a  long-continued  slowing 
during  which,  however,  the  "amplitude  of  the  beats  was 


much  increased.  If  the  heart  had  from  any  cause  be- 
come irregular,  small  doses  of  digitalin  caused  it  to  be- 
come more  regular  as  well  as  more  powerful.  If  the 
amount  of  digitalin  was  increased,  the  heart  beat  became 
rapid  and  the  various  kinds  of  irregularities  desciibed  by 
Cushny  were  produced;  then  there  was  a  sudden  short- 
ening of  the  ventricle  (amounting  in  some  cases  to  four- 
teen per  cent,  of  its  length)  and  the  heart  soon  stood  still. 
Boc^  (Areliie  fiir  exper.  Piith.  iind  P/iiiriiidkol.,  xli.,  p. 
17.5,  1898)  studied  the  action  of  helleborein  tipon  the  iso- 
lated mammalian  heart,  using  a  method  differing  in  some 
respects  fi-om  that  of  Hedbom;  the  results  were,  how- 
ever, essentially  the  same.  Bock  emphasizes  especially 
the  rise  of  [iressure  which  occurred  in  the  tubes  by  which 
the  peiipheral  vessels  were  replaced  in  his  experiments 
and  which  resulted  from  the  in- 
creased output  of  the  heart.  In  one 
experiment  in  which  the  heart  had 
been  beating  feebly,  helleborein 
caused  the  pressure  to  rise  from  '29 
mm.  to  80  mm.  of  mercury — a  strik- 
ing example  of  the  power  of  the 
drug  to  stimulate  the  cardiac 
muscle. 

To  sum  up  the  results  of  these  ex- 
periments upon  the  heart,  digitalis. 
in  small  doses  slows  the  heart,  but 
its  chief  action  is  to  increase  the 
contraction  in  systole.  This  in- 
creased contraction  leads  to  a  more 
complete  emptying  of  the  ventricle 
and  so  to  a  greater  output  of  the 
heart  and  a  rise  of  blood  pressure. 
In  the  normal  animal,  with  perfect 
valves,  and  in  which  there  is  no 
dilatation  of  the  heart,  constriction 
of  the  arterioles  caused  by  the  di- 
rect action  of  the  drug  upon  their 
walls  is  probably  as  important  a  factor  in  the  rise  of  blood 
pressure  as  is  the  increased  output  of  the  lieart.  But  ex- 
periments upon  animals  have  shown  that  the  increased 
output  of  the  heart  is  especially  marked  when  there  is 
even  a  slight  dilatation  of  the  heart :  and  the  experiments 
of  Bock  show  what  a  marked  rise  of  pressure  may  be 
produced  by  the  cardiac  action  alone.  When  it  comes 
to  certain  cases  of  chronic  valvular  lesions  in  man  in 
which  the  dilatation  is  far  in  excess  of  anything  we 
ever  liave  in  experiments  upon  animals,  we  are  justi- 
fied in  concluding  that  the  cardiac  action  of  the  drug^ 
is  by  far  the  most  imjiortant  factor  in  the  rise  of  blood 
pressure  which  undoubtedly  occurs.  The  heart  action 
of  digitalis  also  has  a  ditferent  effect  upon  the  pressure 
in  the  veins  in  cases  of  valvular  insufficiency  from  its 
effect  in  normal  animals.  In  the  latter  mere  increase 
in  the  output  of  the  heart  is  powerless  to  lower  the 
venous  pressure  and  so  relieve  venous  congestion ;  only 
a  constriction  of  the  arterioles  can  bring  this  about. 
With  incompetent  valves,  however,  the  greater  con- 
traction of  the  cardiac  muscle  caused  liy  digitalis  will 
lessen  the  regurgitation  and  so  the  backward  pressure 
in  the  veins;  this  leads  to  a  fall  of  venous  pressure  and 
so  to  a  lessening  of  venous  congestion.  The  constric- 
tion of  the  arterioles  caused  by  digitalis  will  add  to  this 
result,  but  the  cardiac  action  alone  is  often  sufficient. 

Too  much  emphasis  is  sometimes  laid  upon  what  are, 
after  all.  but  minor  features  of  the  action  of  digitalis — 
the  slowing  of  the  heart  and  the  constriction  of  the 
arterioles.  Both  of  these  actions  are  undoubtedly  im- 
portant in  many,  perhaps  in  most  cases,  but  the}'  are  en- 
tirely subordinate  to  the  action  upon  the  cardiac  muscle. 
Aconitine  or  veratrum  viride  will  catise  as  great  a  slow- 
ing of  the  heart  as  will  digitalis;  strychnine  or  the  extract 
of  the  suprarenal  glands  will  constrict  the  vessels  even 
more  strongly,  but  none  of  these  drugs  or  any  combina- 
tion of  them  can  replace  digitalis. 

So  far  we  have  spoken  of  the  action  of  "digitalis," 
ignoring  the  fact  that  several  active  principles  are  con- 
tained in  the  usual  preparations.     Our  knowledge  of  tii^ 
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active  principles  is.  liowever.  so  unsatisfactory  and  the 
isolation  of  some  of  them  is  attended  with  such  difficulty 
and  expense  that  they  are  not  used  very  extensively  in 
medicine.  Sehmiedeberg  {Ardiie  fiir  e.tpei:  Path,  itnil 
Pharmakul.,  iii.,  p.  19,  1874)  described  three  active  prin- 
ciples in  digitalis  and  named  them  digitalin.  digitalein, 
and  digito.xin.  Kiliani  (.1  ;■<•/(/('  tier  Phurmacie.  1892-99) 
has  published  a  series  of  papers  in  the  earlier  of  which  he 
stated  that  the  digitaleiuof  .Sehmiedeberg  was  probably  a 
mixture  of  digitalin  and  some  inert  substance;  he  also  de- 
scribed a  new  glucoside  occurring  in  the  leaves  which  he 
named  digitopliy Uin.  According  to  these  earlier  iuvestiga- 
tionsof  Kiliani  the  leaves,  from  which  the  pharmacopa?ial 
prepai'ations  arc  made,  contain  three  glucosides,  digito.xin, 
digitophyllin,  and  a  body  resembling  digitalin;  digitalin 
itself  is  probably  absent.  All  of  these  glucosides  have  a 
similar  action,  but  digitoxin  ,seemed  to  be  the  most  abun- 
dant and  was  founil  to  be  by  far  the  most  active.  In  fact 
digitoxin  is  one  of  tlie  most  toxic  substances  known. 
From  these  investigations  of  Kiliani  it  seemed  that  the 
pharmacopceial  pre|iarations  owed  their  activity  largely 
to  digitoxin,  although  the  almost  complete  insolubility  of 
this  body  in  water  and  its  extremely  irritating  properties 
made  it  difficult  for  some  to  accept  this  view.  Very 
recently  Kiliani  (Airhir  tier  Plmniiacie,  ccxxxviii.,  ]i. 
464,  1899)  has  confirmed  tlie  old  statement  of  Sehmiede- 
berg that  there  is  a  distinct  body,  digitalein,  ea.sily  solu- 
ble in  water  and  which  occurs  in  both  the  seeds  and 
leaves.  Bohm  (quoted  b}-  Kiliani,  loc.  cit.)  believes  that 
the  activity  of  the  infusion  is  due  very  largely  to  this 
digitalein.  This  work  is  so  recent  that  no  experiments 
seem  to  have  been  made  to  determine  to  what  extent 
digitalein  can  be  used  instead  of  the  galenic  preparations. 
Experiments  had  already  indicated  that  neither  digitalin 
nor  digitoxin  coidd  entirely  replace  the  tincture  and 
infusion  in  therapeutics. 

A  very  large  number  of  other  plants  contain  substances 
with  a  physiological  action  very  like  that  of  digitalis.  A 
few  of  these  are  used  in  medicine,  while  others  are  of  in- 
terest chiefly  because  they  have  been  used  as  arrow  or 
ordeal  poisons.  It  is  known  that  there  are  minor  differ- 
ences between  the  action  of  some  of  these  substances  and 
that  of  digitalis;  some,  for  example,  have  a  greater 
effect  upon  the  heart  anil  a  less  effect  upon  the  blood- 
vessels, others  stinudate  the  vagus  centre  very  power- 
fully, etc.  Few  comparative  studies  have  lieen  made, 
however,  although  they  are  extremely  desirable. 

Some  of  the  other  members  of  this  series  will  be  men- 
tioned, and  the  points  in  which  their  action  differs  from 
that  of  digitalis  noted  when  this  is  known.  Strophanthus 
liispidus  and  S.  Kombe  contain  a  body,  strophanthin, 
which  is  usually  considcreil  to  be  a  glucoside.  Strophan- 
thin acts  as  ]iowerfully  upon  the  heart  as  does  digitalis 
but  has  less  effect  in  constricting  the  vessels ;  it  does  not 
cause  as  great  a  rise  of  pressure  in  the  pulmonary  artery 
as  does  digitalis.  Erythrophlann  (a  glucosidal  alkaloid, 
derived  from  Erythrophkeiuu,  sassy  or  casca  bark)  seems 
to  act  less  upon  the  cardiac  muscle  and  more  upon  the 
vagus  centre  than  the  others.  Sipdlls  contains  a  gluco- 
side, scillain,  about  which  very  little  is  known.  Prepara- 
tions of  scjuills  act  upon  the  heart  like  digitalis,  but  they 
are  used  less  for  this  action  than  for  their  action  as  ex- 
pectorants and  diuretics;  it  is  very  probable,  liowever, 
that  their  cardiac  action  is  an  important  factor  in  bring- 
ing about  the  changes  in  the  respiratory  mucous  mem- 
brane and  in  the  kidneys,  for  the  circulation  through 
these  parts  is  improved  by  the  drug.  Helleborein  (the 
glucoside  found  in  Helleljorus  niger)  and  convallamarin 
(derived  from  the  lily  of  the  valley)  are  both  very  solu- 
ble in  water,  and  it  was  liojied  that  the}'  might  prove 
valuable  remedies  when  it  was  desired  to  use  pure  sub- 
stances. Extended  obser\ations  have  shown  them  to  be 
unreliable,  and  when  they  are  used  at  all  it  is  in  the  form 
of  the  galenic  preparations.  Euouymin  (from  Euonymus 
atropurpureus,  wahoo)  is  used  as  a  purgative  rather 
than  as  a  cardiac  stimidant. 

Some  of  the  other  substances  belonging  to  this  series 
are  apoc^nein  (from  Apocynuni  eannabinum.  Canadian 


hemp),  adonidin  (from  Adonis  vernalis,  pheasant's  eye), 
antiarin  (from  Antiaris  toxiearia.  the  upas  tree),  one  of 
the  most  powerful  substances  of  tlie  series;  neriin  and 
neriodorin  (to  which  the  poisonous  properties  of  nerium 
or  the  oleander  are  partly  due),  thevetin  and  eerberin 
(from  thevetia),  eorouillin  (from  coronilla)  and  tanghinin 
(from  Tanghinia  venenifera).  The  arrow  poisons  quabaiu 
and  echujin  also  belong  to  this  series. 

The  skins  of  certain  toads  were  formerly  used  as 
remedies  for  dropsy.  Modern  investigations  have  shown 
them  to  contain  a  poison,  phrynin,  which  has  an  action 
upon  the  heart  very  similar  to  that  f)f  digitalis.  Epine- 
phrin,  the  active  principle  of  the  suprarenal  glands,  also 
resembles  digitalis  in  some  of  its  plu'siological  proper- 
ties. The  salts  of  barium  have  an  action  upon  the  heart 
and  blood-vessels  similar  in  many  respects  to  that  of  tlie 
digitalis  series. 

For  a  discussion  of  the  use  of  these  drugs  in  thera- 
peutics the  reader  is  referred  to  tlie  articles  on  IlfdH 
Disenne^ ;  only  a  few  of  the  more  general  indications 
for  their  use  can  be  given  here.  If  has  been  shown 
that  the  circulation  is  influenced  in  three  principal  ways 
by  medicinal  doses  of  digitalis;  the  pulse  is  slowed,  the 
heart  contracts  more  completly  in  systole  so  that  the 
imlse  volume  is  increased,  and  the  peripheral  arterioles 
are  constricted.  Of  these  the  second  action  vs  by  far  the 
most  important  in  therapeutics.  The  action  of  digitalis 
in  slowing  the  heart  is  taken  advantage  of  in  treating 
some  cases  of  palpitation,  of  "irritable  heart,"  and  in  a 
number  of  other  cases,  as  in  certain  stages  of  valvular 
diseases,  acute  febrile  conditions,  etc.,  in  which  the  heart 
is  beating  feebly,  but  rapidly  and  irregularly.  On  the 
other  hand,  the  slowing  of  the  heart  is  in  some  cases  an 
undesirable  feature  of  the  action  of  digitalis,  for,  as  has 
been  already  shown,  it  is  due  to  a  stimulation  of  the  in- 
hibitory nerves,  and  the  latter  has  an  ett'eet  just  the  op- 
posite of  the  action  of  the  drug  upon  the  cardiac  muscle. 
It  is  the  inhibitory  action  which  often  prevents  an  in- 
crease in  the  contraction  of  the  auricle ;  in  fact,  a  diminu- 
tion of  the  force  of  the  auricular  contraction  is  often 
observed.  The  same  effect  is  produced  upon  the  ven- 
tricle, but  here  the  muscular  action  is  able  to  overcome 
the  inhibitory  action  to  such  an  extent  that  the  latter  is 
not  usually  a  disturbing  element.  A  drug  in  which  the 
muscular  action  of  digitalis  was  well  marked  while  the 
inhibitory  action  was  minimal,  would  doubtless  be  much 
more  valuable  in  many  cases  than  digitalis.  In  erythro- 
phla'in  the  inhibitory  action  is  well  developed  while  the 
muscular  action  is  but  little  marked;  unfortunately  no 
drug  is  at  present  known  in  which  the  opposite  is  the  case. 

Tlie  constriction  of  the  arterioles  b}'  digitalis  is  in  many 
cases  a  desirable  feature  of  its  action,  for  by  it  the  general 
blood  pressure  is  raised  and  the  blood  accumulates  in  the 
arteries  and  excessive  venous  pressure  is  relieved.  The 
constriction  of  the  arterioles  seems  to  be  a  factor  in  the 
production  of  diuresis;  at  least  strophanthin  which  does 
not  have  so  marked  an  effect  upon  the  arterioles  causes 
much  less  diuresis  than  does  digitalis.  In  many  cases, 
on  the  other  hand,  it  has  been  found  desirable  to  counter- 
act the  effect  of  digitalis  u|ion  the  arteries  while  retain- 
ing its  action  upon  the  heart.  This  result  is  obtained  by 
combining  the  digitalis  witli  some  drug  (usually  a  mem- 
ber of  the  nitrite  group)  which  causes  a  dilatation  of  the 
peripheral  vessels;  or  the  difflculty  may  be  got  around 
liy  the  use  of  sti-ophanthin,  which  does  not  constrict  the 
vessels  very  greatly. 

It  is  in  virtue  of  its  action  upon  the  cardiac  muscle  that 
digitalis  is  chiefly  used  in  medicine  and  bj'  which  it  is  en- 
abled to  play  a  role  which  can  be  tilled  by  no  other  sub- 
stance. Dilatation  of  the  heart  from  almost  any  cause,  _ 
provided  that  extensive  degeneration  of  the  cardiac  muscle' 
is  not  present,  is  the  indication  for  its  use.  In  such  a  case 
the  action  is  very  simple  and  is  almost  specific.  In  dilata- 
tion the  heart  is  not  only  abnormally  relaxed  in  diastole, 
but  the  amount  of  blood  remaining  at  the  end  of  systole 
is  greatly  increased.  Digitalis  causes  a  more  complete 
emptying  of  the  ventricle,  i.e.,  the  pulse  volume  is  in- 
creased ;  this  and  the  constriction  of  the  arterioles  lead  to 
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a  higher  blood  pressure  and  a  more  unifonn  flow  through 
the  capillaries.  Venous  congestiou  is  relieved  and  the 
nutrition  of  the  various  organs,  including  the  heart,  is 
improved.  At  the  same  time  the  relaxation  in  diastole  is 
usually  lessened  so  that  the  heart  assumes  more  nearly  its 
normal  form.  It  is  especially  in  dilatation  in  cases  of 
valvular  disease  that  digitahs  is  used;  in  such  cases  in 
addition  to  the  above  action  the  drug  causes  a  contraction 
of  the  ring  of  muscle  surrounding  the  diseased  vahe,  and 
this  tends" to  limit  the  regurgitation.  A.s  a  result  of  the 
increased  work  of  the  heart  and  its  better  nutrition  the 
condition  of  the  muscular  tissue  is  improved  to  such  an 
extent  that  after  a  time  the  drug  can  often  be  dispensed 
with  for  longer  or  shorter  periods. 

The  question  is  often  debated  whether  digitalis  should 
be  used  in  aortic  insufficiency ;  the  theoretical  objection 
Las  been  made  that  the  prolonged  diastole  might  allow 
time  for  sutticient 
blood  to  regurgi- 
tate to  lead  to 
syncope.  Physi- 
cians seem  to 
hold  now  that 
digitalis  is  just  as 
serviceable  in  the 
dilatation  accom- 
panying aortic  in- 
sufficiency as  in 
other  cases,  pro- 
vided it  is  given 
with  care.  A  lit- 
tle experiment  of 
Dreser's  (Arcliiv 
fiir  e.rpcr.  Path. 
II nd  Pharmakol., 
xxiv.,  p.  238,1888) 
may  be  mentioned 
in  this  connection. 
The  valves  of  the 
ventricle  of  a 
frog's  heart  were 
destroyed,  the 
ventricle  was  tied 
to  a  perfusion  can- 
nula on  one  limb 

of  which  was  an  outflow  tube.  This  arrangement  repre- 
sented roughly  the  condition  in  aortic  insufHciency;  the 
pressure  of  the  liquid  in  the  upright  tube  represented 
the  aortic  pressure,  while  the  side  tube,  from  which  the 
blood  was  collected,  represented  the  peripheral  circula- 
tion. Blood  was  leil  to  the  heart  and  the  amount  ex- 
pelled from  the  side  tube  measured.  Digitalis  (or  helle- 
borein)  was  now  added  to  the  blood ;  the  heart  was 
slowed  so  that  there  was  a  greater  opportimity  for  the 
blood  to  drain  back  through  the  broken  valves  into  the 
ventricle,  and  if  the  above  theory  were  correct  the  out- 
flow from  the  side  tube  (i.e.,  the  peripheral  circulation) 
should  be  diminished.  Dreser  found,  on  the  contrary, 
the  outflow  to  be  uniformly  niiu'h  increased;  the  in- 
creased output  of  the  ventricle  and  the  prolonged  sys- 
tole had  more  than  counteracted  the  effect  of  \he  pro- 
longed diastole.  This  little  experiment  is  of  interest  as 
it  shows  that  the  only  experimental  evidence  we  have 
agrees  with  the  clinical  evidence  that  digitalis  is  useful 
in  aortic  insufficiency. 

Members  of  the  digitalis  series  are  used  for  other  pur- 
poses than  as  cardiac  tonics,  although  the  heart  action 
probably  plaj'S  a  more  important  part  here  than  is  al- 
ways recognized.  Thus  the  good  results  following  the 
use  of  squills  as  an  expectorant  are  almost  certainly  due 
"in  part  to  an  improvement  of  the  pulmonary  circulation. 
Several  of  the  series  are  used  extensively  as  diuretics;  the 
fact  that  as  a  rule  they  produce  marked  diuresis  only 
when  there  is  a  diseased  condition  of  the  heart  points  to 
the  effect  upon  the  kidney  being  secondary  to  changes  in 
the  circulation.  On  the  other  hand  some  of  these  drugs 
produce  diuresis  in  normal  rabbits,  and  occasionally  in 
healthy  dogs  and  man,  when  there  is  no  evidence  that  the 
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Figs.  1144  and  114.5.— Traelng  of  the  Ventricle  of  the  Dor's  Heart :  1144.  Normal ;  1145.  After 
Caffeine.  The  lever  moves  upward  during  svstole.  downward  during  diastole.  The  only  al- 
teration caused  bv  caffeine  is  acceleration.  The  slightly  larger  excursion  in  diastole  in  1145 
is  mechanical.    (Contrast  tracings  under  digitalis  :  Hgs.  1141  and  1142.)     (From  Cushny.) 


renal  circulation  is  altered ;  this  indicates  that  some  of 
the  series,  especially  squills  and  digitalis,  have  a  direct 
action  upon  the  renal  epithelium,  but  comparatively  little 
satisfactory  work  has  lieeu  done  upon  this  subject.  Tliere 
can  be  little  doubt  that  the  extraordinary  (liuresis  pro- 
duced by  digitalis  in  cases  of  cardiac  drops}-  is  due  largely 
to  an  improvement  in  the  renal  circulation ;  the  blood  is 
removed  from  the  veins  and  collected  into  the  arteries, 
the  congestion  of  the  kidney  relieved  and  a  more  imiform 
and  active  circulation  established — a  condition  favorable 
for  the  secretion  of  the  urine. 

Sparteine,  the  alkaloid  of  broom  (Cytisus  scoparius),  has 
been  included  by  some  in  the  class  of  cardiac  stimulants. 
It  has  been  said  to  have  an  action  similar  to  that  of  digi- 
talis; recent  work  (Cuslmy  and  ^Matthews,  Archie  fiir 
exper.  Path.  vnO  Phui-jiidhA..  xxxv.,  p.  129,  1S9."))  has 
shown  this  resemblance  to  be  entirely  supeificial  and  that 

the  drugs  have 
little  in  common. 
Broom  is  used  to 
some  extent  as  a 
diuietic  in  cardiac 
diseases ;  it  is  also 
said  to  make  the 
heait  beat  more 
regularly. 

Cactus  grandi- 
florus  (cereus)  haa 
been  warmly  rec- 
o m mended  by 
some  clinicians  as 
a  cardiac  stimu- 
lant. Very  little 
is  known  about 
the  chemistry  of 
this  drug  or  its- 
|)hysiological  ac- 
tion ;  there  is  cer- 
tainly no  evidence 
that  it  belongs  to 
the  digitalis  series, 
as  has  been  claim- 
ed by  some.  It  is 
said  to  accelerate 
the  heart  and  to 
cause  a  rise  of  blood  pressure ;  the  latter  seems  to  be  due 
in  part  to  a  stimulation  of  the  vasomotor  centre.  It  ia 
sometimes  combined  with  digitalis,  but  is  said  to  be  es- 
pecially useful  in  certain  cases  in  which  digitalis  is  con- 
tniindicated.  It  is  said  to  be  valuable  in  cardiac  weak- 
ness due  to  tea,  coffee,  alcohol,  tobacco,  etc. 

Ciiffciiie. — Caffeine  has  a  very  characteristic  action, 
upon  cardiac  muscle  which  makes  it  a  cardiac  stimulant 
of  great  value  in  some  cases;  it  has  also  a  stimulating- 
action  upon  the  vaso-motor  and  other  medullary  centres. 
The  changes  in  the  cardiac  muscle  have  been  most  care- 
fully studied  in  the  frog's  heait.  When  blood  containing 
minute  quantities  of  caffeine  is  perfused  through  a  frog's 
heart  placed  in  a  William's  heart  apparatus,  the  rate  of 
the  heart  is  slightly  accelerated  and  the  amount  of  blood 
expelled  at  each  beat  slightly  increased,  but  the  most 
marked  change  is  an  increase  in  the  force  of  the  beat 
(Dreser,  Archie  fi'tr  ej-per.  Path,  iind  Pharmakol.,  xxiv., 
p.  233,  1888).  The  heart  is  able  to  contract  against  a 
much  greater  aortic  pressure  than  normally — that  is,  thfr 
"  absolute  power "  of  the  cardiac  muscle  is  increased. 
Dreser  compares  this  action  of  caffeine  to  an  inciease  in 
the  cross  section  of  tlie  muscle  fibres  while  their  length 
remains  the  same.  Caffeine  has  thus  an  action  entirely 
different  from  that  of  digitalis ;  the  effect  of  the  latter  ia 
the  same  as  lengthening  the  muscle  fibres  while  the  cross 
area  remains  the  same;  the  extent  of  the  contraction 
under  digitalis  is  increased,  while  the  absolute  force  is 
scarcely  altered. 

After  larger  quantities  of  the  drug  the  heart  becomes 
slower  and  its  volume  smaller;  then  the  apex  ceases  to 
relax  with  the  rest  of  the  ventricle,  but  remains  white  and 
contracted,  and  eventually  the  whole  heart  passes  into  a. 


Fig.  1145 
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condition  of  rigor.  In  all  these  respects  tlie  action  of 
caffeine  upon  the  cardiac  muscle  is  ver}'  similar  to  the 
remarkable  effects  the  drug  is  known  to  have  upon  ordi- 
nary skeletal  muscle. 

Upon  the  mammalian  heart  the  chief  effect  of  caffeine 
which  has  been  described  is  an  acceleration  of  the  rate : 
this  acceleration  occurs  when  the  heart  is  entirely  isolated 
from  the  central  nervous  system  (Bock,  ArcJiip'fur  expei: 
Path,  iiiid  Plidniiakol.,  xliii..  p.  367.  1900).  and  must 
therefore  be  attributed  to  a  stimulation  of  the  cardiac 
muscle.  No  observations  seem  to  have  been  made  upon 
the  effect  of  caffeine  on  the  absolute  power  of  the  mam- 
malian heart ;  that  the  extent  of  the  contractions,  and  so 
the  pulse  volume,  is  not  increased  is  shown  by  the  accom- 
panying myocardiograms  (Figs.  1144  and  114.5). 

When  caffeine  is  administered  to  a  normal  animal  the 
effects  \ipou  the  lieart  are  somewhat  oliscured  liy  the 
simultaneous  action  upou  certain  nerve  centres.  As  a 
rule  the  heart  is  accelerated,  but  at  times  it  is  slightly 
slowed  by  a  stimulation  of  the  centre  of  thecardio-inhibi- 
tory  nerves.  On  tlie  other  hand,  stimulation  of  the  vagi 
is  usually  less  effective  in  slowing  the  heart  after  caffeine 
owing  to  the  increased  irritability  of  the  cardiac  muscle. 
That  the  cardiac  acceleration  is  not  due  to  a  paralysis  of 
the  terminations  of  the  vagi  is  shown  by  the  fact  that  it 
occurs  after  these  have  been  paralyzed  by  atropine;  the 
acceleration  must  be  attributed  to  a  direct  stimulation  of 
the  heart  muscle.  After  larger  doses  the  heart  becomes 
weak,  irregular,  and  arhythmic.  resembling  the  condition 
seen  in  digitalis  poisoning.  The  vasoconstrictor  centre 
is  stimulated  \)y  caffeine :  this  and  the  increased  output 
of  the  heart  due  to  the  acceleration  cause  a  rise  of  blood 
pressure.  The  most  marked  effects  upon  the  circulation 
are  seen  in  animals  in  whieii  this  has  been  depressed 
bv  such  a  drug  as  alcohol.  Thus  Biuz  found  that  the 
blood  pressure  of  a  dog  deeply  under  the  influence  of 
alcohol  I'ose  fi-om  84  to  120  ram.  in  ten  minutes  after 
the  subcutaneous  injection  of  caffeine;  the  pulse  rate 
was  doubled.  The  respiration  was  also  greatly  im- 
proved. 

Administered  to  a  healthy  man  a  moderate  dose  of 
caffeine  causes  the  pulse  to  become  full  and  hard;  it  is 
also  moderately  accelerated.  Occasionally  there  is  a 
slowing  due  to  stimulation  of  the  vagi. 

Theobromine  has  an  action  upon  the  heart  very  similar 
to  that  of  caffeine ;  the  peripheral  vessels  are  not  con- 
stricted, however,  and  so  the  rise  of  blood  pressure  is 
much  less  marked. 

The  great  diuretic  power  of  caffeine  has  been  attributed 
to  the  changes  in  the  circulation,  and  it  is  probable  that 
these  do  exert  a  favorable  influence  when  the  blood  press- 
ure is  very  low.  Under  ordinary  circumstances,  how- 
ever, the  constriction  of  the  blood-vessels  antagonizes  the 
diuretic  action,  and  the  latter  can  often  be  obtained  only 
when  the  caffeine  is  combined  with  such  drugs  as  chloral 
hydrate  or  paraldehyde  which  dilate  the  vessels.  It  is 
now  generally  held  that  caffeine  and  theobromine  pro- 
duce diuresis  by  a  direct  action  upon  the  I'enal  epithelium, 
and  entirely  independent  of  their  action  upon  the  circu- 
lation. 

The  experiments  upon  animals  indicate  the  class  of 
cases  in  which  caffeine  might  be  expected  to  give  good 
results  in  therapeutics.  It  is  chiefl_y  in  eases  in  which  the 
heart  is  simply  weak  and  in  which  there  is  no  dilatation 
that  caffeine  is  indicated ;  it  causes  the  output  of  the 
heart  to  be  increased  and  the  blood  pressure  to  rise.  It 
is  especially  useful  in  cases  of  alcoholic  and  opium  poi- 
soning, for  not  only  is  the  cardiac  muscle  stimidated  in 
these,  but  the  vasomotor  and  respiratory  centres  are  also 
thrown  into  increased  activity.  Caffeine  cannot  be  con- 
sidered a  substitute  for  digitalis,  for  it  has  almost  no 
effect  upon  dilatation  of  the  heart  in  valvular  lesions; 
it  is  often  used  in  such  cases,  either  alone  or  combined 
with  digitalis,  but  the  beneficial  residts  seem  to  be  due 
much  more  to  its  diuretic  than  to  its  cardiac  action. 

StryehniiK. — Strychnine  has  come  into  somewhat  ex- 
tensive use  in  recent  years  as  a  cardiac  stimulant ;  the 
good  results  following  its  use  are  probably  to  be  at- 


tributed to  its  action  upon  certain  parts  of  the  central 
nervous  system  (especially  th?  vaso-motor  centre)  and 
the  nutrition  generally,  rather  than  to  any  special  action 
upon  the  heart.  At  the  same  time  there  is  some  evidence 
that  the  frog's  heart  is  directly  stimulated  by  small 
quantities  of  strychnine  while  larger  amounts  weaken 
and  slow  it.  In  the  mammal  strychnine  causes  a  slight 
slowing  of  the  heart  due  to  stimulation  of  the  vagus 
centre.  If  convulsions  occur,  the  heart  becomes  acceler- 
ated just  as  it  does  in  struggling  from  any  cause.  Few 
drugs  have  such  a  powerful  action  upon  the  vaso-con- 
strictor  centre  as  has  strychnine.  AVhether  convulsions 
occur  or  not  the  arterioles  are  constricted  to  an  extreme 
degree  and  the  blood  pressure  rises  enormously.  The 
irritability  of  the  subsidiar}-  vasomotor  centres  in  the 
spinal  cord  is  increased,  so  that  a  reflex  rise  of  blood 
pressure  may  follow  stimulation  of  a  sensory  nerve  after 
the  influence  of  the  chief  vaso-constrictor  centre  has  been 
removed  b}'  section  of  the  cervical  cord. 

Strychnine,  like  iron,  seems  to  be  used  rather  as  an  ad- 
juvant to  digitalis  in  the  treatment  of  heart  diseases;  at 
the  same  time  it  is  frequently  recommended  in  those  cases 
in  which  digitalis  is  contraindicatcd.  It  is  also  used  in 
cardiac  failure  during  typhoid  and  other  fevers,  shock, 
etc. ;  in  these  cases  the  action  is  probablj'  mainly  upon 
the  vaso-motor  centre.  Eeid  Hunt. 

CARDIOGRAPHY.     See  Heart. 

CARLSBAD  (Karlsbad)  is  one  of  the  most  important 
thermal  stations  of  Europe;  indeed,  its  reputation  is 
world-wide.  It  is  charmingly  situated  in  the  northwest- 
ern corner  of  Bohemia,  some  70  miles  from  Prague, 
at  an  altitude  of  about  1,160  feet,  l}'ing  in  the  narrow 
valley  of  the  Tepel  River  among  the  pine-  and  fir-  clad 
hills  traversed  by  paths  in  all  directions.  There  are  many 
beautiful  walks  and  drives  in  the  woods  covering  the 
slopes  of  the  valley,  and  attractive  excursions  in  the  en- 
virons. "The  valley  in  which  it  lies  is  shielded  from  the 
south  and  east  winds  by  the  moiuitains,  but  is  exposed 
to  the  winds  from  the  north  and  west,  and  the  climate  is 
consequently  somewhat  trying  and  subject  to  sudden 
changes  in  temperature  "  (Stedman).  The  native  popu- 
lation is  about  12.000.  and  upward  of  30,000  people 
visit  the  springs  annually. 

These  thermal  waters  are  said  to  have  been  discovered 
in  1347,  by  the  Empeior  Charles  IV.,  while  hunting, 
but  Carlsbad  was  known  as  a  health  resort  a  century 
earlier  (Baedeker).  "  The  springs  issue  from  apertures  in 
the  rocky  shell  upon  which  most  of  the  town  is  built, 
and  are  sixteen  in  number,  all  similar  in  their  ingredi- 
ents, which  are  principally  sulphate  of  sodium,  carbonate 
of  sodium,  and  common  salt.  They  are  chiefly  taken  in- 
ternally. The\'  vary  in  temperature,  the  hottest  having 
the  least  amount  of  carbonic  acid  gas.  Some  of  the  prin- 
cipal springs  are  the  following  (with  their  temperatures, 
Fahrenheit  scale): 

"Sprudel.  162..")° — a  steaming  fountain  leaping  up  at 
short  intervals,  and  having  a  capacity  of  four  hundred 
and  fifty  gallons  per  minute;  Fel.sencjuelle,  138°;  Schloss- 
brunnen.  127°;  Mlihlbrunnen,  124..5° ;  Theresienbrunnen, 
133°;  Marktbrunnen,  118°.  These  waters  are  classed 
among  the  sulphated  alkaline  waters."  The  following 
is  the  composition  of  the  Sprudel  water,  according  to  the 
analysis  of  Ragsky.  as  given  by  Stedman.  "Each  litre 
(1.7(i  pint)  contains; 

Grams.    Grains. 

SulphatP  of  sociiiim 2.373   =  3a.a8 

Siil)pliatf  ..f  i-ali'ium liW   =    2.44 

ClilurkU-  (it  sodiiini 1.030    =  1.5.4.5 

Carbonate  of  sodium 1.3W1    =  20.41 

Carbonate  of  calcium 297   =    4.4.5 

Carbonate  of  maprnesiura 124   =    1.86 

Carbonate  of  strontium IXXe  =     .012 

Protoxide  of  iron 003   =     .03 

Protoxide  of  manganese 0006=     .009 

Fluoride  of  calcium 003   =     .045 

Phospliate  of  calcium 0002=     .003 

Silica 0072=     .108 

Carbonic  acid  in  one  litre  310.59  c.c."  (Stedman) . 
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Although,  as  lias  been  said,  the  waters  are  now  used 
chiefly  iuterually,  there  are  .seven  bath  houses  with 
mineral,  mud,  vapor,  hot  air.  and  other  baths,  and  with 
massage  and  Swedish  movements.  The  Kaiserbad  is 
said  to  be  "  one  of  the  most  magnificent  bath  houses  of 
Europe."  The  conditions  for  which  tlie  internal  use  of 
Carlsbad  water  is  beneficial  are  stated  by  Weber  to  be  the 
following: 

In  the  first  place,  affections  of  the  liver,  including 
catarrhal  jaundice,  frequent  attacks  of  biliary  colic,  early 
stages  of  alcoholic  cirrhosis,  enlargement  of  the  liver 
in  great  eaters,  etc.  Secondly,  habitual  constipation, 
hemorrhoidal  conditions  in  robust  persons,  some  cases  of 
chronic  gastric  and  intestinal  catarrh  with  or  without 
diarrhaa,  some  cases  of  dyspepsia,  uric-acid  diathesis, 
chronic  glycosuria  in  fat  people,  and  corpulence,  which 
is  often  combined  with  a  weak-acting  heart.  Enlarge- 
ment of  the  spleen  is  also  said  to  be  benefited  by  these 
waters,  as  are  also  periodic,  frequently  recurring  head- 
aches connected  with  abdominal  disorders.  Disturbances 
of  the  female  pelvic  organs,  chronic  congestion  and  en- 
largement of  tlie  uterus,  chronic  affections  of  the  conjunc- 
tiva and  deeper  structures  of  the  eye,  and  chronic  aural 
catarrh  are  all  likely  to  be  benefi'ted  or  cured  by  the 
Carlsbad  waters  (Stedman). 

During  the  summer  the  usual  time  for  drinking  the 
waters  is  from  half-past  five  to  half-past  eight  in  the 
morning,  an  interval  of  about  a  quarter  of  an  hour  being 
allowed  after  each  glass  (  5  vi.),  and  the  dose  being  from 
two  to  six  glassf uls. 

In  beginning  a  course  of  treatment  the  spa  physician 
carefully  considers  each  case,  and  regulates  the  habits  and 
diet  of  the  patient.  Probablj-  the  regularity  in  daily  life 
and  diet  has  very  much  to  do  with  the  improvement  of 
the  patient.  Tlie  average  daily  programme  of  the  or- 
dinary Kurg.lste  is  outlined  by  Weber  as  follows; 

"Rise  early  to  drink  the  water,  and  in  the  intervals 
promenade  to  the  sound  of  the  music;  walk  to  some  cafe, 
and  take  breakfast  at  about  9  a.m.,  consisting  of  coffee 
or  tea,  rolls,  and  perhaps  boiled  eggs  or  ham.  At  about 
one  o'clock  the  chief  meal  of  the  day  is  taken ;  coffee 
and  tea  at  about  4  p.m.,  and  a  light  supper  in  the  even- 
ing." Those  who  liave  been  ordered  a  coiu-se  of  baths 
mostly  take  them  in  the  forenoon.  There  are  a  fine  C'ur- 
haus  and  a  good  theatre;  classical  concerts  are  given 
regularly;  there  are  covered  walks;  in  brief,  there  is 
almost  everything  which  will  render  the  stay  of  the  in- 
valid agreeable  and  pleasant.  There  are  also  good  edu- 
cational facilities. 

The  season  lasts  from  the  middle  of  April  to  the  end  of 
September  or  October,  although  one  can  take  the  waters 
at  anv  season  of  the  year.  Besides  the  amount  of  water 
dnmk  at  Carlsbad,  it  is  said  that  about  3,000,000  bottles 
and  110,000  pounds  of  the  salt  are  exported  annually. 

An  after-cure  is  always  recommended  subsequent  to  a 
course  at  Carlsbad.  Instead  of  returning  home  immedi- 
atel}',  and  at  once  lesuming  his  or  her  usual  mode  of  life, 
the  ijatient  should  abstain  from  active  work,  adopt  a 
simple  diet,  and  live  outdoors  as  much  as  possible  for 
some  weeks. 

Carlsbad  is  reached  by  various  routes  in  aliout  thirty- 
one  hours  (from  London);  by  Cologne,  Wurzburg,  and 
Niirnberg  or  Bamberg;  by  Paris.  Stuttgart,  and  Nlirn- 
berg;  or  by  Cologne,  Leipsic,  Dresden,  and  Kromotan. 

For  the  major  part  of  the  above  account  of  C^arlsbad. 
the  writer  is  indebted  to  "  Spas  and  Mineral  Waters  of 
Europe"  (by  Hermann  and  F.  Parkes  Weber.  London, 
LSlKi),  to  which  the  reader  is  referred  for  much  valuable 
information  upon  this  subject.  Edward  0.  Otis. 

CARMINE.     Sec  Cochineal. 

CARCBA. — A  name  applied  t(j  the  leaflets  of  several 
species  of  JacnniiKla  (fam.  Bigrmniac^'a'),  small  trees  of 
Brazil,  especially  of  J.  proceed  (Willd.)  Spreng.  and  ./. 
Ciiroba  (Veil.)  D.  C:.  They  contain  resinous  ami  slightly 
aromatic  constituents,  and  the  crystalline,  apparently  in- 
sective  body  carobin,  but  nothing  to  which  any  special 
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medicinal  properties  can  be  assigned.  The  drug  bears  a 
high  reputation  and  is  largely  used  in  Brazil  as  a  remedy 
for  syphilis  and  syphilitic  disorders.  This  belief,  which 
applies  to  so  many  plants  of  little  or  no  activity,  doubt- 
less results  from  the  indefinite  ideas  which  prevail  regard- 
ing syphilis,  all  sorts  of  venereal  diseases  being  included 
under  this  name.  The  drug  is  generally  given  in  the  form 
of  the  fluid  extract,  in  doses  of  1  to  4  c.c.  (TTIxv.  to  Ix.). 

Henry  H.  En  shy. 

CAROTA.— Crtn-o<.  The  root  of  DatioiD  cnrntn  L. 
(fam.  l'nilicUifer(f).  This  plant  is  a  native  of  Europe, 
but  freely  naturalized  in  the  I'nited  States  (wild  car- 
rot). The  cultivated  form  is  the  common  table  carrot, 
grown  everywhere.  The  fruits  of  wild  carrot  have  been 
used  as  aromatic  diuretics;  the  cultivated  roots  are  made 
into  pulp  as  poultices;  but  neither  have  any  claim  to  med- 
ical notice.  The  coloring  matter  of  carrot  root  is  called 
cnriiiin.  The  ver_v  small  amount  of  volatile  oil  consists 
of  piuene  and  probably  ciueol.  W.  P.  Bolles. 

CARTHAGENE  BARK.     See  CincJwna. 

CARTHAMUS.     See  Sijlower. 

CARTILAGE. — Under  this  name  is  classified  one  of  the 
important  members  of  the  group  of  connective  tissues; 
it  is  characterized  not  so  much  b_v  the  structure  and 
arrangement  of  its  cells,  as  by  the  pecidiar  nature  of  its 
basement  substance.  Cartilage  occurs  in  three  tolerably 
distinct  forms,  the  differences  of  which  depend  largely 
upon  peculiarities  in  the  structure  of  the  basement 
substance.  These  forms  are  called  hyaline  cartilaye.  fibro- 
i-arlihiye.  and  fliro-claxtir  cartilage. 

The  most  abundant  and  typical  of  these  is  hyaline  car- 
tilage. This,  in  the  adult,  is  found  covering  the  articidar 
surfaces  of  bone,  forming  parts  of  the  ribs  and  of  the 
walls  of  the  trachea  and  bronchi,  and  in  less  considerable 
masses  in  other  parts  of  the  body.  Hyaline  cartilage  is 
translucent  and  of  a  bluish-white  color,  is  firm  in  con- 
sistenc}',  and  elastic.  Like  other  members  of  the  con- 
nective-tissue group,  it  consi-sts  of  cells  and  an  intercellular 
or  basement  substance.  The  basement  substance  is  for 
the  most  part  (juite  homogeneous  in  the  fresh  condition, 
but  it  is  occasionally  very  finely  granular.  By  suitable 
treatment  with  chemical  agents,  it  may  be  seen  to  con- 
tain, and  almost  to  consist  of,  exceedingly  minute  and 
delicate  fibrils,  which  imder  normal  conditions  are  merged 
into  a  homogeneous  mass.  The  basement  substance  is 
.said  by  some  observers  to  be  penetrated  by  minute 
branching  canals  which  communicate  with  one  another 
and  with  the  spaces  in  which  the  cells  lie.  Mucin  and 
gelatin,  and  a  rather  indefinite  substance  called  chondrin, 
have  been  obtained  from  the  basement  substance,  but  our 
knowledge  of  the  chemical  nature  of  these  substances, 
and  particularly  of  their  existence  in  the  cartilage  in  the 
natural  conilition  before  being  exposed  to  chemical  ma- 
nipulation, is  still  too  indefinite  to  enable  us  to  speak 
very  positively  of  its  cliemical  constitution. 

The  cells  of  hyaline  cartilage  differ  considerably  in 
shape  and  arrangement  in  different  cartilages  and  in  dif- 
ferent parts  of  the  same  cartilage,  depending,  apparently, 
to  a  considerable  degree,  upon  the  conditions  of  pressure 
to  which  they  are  subject,  as  well  as  upon  the  intimate 
constitution  of  the  basement  substance  and  the  influences 
under  which  its  development  transpires.  The  cells,  except 
near  free  surfaces  or  where  cartilage  and  fibrous  tissue 
join,  are  in  general  spheroidal,  ovoidal.  ellipsoidal,  or 
somewhat  flattened  at  the  .sides,  and  lie  unevenly  dis- 
tributed in  the  basement  substance.  The  cell  body  is 
finely  granular,  or  in  some  animals  contains  delicate 
fibrils,  and  may  enclose  droplets  of  fat,  and  pigment 
particles,  or  may  also  contain  glycogen.  The  nuclei — 
of  which  there  may  be  one  or  more — are  usually  sphe- 
roidal, sharply  outlined,  and  contain  more  or  less  well- 
marked  networks  of  coarser  and  finer  fibrils  and  nuclei, 
in  which,  during  life,  in  some  animals,  slow  oscillatory 
movements  may  be  seen.     The  cartilage  cells  may  lie 
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singly  in  the  basement  substance,  but  they  are  more  fre- 
quently arranged  in  groups  of  two  or  four,  or  more,  and 
the  cells  forming  these  groups  are  apt  to  be  flattened  on 
the  sides  which  abut  on  one  another.  Under  normal 
conditions  the  cartilage  cells  completely  fill  the  spaces  in 
the  basement  substance  in  which  thl'y  lie.  But  on  ex- 
posure to  the  air,  to  water,  to  electric  shocks  of  moderate 
intensity,  to  a  varietj-  of  chemical  agents,  and  under  cer- 
tain pathological  conditions,  the)'  separate  from  the  walls 
of  the  spaces  and  shrink  into  irregular-shaped,  coarsely 
granular  masses,  in  which  the  nucleus  may  be  partially' 
or  entirely  concealed.  This  shrinkage  may  be  only  par- 
tial, some  portion  or  points  remaining  adherent  t(5  the 
sides  of  the  cavities,  so  that  the  shrunken  cells  may  ap- 
pear irregularly  stellate  or  have  festooned  edges.  In 
this  slirunken  condition  we  usuall)'  see  the  cells  of  car- 
tilages which  have  been  preserved  in  alcoholic  fluids.  In 
some  parts  of  the  articular,  and  also  in  the  costal  car- 
tilages, the  cells  lie  in  large  groups,  or  in  longer  or 
shorter  rows.  At  the  free  surfaces  of  cartilage,  or  where 
it  comes  in  contact  with  the  perichondrium,  the  cartilage 
cells  are  usually  flattened,  and  just  beneath  the  perichon- 
drium may  merge  imperceptibly  into  the  ordinary  flat- 
tened cells  of  the  connective  tissue.  The  basement  sub- 
stance immediately  about  the  cartilage  cells  may  be  seen, 
under  favorable  conditions,  to  be  more  transparent  than 
the  rest,  the  more  transparent  zone  being  sometimes  very 
thin  and  sometimes  of  considerable  thickness.  This  por- 
tion of  the  basement  substance  is  called  the  capsule,  and 
is  believed  to  be  that  part  which  was  last  formed  around 
the  cartilage  cell.  Somewhat  similar  appearances  may 
be  seen  not  onlj-  around  single  cells,  but  around  all 
groups  which  have  apparently  been  derived  from  some 
single  cell  originally  occupying  their  position  in  the 
basement  substance. 

The  basement  substance  of  hyaline  cartilage  may,  under 
a.  variety  of  conditions,  become  infiltrated  with  salts  of 
lime,  and  thus  assume  to  the  naked  eye  a  white,  opacjue 
appearance,  and  under  the  microscope  appear  crowded 
with  larger  and  smaller  distinct  granules.  Under  patho- 
logical conditions  the  basement  substance  may, become 
fibrillar  as  well  as  calcified.  Cartilage  is  surroundetl, 
except  over  the  articular  surfaces,  by  a  vascular  layer  of 
fibrillar  connective  tissue  called  the  pirirhnndrimn.  The 
perichondrium  contains  a  varyingamount  of  elastic  fibres. 
The  fibrillated  fibres  of  the  perichondrium  pass  on  into 
the  hyaline  basement  substance  of  the  cartilage,  into 
■which  they  become  gradually  merged.     Although  ves- 
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Tig.  1146.— Hyaline  Cartilage  from  tie  Head  of  the  Femur  of  Frog. 
(X  TOO  and  reduced.) 

sels  from  the  perichondrium  sometimes  penetrate  for  a 
short  distance  into  the  cartilage  tissue,  the  latter  is,  in 
general,  nonvascular. 

Development  of   Hy.\line  Cartilage. — At  a  very 
early  period  hyaline  cartilage  consists  of  a  congeries  of 
Vol.  il.— 45 


rounded  cells  closely  packed  together,  with  a  small 
amount  of  intercellular  substance  around  each  cell.  The 
intercellular  substance  gradually  increases  in  amount, 
and  the  cells  divide; 
new  capsules,  i.e.,  new 
portions  of  intercellu- 
lar substance,  are  form- 
ed around  the  new 
cells,  while  the  old 
capsules  are  expanded 
and  appear  to  coalesce 
with  those  of  adjacent 
cell  groups  to  form  the 
homogeneous  basement 
substance.  In  this  way 
the  cells  become  gradu- 
ally separated  from  one 
another,  but  may  still 
retain  a  grouping 
which  indicates  their 
primitive  relations. 

Schleicher  has  shown 
that  in  the  division  of 
cartilage  cells,  while 
the  changes  in  the  nu- 
cleus are  in  general 
those  common  to  the 
indirect  mode  of  cell 
division  (see  CeU),  the 
separation  of  the  body 
occurs,  not  by  a  grad- 
ually' deepening  con- 
striction as  in  cells 
which  are  surrounded 
by  a  fluid  or  yielding 
material,  but  by  the 
formation  of  a  partition 
out  of  the  intracellular 
filaments.  This  parti- 
tion finally  becomes 
continuous  with  the 
capsule  around  the 
new-formed  cells,  and 
thickens  with  their  sep- 
aration from  one  an- 
other. The  exact  way 
in  which  the  capsules 
and  intercellular  sub- 
stance originate, 
whether  by  a  separa- 
tion of  a  portion  of 
the    periphery   of   the 

cells,  or  whether  it  is  simply  fonned  under  their  influ- 
ence, or  entirely  apart  from  them,  is  not  certain. 

Fibro-Cartilage. — This  variety  of  cartilage  is  found 
in  the  interarticular  cartilages  of  some  of  the  joints,  such 
as  the  knee  and  jaw,  between  the  vertebra;,  at  the  s)'m- 
physis  pubis,  around  the  tendons  of  certain  muscles,  and 
at  points  where  tendons  are  inserted  into  hyaline  cartilage, 
as  at  the  junction  of  the  ligamentum  teres  with  the  head 
of  the  femur.  The  cells  are  similar  to  those  of  hyaline 
cartilage,  but  the  basement  substance  is  fibrillated,  the 
fibrilUe  being  arranged  in  dense  bundles  or  interlacing  in 
all  directions.  The  cells  are  frequently  arranged  in  rows 
between  the  bundles  of  intercellular  fibres  (see  Fig.  1147), 
and  are  less  uniformly  distributed  than  are  the  cells  of 
hyaline  cartilage.  This  foi-m  of  cartilage  frequently 
merges,  in  structure,  on  the  one  hand  into  fibrillar  con- 
nective tissue,  and  on  the  other  into  hyaline  cartilage. 

FiBRO-ELASTic  Cartil.vge  (ycllow  elastic  or  spongy 
cartilage). — This  form  of  cartilage  is  not  abundant  in  the 
body,  being  found  in  small  masses  in  the  external  ear, 
Eustachian  tube,  epiglottis,  and  in  some  parts  of  the 
larynx.  It  is  tough,  opaque,  and  yellowish  in  appear- 
ance. The  cells,  which  are  irregularly  distributed 
through  the  basement  substance,  are  similar  in  appear- 
ance to  those  of  hyaline  cartilage.  Around  each  cell  is  a 
nan'ow,  strongly  refractile,  homogeneous  zone  of  base- 
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ment  substance— the  capsule.  Outside  of  the  capsule 
the  basement  substance  is  more  or  less  densely  tilled  with 
coarser  and  finer  anastomosing  and  interlacing  elastic 
fibres  (Fig.  1148).  In  addition  to  the  elastic  fibres  the 
basement  substance  contains  numerous  large  and  small 


Fig.  1U8.— Elastic  Cartilase  from  the  Human  Ear.  X  "Bi.l  diameters. 
(After  Bobm  and  Davidoff.)  At  a.  in  the  immediate  vicinity  of  the 
cartilage  capsules,  a  network  of  elastic  fibres  witli  flne  meshes:  b, 
cartilage  cell ;  c.  elastic  fibres. 

granules,  consisting  of  a  material  similar  in  chemical  and 
optical  properties  to  that  composing  the  clastic  fibres — 
the  so-called  elastic  granules.  These  elastic  granules  are 
unevenly  distributed  through  the  basement  substance. 
Fibro-elastic  cartilage  is  develo])ed  from  a  hyaline  form  of 
cartilage  by  the  formation,  in  the  basement  substance, 
of  the  characteristic  elastic  fibres  and  granule.". 

Bibliography. 
For  the  methods  of  studying  cartilace,  see  Ranrier's  Traits  tech- 
nique d'Histologie,  p.  370  et  setj.    For  literature,  see  Index  Catalogue 
of  Library  of  Surgeon-GeneraPs  Office,  U.  S.  Aimy,  vol.  ii.:  also 
Quain's  Anatomy,  tenth  edition,  vol.  i.,  part  ii.,  p.  244. 

1'.  Mitchell  Pruddtn. 

CARVACROL.— 0.)y<-3/moZ.  Cymophenol.  (CbHs.CHj.- 
[CH^.CHa.CIIalOH).  This  is  one  of  the  active  constit- 
uents of  oils  of  thyme  and  summer  savory,  and  occurs 
also  in  some  other  plants.  It  is  a  thickish  volatile  liquid, 
with  a  specific  gi'avity  of  about  .981.  It  has  a  charac- 
teristic odor.  Like  tlij'inol,  with  which  it  is  associated, 
it  is  strongly  antiseptic.  It  is  very  closely  related  to 
carvol,  having  the  same  composition. 

Henry  H.  Busby. 

CASANTHROL  is  a  thick  and  gelatinous  emulsion  of 
neutral  reaction,  composed  of  casein  ointment  and  ten 
per  cent,  of  lithanthracic  extract.  The  latter  consists  of 
those  constituents  of  coal  tar  which  are  soluble  in  benzol 
and  ether.  Casanthrol  is  soluble  in  water  and  when  ap- 
plied to  the  skin  dries  like  a  coat  of  varnish.  However, 
being  pervious  to  water,  it  does  not  prevent,  but  rather, 
if  anything,  tends  to  increase,  the  perspiration.  It  is 
precipitated  by  mineral  acids,  acid  salts,  and  calcium 
salts;  no  oil  separates  from  it  on  warming,  and  it  does 
not  become  rancid.  Classing  it  among  his  water-soluble 
varnishes  Unna  considers  it  a  valuable  application  in 
chronic  eczema  and  other  chronic  conditions  of  the  skin. 

S.  Beck  uses  it  in  eczema  and  prurigo  with  no  unpleas- 
ant secondary  eftects.  It  is  the  strongest  coal-tar  prepa- 
ration which  can  be  employed  in  inflammatory  conditions 
of  the  skin ;  and  if  desired  it  may  be  used  as  a  vehicle 
for  other  drugs.  W.  'A.  Bastedo. 

CASCARA  \NI\KG\.—Hondiims  Bark.  The  bark  of 
Picnvna  Vclluzii  Engl,  or  of  a  related  species,  or,  accord- 
ing to  some  authors,  of  an  undetermined  species  of  Tariri, 
syn.  Picramnia  (fam.  Simarubacece).  This  bark  comes 
from  Central  America,  and  is  a  very  highly  esteemed 


vegetable  bitter  by  those  who  are  accustomed  to  it. 
There  is,  with  its  strongly  bitter  taste,  a  pecuhar  sweet 
and  aromatic  flavor  not  resembled  by  any  other  drug.  It 
contains  a  small  amount,  about  one-half  per  cent.,  of 
volatile  oil  and  about  three  per  cent,  of  the  alkaloid 
picramnine.  The  latter  has  the  peculiar  sweet  and  bitter 
taste  of  the  bark  and  is  probably  its  principal  active  con- 
stituent. It,  as  well  as  its  salts,  is  amorphous.  It  is  a. 
simple  or  slightly  aromatic  bitter  of  unusual!}'  pleasant 
flavor.  Its  use  as  an  alterative  in  syphilis  is  common, 
but  we  have  no  evidence  of  an}'  special  properties  in  this 
direction.     The  dose  Is  .3  to  1  gm.  (gr.  v.-xv.). 

Henry  H.  Pusby. 

CASCARA  S\Q?iKO\.—EhammisPurshiana.  Chittem 
Bark;  Sacred  Bark.  "The  bark  of  Phammis  Pirshiana 
D  C.  (fam.  R/uimnace^t)"  (U.  S.  P.).  To  this  definition 
should  be  added  "collected  at  least  a  year  before  being 
used."  Tlie  genus  Rhamnus  and  the  nature  of  its  species 
and  their  constituents  have  idready  been  discussed  under 
BurkOwrn.  The  species  here  considered  is  a  small  tree 
growing  very  abundantly  in  our  extreme  Northwestern 
States  and  northward.  It  was  introduced  into  the  materia 
medica  in  18T8  and  encountered  a  remarkable  degree  of 
prejudice  and  opposition,  being  practically  boycotted  by 
many  of  the  most  influential  physicians.  It,  however, 
steadily  increased  in  favor  and  is  at  present  probably  the 
most  largely  used  in  professional  practice  of  any  Ameri- 
can drug.  During  its  early  history,  the  bark  of  a  related 
species,  R.  Californica  Esch.,  growing  abundantly  in 
central  and  southern  California,  was  frequently  substi- 
tuted for  it,  but  persistent  exposure  resulted  in  com- 
pletely stopping  the  fraudulent  practice,  .so  that  adultera- 
tion and  substitution  are  now  almost  entirely  unknown. 
The  bark  is  taken  off  in  quills,  but  these  are  afterward 
broken  up  to  save  space  in  transportation.  These  quilled 
pieces  are  of  variable  thickness,  up  to  nearly  one-quarter 
of  an  inch.  The  outer  surface  is  rarely  fissured,  but  is 
more  or  less  warty,  the  warts  being  low  and  broad.  The 
surface  is  originally  of  a  jjeculiar  red-purple  or  purple- 
brown,  but  becomes  more  or  less  coveretl  with  gray 
lichens.  These  may  grow  so  as  to  form  a  uniform  gray 
covering  or  a  series  of  gray  patches  of  variable  size. 
Pieces  taken  from  the  base  or  junction  with  the  root,  are- 
frequently  thrown  into  transverse  wrinkles  or  semi-folds. 
The  inner  surface  when  fresh  is  light-yellow,  but  ex- 
posure turns  it  gradually  darker  until  after  two  or  three- 
years  it  may  be  nearly  black.  The  fracture  is  sharp  and 
of  a  pale  yellow.  There  is  a  slight  odor  and  a  peculiar 
bitter  and  somewhat  aromatic  taste.  Preparations  of  the 
drug  are  apt  to  have  a  very  disagreeable  taste  and  nu- 
merous formula?  have  been  devised  for  avoiding  this  dis- 
agreeable feature. 

Composition. — The  composition  of  cascara  sagrada  is 
very  similar  to  that  of  buckthorn  in  its  general  nature, 
though  certain  differences  are  manifest.  The  frangulin- 
like  body  is  not  identical,  and  the  percentage  of  emodin 
is  much  smaller.  There  is  a  much  larger  amount  of  resin 
and  this  is  divisible  into  three  distinct  bodies.  It  is  not 
clear  to  which  of  these  differences  the  more  regular  and 
less  griping  characters  are  due.  Throughout  the  recent 
active  discussion  of  the  presence  of  emodin,  or  emodin- 
like  substances  (anthrfiquinanes)  as  active  constituents, 
of  some  of  our  most  important  cathartics,  there  has  been 
shown  a  disposition  to  over-rate  the  effect  of  such  pres- 
ence as  determining  similarity  of  action.  It  by  no  means 
follows  that  other  constituents  are  to  be  ignored  in  the 
laxative  effects,  merely  because  the  anthraquinones  are 
thus  active;  besides  which,  wchavc  to  reckon  with  minor 
dilferences  in  the  anthi'aquinones  themselves.  The  dis- 
tinctly bitter  properties  of  cascara  sagrada  make  it  moie 
effective  in  stimulating  appetite  and  digestion.  Like 
buckthorn,  it  is  much  more  useful  when  given  in  small 
doses,  for  some  time,  to  overcome  habitual  constipation, 
than  when  used  as  a  cathartic.  It  has  been  at  various  times 
claimed  as  a  useful  agent  in  the  treatment  of  rheumatism, 
syphilis  and  similar  diseases,  and  it  is  so  by  virtue  of  its- 
depurative  and  eliminative  properties,  but  not  in  any  way 
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as  a  specific.  The  actual  physiological  action  of  cascara 
sagrada  has  never  yet  been  worked  out,  but  it  is  evident 
that  it  in  some  way  profoundly  modifies  the  secretory 
and  excretory  functions.  The  fluid  e.\tract  alone  is  offi- 
cial. The  dose  as  a  cathartic,  taken  at  night,  is  3  to  4  c.c. 
(fl.  3  ss.  to  i.).  Those  few  who  find  their  rest  thus  dis- 
turbed may  take  it  in  the  morning,  or  ma^'  take  a  smaller 
dose.  As  an  alterative  or  tonic  laxative,  the  dose  is  1  to 
2  c.c.  (Til-xv.  to  .\xx.),  preferably  before  meals.  Licorice, 
alkalies,  and  carminative  oils  tend  to  disguise  the  bad 
taste. 

None  of  the  extracted  so-called  active  constituents  of 
the  drug  are  worthy  to  be  compared  to  its  preparations. 

Henry  U.  Rushy. 

CASCARILLA.— "  The  bark  of  Croton  Eleuteria  Bennett 
(fam.  Eiijihui-Zjiaceo')"  (V.  S.  P.).  This  species  of  Croton 
is  a  large,  widely  branched  shrub  of  the  Bahama  Islands. 

Cascarilla  was  imported  into  Europe  about  the  middle 
of  the  seventeenth  century,  when  it  was  considered  a 
variety  of  cinchona.  It  has  undoubtedly  formerly  been 
the  produce  of  several  species  of  Croton,  but  at  present 
comes  exclusively  from  the  one  above  named.  It  is  in 
quills  or  curved  pieces,  about  one-twelfth  of  an  inch 
(2  mm.)  thick,  having  a  somewhat  fissured,  easily 
detached,  lirown,  corky  layer,  more  or  less  gray  from  a 
covering  of  lichens,  and  the  inner  surface  smooth.  It 
breaks  with  a  short  fracture,  having  a  resinous  and 
radially  striate  ujipearance.  When  burned,  it  emits  a 
strong,  aromatic  odor.     Its  taste  is  w  arm  and  very  bitter. 

The  active  principles  of  this  bark  are  eaticariUin,  a 
white  crj'stalline,  bitter  substance,  scarcely  soluble  in 
water,  to  wliich  it  owes  its  tonic  properties,  and  an  e.<iseii- 
tial  oil.  which  latter  it  contains  to  the  extent  of  some- 
thing more  tlian  one  per  cent.  It  also  contains  some 
reitin  and  a  little  tannin. 

The  composition  just  given  indicates  the  use  and  value 
of  cascarilla.  It  is  a  bright,  rather  pleasant,  aromatic, 
bitter  tonic,  with  no  special  qualities  other  than  its  taste, 
to  distinguish  it  in  medicinal  value  from  other  spicy 
bitters.  It  is  used  occasionally  in  pastils,  and  is  said  to 
be  put  into  tobacco  on  account  of  its  fragrance  when 
burning.  Alcohol  extracts  its  virtues  to  the  best  advan- 
tage. Dose,  as  a  tonic,  1  or  2  gm.  There  is  no  official 
preparation. 

The  section  Eleuteria,  of  the  enormous  genus  Croton, 
contains  thirty  or  more  plants,  a  number  of  which  have 
barks  possessing  properties  similar  to  those  of  cascarilla. 

W.  P.  Bolles. 

CASEATION.     See  Secrosis. 

CASEIN  OINTIVIENT.— A  thick,  white  emulsion,  niis- 
cible  with  water  and  jiroposed  by  Unna  as  a  vehicle  for 
the  application  of  drugs  to  the"  skin.  Its  formula  is : 
Casein,  14;  potassium  and  sodium  hydroxides  (1  to  4). 
.43;  glycerin,  7;  vaselin  31;  salicylic  acid  or  borax,  1; 
water,  56.  As  it  dries  it  leaves  a  thin  coating  upon  the 
skin.  W.  A.  Bastedo. 

CASEOIODIN.— A  substance  of  the  nature  of  thyreo- 
iodin  stated  to  have  been  used  with  good  results  in  myx- 
cedema.  The  cedema  subsided,  the  hair  and  skin  be- 
came soft,  the  intelligence  clearer,  and  the  phlegmatic 
condition  gave  place  to  one  of  average  activity.  It  is 
prepared  from  periodo-casein,  and  is  a  white  powder 
containing  8.7  per  cent,  of  iodine.  The  dose  is  gr.  J  once 
or  twice  a  day,  increased  rapidly  up  to  gr.  i.  a  day.  In 
overdose  it  is  capable  of  producing  flushing,  rapid,  weak 
heart,  and  prostration.  "  W.  A.  Bastedo. 

CASHEW  (or  fVy;/)  NUTS.  Anacardium.  The  ripened 
ovary,  with  contents,  of  Anacardium  ocddenfale  L.  (fam. 
Anacardiaeea-).  a  large,  widely  sprawling  shrub,  or  small 
tree,  of  tropical  Ame'rica,  larg'ely  cultivated  in  all  tropical 
countries  for  its  fruit.  The"  edible  portion  of  this  fruit 
consists  of  the  fleshy  enlarged  pedicel,  and  is  of  the  form 
and  size  of  a  medium  pear,  green  or  yellow  with  a  red 


cheek.  It  is  juicy  to  an  extraordinary  degree,  and  is 
consumed  chiefly  for  its  thirst-quenching  properties. 
Unless  thoroughly  ripe,  it  is  exceedingly  astringent. 
When  ripe,  the  juice  is  slightly  sweetish  and  slightly 
acid.  This  fruit  is  also  manufactured  into  a  wine  which 
is  credited  in  Brazil  with  special  properties  as  a  hepatic 
stimulant.  The  ripened  ovary,  many  times  smaller  than 
the  fleshy  portion,  is  partly  hidden  in  the  summit  of  the 
latter.  It  is  kidney-shaped,  about  3  cm.  (1.35  in.) 
long,  brownish-ash  colored,  and  smooth  externalh'.  It 
contains  a  large,  bland,  oily,  curved,  edible  embryo.  The 
pericarp,  which  is  3  or  3  mm.  (\  in. ),  thick,  is  of  cavernous 
structure,  and  contains  when  dry  a  thick  or  solid,  black, 
extractiform,  resinous  substance,  of  exceedingly  irritant 
properties  when  applied  to  the  skin.  A  bassoriu-like 
gum  exudes  from  tliestem;  an  edible  milky  sap,  which 
also  is  an  indelible  dye,  flows  from  the  trunk. 

The  resinous  extract  consists  of  anacardic  acid,  and  a 
yellow  or  brown  oily  liquid,  cardol.  This  is  an  intense 
and  dangerous  irritant,  causing  often  severe  inflammation 
of  the  skin  and  blisters,  and  even  the  fumes,  when  it  is 
burned,  are  said  to  have  the  same  properties.  It  was 
formerh'  used  as  an  irritant,  and  is  still  so  used  to  some 
extent  in  the  West  Indies.  It  has  no  medicinal  value 
here,  and  is  only  to  be  known  as  a  poison. 

The  East  Indian  anacardium  is  a  smaller  but  similar 
product,  from  Semfc/irpus  anacardium  lAnn.  fil.,  in  the 
same  order.  A  milder  cardol,  "  Cardol  prvriens,"  is  ob- 
tained from  its  fruit,  and  has  been  used  also  as  an  irri- 
tant, and  as  a  basis  of  indelible  ink.  It  is  entirely  out  of 
use  on  account  of  the  danger  attending  it.  Poison  ivy, 
Blms  toiicvdendron  L..  and  poison  sumach.  Rhus  rene- 
mitum,  are  in  the  same  fainil}',  and,  as  well  as  some  other 
species  of  Rhus,  have  a  similar  inflaming  action  upon  the 
skin  (see  Poisonous  Plants).  W.  P.  Bolles. 

CASSIA,  PURGING;  CASSIA  FISTULA.— "The  fruit 

of  Camia  Fistula  L.  (fam.  Legumino.iir)"  (U.  S.  P).  The 
British  Pharmacopoeia  improves  upon  ours  in  its  definition 
of  this  article,  under  the  title  CassiiT  Pidpa,  as  "  The  pulp 
obtained  from  the  pods."  this  pulp  being  the  only  portion 
of  the  fruit  used.  The  drug  has  been  undoubtedly  in 
use  for  five  or  six  hundred  years,  but  its  name  is  much 
older,  having  been  transferred  to  this  substance  from 
some  variety  of  cinnamon  to  which  it  properly  belonged. 
The  tree  is  "a  native  of  tropical  Asia,  but  is  extensively 
cultivated  for  its  beauty,  both  in  the  Old  World  and  in 
the  New.  It  is  of  medium  size  and  produces  long, 
drooping  racemes  of  beautiful,  showy,  sweet-scented 
flowers. 

The  pods  are  nearly  or  quite  straight,  from  30  to  60 
cm.  long  b3'  about  3.25  cm.  in  diameter  (13  to  24  in.  by 
1  in.),  cylindrical,  shortl}'  stalked  and  blunt-pointed. 
The  surface  is  dark  purplish-brown,  and  although  not 
very  smooth  it  has  a  dull  polish.  The  dorsal  and  ventral 
sutures  are  marked  by  broad,  fiat,  longitudinally  striated 
bands  running  the  length  of  the  pod.  The  position  of 
the  partitions  is  generally  noticeable  upon  the  surface 
by  means  of  shallow,  annular  constrictions  about  5  or  6 
mm.  (j  to  ^  in.)  apart.  The  exocarp  (shell)  is  hard  and 
brittle  when  dry.  The  cavity  is  divided  by  transverse 
septa  into  from  twenty-five  to  one  hundred  chambers, 
each  containing  one  brown,  shining,  flattened  seed  and 
further  filled  w'ith  pulp.  This  last,  when  the  pods  are 
fresh,  is  soft  and  fills  the  entire  space;  as  they  dry  it 
hardens  into  a  thick,  black,  extract-like  mass  which  event- 
ually becomes  hard  and  brittle  and  only  covers  the  surfaces 
of  tiie  chambers,  leaving  the  seed  free  and  loose.  When 
very  dry,  the  quality  is  considered  to  be  impaired.  This 
pulp  is  removed  for  use  by  maceration.  It  has  a  sweetish, 
mawkish,  mulberry -like  taste  and  smell  and  is  slightly 
laxative,  but,  at  least  in  the  dry  state  in  which  the  fruits 
reach  us,  it  has  very  little  value.  Sugar,  gum,  and  other 
common  vegetable  substances  are  all  that  have  been 
observed  in  it.  Cassia  Fistula  is  retained  in  the  Pharma- 
copoeia as  a  traditional  ingredient  of  the  Confection  of 
Senna.  In  the  south  of  Europe  it  is  more  used.  Dose; 
of  the  pulp,  from  4  to  13  gm.  (  3  i  to  iij.)  as  a  laxative; 
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as  a  cathartic,  two  or  three  times  as  much.  The  official 
confection  contains  10  per  cent,  each  of  senna  and 
tamarind.  7  per  cent,  of  prune,  12  per  cent,  of  fig,  16  per 
cent,  of  cassia  fistula,  and  one-half  per  cent,  of  oil  of 
coriander,  the  rest  sugar.  The  dose  is  4  to  8  gm.  (  3  i  to 
ij.).     It  is  little  used.  Henry  II.  Rusby. 

CASSIA. — Cassi.\Babk,  Cassia  Cinnamon,  and  Cassia 
Buds.     See  Cinnamon. 

CASTALIAN  MINERALSPRINGS.— Inyo  County,  Cali- 
fornia. These  sjjriugs  are  found  near  Owens  Lake,  and 
are  thirteen  in  number,  most  of  them  being  cold.  One 
or  two  are  sulphurous,  and  the  others  are  alkaline  and 
carbonated.  The  place  is  being  developed  as  a  resort. 
Some  of  the  waters  are  also  used  commercially,  and  are 
recommended  in  cutaneous  disease.  The  following  an- 
alysis of  one  of  the  springs  was  made  by  Prof.  Thomas 
Price,  in  1880: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  carbonate 1,724.11 

Sodium  sulphate 6.51.03 

Sodium  sulpbate  (?) 46.34 

Sodium  chloride 1,840.73 

Potassium  chloride 132.30 

Lime Trace. 

Magnesia Trace. 

Silica 14.28 

Boric  acid Trace. 

Phosphoric  acid Trace. 

Iodine Trace. 

Bromine Trace. 

Iron Trace. 

Organic  matter 13.48 

Total  solids 4,422.35 

Gases  not  determined. 

This  is  an  exceedingly  dense  alkaline-saline  water  and 
cannot  be  used  medicinally  without  dilution.  There  are 
other  springs  close  by  which  are  not  so  heavily  impreg- 
nated. James  K.  Crook. 

CASTALIAN  SPRINGS.    Holmes  County,  Mississippi. 

Post-Office,  Durant.  Hotel.  These  springs  are  lo- 
cated three  miles  west  of  Durant,  at  the  point  of  inter- 
section of  the  Canton,  Aberdeen  and  Nashville  and  the 
main  line  of  the  Illinois  Central  Railroad,  and  about  2.50 
miles  north  of  the  Gulf  Coast.  There  are  from  ten  to 
twelve  passenger  trains  arriving  at  and  leaving  Durant 
dail_v,  all  of  which  are  met  by  the  Castalian  Springs 
stage  line. 

The  country  around  the  springs  is  generally  rolling, 
with  some  high  hills  and  beautiful  valleys,  making  a 
charming  combination.  The  location  of  the  springs  is 
about  300  feet  above  the  sea  level.  Notwitlistand- 
ing  the  great  rainfall  in  this  section,  there  is  very 
little  gloomy  or  cloudy  weather.  The  clouds  roll  up 
quickly,  discharge  their  contents  and  disperse,  leaving 
Old  Sol  to  resume  his  sway.  The  temperature  about  the 
springs  ranges,  on  an  average,  from  3.5°  F.  in  winter  to 
65°  F.  in  siunmer.  The  greatest  extremes  ever  noticed 
are  10°  P.  the  lowest,  to  90°  F.  the  highest.  The  place 
is  used  as  a  resort  both  summer  and  winter.  At  present 
there  are  excellent  accommodations  for  about  250  persons, 
but  the  resort  is  soon  to  be  improved  by  the  addition  of 
a  first-class  new  hotel  with  a  capacity  for  500  guests. 
The  springs  are  situated  in  a  pleasant  little  valley  shaded 
b}^  magnificent  water-oaks,  and  surrounded  by  liigh  hills 
with  gradual  slopes  to  the  valley  below.  The  liills  are 
clad  with  evergreens  of  pine  and  some  cedar.  On  the 
springs  property  which  embraces  some  360  acres,  there 
are  about  fifty  springs  and  wells,  only  two  of  which, 
however,  have  been  analyzed  or  used  for  medicinal  pur- 
poses. We  have  been  able  to  secure  these  analyses,  one 
of  which  is  only  a  qualitative  determination  of  the 
mineral  ingredients,  while  the  second  is  a  quantitative 
one. 


Spring  No.  1. 

(Examination  by  Prof.   E.   W.    Hilgard,    former  State 
Geologist.) 

One  United  States  gallon  contains  138.5  grains  of  solid 
matter,  made  up  of  the  following  ingredients  in  the 
order  of  their  quantities: 


Calcium  sulphate. 
Aluminum  sulphate. 
MaRnesium  sulphate. 
Iron  sulphate. 


Iron  carbonate. 
Potassium  sulphate. 
Sodium  chloride. 
Silica. 


Sulphureted  hydrogen  gas,  strongly  charged. 
Carbonic  acid  gas,  considerable  quantities. 

Professor  Hilgard  states  that  the  waters  may  be  classed 
as  sulphureted-chalybeate.  They  possess  the  astringent 
qualities  of  alum  water,  while  at  the  same  time  they 
have  laxative  properties  from  the  presence  of  the  sul- 
phate of  magnesium. 

This  spring  yields  about  600  gallons  of  water  per 
hour,  having  a  temperature  of  56°  F. 

Spring  No.  2. 
(Prof.  L.  G.  Patterson,  present  State  Chemist,  Analyst.) 
One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  sulphate 37.33 

Magnesium  sulphate  15.18 

Sotliimi  sulphate 8.68 

Silica 7.35 

Ferric  and  aluminum  oxide 4.84 

Sodium  chloride 2.47 

Potassium  sulphate 1.29 

Total 77.04 

This  spring  flows  about  300  gallons  per  hour.  The 
water  is  used  for  bathing  purposes,  and  is  also  sold  by 
the  barrel  or  case.  It  has  long  held  a  wide  reputation 
in  Mississippi  for  the  treatment  of  the  malarial  cachexia 
and  for  liver,  stomach,  bowel,  and  skin  affections. 

James  K.  Crook. 

CASTOR. — Castorevm.  The  dried  preputial  follicles 
with  their  contents,  obtained  from  the  Beaver,  Caitnr 
Fiber  Linn.,  and  separated  from  the  somewhat  shorter 
and  smaller  oil  sacs,  which  are  frequently  attached  to 
them.  The  glands  or  reservoirs  are  usually  connected 
in  pairs  by  their  excretory  ducts,  which  open  so  near 
together  as  to  be  removed  without  dividing.  They  are 
oblong  or  pear-shaped,  somewhat  shrivelled,  multilocular 
bags,  of  dark-brown  color  (when  dry)  and  tenacious  con- 
sistence. The  castor  itself  is  within  these;  it  isan  unctu- 
ous brown  or  reddish-brown  substance  of  intense  and 
disagreeable  smell.  It  consists  of  volatile  oil,  cmtorin, 
a  resinoid  substance,  a  peculiar  fat.  and  other  proximate 
principles,  but  like  musk  and  others  of  its  class  the 
chemical  composition  is  not  especially  instructive  as  to 
its  qualities.  There  are  two  varieties  of  Castor,  the 
Siberian,  from  the  Siberian  beaver,  whose  "  pods "  are 
longer  (6  to  12  cm.  =  2^  to  5  in.)  and  larger,  and  whose 
contents  are  more  fragrant;  and  the  Canadian,  from  the 
American  variety.  The  latter  is  naturally  the  most 
common  liere. 

This  substance  has  been  long  used  as  a  stimulant  and 
antispasmodic  in  hysterical  and  other  nervous  conditions, 
but  is  now  nearly  obsolete  as  a  medicine.  It  is  no  longer 
ofllcial  either  in  this  country  or  in  Great  Britain.  There 
is  some  call  for  it  as  a  basis  of  perfumes.  Dose  from  .5 
to  2  gm.  (gr.  viij  to  xxx.).      .  W.  P.  BoUes. 

CASTOR  OIL. — Oleum  Riclnl  "A  fixed  oil  ex- 
pressed from  the  seeds  of  Ricinus  communis  L.  (fam. 
Enphorbiacefe)"  (U.  S.  P.).  In  temperate  climates,  this 
plant  is  an  annual,  often  dying  at  the  season's  close 
without  ripening  its  fruit;  or,  where  the  season  is  long 
enough,  as  in  the  Middle  States,  it  bears  abundantly  the 
first  year,  and  is  killed  by  the  approach  of  winter ;  but 
below  the  frost  line,  as  in  the  extreme  south  of  Europe,  in 
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Africii,  and  India,  it  becomes  a  slirubby  or  tree-like 
perennial,  sometimes  attaining,  in  the  tropics,  a  heiglit 
of  fort}-  feet.  In  the  United  States  it  usually  attains  a 
lieight  of  from  tliree  to  twelve  feet,  with  a  round,  very 
smooth,  purple  and  glaucous,  hollow,  branching  stem, 


FIG.  1U9.— Castor-Oil  Plant.    (Baillon.) 

and  large,  peltate  or  subpeltate,  five-  to  eleven-lobed 
leaves.  The  flowers  are  borne  in  large,  falsely  a.xillary, 
pauiculately  branched  spikes.  The  fruit  i.s  a  short, 
blunt,  prickly  tricoccus  capsule,  containing  three  pendu- 
lous seeds.  Castor-oil  seeds  vary  considerably  in  size 
and  markings ;  they  are  generally  from  1  to  3  cm.  (about 
^  in.)  in  length  by  about  two-thirds  as  broad  and 
half  as  thick,  ovoid,  blunt,  and  rounded  at  the  ends. 
They  are  convex  on  the  outer  surface.  The  inner  sur- 
face is  usually  flattened  on  each  side  of  the  middle  by  the 
pressure  of  the  neighboring  carpels,  the  two  facets  so 
formed  tinitiug  in  a  very  blunt  and  rounded  longitudinal 
angle.  They  have  a  good-sized  caruncle  at  their  upper 
end  (or  a  scar  if  this  has  been  broken  off).  The  surface 
is  very  smooth  and  shining,  usually  of  a  gray  color, 
marked  with  very  pretty  brown  or  blackish "marblings. 
In  color  and  markings,  however,  they  may  vary  consider- 
ably. The  nucleus  consi-sts  of  a  soft,  oily  albumen,  with 
a  good-sized,  straight,  broad  embryo  in  the  middle.  This 
plant  is  probably  indigenous  to  India,  but  has  been  cul- 
tivated so  long  and  extensively  that  its  original  habitat  is 
difficult  to  determine.  It  has  been  completely  natural- 
ized, and  grows  with  all  the  freedom  of  a  native  in  other 
parts  of  Asia,  as  w'ell  as  in  man_v  of  the  Mediterranean 
islands  and  coasts.  It  is  cultivated  exten- 
sively for  its  seeds  in  India,  Southern 
Europe,  and  the  Middle  United  States.  It 
is  a  very  variable  species,  and  is  divided 
into  numerous  varieties,  mostly  distin- 
guished by  the  size,  shape,  and  color  of 
capsules  or  seeds. 

The  castor-oil  plant  was  known  to  the 
ancient  Egyptians  and  Greeks,  and  its  oil 
was  used  for  fuel,  light,  and  medicine.  It 
has  even  been  suggested  as  the  gourd  that 
sheltered  Jonali.  After  a  long  period  of 
neglect,  it  was  again  brought  into  use,  a  hundred  and 
twenty  years  ago,  by  Peter  Canvane,  a  physician  who 
had  practised  for  many  years  in  the  West  Indies,  and 
who.  in  a  treatise  upon  this  oil,  strongly  recommended 
it  as  a  gentle  purgative  (Pbarmacographia). 

The  oil  is  separated  from  the  seeds  by  the  usual  methods 
employed  with  fatty  substances,  viz.,  by  boiling  in  water 
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and  skimming  it  off ;  by  extracting  it  by  means  of  some 
solvent  like  alcohol  or  ether:  or  by  expression.  The 
latter  is  the  method  employed  in  the  United  States.  The 
seeds  are  carefully  cleared  from  dust  and  fragments  of 
the  capsules,  and  then  warmed,  by  which  means  the  oil 
becomes  more  liijuid.  The  mass  is  then  subjected  to 
strong  pressure,  and  the  expressed  oil  further  purified 
either  by  standing  and  decantation  or  by  boiling  with 
water.  The  yield  is  about  fort}-  or  fifty  per  cent"  Tlie 
purer  the  oil  is,  the  less  active  and  griping  it  is.  If  ex- 
pressed cold  from  the  peeled  seeds,  like  the  best  Italian 
oils,  it  is  very  white  and  odorless,  and  almost  tasteless. 

The  higher  the  temperature  employed  in  the  process, 
the  greater  is  the  tendency  toward  the  freeing  of  the 
irritating  and  griping  ricinoleic  acid.  The  pulp  left 
after  expression  contains  a  small  amount  of  the  albuminoid 
riciu,  which  is  a  powerful  irritant  and  convulsive  poison. 
This  substance  renders  the  action  of  the  seeds  so  violent 
as  to  unfit  them  for  use  as  a  n^edicine,  though  the  prac- 
tice prevails  in  some  countries  of  triturating  one  or  two 
with  a  dose  of  the  oil,  to  render  the  latter  more  effective. 

Description. — The  following  is  the  official  description : 
A  pale  yellowish  or  almost  colorless,  transparent,  viscid 
liquid,  having  a  faint,  mild  odor,  and  a  bland,  afterward 
slightly  acrid,  and  generallv  offensive  taste. 

Specific  gravity:  .950  to ".970  at  15=  C.  (59°  F.). 

Soluble  in  an  equal  volume  of  alcohol,  and,  in  all  pro- 
portions, in  absolute  alcohol,  or  in  glacial  acetic  acid; 
also  soluble,  at  15°  C.  (59°  F.),  in  three  times  its  volume 
of  a  mixture  of  19  volumes  of  alcohol  and  1  volume  of 
water  (absence  of  more  than  about  5  per  cent,  of  most 
otlier  fixed  oils). 

With  an  equal  volume  of  benzin,  it  forms,  at  15°  C. 
(59°  F.),  a  turbid  mixture,  but  at  17°  C.  (62.6°  F.)  it 
yields  a  clear  solution. 

When  exposed  to  the  air  in  a  thin  layer,  it  slowly  dries 
to  a  varnish-like  film. 

When  cooled  to  0°  C.  (32°  P.)  it  becomes  turbid,  with 
the  separation  of  crystalline  flakes,  and  at  about  —18° 
C.  (—(3.4°  F.)  it  congeals  to  a  yellowish  mass. 

If  3  c.c.  of  the  oil  be  shaken  for  a  few  minutes  with  3 
c.c.  of  carbon  disulphide  and  1  c.c.  of  sulphuric  acid,  the 
mixture  should  not  acquire  a  blackish-brown  color 
(absence  of  many  foreign  oils). 

Castor  oil  consists  almost  wholly  of  a  compound  of 
ricinoleic  acid  (Ci,H33[OH]COOH)  which  is  irritant  and 
purgative  when  set  free  by  saponification  in  the  intestine. 

Castor  oil  is  a  cathartic  of  very  reliable  character,  more 
uniform  and  painless  in  its  action,  and  more  susceptible 
of  gradation,  than  almost  any  other.  The  full  dose 
clears  the  bowels  with  great  certainty,  produciug  numer- 
ous and  copious  discharges  of  their  contents,  with  but 
little  irritation  of  their  surfaces ;  indeed,  when  these  are 
inflamed  it  appears  to  have  a  decidedly  healing  or  sooth- 
ing effect  upon  them.  On  these  accounts,  when  the  de- 
sire is  simply  to  relieve  the  entire  intestinal  tract,  either 
from  the  accumulated  fasces  or  from  the  irritating  secre- 
tions of  dysentery  or  enteritis,  castor  oil  is  the  safest  and 
surest  means  at  the  command  of  the  physician.  For  at- 
tacks, also,  of  acute  indigestion,  and  for  the  constipation 
following  childbirth,  it  has  long  been  almost  universally 
"■      It  is  not  a  hydragogue,  nor  is  it  very  well  adapted 


used. 


for  continuous  use  in  habitual  constipation,  although  for 
"  weak  "  and  sensitive  conditions  of  the  bowels, When 
they  are  easily  disturbed,  now  a  little  constijiated,  now 
a  little  loose,  with  frequent  slight  colics  and  flatulent 
tenderness,  small  daily  doses  of  this  medicine  may  be 
useful.  Daily  doses  of  nxx.  to  xl.,  before  breakfast, 
are  recommended  by  high  authority  for  overcoming 
chronic  constipation.  It  is  one  of  the  ingredients  of 
flexible  collodion  {Collodium fltxile,  U.  S.  P.),  to  which  it 
gives  softness  and  flexibility. 

Administration. — There  is  scarcely  a  medicine  in  use 
which  is  generally  taken  with  so  much  repugnance  as 
this.  When  it  can  be  taken  clear  this  is  the  best  way,  or 
it  may  be  mixed  with  syrup  or  glycerin,  or  floated  upon 
the  surface  of  some  aromatic  water,  or  in  the  froth  of 
soda-water  containing  some  aromatic  syrup ;  or  a  regular 
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emulsion  may  be  made  with  it,  such  as  is  made  with  cod- 
liver  oil,  by  means  of  mucilage  or  other  emulsifying 
agent.  But  the  taste  of  the  oil  usually  outlives  that  of 
the  flavor,  and  these  agents  are,  therefore,  only  partly  suc- 
cessful. Another  good  way  is  to  rinse  tlie  mouth  with 
clear  whiskey  or  other  spirit,  or  lemon  juice,  tlien  immedi- 
ately to  swallow  the  oil,  and  follow  it  with  another  rins- 
ing with  the  liquor.  If  thoroughly  emulsified,  with  the 
addition  of  orange  juice,  a  confection  is  formed  which  is 
almost  unobjectionable.  Finally,  it  is  put  in  elastic  cap- 
sules, wliich  for  small  doses,  in  the  case  of  patients  who 
will  learn  to  swallow  them,  completel}*  cover  the  taste. 
All  these  means,  however,  are  more  adapted  to  grown 
persons  than  children;  for  these  the  emulsion  is  probably 
the  best,  or  it  ma_v  be  covered  with  a  little  lemon  juice 
or  glycerin.  Another  useful  way  to  give  castor  oil,  in 
certain  cases,  is  by  injection ;  in  this  way  it  acts  prin- 
cipally locally  and  mechanically  as  a  lubricant,  but  a  cer- 
tain quantity  must  be  absorbed,  as  there  is  often  more 
result  from  it  than  would  be  e.xplained  in  this  way.  A 
good  method  is  to  give,  for  an  adult,  from  60  to  120  gm. 
(jij.  to  iv.)  clear,  to  leave  it  for  from  one-quarter  to 
three-quarters  of  an  hour  in  the  bowel,  and  then  to  follow 
with  a  full  enema  of  soap  and  water.  Very  free  empty- 
ing of  the  lower  bowel  usually  follows. 

Castor  oil  is  absorbed  to  a  slight  extent  by  the  skin, 
but  the  method  has  no  practical  value. 

Dose  bj'  the  mouth,  as  a  laxative,  from  5  to  10  gm. 
(3i.  toiij.);  as  a  purgative,  from  15  to  30  gm.  Children 
require  large  proportionate  doses.  A  tmby  a  week  old 
can  easily  bear  from  3  to  5  gm.,  and  a  child  of  five  or  si.x. 
years,  10  or  1.5  gm.  Henry  II.  Busln/. 

CASTRATION. — The  removal  of  the  testicles  or  ovaries. 

I.  Historical  Sketch  of  C.\STRATiojr  m  Men. 

Castration  is  a  very  ancient  practice.  It  was  a  con- 
sequence of  the  s^ystem  of  polygamy.  The  word  eunuch 
means  literally  having  charge  of  the  bed-chamber.  The 
Hebrew  word  means  mutilated,  and  the  first  royal  cham- 
berlains were  jirobably  castrated  men.  Later  tlie  term 
eunuch  was  applied  to  men  in  all  sorts  of  otfices  and  it 
lost  its  original  meaning.  In  some  of  the  Eastern  courts 
the  eunuchs  often  played  an  important  role  and  became 
so  prominent  in  affairs  of  state  that  the  word  eunuch 
came  practically  to  be  the  name  of  a  great  state  officer, 
the  chamberlain. 

Eunuchs  are  represented  on  the  bas-reliefs  found  dur- 
ing the  excavations  at  Nineveh.  "  Here  and  there  along 
the  sculjitured  procession,  in  strong  contrast  to  the 
bearded  men,  the  eunuchs  stand  out  with  their  smooth, 
beardless  faces,  fat  cheeks  and  bald  double  chins.  The 
artists  adopted  these  features  as  a  conventional  mode  of 
representing  them."* 

Herodotus  relates  that  the  castration  of  slaves  was  an 
industry  among  the  Greeks.  These  slaves  brought  a 
high  jirice  in  tlie  markets  of  Ephesus.  They  were  re- 
garded as  the  most  faithful  and  most  capable  servants. 
In  Rome  also  there  were  numerous  eunuchs.  Castration 
has  been  a  feature  in  certain  religious  doctrines,  one  at 
least  of  whicli  taught  that  it  was  necessary  for  salvation. 
The  beautiful  soprano  voices  possessed  by  some  of  the 
eunuchs  made  them  a  prominent  feature  in  the  musical 
portions  of  religious  services.  We  are  indebted  to  Kor- 
sakow.f  physician  to  the  Russian  Embassy,  for  interest- 
ing data  concerning  the  eunuchs  in  China.  "  Earl_v  records 
of  castration  in  China  date  back  to  1100  B.C.  "  Next  to 
beheading  it  was  at  one  time  the  most  severe  form  of 
punishment.  The  eunuchs  are  used  as  slaves  in  the  royal 
household  at  the  jiresent  time.  Some  are  forcibly  cas- 
trated, others  submit  voluntarily  as  a  result  of  poverty, 
and  others  are  sold  into  slavery  as  children  by  their 
parents. 

In  China  the  operation  is  usually  performed  in  child- 

*  Andrews,  "The  Oriental  Eunuchs."  Journal  of  the  American 
Medical  Association,  xxx.,  1T3-1T7,  1898. 

tKorsakow,  "Eunuchen  in  Pekin"  (abstract).  Deutsch.  med. 
Wochenschr.,  xxiv.,  338-340,  1898. 


hood.  The  trade  is  hereditary  in  certain  families.  The 
fee  is  about  ten  dollars.  If  the  victim  has  no  money  the 
amputated  genitalia  are  retained  by  the  operator  as 
surety.  The  operation  is  performed  in  the  following 
manner.  The  genitalia  are  first  completely  an.nesthetized. 
The  specialists  are  said  to  possess  a  secret  method  of  local 
anffisthesia.  The  externa!  genitalia  are  then  removed 
with  one  stroke  of  the  knife.  Crude  methods  of  stopping 
the  hemorrhage  are  employed.  They  have  no  notion  of 
surgical  asepsis.  Dissection  is  forbidden  bv  law  and  as 
a  result  they  have  no  surgery.  Retention  aiid  fatal  sepsis 
are  a  common  sequence.  Incontinence  may  follow  reten- 
tion. In  this  case  it  is  said  that  the  approach  of  the  pa- 
tient may  be  recognized  at  a  considerable  distance  on 
account  of  the  strong  odor  of  ammonia.  Later  the 
aperture  of  the  urethra  tends  to  contract  and  a  wooden 
dilator  is  introduced  and  at  first  is  worn  constantly  ex- 
cept during  micturition.  Even  with  these  precautions 
retention  follows  in  most  cases  as  a  result  of  cicatriza- 
tion. ^V'ith  this  are  associated  cystitis  and  the  formation 
of  vesical  calculi. 

The  classical  type  is  seldom  seen  in  Pekin.  The  middle- 
aged  eunuch  differs  little  from  other  Chinamen.  Those 
castrated  in  youth  attain  full  stature.  The  timbre  of 
the  voice  is  like  that  of  a  woman.  Those  castrated  after 
the  age  of  twenty  rapidly  lose  their  hair  and  their  voices 
become  harsh  and  unpleasant.  They  age  rapidly  and 
at  forty  the}'  give  the  impression  of  a  person  of  sixty. 

Lortet*  says  that  in  most  of  tlie  large  cities  of  Egypt 
one  meets  in  the  streets  many  eunuchs,  attached  to  rich 
families  as  trusted  servants,  especially  as  servants  and 
guards  in  the  harems.  The  methods  of  operating  among 
the  Egyptians  are  barbarous  and  the  mortality  is  great. 

Many  of  the  eunuchs  castrated  early  in  life  were  said  to 
preserve  the  pure,  clear  timbre  and  high  pitch  of  the 
bo3"'s  voice,  adding  to  this  the  powerof  the  grown  man's 
lungs.  In  the  Italian  opera  many  of  them  attained 
prominence  as  really  great  singers. 

"Reputable  authors  assert  that,"  in  Australia,  "the 
wild  natives  limit  the  increase  of  families  by  crushing 
the  testicles  of  the  father  after  his  first  child  is"  born."  * 

II.  Effects  op  Castration  on  Male  Animals. 

Domestic  animals  are  ordinarily  castrated  because  they 
grow  and  fatten  more  quickly  aiid  are  more  valuable  for 
working  purposes.  The  effects  of  castration  on  animals 
are  summarized  by  Andrews.f  He  gives  an  interesting 
account  of  the  effect  upon  the  elk  as  observed  in  two  cases 
by  the  late  Judge  Caton,  of  Ottawa,  111.  "The  course  of 
horn  growth  in  the  uncastrated  buck  is  tliis.  Their  so- 
called  horns  are  not  composed  of  real  liorny  material  but 
of  true  bone,  and  are  developed  into  antlers  of  immense 
size.  They  are  shed  annually,  as  in  all  the  deer  tribe. 
During  the  spring  and  summer  they  grow  rapidly.  They 
are  then  covered  with  skin,  hair,  and  connective  tissue, 
and  are  supplied  with  numerous  large  arteries  and  veins 
running  between  the  boneand  the  skin.  This  is  the  stage 
called  'the  velvet.'  Toward  autumn  a  narrow,  knoblSy 
ridge  or  ring  of  bone,  like  a  narrow  provisional  callus, 
begins  to  develop  around  the  base  of  each  horn  :  the  ridge 
pushes  out  and  presses  hard  against  the  nutrient  vessels 
supplying  the  horn,  and  in  some  weeks  obliterates  them. 
The  velvety  skin  and  connective  tissue  covering  the 
antlers  are  cut  off  from  nutrition  and  die.  The  bony 
horn  itself  also  dies  later  and  tlie  dead  skin  dries  and  be- 
comes loose,  and  the  animal  rubs  it  off  among  the  trees 
and  bushes,  leaving  the  superb  antlers  in  their  perfected 
conditiou.  The  antlers  now  have  no  nutrition  except  a 
little  derived  from  the  small  interior  vessels  of  the  can- 
cellated tissue,  wliich  are  soon  obliterated.  They  are 
now  two  immense  necrosed  bones  and  in  the  course  of  the 
winter  undergo  a  separation,  like  any  other  necrosed  bone, 
and  drop  off.  In  the  spring  a  new  pair  sprouts  and  de- 
velops, like  their  predecessors.     Judge  Caton  found  that 

•  Lortet.  "  Allongement  des  membres  inferieurs  du  a  la  castration." 
Arch.  d'Anthrop.  Criin..  xi.,  361-364,  1896. 
+  Andrews.  Op.  cit. 
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if  while  the  young  horns  were  in  the  velvet  the  buck  be 
•  castrated,  the  pair  of  horns  then  developing  would  go  on, 
finish  their  growth,  and  be  shed  the  following  winter  as 
usual;  but  the  next  pair  were  never  shed.  The  effect  of 
the  castration  is  to  prevent  the  formation  of  the  bony 
ring  at  the  base.  Consequently  the  blood-vessels  are 
not  obliterated,  the  horns  continue  in  the  \elvet,  the}'  do 
not  die,  and  are  not  shed.  In  our  climate,  however,  the 
severity  of  the  winter  freezes  the  antlers  and  kills  them 
■down  to  a  point,  perhaps,  eight  inches  from  the  skull. 
The  frozen  parts  ultimately  drop  off  and  in  the  spring 
numerous  small  horns,  like  fingers,  sprout  up  from  the 
stumps.  The  next  winter  these  are  partly  frozen,  and  so 
■on  until  a  pair  of  large  knobby  bunches  of  bone  stand  up 
on  top  of  the  head. 

"  So  far  as  I  know,  no  one  Las  tried  protecting  these 
horns  from  the  winter's  cold  to  see  what  they  would 
grow  to.  They  would  probably  attain  an  immense 
size." 

The  ox  is  larger  than  the  bull  but  relatively  the  neck 
and  forequarters  are  thinner.  The  cerebellum  is  said  to 
be  larger.  The  horns  are  greater  in  length  and  diameter. 
In  the  adult  bull  the  voice  in  lowing  is  an  octave  higher 
than  that  of  the  ox.  This  is  in  contrast  to  the  effect  of 
castration  upon  tlie  human  voice. 

The  wool  of  the  wether  is  said  to  contain  less  lanolin 
than  that  of  the  ram.  This  is  of  importance  commer- 
cially. Castrated  cats  are  excellent  mousers.  They  are 
considerably  larger  than  normal  cats. 

It  is  stated  that  among  certain  species  of  squirrels,  the 
males,  in  lighting,  castrate  each  other.  There  seems  to 
be  no  doubt  that  many  of  those  captured  by  hunters 
have  been  castrated  in  some  way ;  Init  exactly  how  it 
occurs  does  not  seem  to  be  settled.  The  capon  or  castrated 
chicken  is  fifty  per  cent,  heavier  than  the  cock.  The 
flesh  is  more  delicate  and  more  tender.  "Tlieir  spurs 
remain  undeveloped,  the  colored  comb  and  wattles  about 
the  head  remain  very  small,  and  the  gay  ornamental 
plumage  of  the  cock  is  mostly  wanting." 

III.    Effects  of  Castration  on  the  Human  Male. 

Castration  in  earl}'  life  exerts  profound  developmental 
influences.  The  secondary  sexual  characters  of  the  male 
arc  expressed  in  part  by  his  greater  size  and  strength  and 
deeper,  rougher  voice.  The  origin  of  these  characteristics 
is  probably  due  to  nervous  or  chemical  infiuences  origi 
nating  in  the  testicles.  Experimentally  the  invigorating 
effects  of  the  injection  of  testicular  extracts  have  been 
shown.  Zoth*  showed  that  daily  injection  for  one  week 
increased  liy  fifty  per  cent,  the  working  power  of  a  man's 
neuromuscular  system.  At  the  same  time  there  were 
less  su.sceptibility  to  fatigue  and  greater  power  of  re- 
coverj".  These  nervous  or  chemical  influences  are  not 
essential  to  health  as  in  the  case  of  the  thyroid. 

At  puberty  there  occur  acceleration  of  growth,  changes 
in  proportion,  and  the  growth  of  the  beard.  The  pitch 
of  the  voice  may  fall  permanently  an  ocbive  and  for  the 
time  being  may  become  rough,  broken,  and  uncontroll- 
able. This  is  due  to  a  general  sudden  enlargement  of  the 
laryngeal  cartilages,  and  a  lengthening  of  the  vocal 
•cords.  In  the  eunuch  the  size,  shape,  and  consistency 
of  the  larynx  correspond  more  to  the  condition  in  the  boy 
than  to  tliat  in  the  female.  Calcification  of  the  cartilages 
in  old  age  does  not  occur.  The  timbre  of  the  voice  is 
boyish  and  the  pitch  is  soprano. 

Apparently  no  accurate  observations  have  been  made 
concerning  the  changes  produced  by  castration  in  early 
youth.  The  results  of  the  operation  as  performed  in 
some  of  the  Oriental  countries  can  hardly  be  considered 
cases  of  uncomplicated  castration.  The  forms  of  opera 
tion  differ  widely.  In  many  cases  the  entire  external 
genitalia  are  removed.  Complications  arising  from  sepsis 
and  other  conditions  must  also  be  considered.  No  gen- 
eral statement  concerning  the  changes  in  general  appear- 


*  Zoth,  Quoted  by  Lee,  "Reproduction,"  In  "American  Text-book 
of  Physiology,"  878,  I89B. 


ance  and  nourishment  can  be  made.  There  is  probably  a 
general  tendency  to  adipositas.  in  late  life  at  least. 

Statements  as  to  the  condition  of  the  musculature  vary. 
Hair  does  not  develop  on  the  chest,  in  the  axilliE  or  on 
the  pudenda,  and  no  lieurd  grows  on  the  face. 

The  thyroid  in  Grul)er's*  case  was  very  small. 

The  internal  genital  organs  are  small  and  imdeveloped. 
This  is  the  case  with  the  penis  also. 

In  animals  an  arrest  of  development  in  certain  parts  of 
the  brain  has  been  described.  Statements  concerning 
peculiarities  of  character  and  the  mental  capacity  of 
Oriental  eunuchs  have  been  made,  but  tliey  differ  so 
widely  that  no  general  conclusions  may  be  drawn.  Some 
are  described  as  weak  and  of  a  jealous,  intriguing  char- 
acter. Others  are  said  to  possess  great  energ_y  and 
abilitj'.  Ii  is  probable  that  the  moral  atmosphere  in 
which  they  lived  has  considerable  influence  in  detennin- 
ing  these  characteristics. 

Effect  on  the  licriial  Life. — Sturgis.f  after  giving  an  his- 
torical review,  calls  attention  to  the  forensic  imijortance 
of  this  subject.  He  concludes  that  in  animals,  for  a 
varying  jieriod  after  complete  castration,  normal  sperma- 
tozoa are  found  in  the  contents  of  the  sennnal  vesicles. 
This  period  varies  in  different  animals,  being  six  days 
for  the  dog.  seven  for  the  cat,  and  fourteen  days  for  the 
guinea-pig.  In  man  clinical  cases  are  recorded  in  wdiich 
fecundation  of  the  female  has  occurred  after  coitus  with 
the  male  who  has  been  completely  castrated.  The  diffi- 
culty of  controlling  all  the  circumstances,  however,  is 
obvious.  Still  pursuing  tlie  analogy  in  man  as  in  the 
dog  and  cat,  a  complete  castrate  may  be  eajialile  of  pro- 
creation provided  the  coitus  occur  within  the  first  seven 
days  after  the  castration. 

■The  impossibility  of  drawing  general  conclusions  from 
a  small  number  of  cases  brings  up  the  question  of  ac- 
cessory testes.  Apparently  a  few  indubifalde  cases  have 
been  recorded  in  which  the  accessory  testis  has  been  re- 
moved and  examined  micro.scopically.  Turner}  reports 
a  case  in  which  two  testicles  were  found  on  the  right 
side  during  an  operation  for  hydrocele.  One  was  situated 
above  the  other,  the  cords  of  the  two  apparently  luiiting. 
He  also  quotes  a  similar  case  reported  by  Lane.  "  Micro- 
scopical examination  of  the  supernumerary  testis  showed 
well-formed  tubides  with  spermatogenesis  proceding." 
In  neither  of  these  cases,  however,  does  there  seem  to 
have  been  a  microscopical  examination  of  what  was  con- 
sidered to  l:)e  the  normal  testis.  It  seems  quite  possible 
that  in  some  cases  of  apparently  complete  castration 
normal  functionating  testes  may  be  situated  even  intra- 
abdominally. 

This  is  important  also  in  connection  with  the  question 
of  the  effect  of  castration  on  the  sexual  passion.  It  is 
said  that  sexual  desire  maj'  persist  after  castration  in 
manhood  and  may  develop  occasionally  even  when  the 
oiieration  has  been  performed  in  childhood.  The  ox  and 
the  gelding  do  not  completely  lose  the  sexual  passion. 

Castration  for  Enlarged  Prostate. — The  physiological 
relations  existing  between  the  testes  and  the  prostate,  the 
faulty  development  of  the  prostate  after  castration  in 
early  years,  and  the  conception  of  an  analogy  existing 
between  the  h^-pertrophied  prostate  and  myomata  of  the 
uterus,  led  to  the  performance  of  castration  as  a  thera- 
peutic measure  in  cases  of  |irostatic  h_vpertrophy. 

From  a  developmental  point  of  view  the  analogy  be- 
tween the  hypertrophied  prostate  and  uterine  myomata 
is  not  well  founded.  Onlv  the  .sinus  pocularis,  a  remnant 
of  the  Miillerian  duct,  corresponds  to  the  uterus.  Ana- 
tomically and  histologically  the  similarity  to  uterine 
myomata  of  the  so-called  myomatous  form  of  hyper- 
trophy is  only  superficial. 

■The  faulty  development  and  small  size  of  the  prostate 
after  castration  in  childhood  and  the  retrogressive  changes 

*  Gruber  quoted  by  Becker,  "  Ueber  das  Knochensystem  eines  Oas- 
traten."    Arch.  t.  Anat.  u.  EntwickelunKsB-esoh..  8:i-113,  Leipsic,  1899. 

i  Sturpis.  "  Are  Complete  Castrates  Capable  of  Procreation  ?  "  Med. 
News,  Ixxiii.,  ■W9.  1898. 

J  Turner,  "A  Case  of  Supernumerary  Testis."  The  Lancet,  ii.,  174, 
1900. 
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following  the  operation  in  early  manhood,  indicate  only 
the  effects  upon  a  normal  organ.  Here,  however,  we  are 
dealing  with  an  liypertrophic  and  pathologically  altered 
gland. 

Following  castration  in  animals  there  .is  an  atrophy  of 
the  glandular  portions  of  the  prostate.  In  most  cases  of 
hypertrophy  there  is  an  increase  in  the  volume  of  the 
fibro-muscular  stroma.  The  pure  glandular  forms  are 
relatively  uncommon.  An  atrophy  of  the  glandular 
portions  alone  would  have  little  influence  in  reducing  the 
size  of  the  organ. 

Retarded  development  of  the  prostate  in  congenital 
malformation  and  malposition  (cryptorchismus)  of  the 
testes  has  been  described.  Apparently  there  have  been 
a  few  cases  of  hypertrophy  after  castration  in  youth. 

The  danger  of  the  operation  in  old  patients  has  led  to 
modifications  of  various  kinds.  Among  these  may  be 
mentioned  unilateral  castration,  division  of  the  cord,  liga- 
tion of  the  cord,  division  or  resection  of  the  vasa  defer- 
entia,  division  of  Cooper's  nerves,  angio-neurcctomy, 
and  sclerogenous  injection.  These  do  not  appear  to  be 
as  effective  as  the  original  operation. 

Many  good  results  of  the  operation  have  been  reported 
by  trustworthy  observers.  Many  very  experienced  sur- 
geons report  only  bad  results. 

Although  the"  sexual  operations  for  prostatic  hyper- 
trophy have  often  been  performed,  and  there  is  no  lack 
of  experimental  evidence  of  tlie  effect  of  castration  on 
the  normal  gland,  yet  one  cannot  say  that  the  relations 
of  this  operation  have  as  yet  been  entirely  cleared  up.  The 
indications  have  not  yet  been  iulcquatcly  determined, 
and  one  cannot  say  in  any  case  what  tlie  result  will  be. 
The  method  in  which  castration  brings  about  the  result 
is  still  rather  obscure,  and  the  changes  which  the  hyper- 
trophied  prostate  undergoes  have  been  little  observed  at 
autopsy  or  studied  histologically.  The  observations  have 
yielded  no  noteworthy  results.  In  almost  all  cases  an 
atrophy  could  not  be  demonstrated. 

Important  considerations  are  the  effect  on  the  cen- 
tral nervous  system  and  the  general  effects.  In  old  pa- 
tients there  is  often  rapid  exhaustion  of  strength.  Cases 
of  acute  mania  have  been  reported.  These  effects  may 
be  due  to  the  loss  of  an  internal  secretion.  Frisch*  has 
given  up  the  sexual  operations  entirely.  Three  of  his 
patients  who  were  cheerful  and  strong  before  operation 
and  had  no  evidence  of  involvement  of  the  kidneys  or 
other  internal  organs  died  within  fourteen  days  after  re- 
section, as  a  result  of  a  loss  of  strength  amounting  almost 
to  cachexia. 

The  greater  part  of  the  publications  on  the  subject  are 
incomplete.  A  cure  involves  a  condition  in  which  the 
patient  sjiontaueously  completely  empties  the  bladder 
within  the  normal  interval.  This  fact  is  often  lost  sight 
of.  Reports  of  a  decrease  in  the  size  of  tlie  prostate  are 
seldom  based  on  accurate  measurements,  ffidema  caused 
hj  retention  is  probabl)'  relieved,  but  the  same  result  is 
attained  by  catheterization.  Some  of  the  reported  cases 
have  been  operated  on  during  the  first  period  of  reten- 
tion. 

There  are  a  few  apparently  reliable  cases  in  which  the 
results  were  very  satisfactory.  Spontaneous  micturition 
developed  graduallj'  and  later  a  decrease  in  the  size  of 
the  prostate  could  be  demonstrated  and  was  permanent. 
There  was  a  decrease  of  residual  urine  and  a  disappear- 
ance of  the  olistruction  and  the  cystitis.  The  contractil- 
ity of  the  bladder  returned  after  years  of  catheteriza- 
tion or  the  patients  were  more  readily  catheterized.  The 
soft  forms  of  hypertrophy  are  most  influenced.  Fatal 
results  are  frequently  due  to  secondary  changes  in  the 
kidneys. 

The  results  of  nursing,  rest,  and  treatment  of  the  cys- 
titis are  apt  to  complicate  the  observations,  and  cases 
given  simply  symptomatic  treatment  often  yield  equally 
good  results. 

It  has  not  been  decided  what  relation  enlargement  of 

*  Frisch.  "  Die  Kranklieiten  der  Prostata,"  In  Nothnagers  "Specielle 
Path.  u.  Therapie,"  xlx.,  1899. 


the  prostate  bears  to  difficult  micturition.  There  may 
be  symptoms  without  much  enlargement,  and  many  old 
men  with  large  prostates  have  no  symptoms.  The 
severity  of  the  symptoms  does  not  depend  entirely  upon 
the  degree  of  hypertrophy.  The  hypertrophy  is  not 
physiological,  but  is  caused  by  proliferation  of  a  typical 
tissue  and  the  result  is  much  like  that  due  to  the  presence 
of  a  neoplasm.  There  is  possibly  an  embryological  An- 
lage*  for  the  condition. 

Most  of  the  reported  brilliant  results  have  followed 
within  a  few  da^'s  after  the  operation.  They  have  pos- 
sibl}'  been  a  result  of  depletion  of  the  venous  networks, 
with  which  the  prostate  and  the  neck  and  walls  of  the 
bladder  are  supplied.  These  vessels  comnumicate  freely. 
Their  congestion  probably  has  a  great  influence  on  caus- 
ing the  sj-mptoms.  A  distended  bladder  probably  causes 
passive  congestion  in  these  vessels.  In  a  short  time  this 
results  in  swelling  and  cedema  of  the  neck  of  the  bladder 
and  of  the  prostate,  and  consequent  closure  of  the  orifice 
of  the  bladder.  Castration  possibly  relieves  this  conges- 
tion by  vaso-motor  or  other  influences. 

The  late  publications  of  some  of  the  best  observers  in- 
dicate that  the  operation  is  at  present  employed  only  to 
a  slight  extent.  Mikulicz  f  would  limit  the  indications 
for  the  operation  markedly.  Frisch's  %  opinion,  as  ex- 
pressed at  the  Thirteenth  International  Medical  Congress, 
is  as  follows:  "Of  all  the  various  operations  for  hyper- 
trophy of  the  prostate  onh'  those  which  have  for  their 
object  the  complete  removal  of  that  portion  of  the  pros- 
tate which  prevents  the  free  flow  of  urine  offer  any 
chance  of  lasting  success."  Under  this  head  he  does  not 
include  any  of  the  operations  involving  the  testicles. 

The  conclusions  of  Lequeu§  are  reported  as  follows, 
from  the  same  meeting:  "As  regards  the  remote  results 
of  double  castration  they  are  not  so  good  as  the  early 
observations,  which  did  not  take  a  long  enough  space  of 
time  into  consideration,  woidd  lead  one  to  believe.  The 
prostate  certainly  shrunk,  but  the  patient  improved  to 
a  far  greater  degree  than  could  be  accounted  for  by  the 
diminution  observed.  The  attacks  of  pain  were  less  fre- 
quent and  the  contractility  of  the  bladder  improved  so 
that  the  residual  urine  was  less  in  quantity.  But,  after 
all,  there  was  only  amelioration  and  not  permanent  ctu'e, 
and  comparing  the  results  of  castration  with  those  of 
other  methods  it  was  doubtful  whetlier  the  advantages 
of  it  were  worth  the  sacrifice." 

The  mental  state  of  the  patient,  resulting  from  the 
change  in  his  relations  to  society,  must  also  be  considered. 

Effects  (if  CiiKlriitian  on  tht  Oxmoiis  Si/itrm. — Becker  | 
has  made  some  very  interesting  observations  upon  the 
effects  of  castration  on  the  osseous  system.  His  material 
consisted  of  the  skeleton  of  a  colored  eunuch  and  the 
pelvic  bones  of  another.  These  lie  compared  with  the 
skeletons  of  two  colored  males  upon  whom  the  operation 
had  not  been  performed. 

The  general  structure  of  the  skeleton  is  slender  as  in 
the  young  negro.  Ossification  is  delayed.  This  is  true 
of  the  skull,  the  vertebra?,  and  the  extremities,  with  the 
shoulderand  pelvic  girdles.  The  sutures  and  epiphyseal 
lines  are  very  clearly  retained  and  present  the  condition 
found  in  very  young  individuals.  In  Gruber's  *J  case  the 
normal  ossification  of  the  hyoid  bone  was  absent.  The 
bones  in  general  are  very  long,  making  the  skeleton  very 
tall.  The  same  thing  is  observed  in  the  ox  and  the  geld- 
ing, both  of  which  have  long  extremities  and  high 
withers.  The  relations  of  the  lower  to  the  upper  ex- 
tremities are  analogous  to  those  found  in  the  young  indi- 
vidual.    The  same  is  true  of  the  relations  of  the  forearm 


*  The  (iemian  word  Aiilagc  is  variously  rendered  rudiment,  origin, 
beginning,  basis,  foundation,  fundament. 

t  Hoffman,  "  fieitriige  zur  operaliven  Behandlung  der  Prostata- 
hypertrophie."    Beitriige  zur  lilinisehen  Chirurgie.  xix..  .541.  1807. 

tFrisfS.  "The  Remote  Effects  of  Operative  Treatment  in  Hyper- 
trophy of  the  Prostate."  Thirteenth  Internat.  Med.  Congress,  August, 
19(K1.    Reported  by  Phil.  Med.  Joum.,  vi.,  :&\  19(10. 

S  Lequeu.  Ihul..  32«. 

;;  Becker.  "  UcImt  dus  Knochensysten  eines  Gastraten."  Arch.  t. 
Anat.  u.  EntwickclDUL'strcsch.  .s:3-112, 1899. 

T  Gruber,  quoted  liy  Becker,  llnd. 


712 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Castration. 
Castration* 


to  the  arm  ami  of  the  legs  to  the  thigh.  In  the  peivis  uo 
characteristic  changes  are  found. 

These  resuits  contirm  tliose  of  Lortet.*  He  performed 
an  autopsy  on  an  Egyptian  eunuch  about  twenty-tive 
years  old. "  The  lengtli  of  the  long  bones  was  consider- 
ably increased.  This  was  especially  marked  in  the  lower 
extremities.  It  has  been  shown  experimentally  that  the 
hind  legs  of  the  castrated  rabbit  are  abnormally  long. 
In  the  capon  the  foot  is  elongated.  It  is  especially  the 
hind  legs  of  the  ox  that  are  elongated.  As  a  result  the 
line  of  the  back  is  horizontal  instead  of  descending  as  in 
the  bull. 

Effect  of  Castration  on  Sociological  Conditions. — Castra- 
tion has  been  employed  in  some  countries  as  a  method 
for  the  punishment  of  crime.  Asexualization  for  the 
limitation  of  disease  and  the  prevention  and  punishment 
of  crime  has  been  urged  to  some  extent  at  the  present 
time.  It  has  been  maintained  that  the  castration  of 
chronic  criminals,  sexual  perverts,  and  hereditary  defec- 
tives would  benefit  society  and  elevate  the  human  race. 
It  has  been  proposed  as  a  substitute  for  capital  punish- 
ment and  as  a  means  of  preventing  the  propagation  of 
criminals.  "The  pleading  of  Brower.f  that  asexualiza- 
tion is  the  most  jiromising  means  of  reducing  crime,  has 
been  put  on  a  practical  basis  by  the  suggestion  of  Mc- 
Cassey  that  criminals,  especiali.v  those  imprisoned  for 
rape,  should  be  offered  their  liberty  at  any  time  on  con- 
dition of  submitting  to  castration  jirevious  to  discharge." 

The  editor  of  the  Philadelphia  J7crf(V/(i  Journal  X  appar- 
ently favors  legislation  along  this  line,  as  may  be  judged 
from  the  following : 

"As  we  ascend  in  the  social  scale,  with  the  present 
state  of  society,  especially  in  the  large  cities,  the  number 
constituting  a  family  becomes  smaller  and  smaller.  It 
requires  no  mathematician  to  discover  that  the  shiftless, 
the  thriftless,  the  indigent  poor — the  class  which  pro- 
duces, relatively,  the  greatest  number  of  criminals  and 
paupers,  if  not  of  the  mentally  deticient — are  increasing 
out  of  all  proportion  to  the  thrifty,  the  well-to-do,  the 
class  which  produces  relatively  few  of  the  paupers  and 
criminals. " 

Two  causes  for  this  may  be  assigned.  The  growing 
dislike  on  the  part  of  parents  of  the  upper  and  middle 
classes  to  be  burdened  with  numerous  children  and  the 
lavish  free  treatment  by  hospitals,  dispensaries,  and  lying- 
in  institutions  to  all  who  apply.  "Never  was  such 
organized  or  persistent  effort  put  forth  to  save  the  weak- 
ling, the  physically  incompetent,  those  who  with  less 
care  would  perish  in  the  battle  for  life. 

"  This  effort  at  saving  life  is  well,  it  is  our  duty  :  but 
it  has  its  evil  consequences.  Parents  relieved  from  much 
that  is  onerous  in  cliild-rearing  are  encouraged  to  beget 
others  of  their  kind.  Thus  is  beginning  a  multiplication 
of  the  indigent  jiopulation  which  threatens  serious  con- 
sequences for  the  future. 

"If  the  confirmed  criminal,  the  pauper,  the  degenerate, 
those  who  have  ceased  to  have  a  regard  for  law  and  the 
consequences  of  their  own  acts,  must  be  su)5ported  by 
the  state,  then  society  certainly  has  the  right  to  say  that 
such  at  least  shall  not  propagate  their  kind.  It  is  stated 
that  Michigan  has  legalized  asexualization  for  certain  of 
these  unfortunates.  Other  States  and  countries  will  in 
time  follow  her  example. 

"Asexualization  will  be  held  by  some  to  be  a  harsh 
measure,  but  it  becomes  incumbent  upon  those  who 
would  discourage  it  to  offer  something  better,  for  the 
future  will  compel  us  to  act.  Regulation  of  the  marriage 
law  would  be  ineffectual,  because  these  lower  classes 
have  ceased  to  have  respect  for  the  law  and  the  conse- 
quences of  their  own  acts. 

"  If  society  by  her  philanthropic  efforts  is  forced  to 
annul  the  law  of  the  survival  of  the  fittest,  then  self- 
interest,  nay  self-preservation,  will  compel  her  to  adopt 

*  Lortet,  "  Allongement  des  niemhres  inferieurs  du  k  la  castration." 
Arch.  d'Anthrop.  Crim.,  xi.,  361-;»1.  \ms. 

+  Johnston,  Am.  Year-Book  of  Med.,  519,  1900. 

t  "Crime,  Pauperism,  and  Mental  Deficiency."  Phil.  Med.  Joum., 
Ti..  427,  1900. 


measures  that  will  prevent  the  multiplication  of  those 
who  at  best  can  only  add  degeneracy  to  the  race." 

IV.  Effects  of  Castration  in  Women. 

Advances  in  g3'necological  pathologj'  have  made  cas- 
tration a  much  less  common  operation  than  it  has  been 
in  the  past.  ^Many  conditions  formerly  considered  jiatho- 
logical  are  now  recognized  as  normal.  Regeneration  and 
restoration  of  function  follow  more  conservative  opera- 
tions in  large  classes  of  cases  in  which  radical  procedures 
were  formerly  considered  necessary. 

It  is  difficult  to  get  accurate  data  concerning  many  of 
the  remote  effects  of  castration  "because  women  are 
naturally  reticent  about  matters  of  sex."  JIauy  of  the 
patients" are  ignorant  and  unable  to  give  intelligent  ac- 
counts of  their  condition. 

The  classification  of  the  effects  of  castration  here 
adopted  is  that  of  Pfister.*  Many  of  the  ingenious  ap- 
plications of  Pflilger's  theory  also  are  his. 

Infiueiice  on  Menstruation. — Before  considering  the 
effects  of  castration  upon  menstruation  a  brief  considera- 
tion of  some  of  the  theories  of  menstruation  is  necessary. 
According  to  Ptlliger's  theory  menstruation  is  the  result 
of  ovulation.  The  ovarian  nerve  endings  are  stimulated 
by  the  enlargement  of  the  Graafian  follicles  iu  the  o\-ary. 
The  nerve  supply  of  the  ovary  is  very  abundant,  and  the 
presence  of  ganglion  cells  has  been  described.  The 
ovarian  nerves  have  their  centre  in  the  lumbar  regi<in  of 
tlie  spinal  cord.  In  this  centre  a  summation  of  these 
stimuli  takes  place.  The  enlargement  and  bursting  of 
the  Graafian  follicles  is  a  continuous  process.  When  the 
summation  has  reached  a  certain  degree  the  stimuli  are 
reflected  to  the  vaso-motor  apparatus  of  the  uterus  and 
ovaries.  Meanwhile  changes  have  been  going  on  in  the 
uterus.  There  has  been  formed  the  decidua  menstrualis. 
This  consists  of  a  loose,  succulent,  and  very  vascular 
tissue.  When  the  stinuili  are  reflected  to  the  vaso-motor 
apparatus  of  the  uterus  a  state  of  marked  hypera?mia  is 
brought  about.  Under  the  influence  of  this  hypera;mia 
the  capillaries  burst  and  the  menstrual  flow  is  establi.shed. 

The  stimulus  caused  by  the  enlargement  of  the  follicles 
has  been  replaced  experimentally  by  artificial  means. 
The  injection  of  sterile  gelatin  into  the  o\'aries  of  bitches 
is  said  to  have  caused  an  iiumediate  onset  of  the  sjmp- 
toms  of  rut. 

In  addition  to  its  function  of  ovulation  the  ovary 
probably  furnishes  also  an  internal  secretion,  to  which 
the  cause  of  menstruation  has  been  attributed.  Of  the 
existence  of  this  secretion,  however,  there  is  no  absolute 
demonstration,  such  as,  for  instance,  the  inteinal  secre- 
tion of  glycogen  in  the  case  of  the  liver.  The  assump- 
tion that  it  possesses  this  function  rests  upon  the  striking 
anatoiuical  and  physiological  homologies  existing  be- 
tween the  ovary  and  the  internal  secretive  glands,  and 
upon  the  disastrous  results  which  follow  its  removal  dur- 
ing the  period  of  its  functional  activity.  It  may  be  that 
the  function  ceases  also  at  the  menopause,  and  that  many 
of  the  associated  symptoms  are  due  to  its  discontinuance. 

More  tangible  evidence  of  the  internal  secretive  func- 
tion of  the  ovary  is  furnished  by  the  experiments  of 
Curatulo.t  After  castration  he  foimd  the  phosphates 
(P5O5)  in  the  urine  greatly  and  permanently  reduced  in 
quantity.     These  results  have  been  confirmed  in  man. 

The  beneficial  effects  of  castration  in  cases  of  osteo- 
malacia appear  to  be  explained  by  these  experiments. 
By  the  removal  of  the  ovai'ies  the  excretion  of  the  phos- 
phates, which  so  largely  constitute  the  inorganic,  rigid 
portions  of  bone,  is  diminished.  In  this  disease,  however, 
no  constant  gro.ss  or  histological  changes  in  the  ovaries 
have  been  described. 

To  what  is  to  be  attributed  the  periodicity  of  menstrua- 
tion? Pflilger's  theory  offers  an  answer  to  this  question 
also.     If  a  ripe  follicle  chances  to  be  present  when  the 

*  Pflster,  "  Die  Wirkung  der  Castration  aul  den  weiblichen  Organis- 
mus."    Archiv  t.  GynakolopiP,  Ivi.,  8,t3,  1898. 

+  Curatulo,  "Influence  of  Removal  of  Ovaries  on  Metabolism  in 
Connection  with  Osteomalacia."  Obst.  Trans.,  London,  xxxix.,  58, 1897. 
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reflex  hypersemia  of  the  ovary  occurs,  its  bursting  is 
hastened.  This  explains  the  cases  in  which  ovulation  is 
coincident  with  menstruation.  If  no  ripe  follicle  is  pres- 
ent, however,  ovulation  does  not  occur.  In  lower  ani- 
mals the  rutting  season  and  ovulation  are  synchronous. 
The  periodicity  of  menstruation,  then,  is  independent  of 
ovulation.  Pflilger's  theory  assigns  the  cause  to  the 
periodic  formation  of  the  decidua  menstrualis.  The  re- 
flex hyperemia  does  not  cause  menstruation  unless  the 
decidua  menstrualis  has  been  completely  formed. 

If  Pflilger's  theory  or  the  theory  of  internal  secretion 
is  correct,  menstruation  should  cease  after  castration. 
Cases  are  repeatedly  found  in  the  literature  in  which  it  is 
said  to  have  continued  after  the  operation.  In  such  cases 
it  is  probable  that  a  portion  of  the  ovarian  tissue  has 
escaped  the  operator  and  remained  in  place.  In  some 
<'ases  this  may  have  been  in  the  form  of  accessory  ovaries. 
These  have  been  found  at  autopsy  in  such  a  relation  that 
they  might  readily  escape  removal  at  operation.  It  seems 
that  only  a  small  amount  of  ovarian  tissue  is  sufficient  to 
•continue  the  functions  of  the  ovaries.  A  case  has  been 
reported  in  which  a  multilocular  cyst  developed  after  pan- 
hysterectomy. Pfister.*  Clark, f  and  Kelly  |  believe  that 
•complete  castration  always  results  in  absolute  and  per- 
manent cessation  of  the  catamenial  flow. 

Following  the  operation  of  castration,  it  has  been  ob- 
served in  some  cases  that  the  succeeding  menstrual  period 
has  occurred,  but  has  begun  earlier  than  usual.  Accord- 
ing to  Pflilger's  theory,  there  should  have  been  no  suc- 
ceeding period.  Pfister  regards  it  as  a  result  of  the 
severe  mechanical  stimulation  of  the  ovarian  nerves  that 
necessaril}'  takes  place  during  the  operation.  This  takes 
the  place  of  the  stimulation  normally  produced  by  the 
enlargement  of  the  Graafian  follicles. 

The  normal  periodical  flow  has  continued  for  a  time 
after  castration  in  some  cases,  and  lias  then  ceased  at  an 
earlier  stage  of  life  than  normally.  Here  the  operation 
has  imdoubtedly  been  incomplete.  The  early  cessation 
is  to  be  explained  by  the  exhaustion  of  the  remaining 
ovarian  tissue.  The  number  of  Graafian  follicles  is  limited 
and  the  supply  gives  out  at  an  earlier  peiiod  than  nor- 
mally. 

Still  another  anomaly  may  be  explained  by  Pflilger's 
theory.  Menstruation  may  cease  for  a  time  after  castra- 
tion, and  then  may  be  re-established.  In  these  cases  the 
remaining  ovarian  tissue  contains  possibly  only  verj- 
young  follicles.  It  is  conceivable  that  these  develop  only 
very  slowly  at  first.  Later,  when  they  become  more 
mature,  their  growth  is  sufficiently  rapid  to  bring  about 
the  necessary  stimulation  of  the  ovarian  nerve  endings. 

It  is  significant  that  most  cases  iu  which  menstruation 
persists  after  castration  present  technical  difficulties  at 
operation.  These  are  often  of  such  a  character  as  to 
render  it  practically  impossible  to  remove  all  of  the 
ovarian  tissue.  They  often  take  the  form  of  dense  adhe- 
sions to  suiTounding  structures.  Pfister  reports  two 
eases  of  unicornate  uterus.  Jlenstruation  persisted  after 
unilateral  castrations.  He  believes  that  the  "  Anlage  "  and 
development  of  the  ovary  were  bilateral,  and  that  the 
anatomical  relations  of  one  organ  were  so  atypical  that  it 
eould  not  be  discovered  at  operation,  and  consequently 
remained  to  continue  its  functions. 

Following  castration  there  are  sometimes  so-called 
vicarious  hemorrhages.  In  a  series  of  116  cases  Pfister 
noted  their  presence  in  12.  Two  of  these,  in  which 
periodical  bleeding  from  the  intestine  occurred,  he  re- 
gards as  genuine.  In  the  other  10  cases  the  patients  com- 
plained of  periodical  nose-bleed  continuing  for  from  one 
to  two  years. 

The  effects  of  the  operation  upon  leucorrhoea  are  usu- 
ally beneficial,  and  the  condition  improves  or  di.s;ippears. 
The  change  is  not  noted  at  first,  but  develops  gradually 
■with  the  retrogressive  changes  in  the  genitalia.  In  cases 
in  which  myomata  are  present   the  diminution  is  not 

*  Op.  at. 

+  Clark,  "InflueDoe  of  Castration  upon  the  Female  Constitution." 
Progressive  Medicine,  ii.,  141, 1899. 
t  Kelly,  "  Operative  GTnecology,"  11.,  163,  New  Yorli,  1898. 


so  marked  as  in  other  cases.  This  is  probably  to  be  ex- 
plained by  the  presence  of  submucous  myomata,  which 
possibly  mechanicalh-  continue  the  process  which  leads 
to  the  exudation.  In  the  case  of  submucous  myomata 
there  are  usually  increased  blood  supply  and  hypertrophy 
of  the  endometrium.  Castration  results  in  a  decreased 
blood  supply  and  atrophv  of  the  mucosa.  The  improve- 
ment after  the  operation  suggests  that  leucorrha>a  is  a 
result  of  this  increased  blood  supply  and  hypertrophy. 

MoJimina  MciiHrualia. — This  term  designates  the  un- 
pleasimt  sensations  which  often  take  the  place  of  men- 
struation after  castration.  The  etiology  is  possibly  asso- 
ciated with  a  continuance  of  the  periodical  fonnation  of 
the  decidua  menstrualis.  The  absence  of  stimulation 
from  the  ovary,  however,  prevents  menstruation.  With 
the  gradual  atrophy  of  the  uterus  the  decidua  menstrualis 
is  no  longer  formed,  and  the  symptoms  disiippcar.  Clark  * 
believes  that  the  decidua  menstrualis  is  not  formed  at  all 
after  castration.  According  to  the  theory  of  internal 
secretion  the  sj-mptoms  are  to  be  explained  by  a  discon- 
tinuance of  this  function.  The  view  that  auto-intoxica- 
tion is  responsible  for  the  moliinina  has  also  been  ad- 
vanced. Hippocrates  believed  that  menstruation  was  a 
cleansing  process  for  the  purpose  of  ridding  the  system 
of  impurities.  The  Hebrews  f  considered  their  women  to 
be  unclean  during  and  for  seven  days  following  menstru- 
ation, and  imposed  severe  penalties  in  cases  of  sexual 
congress  during  this  period. 

The  sensations  are  local  and  general.  They  are  vari- 
ously described  by  the  patients.  There  are  seiQsations  of 
heat,  chilly  sensations,  dizziness,  meteorism,  pain  in  the 
back,  pain  iu  the  abdomen,  drawing  pains,  especially  at 
the  sides  of  the  uterus,  pain  in  the  abdomen  which  not 
infrequent!)-  radiates  to  neighboring  parts,  .sensations  as 
of  blood  rushing  toward  the  pelvic  organs  associated  with 
feelings  of  fulness,  weight,  and  dragging.  Pfister  noted 
their  presence  in  thirty  per  cent,  of  the  cases  of  his  series. 
They  were  most  pronounced  shortly  after  the  operation, 
persisting  in  some  cases  as  long  as  two  j-ears. 

Effect  on  the  Sexual  Life. — The  normal  physiological 
phenomena  of  the  sexual  life  may  be  expressed  in  terms 
of  Pflilger's  theory.  The  tension  of  the  Graafian  follicles 
stimulates  the  endings  of  the  ovarian  nei'ves.  This 
brings  about  a  state  of  increased  irritability  of  centres  iii 
the  lumbar  region  of  the  spinal  cord.  Under  these  cir- 
cumstances the  patient  is  very  susceptible  to  sexual 
stimuli.  Cutaneous  and  other  stimuli  may  now  arouse 
the  sexual  passion.  At  other  times  much  greater  stimuli 
may  be  necessary  to  bring  about  the  result.  In  coitus 
the  erotic  sensations  are  produced  by  the  mechanical 
irritation  of  the  glans  clitoridis.  The  gians  contains  a 
rich  network  of  neive  fibres.  These  end  in  peculiar 
structures  known  as  Krause's  tactile  corpuscles.  The 
mechanical  stimulation  probably  brings  about  the  erotic 
sensiitions  in  the  lumbar  region  of  the  spinal  cord.  The 
irritability  of  these  centres  is  probably  increased  by  the 
stimuli  from  the  ovaries  passing  through  the  ovarian 
nerves.  This  increased  irritability  is  expressed  by  an  in- 
crease in  the  intensity  of  the  erotic  sensations. 

According  to  Pfll'iger's  theory,  then,  castration  results 
in  complete  extinction  of  the  sexual  passion  leading  to 
sexual  impulses,  and  of  erotic  sensations  during  coitus. 
Pfister  found  that  in  forty -three  per  cent,  of  his  cases  the 
sexual  pas.sion  no  longer  existed,  and  that  in  fifty-two 
per  cent,  there  was  a  cessation  of  the  erotic  sensations. 
He  notes  also  that  Glilveke  and  Liesau  arrived  at  similar 
conclusions.  In  the  case  of  .young  individuals,  he  finds 
that  the  theory  always  holds  good.  He  also  quotes 
Beimler  as  having  a  similar  experience.  He  offers  an  in- 
teresting explanation  of  the  discrepancy.  In  the  older 
individuals  the  sexual  function  has  been  active  for  a 
greater  or  lesser  period  of  time.  This  has  led  to  the  de- 
velopment of  a  new  factor.  There  have  been  formed  in 
the  central  nervous  sj-stem  memory  pictures  of  previous 
experiences — the  libido  centralis.  These  serve  to  awaken 
and  maintain  the  sexual  passion  independently  of  the 


•  Op.  cU. 


+  Leviticus  XV.,  19. 


Ili 


REFERENCE  HANDBOOK  OF  THE   IVIEDICAL   SCIENCES. 


Caslrallon. 
Castration. 


libido  sexualis,  which  has  for  its  basis  the  centres  in  the 
lumbar  cord.  The  sexual  life  loses  then  the  character  of 
a  purely  physifilogical  fuucliou.  It  comes  to  be  par- 
tially depeufieut  upon  jisychical  influences.  In  suppoi't 
of  this  view  he  quotes  Beimlcr's  experiments  upon  dogs. 
Some  of  the  dogs  were  castrated  after  one  or  more  preg- 
nancies, and  others  were  castrated  before  any  pregnancy 
had  occurred.  The  former  showed  sym]itoms  of  lieat 
after  the  operation,  wliile  the  latter  had  no  such  symp- 
toms. He  offei'S  a  similar  explanation  from  Keppler's 
case  also.  This  was  the  case  of  a  prostitute  upon  whom 
the  operation  of  castration  liad  been  performed.  She 
afterward  continued  her  vocation.  \Vhen  her  chosen 
lover  was  indifferent  to  her  she  submitted  herself  to  him 
passively.  When  he  was  capable  of  arousing  her  inter- 
est, however,  the  .sexual  passion  was  aroused.  Clark* 
reports  tlie  case  of  a  variety  actress  who  had  suffered 
from  gonorrhoea  for  a  numiier  of  years.  The  sexual 
passion  had  been  almost  abolished  by  constant  suffering. 
Double  pyosaljiinx  and  severe  pelvic  peritonitis  tinally 
nfecessitated  a  double  salpingo-oOphorectomy.  Two  or 
three  years  after  oiieration,  with  renewed  health,  the 
sexual  passion  had  returned  with  almost  double  force. 
In  the  same  way  ma}'  be  explained  the  persistence  of  the 
sexual  passion  in  some  normal  individuals  until  after  the 
sixth  decade. 

Certain  general  considerations  also  have  a  bearing  upon 
this  point.  In  the  male  sex  the  degree  of  sexual  inclina- 
tion is  fairly  uniform.  In  the  female,  however,  the  de- 
gree varies  greatl}'.  "Concerning  this  point  Prof,  von 
Rosthorn.  of  Prague,  made  the  startling  statement  to  me. 
in  a  conversation  upon  this  subject,  that  of  all  the  women 
who  consulted  him  at  least  seventy  per  cent.,  he  felt  con- 
vinced, had  been  indifferent  to  the  sexual  approaches  of 
their  husbands  or  lovers,  even  while  they  were  yet  in 
perfect  health.  In  view  of  such  statements  it  at  once  l)e- 
•comes  evident  that  the  post-operative  side  of  tliis  inies- 
tion  cannot  be  determined  definitely  without  control 
records  of  the  sexual  proclivities  of  the  patients  before 
they  became  ill."f  As  a  rule  the  sexual  pa.ssion  decreases 
with  the  approach  of  the  climacterium.  In  many  cases 
the  post-operative  state  may  be  a  result,  not  so  much  of 
the  operation,  as  of  the  apjiroaching  menopause.  In 
other  cases  it  is  possible  that  an  inflammatory  process 
may  vicariously  take  the  function  f)f  the  ovary  in  stimu- 
lating the  ovarian  nerves.  The  sexual  impvdses  and  the 
•erotic  sensations  are  usually  affected  to  an  equal  extent. 

The  Effect  iipmi.  the  Genital  Orfians. — In  the  normal 
climacterium  there  is  an  increase  of  the  connective  tissue 
in  the  ovary,  associated  with  the  disappearance  of  the 
foUiclcs.  The  other  genital  organs,  especially  the  uterus, 
become  atrophied.  A  similar  result  follows  castration. 
The  epithelium  of  the  endometrium  loses  its  cilia  and 
becomes  cubical,  and  the  inlerglandular  tissue  becomes 
■atrophic  and  cirrhotic.  If  myomata  are  present  they 
take  part  in  the  general  atrophy.  The  atrophy  of  the 
vagina,  of  the  clitoris,  and  of  the  labia  majora  is  less 
constant,  but  in  some  cases  corresponds  to  that  of  the 
climacterium.  This  relation  of  the  vagina  and  the  ex- 
ternal genitalia  is  especially  interesting  when  considered 
in  connection  with  the  effect  of  castration  upon  the  sexual 
passion  and  the  erotic  sensation.  The  origin  and  per- 
sistence of  sexual  inclination  and  the  trophic  relations  of 
the  vagina  and  external  genitalia  are  not  so  dependent 
upon  the  function  of  the  ovary  as  are  the  uterus  and 
menstruation.  Cases  in  which  this  general  atrophy  does 
not  occur  must  be  regarded  as  instances  of  incomplete 
castration.  Occasionally,  as  a  result  of  atrophic  changes 
in  the  vagina,  sexual  intercourse  becomes  \cv\  painful, 
or  even  imjiossible.  Clark  X  reports  such  a  condition  in 
a  woman  who  was  previously  neurotic.  The  dyspareimia 
residtcd  in  abandomnent  of  the  woman  by  her  husband. 
In  young  animals  the  uterus  does  not  develop  after  cas- 
tration This  is  probalily  a  result  of  the  absence  of  reflex 
iyperiemia  from  tlie  ovaries. 

There  is  a  tendency  of  the  breasts  to  take  part  in  the 
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general  atrophy.  Mistakes  may  arise,  however,  as  a 
result  of  a  general  increase  of  subcutaneous  fat. 

Gencntl  Effectx. — At  the  time  of  the  natural  menopause 
the  female  oi-ganization  undergoes  considerable  changes. 
There  is  an  aheratiou  of  the  general  form  of  the  body. 
This  is.  to  a  certain  extent,  a  result  of  the  general  in- 
crease of  the  adipose  tissue.  The  changes  in  the  face  are 
conspicuous.  The  cheeks  and  tlie  lower  part  of  the  chin 
become  broader  and  more  massive.  There  is  an  increase 
in  the  general  contour  of  the  body.  The  tnuik  and 
especially  the  hips  and  gluteal  regions  become  thicker 
and  wider.  It  is  largely  the  distribution  of  the  sub- 
cutaneous adipose  tissue  which  lends  to  the  youthful 
female  form  its  peculiar  charm.  After  the  menopause 
the  condition  is  changed.  The  connective  tissue  which 
separates  and  supports  the  fat  lobules  becomes  loose. 
As  a  result  the  skin  and  subcutaneous  tissue  hang  more 
loosely.  The  hair  tends  to  lose  its  iiigment.  Chloasmata 
freciuently  develop  in  the  skin  of  the  face  and  scattered 
bristle-like  hairs  often  make  their  appearance.  There  is 
a  general  increase  of  fat  in  the  breasts,  in  the  abdominal 
region,  and  in  the  extremities.  Many  of  these  changes 
contribute  toward  bringing  about  the  characteristic  ma- 
tronly appearance. 

.  After  castration  one  might  expect  similar  changes.  A 
decided  tendency  toward  greater  deposition  of  fat  is 
present.  In  a  few  eases  this  reaches  an  extraordinary 
degree.  It  must  be  remembered  however,  that  the  gen- 
eral health  of  most  of  the  patients  before  operation  is 
very  poor.  Convalescence,  then,  may  be,  to  a  certain 
extent,  responsible  for  the  result  in  some  cases.  The  dis- 
tribution of  fat,  however,  is  somewhat  different.  Ex- 
cept in  the  ease  of  the  patients  who  are  at  the  age  when 
the  organism  is  preparing  itself  for  the  natural  climax, 
the  matronly  appearance  does  not  develop.  The  dis- 
tribution of  the  fat  is  more  like  that  of  the  youthful 
form.  The  patients  appear  brighter  and  more  youthful. 
The  complexion  is  clearer,  the  pigmentation  of  the  skin 
is  less  markcil  and  more  uniform.  The  hair  does  not 
often  turn  gray  early,  pre-existing  chloasmata  often  dis- 
appear. 

The  breasts  are  not  dependent.  The  nipple  is  often 
atrophic,  and  its  areola  frequently  loses  its  brownish  pig- 
mentation and  becomes  pink.  The  growth  of  hair  upon 
the  face  does  not  take  place. 

As  in  the  natural  climacteriuiti  these  changes  recjuire  a 
number  of  years  for  their  accomplishment. 

Effect  on  the  Nervous  System  and  the  Psychicitl  Effects. — 
The  effects  of  castration  upon  the  nervous  system  vary 
greatlj'  in  character.  Flushes  in  various  parts  are  among 
the  most  common  symptoms.  Often,  however,  they  have 
been  present  before  operation,  suggesting  a  tendency 
toward  hysteria.  They  are  described  as  sensations  of 
heat  passing  from  the  pelvis  toward  the  heart  and  lungs, 
even  to  the  head.  With  these  may  be  associated  palpi- 
tation, dizziness,  and  tinnitus  anrium.  The  skin  becomes 
hyperannic  and  even  while  the  face,  for  exam]ile,  is 
flushed  and  feels  hot,  the  jiatients  comiilain  of  sudden 
chilly  sensations,  especially  in  the  back,  passing  up  along 
the  spine.  Sweating  occasionally  occurs.  The  flushes 
are  most  marked  shortly  after  operation,  commonly  with 
exacerbations  corresponding  to  the  menstrual  periods. 
Varying  nmch  in  intensity  in  the  different  cases,  they 
usually  sooner  or  later  disappear. 

Headache  is  often  complained  of.  Where  it  has  existed 
before  operation,  the  patients  frequently  assert  that  the 
intensity  is  increased. 

Occasionally  nausea,  vomiting,  neuralgia,  especially  in 
the  lumbar  plexus,  palpitation,  sleeplessness,  convulsive 
coughing,  or  chronic  hoarseness  supervene. 

The  nervous  symptoms  are  more  pronounced  than  in 
the  normal  menopause.  This  is  jirobably  a  result  of  the 
sudden  and  complete  removal  of  the  ovarian  tissue,  in 
place  of  its  gradual  exhaustion  by  normal  processes. 
Often  the  patients  have  been  in  poor  health,  possibly  for 
years,  before  operation,  and  no  doubt  the  long-continued 
suffering  has  effected  a  permanent  injury  to  the  nervous 
system. 
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Especially  in  the  consideration  of  the  psychical  effects 
the  previous  state  must  he  taken  into  account.  Often  the 
suffering  has  been  so  intense  and  long  continued,  and  the 
general  environment  has  been  so  depressing,  that  the  pa- 
tients are  eager  to  submit  themselves  to  a  dangerous 
operation  tliat  offers  any  prospect  of  relief.  The  im- 
mediate lise  in  spirits  may  be  simplj-  a  result  of  convales- 
cence. As  a  rule  the  improvement  develops  only 
gradualh'  as  in  tlie  natural  menopause,  which  is  often 
introduced  and  accompanied  by  mental  depression. 

A  weakening  of  tlie  memory  is  frequently  complained 
of.  This  may  be  simply  a  momentary  forgetfulness  of 
immediate  occupation  or  an  increase  in  the  difficulty  of 
recalling  past  events  and  experiences. 

Severe  nervous  disturbances  may  result  from  the  re- 
moval of  the  ovaries  even  in  the  forties. 

Insanity  does  not  follow  castration  anymore  frequently 
than  it  does  other  surgical  operations. 

Therapeiitic  Remilts. — In  most  cases  the  results  are 
good,  and  in  a  few  cases  even  ideal.  The  large  majority 
of  the  patients  lead  an  endurable  life  after  years  of  suf- 
fering. Most  of  them  aie  able  to  work  after  being  in  a 
state  of  partial  or  complete  disability.  As  a  rule  they 
are  satisfied  with  the  results  of  the  operation  and  often 
express  their  gratitude  for  their  restoration. 

The  results"  of  course  differ  with  the  indications  for 
operation.  The  least  complicated  results  follow  in  cases 
in  which  castration  has  been  performed  for  inoperable 
myomata.  Almost  without  exception  atrophy  of  these 
tumors  takes  place  and  they  may  even  entirely  disappear. 
Myomata  are  iioorly  vascularized  and  their  disappear- 
ance is  no  doubt  due  to  the  decreased  blood  sujiply.  The 
results  are  equally  beneficial  in  cases  of  ovarian  or  me- 
chanical dysmenorrhoea  caused  by  displacements  of  the 
uterus  and  atrophy  of  the  vagina. 

Hysteria  appears  to  be  practically  unaffected,  even 
when  the  organic  disease  is  relieved.  The  same  is  true 
of  hystero-epilepsy. 

The  death  rate  from  the  uncomplicated  operation  is 
practically  nil.  The  pathological  conditions  which  neces- 
sitate castration  are  so  frequently  complicated,  however, 
that  the  mortality  is  raised  somewhat.  The  death  rate 
then  becomes  tliat  of  the  complication. 

Kelly,*  in  making  a  plea  for  conservatism  in  gyneco- 
logical operations,  speaks  of  the  effect  of  unilateral 
ovariotomy.  He  presents  an  analysis  by  Dr.  J.  H, 
Durkee,  of  228  cases  of  unilateral  castration,  in  women 
under  40  years  of  age,  and  draws  the  following  conclu- 
sions: "The  comparison  of  the  advantage  and  disad- 
vantage of  leaving  in  an  apparently  sound  ovarj'  is — in 
each  case  the  average  chance  of  having  one  child  as 
contrasted  with  the  risks  of  a  recurrence  of  the  disease 
in  2.6  per  cent,  of  the  cases.  If  the  mortalit}'  of  ovari- 
otomy is  5  per  cent,  then  the  risk  of  death  is  thirteen  to 
one  against  it  even  if  the  disease  recur." 

"  Ovulation  and  pregnane}'  under  suitable  conditions, 
are,  to  a  degree  unajipreciable  to  the  male  mind,  essential 
elements  of  woman's  happiness.  To  dwell  upon  this 
point  would  be  l)ut  to  reiterate  what  any  attentive  sur- 
geon may  gather  fr(MU  his  daily  experience  in  the  con 
suiting-room,  and  to  rehearse  well-known  facts  in  the 
history  of  womankind. 

"C.  Schroeder  stated  that  one  of  his  reasons  for  the 
preservation  of  part  of  an  ovary  was  to  preserve  the 
function  of  ovulation,  trenif  it  trere  accompanied  by  but 
a  Iheovctical  pusnihilili/  of  conception." 

After  unilateral  castration  pregnancy  may  occur  if 
only  the  tube  of  the  opposite  side  is  present. 

As  in  the  case  of  other  bilaterally  symmetrical  organs, 
the  removal  of  one  ovary  results,  in  the  rabbit  at  least, 
in  a  compensatory  hypertrophy  of  the  opposite  organ. 

Interesting  experiments  in  ovarian  transplantation 
have  been  reported  by  a  number  of  investigators. 
Normal  pregnancies  are  said  to  have  followed  the  opera- 
tion performed  on  castrated  animals.  It  has  not  been 
shown  whether  all  of  the  functions  of  the  ovary  are  per- 

*  Op.  cit. 


formed  under  these  abnormal  conditions.  Schultz  *  per- 
formed transplantation  experiments  upon  guinea-pigs. 
Corpora  lutea  were  formed  in  the  ovaries  under  the  new 
conditions.  He  showed  that  the  female  organization  is 
not  necessary  for  the  growth  of  the  ovary,  but  that 
ovaries  transplanted  to  the  male  animal  will  adapt  them- 
selves to  their  new  habitat.  He  found  no  evidence  of 
the  formation  of  corpora  lutea,  however. 

Many  reports  of  the  beneficial  results  of  organotherapy 
after  castration  have  appeared  in  the  literature,  but  no 
such  brilliant  results  as  in  the  case  of  athyria  have  been 
obtained.  Favorable  influences  upon  almost  all  of  the 
unpleasant  sj'mptoms  have  been  claimed,  but  reports 
vary  considerably.  Ovarian  and  thyroid  extracts  have 
been  used. 

The  beneficial  effects  of  castration  in  cases  of  osteo- 
malacia have  been  referred  to  above. 

The  question  has  also  a  sociological  aspect.  "  My  own 
continued  experience  only  serves  to  confirm  my  opinion 
that  the  castration  of  women  is  often  a  direct  cause  of 
domestic  unhappiness  and  that  it  has  been  repeatedly 
used  by  men  as  a  good  reason  for  breaking  off  engage- 
ments, and  for  the  violation  of  marriage  vows,  and  the 
abandonment  of  wife  and  children,  "f  Many  of  the  effects 
upon  society  in  general  are  readily  conceived. 

2f.  <S.  Steendand. 

CATALEPSY. — The  cataleptic  state,  or  one  analogous 
to  it,  has  been  observed  in  a  number  of  living  beings  in 
ascending  the  scale  of  evolution  from  the  Drochocjihnle 
Virginiana  to  man.  Owing  to  the  jirotean  forms  assumed 
by  catalepsy,  and  the  presence  of  frequent  complicatiims, 
not  to  mention  the  strange  theories  advanced  by  ancient 
authors,  and  the  comments  thereon,  it  is  difficult  to  define 
the  malady  with  clearness  and  precision.  But  among  the 
more  imjiortant  writers  of  the  present  age,  whose  ten- 
dency is  to  substitute  the  scientific  interpretation  of  mor- 
bid phenomena  for  the  sciolistic  rendering  of  apocryphal 
knowledge,  the  cataleptic  condition  is  imdcrstood  to  mean 
a  remittent  neurosis  of  the  cerebro-spinal  system,  unac- 
companied by  fever,  and  characterized  by  attacks  of  vari- 
able duration,  during  which  there  is  almost  always  sus- 
pension or  perversion  of  con.sciousness  and  of  sensibility,, 
and  al wa.ys  interrujjtion  of  voluntary  motion,  with  general 
or  partial  tension  of  the  muscular  system,  and  aptitude 
of  animal  life  to  receive  and  to  keep  different  degrees  of 
contraction  impressed  by  extrinsic  force  or  assistance. 

General  Char.\cters. — Much  of  the  present  obscur- 
ity concerning  this  curious  neuromuscular  trouljle  is 
owing  to  the  theories  of  a  mythical  pathology  when  the 
study  of  hysteria  was  but  little  advanced  or  the  diagnosis 
of  the  neuroses  was  vague  and  only  depended  upon  the 
stigmata  described  by  the  school  of  Salp6tri6re.  Some 
regard  catalepsy  as  a  malady,  others  as  a  symptom, 
while  still  others  deny  its  existence  outside  of  alienation. 
Since  the  time  of  Galen,  who  appears  to  have  been  the 
first  to  recognize  its  coexistence  with  mental  troubles 
(Coram,  ii.,  in  Hipp.  Prsed.  edit.  Kuhn,  t.  xvi.,  pp.  682- 
684),  three  successive  theories  relative  thereto  may  be 
noted:  1.  A  neurosis  that  may  complicate  certain  mental 
maladies.  2.  A  simple  symptom  that  may  supervene  in 
all  mental  diseases.  3.  One  of  the  principal  motor  troubles 
of  tension  characteristic  of  a  special  disease,  as  katatonia 
or  stuporous  melancholia. 

Idiopathic  catalepsy,  as  wonderful  as  it  is  rare,  is  an 
apyretic  brain  malady  manifested  by  remittent  attacks 
separated  by  intervals  of  health.  Its  special  physiog- 
nomy is  owing  to  the  waxy  position  and  plasticity  of  the 
limbs,  and  it  is  the  only  neurosis  in  which  muscular  con- 
tractions are  possessed  with  abolition  of  the  will.  Either 
sex  may  be  attacked,  and  the  disease  may  occur  in  child- 
hood or  occasionally  in  advanced  age,  a  case  being  noted 
in  a  man  of  .seventy-five  years :  but  women  are  more  sub- 
ject than  men,  and  it  occurs  mostly  about  puberty  or  be- 
tween the  twentieth  and  thirtieth  j-ears,  generally  in  per- 

»  Schultz,  Centralblatt  f.  aUgem.  Path.  u.  path.  Anat.,  xl.,  300, 1900. 
+  KeUy,  Op.  cit. 
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sons  of  dull  minds  and  sluggish  physical  organization. 
Cataleptic  paro.\ysms  may  be  spoken  of  as  atypical. 
The  fantastic  characters  of  the  cataleptic  state  render  all 
clinical  description  absolutely  obscure ;  so  that  the  actual 
observance  of  a  single  case,  or  the  study  of  a  series  of 
well-reported  histories,  will  do  more  to  throw  light  on 
the  question  than  all  the  symptomatic  enumerations  that 
form  the  basis  of  these  descriptions. 

SvArPTOMS. — Systematic  observance  of  cataleptic  symp- 
toms relates  chiefly  to  the  three  orders  of  pathological 
phenomena  of  the  mind,  sensation,  and  motion.  An  at- 
tack coming  on  in  a  nervous  or  melancholic  individual 
maybe  sudden  and  all  the  functions  of  the  life  of  relation 
appear  entirely  abolished.  There  is  complete  suspension 
of  mental  action,  with  cutaneous  ansesthesia.  loss  of  ther- 
mic sensibility,  and  rigidity  and  inertness  of  the  limbs, 
which  retain  the  position  given  to  them.  This  rigidity 
is  described  by  the  old  Latin  authors  in  such  picturesque 
locutions asstipids  or  irunci  institr,  and  mortuiritujaceiu. 
In  some  cases  the  attack  may  have  such  precursory  symp- 
toms as  headache,  insomnia,  vertigo,  hiccough,  epigastric 
pain,  a  feeling  of  constriction  in  the  throat,  trembling  of 
individual  muscles,  an  undefined  sense  of  discomfort,  and 
different  hysteriform  nervous  troubles.  When  suddenly 
attacked  the  patient  remains  motionless  in  the  attitude 
had  at  the  moment  when  struck.  Patients  have  become 
cataleptic  while  drinking  tea,  playing  cards,  ascending  a 
ladder,  during  attitudes  of  devotion,  and  the  like,  and 
have  retained  the  position  held  at  the  time  of  attack. 
The  various  positions  a  cataleptic  may  be  made  to  as- 
sume have  been  compared  to  those  of  a  manikin,  to  a 
statue  with  springs  or  with  limbs  of  soft  wax,  which 
preserve  any  constrained  position  or  inflexion  given  to 
them  for  a  comparatively  long  period.  The  muscles  of 
the  breast  and  the  inspirator}-  muscles  are  unaffected 
duriug  a  cataleptic  seizure;  and  it  is  probable  that  the 
digestive  functions  go  on  regularly,  although  the  phe- 
nomena of  absorption  and  nutrition  operate  with  extreme 
slowness.  The  secretions  and  excretions  are  lessened, 
and  even  suspended,  cataleptics  having  been  known  to 
go  for  twenty-five  days  without  a  voluntary  evacuation 
and  to  undergo  long  abstinences,  leaving  them  in  the 
condition  of  hibernating  animals.  Consciousness,  though 
mostly  abolished,  is  not  so  in  all  cases,  the  suspension  of 
sensorial  function  being  more  apparent  than  real.  With 
the  general  disturbance  of  the  vital  processes  there  is  al- 
most entire  abolition  of  the  functions  of  special  sense. 
The  mucous  membrane  of  the  nose,  however,  retains  its 
sensitiveness  slightly,  and  the  act  of  swallowing  may  be 
performed  when  the  substance  to  be  ingested  is  placed 
deeply  in  the  pharynx.  Reflex  irritability  is  sometimes 
lost,  but  the  electric  contractility  of  the  muscles  remains. 
Respiration  is  slow  and  tranquil;  the  pulse  norma!  in 
rhythm,  though  sluggish  and  at  times  almost  impercepti- 
ble. The  pupils  are  dilated,  and  the  fundus  of  the  eye 
shows  paleness  of  the  choroids,  with  straight  and  attenu- 
ated retinal  vessels.  The  temperature  being  lowered  two 
to  four  degrees  below  the  normal,  the  patient  becomes 
icy  cold,  deadly  pale,  and  expressionless — a  condition 
that  may  easily  be  mistaken  for  death.  In  fact  the  an- 
nals of  medicine  record  illustrative  cases  of  apparent 
death  from  this  cause,  in  which  the  victim  has  narrowly 
escaped  burial  alive.  The  old  schoolman.  Dims  Scotus, 
is  an  instance  of  a  resuscitated  cataleptic.  A  case  often 
quoted  is  that  of  a  woman  who  was  placed  in  a  family 
vault,  presumably  dead,  and  having  regained  conscious- 
ness during  the  night,  and  fortunatelj'  finding  the  vault 
unlocked,  returned  home  to  her  husband,  and  after  this 
strange  episode  lived  to  bear  a  large  family  of  sons  and 
daughters.  The  event  is  commemorated  by  a  monument 
and  an  inscription  in  the  Lutheran  cathedral  at  Magde- 
burg ;  and  it  is  suggested  that  the  possibility  of  such  oc- 
currences may  account  for  the  custom  that  obtains  in 
some  parts  of  Germany  of  placing  a  bell  above  the  public 
receptacles  for  the  dead,  and  fastening  the  hand  of  the 
ostensible  corpse  to  the  rope,  that  it  maj'  be  rung  in  the 
event  of  consciousness  being  regained.  An  instance  is 
related  in  France  of  a  cataleptic  who  was  on  two  occa- 


sions the  chance  victim  of  hastily  rendered  funeral  honors. 
Now  and  then  one  reads  in  newspapers  of  women  being 
taken  away  for  buiial  while  in  a  cataleptic  trance,  and 
only  recovering  consciousness  when  being  lowered  into 
the  grave.  A  woman  in  a  trance  having  been  buried 
alive  in  Naples,  the  court  sentenced  both  the  doctor  who 
.signed  the  certificate  and  the  mayor  who  aiithorized  the 
interment  to  three  months'  imprisonment  for  "  involun- 
tar}'  manslaughter."  Such  mistakes  cotdd  hardly  hap- 
pen nowadays,  provided  ordinary  precautionary  measures 
are  taken  to  discriminate  real  from  apparent  death,  such 
as  the  auscultatory  signs,  the  indications  furnished  by 
the  thermometer,  the  electric  contractility  of  the  muscles, 
and  the  ligature  of  a  finger  or  a  toe. 

The  attack  over,  the  patient  suddenly  regains  con- 
sciousness, sometimes  after  epistaxis  or  the  appearance 
of  the  menses,  and  there  is  usually  no  recollection  of  what 
has  happened  during  the  attack.  Headache  and  general 
lassitude  generally  follow  for  a  short  time.  The  attack 
nia}'  disappear  and  be  transferred  into  another  neurosis 
or  into  a  vesania.  There  is  great  variability  in  the  num- 
ber and  duration  of  the  attacks,  which  maj'  last  for  min- 
utes or  hours,  or  entire  months.  The  malady  has  been 
known  to  disappear  after  one  attack ;  while  in  another 
patient  as  many  as  seven  hundred  paroxysms  have  been 
counted.  The  attacks  may,  moreover,  be  very  irregular 
in  manner,  or  they  may  be  periodic,  and  even  occur  during 
sleep.  There  is  no  mental  disorder  in  the  intervals  of 
simple  catalepsy ;  but  when  the  catalepsy  is  a  symptom 
of  profound  nervous  disease  it  may  be  associated  with 
ecstasy  and  somnambulism,  or  the  occurrence  of  hysteri- 
cal convulsions,  delirium,  maniacal  attacks,  and  halluci- 
nations. For  this  reason  it  is  generall}'  held  that  catalep- 
tics are  responsible  for  their  acts  during  intervals,  except 
when  there  is  a  complication. 

The  condition  represented  by  the  picture  outlined  in 
the  foregoing  remarks  is  often  modified  or  softened  down 
into  the  incomplete  form,  which,  though  not  having  all 
the  symptoms  of  what  may  be  called  ideal  catalepsy,  ex- 
hibits nevertheless,  in  a  different  degree,  the  motor  and 
sensory  disorders,  and  electrical  reactions  characteristic 
of  the  disease  in  question. 

Complications. — Catalepsy  may  be  associated  with 
another  nervous  affection,  such  as  hysteria,  ecstasy,  som- 
nambulism, tetanus,  mania,  hypochondria,  and  lype- 
mania;  or  with  a  disorder  of  an  entirely  different  nature, 
as  pneumonia,  typhoid  fever,  meningitis,  rheumatism, 
intermittent  fever,  etc.  It  is  complicated  and  mixed  in 
hystero-catalepsy.  Without  doubt  hysteria  developed  in- 
dependently of  mental  alienation  is  the  neurosis  with 
which  catalepsy  affects  the  most  frequent  relations  and 
narrowest  affinities.  As  one  and  the  same  morbid  state 
they  proceed  from  a  common  origin,  and  doubtless  are 
closely  related.  Muscular  rigidity  in  this  form  varies  as 
to  the  degree,  not  being  in  positive  relation  with  cutane- 
ous ansesthesia,  but  almost  always  proportional  to  the 
depth  of  lethargy  and  to  the  volume  of  the  muscles  con- 
cerned in  the  movements  of  the  articulations.  Persist- 
ence of  muscular  tension,  with  absence  of  sensibility  and 
fatigue,  are  spoken  of  in  connection  with  this  state  as  a 
new  variety  of  perturbation  of  voluntary  motility.  Sys- 
tematic writers  describe  hystero-catalepsy  as  general  or 
partial,  complete  or  incomplete,  and  transitory  or  per- 
manent.    In  rare  cases  it  is  unilateral. 

Ecstatic  catalepsy  has  been  often  observed  in  ecstatic 
women  and  in  priests.  The  records  of  sorcery  and  demo- 
nography  abound  in  instances,  historic  and  modern,  of 
women  becoming  cataleptic  during  certain  religious  ob- 
servances, of  priests  who  become  so  at  certain  stages  of 
the  mass,  and  of  monks  who  throw  themselves  into  pro- 
longed cataleptic  ecstasies.  No  less  a  writer  than  Balzac 
speaks  of  profound  meditation  and  fine  ecstasy  as  cata- 
lepsy in  the  bud.  Doubtless  many  of  the  queer  sects 
mentioned  by  Dr.  Hepworth  Dixon,  in  "New  America," 
are  made  up  of  individuals  whose  mental  condition  is 
more  or  less  influenced  by  this  disordered  state.  Anthro- 
pologically and  pathologically  speaking,  the  same  remark 
woufd  apply  to  various  so-called  religious  ceremonies  that 
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have  obtained  among  all  races  in  the  times  of  all  the 
prophets,  from  Moses  to  the  Latter-Day  Saints  of  Salt 
Lake  City,  and  in  the  worship  of  all  the  gods  from  Jupi- 
ter to  the  latest  theosophic  misconception ;  and  however 
much  we  may  respect  the  courage  implied  in  the  expres- 
sion of  a  sincere  opinion,  it  is  impossible  not  to  detect 
the  further  existence  of  this  disordered  state  as  shown  in 
numerous  sciolistic  writings,  notably  those  of  Dale  Owen, 
Swedenborg,  and  the  theosophists.  ]\Iorcover.  it  needs 
but  little  observation  to  trace  the  prevalence  of  the  same 
morbid  intluence  among  clairvoyants,  spirituahsts,  and 
even  the  ardent  admirers  of  Madame  Elavatsky. 

Ci(tiihp)ty  wilh  somnambulism  is  a  complication  in  which 
the  phenomena  of  catalepsy  and  the  symptom  of  som- 
nambulism are  bound  one  to  the  other,  and  succeed  in  a 
regular  order  in  such  a  manner  as  to  form  a  single  attack. 
They  are  sometimes  distinct,  independent  of  each  other, 
and  separated  often  by  long  intervals. 

The  disease  may  occur  with  other  accessories,  as  cata- 
lepsy with  tetanus,  catalepsy  with  epilepsy,  and  with 
chorea,  the  chorea  happening  in  the  daytime  and  the  cata- 
lepsy at  night  during  sleep.  Catalepsy  may  also  exist 
with  permanent  contraction  of  the  feet  and  hands;  with 
delirium  and  melancholy,  with  acute  and  chronic  mania, 
and  with  dementia  and  idiotism.  It  is  a  frequent  com- 
plicati<in  of  paranoia,  and  is  sometimes,  though  rarely, 
associated  with  hypochondria.  We  ma}-  occasionally  see 
in  the  subject  hysteria,  cat;depsy,  ecstasy,  and  somnam- 
bulism succeed,  turn  by  turn,  and  mix  one  with  the 
other,  with  a  frequency  entirely  out  of  the  regular  order 
of  things  and  an  intensity  unheard  of.  This  extraordi- 
nary mixture  of  cerebral  neuroses  was  met  with  in  its 
highest  degree  in  the  great  convulsive  epidemics  of  the 
Middle  Ages,  during  the  sixteenth,  seventeenth,  and  eigh- 
teenth centuries :  and  their  occurrence  having  become  a 
matter  of  history  and  common  hackneyed  observation 
with  writers  on  kindred  subjects,  it  suffices  to  give  them 
merely  a  passing  mention.  Catalepsy  is  met  with  in 
acute  dementia,  stupidity,  and  other  non-determined  cere- 
bral affections.  The  cataleptic  states  may  still  be  mani- 
fested in  the  greater  part  of  the  neuroses,  and  in  diverse 
affections  of  the  brain,  and  with  such  acute  disea.ses  as 
pneumonia,  typhoid  fever,  acute  articular  rheumatism, 
intermittent  fever,  and  worms.  Verminous  catalepsy 
has  been  noted  and  commented  \ipon  by  \arious  writers. 

Epidemic  catalepsy,  like  many  of  tlie  neuroses,  may 
become  contagious  by  imitation  under  niesological  cir- 
cumstances favorable  to  its  propagation.  Such  circum- 
stances exist  when  the  disease  occurs  in  an  assemblage 
of  impressionable  subjects,  as  a  school  or  a  convent,  a 
camp-meeting,  or  a  spiritualistic  gathering,  where  a  two- 
fold predisposition  is  to  be  found  in  the  nervous  temper- 
ament and  in  certain  questionable  hygienic  and  moral 
conditions.  In  former  epidemics,  the  disease  Sfeen  in  its 
most  startling  and  complete  expression  exhil)ited  a  ter- 
rible spectacle  and  mixture  of  all  the  neuroses  and  all  the 
vesanias.  It  was  conunon  for  celibate  and  ascetic  per- 
sons to  show  the  strangest  nervous  symptoms;  to  fall 
cataleptic  at  mass  or  during  other  religious  observances, 
and  to  exhibit  the  complex  symptoms  of  hysteria,  demo- 
nopathy.  and  catalepsy. 

Catalepsy  and  cataleptoid  phenomena  maybe  provoked 
artificially  in  hysterical  or  other  predisposed,  impres- 
sionable and  nervous  persons,  through  mental  sugges- 
tion, or  by  intense  li.ght.  the  sonorous  vibrations  of  a 
tuning-fork,  and  by  jiressure  on  the  ovaries.  These  arti- 
ficially induced  conditions  have  Ijeen  studied  by  various 
persons,  who  think  the  condition  should  properly  be 
called  sygtjigtwstic. 

P.\THOLOGic.\i>  AN.4T0>rT. — The  physiological  cause  of 
this  and  of  allied  conditions  is  presumed  tobe  inhibitory 
arrest  of  activity  of  certain  tracts  of  the  ganglion  cells  of 
the  brain  cortex.  It  is,  however,  impossible  to  say  in 
the  present  state  of  scientific  observation  whether  inhibi- 
tory lesions  exist  or  not  in  catalepsy  :  but  it  is  probable 
that  there  is,  in  addition  to  muscular  inhibition,  a  morbid 
element,  the  essential  nature  of  which  is  unknown. 
Such  superficial  alterations  as  considerable  development 


of  the  Pacchionian  bodies  and  injection  of  the  meninges 
found  after  death  from  catalepsy  are  insufficient  to  ex- 
plain the  symptoms  during  life;"  and  the  inflammatory 
exudation  or  alterations  found  in  the  central  organs,  with 
softening  of  the  optic  thalamus  and  corpus  strfatum,  are 
lesions  rather  to  be  associated  with  other  diseases  than 
witli  catalepsy,  since  they  were  present  as  complications 
in  the  observed  cases;  therefore,  until  something  more 
complete  is  known  of  the  morbid  anatomy  of  catalepsy, 
it  must  be  regarded  as  a  violent  excitement,  a  sort  of  ten- 
sion, a  cerebi'al  cramp,  the  result  of  a  purely  dynamic 
lesion  of  the  cerebrospinal  nerve  centres  whose  function 
is  to  preside  at  the  determination  and  co-ordination  of 
movement. 

C.\rs.\TioN. — If  the  pathological  nature  of  catalepsy  is 
obscure  and  unknown,  its  causes  are  extremely  numerous, 
and  present  a  particular  interest.  Nervous  exhaustion 
is  the  most  common  predisponeut,  and  of  all  the  etiolog- 
ical moments  hysteria  is  the  most  prominent.  Catalepsy 
and  insanity  usually  march  together.  Many  authoritie"s 
declare  that  no  catalepsy  can  exist  unless  accompanied  or 
followed  by  a  p.sychosis.  Acquired  or  innate  predisposi- 
tions are  found  in  persons  of  great  nervous  susceptibility 
and  unsteadiness,  or  in  those  of  a  nervous  and  melan- 
cholic temperament  with  a  previous  neurosis,  and  ren- 
dered more  susceptible  by  chlorosis,  masturbation,  or 
progressive  spinal  paralysis.  Tumors,  tuberculous  men- 
ingitis, and  other  chronic  cerebral  diseases,  may  also  give 
rise  to  cataleptic  manifestations.  Atavistic  influences 
seem  to  account  for  some  cases  of  catalepsy.  It  does  not 
appear  that  the  disease  is  ever  directly  transmitted,  al- 
though heredity  as  a  general  cause  seems  to  preside 
over  its  development  in  many  observed  cases. 

The  causes  that  may  provoke  a  cataleptic  crisis  are 
numerous  and  varied,  and  it  often  follows  diverse  cir- 
cumstances, as  excess  of  work,  religious  excitement,  vio- 
lent fright,  deep  chagrin,  an  attack  of  anger  or  indigna- 
tion, gastrointestinal  irritation,  sudden  cessation  of  the 
menses,  unrequited  love,  and  worms.  It  ma}'  result  in 
a  transitory  form  from  diffused  encephalitis,  or  as  one  of 
the  sequels  of  typhus  or  malarial  fever,  of  acute  artictdar 
rheumatism,  ura>mia.  the  puerperal  state,  auto-intoxica- 
tion, and  pneumonia.  Partial  catalepsy  may  also  be  in 
consequence  of  the  narcotic  inhalation  of  ether  or  chloro- 
form, of  poisoning  by  lead  or  carbon  dioxide,  hashish, 
or  alcohol,  and  it  may  result  from  being  struck  by  light- 
ning. In  fact,  any  toxic  substance  or  any  concomitant 
psychosis  may  put  into  activity  the  catiileptic  state. 
The  production  of  crises,  by  looking  fixedly  or  for  some 
time  at  a  bright  object,  and  vividly  riveting  the  mind  on 
the  image  is  one  of  the  proceedings  of  Braidism  or  Mes- 
merism. xVmong  the  hack  observations  of  medical  writers 
are  those  relating  to  the  Franciscan  friars,  who  became 
cataleptic  at  mass  during  the  elevation  of  the  host.  It 
is  known  that  the  monks  of  Mount  Athos  go  into  a  state 
of  cataleptic  ecstasy  by  looking  fixedly  at  the  umbilicus; 
Indian  fakirs  fall  into  catalepsy  by  looking  a  quarter  of 
an  hour  at  the  end  of  their  nose;  Egyptian  sorcerers  pro- 
cure sleep  and  insensibility  by  similiir  details;  Arab  sor- 
cerers of  Cairo,  by  loolcing  steadfastly  into  the  palm  of 
the  hand ;  and  it  is  related  of  Cagliostro  that  he  brought 
on  somnambulic  crises  by  similar  means.  Instances  of 
psychic  shock,  like  that  of  a  woman  who  became  cata- 
leptic every  time  she  saw  a  certain  man  who  had  insulted 
her,  or  that  of  an  indignant  French  judge,  who  suddenly 
became  cataleptic  when  insulted  in  court,  incline  one  to 
the  opinion  that  such  expressions  as  "  petrified  with  in- 
dignation," "motionless  with  surprise,"  and  the  like, 
though  merely  imi)lied  comparisons,  are  not  always  to 
be  taken  in  the  metaphorical  sense. 

Di-\GNosis. — The  marks  that  constitute  the  essential 
and  pathognomonic  character  of  catalepsy,  as  complete 
or  partial  aptitude  of  the  limbs  to  preserve  during  a  rela- 
tively long  time  the  position  given  to  them,  and  the  im- 
possibility of  the  patient  to  modify  this  attitude,  along 
with  unconsciousness,  anissthesia,  and  analgesia,  should 
make  the  matter  of  diagnosis  easy.  Embarrassment  is 
most  likely  to  occur  in  cases  of  simulation,  or  when  it  is 
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a  question  of  discriminating  between  hysteria,  tetanus, 
ecstas.y.  coma,  lethargy,  syncope,  congelation,  and  cadav- 
eric rigidity.  In  the  matter  of  simulation  it  is  only  nec- 
essary to  test  the  sensibility,  the  reflex  irritability,  and 
the  electrical  contractility  of  the  muscles,  and  to  try  the 
influence  of  mental  suggestion.  In  cases  associated  with 
hysteria  the  distinction  is  a  matter  of  no  therapeutic  im- 
portance. It  may  be  well  to  question  whether  the  con- 
dition is  from  a  cerebral  lesion  or  of  toxic  cause.  The 
neuro-muscular  system  of  animal  life  being  alone  affected 
during  an  attack,  that  of  vegetative  life  is  without  loss, 
as  is  shown  by  the  ]iersistence  of  circulation  and  respira- 
tion, which  distinguishes  catalepsy  from  syncope  or  as- 
phyxia. The  general  history  of  the  case  should  cause 
no  confusion  in  diagnosticating  catalepsy  from  the  affec- 
tions with  which  it  ma.y  be  associated. 

Prognosis. — Many  regard  catalepsy  as  the  index  of  a 
predisposition  carried  to  a  high  degree  and  by  itself  not 
dangerous  to  life,  but  a  disease  in  which  recoveries  are 
rare.  Some  recent  authorities  think  otherwise  in  regard 
to  the  prognosis,  and  Hammond  pronounces  it  favorable 
even  in  severe  cases,  as  all  his  patients  recovered  under 
treatment.  In  cases  resulting  from  malarial  infection  the 
prognosis  is  better.  The  same  may  be  said  of  acute  at- 
tacks resulting  from  injury,  from  worms,  or  from  mental 
shock  in  comparatively  healthy  persons.  The  retention 
of  smell  and  taste  is  indicative  of  returning  health.  Cases 
complicated  with  hysteria  or  the  psychoses  are  most  grave. 
Death  may  be  in  consequence  of  anaemia  or  of  inanition. 

Treat.mekt. — To  arrest  an  attack  of  catalepsy  efforts 
may  be  made  to  arouse  the  patient  by  peripheral  irrita- 
tion, as  that  caused  by  a  pinch  of  snuff  or  the  inhalation 
of  a  few  drops  of  aniyl  nitrite.  Quinine  and  morphine 
in  combination  are  recoiumended  in  periodic  cases  of 
malarial  origin,  and  vermicidal  remedies  are  called  for  in 
catalepsy  caused  by  intestinal  parasites.  Tonics,  iron, 
ergot,  and  aiiomorphine  hypodermically — gr.  ^\ — haveall 
been  recouuiicnded.  The  most  efficacious  medical  treat- 
ment yet  reported  consists  in  the  administration  of  one 
of  the  bromides  in  combination  with  zinc  oxide,  and  the 
simultaneous  use  of  strychnine  and  other  tonics.  Acu- 
puncture, faradic  electricity,  hydro-therapeutics,  and 
change  of  air  are  useful  adjuncts  to  the  treatment.  In 
addition  to  meeting  symptomatic  indications,  moral  hy- 
giene of  the  most  rigid  kind  shoidd  be  enforced,  and  it  is 
of  prime  importance  that  all  emotional  or  religious  excite- 
ment be  avoided.  The  mind  should  be  disciplined ;  home 
influences  are  to  be  broken  up ;  and  every  effort  should 
be  made  to  establish  the  general  conditions  of  health, 
which  must  prevail  before  the  morbid  action  can  really 
be  effaced.  Irving  C.  Eosse. 

CATALPA.     See  Poisonous  Plants. 

CATAPHORESIS.— If  two  fluids  of  different  density 
arc  separaled  liy  a  membrane,  the  fluids  diffuse  through 
such  membrane  until  they  are  of  equal  density.  This 
process  has  been  called  osmosis.  If  the  two  electrodes  of 
a  galvanic  battery  are  placed  in  two  compartments  of  a 
fluid  separated  from  each  other  by  a  porous  septum,  the 
fluid  particles  pass  in  the  direction  from  the  positive  pole 
to  the  negative  pole,  so  that  the  fluid  in  the  one  vessel 
increases,  while  it  decreases  in  the  other.  The  amount  of 
fluid  thus  conveyed  in  a  unit  of  time  is  larger  the  stronger 
the  current  and" the  smaller  the  condticting  power  of  the 
fluid.  This  phenomenon  has  received  many  names, 
among  which  electrical  osmosis,  electrical  diffusion,  and 
cataphoresis  are  the  best  known,  but  the  last  one  bids  fair 
to  remain  in  general  favor.  Cataphoresis.  as  Billings 
tersely  puts  it,"is  the  power  of  the  galvanic  current  to 
induce  osmosis  from  the  positive  to  the  negative  pole. 

Cataphoresis.  which,  scientifically  speaking,  means 
merely  the  action  of  the  galvanic  current,  has  in  medical 
language  acquired  the  meaning  of  introducing  medical 
substances  into  the  body  through  the  unbroken  skin,  and 
is  now  almost  exclusively  used  in  this  sen.se.  If  a  defi- 
nite quantity  of  medicine  in  solution  is  placed  on  a  disc 
or  sponge  electrode  at  the  positive  pole  of  a  battery,  and 


applied  to  a  certain  spot  of  the  body,  while  the  negative 
pole  is  placed  anywhere  in  contact  with  the  body,  a  local 
anaesthesia  is  produced  around  the  positive  pole  if  the 
substance  experimented  with  is  cocaine,  while  the  en- 
trance of  quinine,  strychnine,  and  many  other  drugs  intO' 
the  body  by  this  method  can  be  demonstrated  by  their 
presence  in  the  urine  or  the  saliva.  Mention  of  attempts- 
made  in  this  direction  date  back  as  far  as  1747.  but  not 
imtil  lK,i3  do  we  find  scientific  demonstrations  of  the  fact. 
From  that  date  imtil  to-day  the  matter  has  been  investi- 
gated by  physicists,  physiologists,  and  physicians,  in 
both  Europe  and  America.  Electrodes  have  been  in- 
vented suitable  to  the  different  purposes  of  administering 
the  drugs,  but  while  cataphoresis  is  beautifully  simple  in 
theory  and  to  the  physicist,  its  practical  ai>plication  tO' 
every -day  medicine  isalmost  exclusively  confined  to  mem- 
bers of  the  dental  profession,  who  use  it  most  successfully 
to  anaesthetize  sensitive  dentine  and  gums  with  cocaine, 
and  for  the  bleaching  of  teeth. 

In  medical  practice  cataphoresis  has  found  but  scant 
favor.  Neurologists  have  produced  deep  local  anses- 
thesia  with  cocaine  cataphoresis  where  before  large 
doses  of  luorphine  were  needed  to  produce  the  same 
effect.  The  substitution  of  the  former  drug  for  the 
latter  has  been  advocated  enthusiastically  in  cases  in  which 
a  possible  morphine  habit  loomed  up  threateningly :  but 
whether  a  cocaine  habit  is  preferable  to  a  morphine  habit 
is  a  subject  open  for  discussion.  The  discovery  of  co- 
caine and  the  ease  with  which  local  anaesthesia  can  be 
produced  by  its  hypodermic  use  have  undoubtedly  re- 
duced the  iiuportance  of  further  investigations  of  cata- 
phoresis for  such  purposes,  and  to  the  busy  general  prac- 
titioner the  subject  remains  more  or  Jess  a  medical 
curiosity. 

How  far  the  action  of  the  cataphoric  current  in  itself 
can  induce  or  produce  nutritive  changes  in  the  living 
cells  is  a  ([uestion  which  opens  an  unlimited  field  for  re- 
search. The  so-called  Porret's  phenomenon  shows  that 
its  action  on  living  protoplasm  closely  resembles  that  on 
fluids  outside  of  the  body,  for  if  applied  to  muscular 
fibres  the  current  induces  a  streaming  movement  from 
the  positive  to  the  negative  pole  in  the  protoplasmic  con- 
tents of  the  fibres,  so  that  they  swell  at  the  negative  and 
decrease  in  size  at  the  positive  pole;  and  if  the  electrodes^ 
are  changed,  the  action  is  reversed.  Only  a  very  arbi- 
trary opinion  may  be  ventured  in  deciding  whether  such 
compulsory  rearrangement  of  the  protoplasm  can  be 
looked  upon  as  beneficial  or  harmful,  and  until  we  have 
more  definite  knowledge  of  the  subject,  the  application 
of  the  cataphoric  current  as  a  mere  stimulus  to  any  part 
of  the  human  body,  aside  from  its  electrolytic  action, 
must  remain,  from  a  scientific  standpoint,  mere  guess- 
work. Whatever  beneficial  results  are  reported  must  be 
accepted  as  due  to  chance,  or  perhaps  to  the  imagination 
of  the  patient.  It  is,  however,  safe  to  predict  that  when 
medicine  becomes  a  science,  and  we  know  the  specific 
medication  necessary  to  stimidate  or  rebuild  certain  defi- 
nite organs  or  parts  of  organs,  cataphoresis  will  receive 
its  due  share  of  attention  and  assume  its  proper  place. 
Attempts  to  force  iodine  into  goitres  and  lithium  salts  into- 
gouty  joints  are  crude  experiments  in  the  right  direction. 
While  we  know  that  such  medicine  can  be  forced  into  a. 
definite  part  by  cataphoresis,  we  must  wait  until  further 
investigations  demonstrate  that  the  cells  of  that  part  will 
and  do  assimilate  the  medicines  driven  into  their  sub- 
stance ;  for  unless  such  assimilation  and  subsequent  excre- 
tion do  take  place,  which  change  the  worn-out  or  dis- 
eased cells  into  healthy  ones,  the  medical  substances- 
introduced  will  act  as  foreign  bodies  and  produce  irri- 
tation instead  of  improvement.  Julius  Pohlman. 

BiBLIOCiRAPHT. 
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CATARACT  is  the  morbid  impairment  of  the  trans- 
paiency  of  the  crystalline  lens,  or  of  it.i  enclosing  cap- 
sule, and  is  lenticular  or  capsular,  according  to  its  situa- 
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tion.  A  less  important  division  is  that  into  true  and  false 
cataract,  the  latter  being  caused  by  deposits  on  the  cap- 
sule, the  result  of  disease. 

Cataract  may  be  stationary  or  progressive,  partial  or 
total.  It  may  be  cortical  or  nuclear,  according  as  it 
affects  the  cortical  substance  or  the  nucleus  of  the  lens. 
When  confined  to  the  vicinity  of  either  pole  it  is  denom- 
inated anterior  polar  or  posterior  polar,  in  conformit}- 
with  its  position.  The  old  division  into  hard  and  soft  is 
rarely  used  at  the  present  day.  the  consistence  of  the  cat- 
aract largely  depending  on"  the  age  of  the  individual. 
Cataracts" are  moreover  divided,  according  to  the  stage  of 
development  in  which  they  are  encountered,  into  incipi- 
ent, mature,  and  hypermiiture.  Finally,  they  may  be 
classed  as  simple  or  complicated;  as  simple  when  depend- 
ent on  or  associated  with  no  known  disease,  either  local 
or  general;  as  complicated  when  proceeding  from  an 
allection  of  the  system  at  large,  such  as  diabetes;  or, 
from  an  impairment  of  the  eye  itself,  like  glaucoma  or 
separation  of  the  retina. 

Di.\(iNosis. — Ottjeciice  Symptoms. — The  modem  methods 
of  investigation  render  the  diagnosis  of  cataract  a  matter 
of  certainty.  By  their  aid  the  slightest  opacity  of  the 
crystalline  "lens  can  be  detected  and  correctly  located,  and 
they  have  wholly  superseded  the  old  "catoptric  test," 
which  depended  on  the  reflected  images  from  the  anterior 
and  posterior  capsules,  and  the  dfsappearance  of  the  lat- 
ter when  an  opaque  substance  intervened  before  it.  Re- 
course is  now  had  to  the  concentration  of  light  on  the  eye 
by  means  of  a  convex  lens,  and  to  the  illumination  of  its 
interior  b\'  means  of  the  ophthalmoscopic  mirror.  In 
either  case  the  pupil  should  ordinarily  be  dilated  bj'  the 
application  of  one  of  the  usual  mydriatics,  duboisine, 
homatropine,  or  atropine.  The  first  of  these  acts  with 
the  most  rapidity,  the  second  jiroduccs  the  most  tempo- 
rary effect,  while  the  third  is  the  one  most  generally  ac- 
cessible. Previous  to  using  the  mydriatic  the  tension  of 
the  eye  should  be  carefully  noted.  Should  it  be  found 
to  be  excessive,  no  attempt  to  dilate  the  pupil  is  admis- 
sible. 

The  pupil  being  dilated,  and  the  rays  of  a  lamp,  placed 
30to50cm.  from  the  patient's  head,  concentrated  oblique- 
1}'  on  the  crystalline  by  means  of  a  convex  lens  of  short 
focus,  IS  D.  to  1.3  D.  (2  to  2i  in.  focal  length),  any  cap- 
sular and  many  lenticular  opacities  are  rendered  plainly 
visible.  A  second  lens,  held  before  the  observed  eye, 
may  be  used  to  magnify  their  distinctness.  But  it  is  nec- 
essary to  bear  in  mind  that,  with  advancing  years,  the 
outlines  of  even  a  normal  crystalline  lens  assume  increased 
distinctness.  Its  anterior  surface  takes  on  a  silky  lustre, 
the  librous  structure  becomes  more  and  more  visible, 
while  age  gives  the  nucleus  additional  density  and  a  yel- 
lowish reflex  that  may  often  prove  deceptive.  No  abso- 
lute diagnosis  of  cataract  must  be  based  on  the  appear- 
ance of  a  grayish  cloudiness  in  the  centre  of  the  pupil 
until  the  ophthalmoscope  has  been  brought  to  bear  on 
the  spot.  In  this  method  of  examination  the  mirror  is 
alone  used,  being  held  at  about  the  reading  distance  of 
the  observer  from  the  patient's  eye.  The  vivid  red  of 
the  illuminated  pupil  remains  unbroken  when  the  media 
are  clear,  and  the  returning  light  traverses  a  transparent 
crystalline.  "When,  however,  this  is  not  the  case,  the 
smallest  opacities  are  distinctly  seen  as  dots,  shadows, 
or  stripes  against  the  bright  background.  Their  precise 
situation  is  made  out  when  the  observer  moves  his  own 
head  to  one  side,  opacities  situated  in  the  front  of  the 
lens  moving  in  the  same,  those  at  its  back  in  a  reverse 
direction.  The  differential  diagnosis  between  lenticular 
and  other  opacities  of  the  transparent  media  is  easily 
made,  corneal  spots  being  distinguished  by  oblique  illu- 
mination, floating  bodies  in  the  vitreous  by  their  mobility. 

So  great  is  the  danger  of  mistaking  the  reflex  from  the 
pupil,  due  to  advancing  age,  for  cataract,  when  the  ex- 
amination is  made  by  day  and  with  the  unassisted  eye, 
that  a  diagnosis  should  rarely  be  made  imtil  both  meth- 
ods here  described  have  been  employed. 

Subjective  Symptoms. — When  an  individual  who  has 
passed  middle  life  begins  suddenly  to  grow  near-sighted, 


to  see  distant  objects  better  through  a  concave  glass,  and 
to  lay  aside  his  usual  reading-glasses,  or  even  to  require 
a  weak  concave  for  this  purpose,  commencing  cataract 
ma.y  be  suspected,  and  this  even  when  no  opacity  of  the 
crystalline  is  as  yet  visible.  This  state  of  the  refraction 
is  by  no  means  invariable,  but  happens  with  tolerable 
frequency,  and  explains  some  of  the  cases  of  "second 
sight,"  or  the  returning  vision  of  the  aged,  a  popular  be- 
lief in  which  is  so  widely  spread.  Much  more  general  is 
the  occurrence  of  multiple  vision  with  a  single  eye.  The 
patient  sees  several  new  moons  in  the  sky  instead  of  one, 
and  the  flames  of  the  street  lamps  are  no  longer  clearly 
defined,  but  seem  to  shoot  out  long  rays  in  all  directions, 
or  else  several  lights  are  seen  in  Uie  place  of  one.  The 
lens,  in  these  cases,  seems  to  undergo  a  separation  into 
sectors,  possessing  different  powers  of  refraction,  prior  to 
becoming  the  seat  of  actual  cataract.  As  the  disease  ad- 
vances the  acuteness  of  vision  falls  off.  At  first  near,  and 
later  distant,  objects  are  distinguished  with  increasing 
difticulty.  Points  of  light  loom  up  as  if  seen  through  a 
fog.  A  characteristic  symptom  is  the  change  produced 
in  the  appearance  of  objects  by  varying  degrees  of  illu- 
mination. In  the  majority  of  cases  the  cataract  patient 
sees  best  before  sunrise,  after  sunset,  when  the  sky  is 
overcast,  or  on  a  dull  day.  He  is  confu.'ied  and  blinded 
by  a  sudden  increase  in  the  amount  of  light  around  him, 
such  as  would  be  caused  by  the  sim  emerging  from  be- 
hind a  cloud.  The  use  of  a  mydriatic  renders  him  to 
some  extent  again  independent,  and  atropine  may  thus 
often  be  employed  with  advantage  to  eke  out  and  pro- 
long vision  that  is  being  reduced  from  this  cause,  and 
where  the  opacity  of  the  lens  will  be  found  to  be  mainly 
central.  In  the  rarer  cases,  in  which  obscuration  com- 
mences at  the  periphery,  enlargement  of  the  pupil  ex- 
poses the  imperfect  portions  of  the  crystalline  and  causes 
a  disturbance  of  sight.  Such  patients  see  best  through 
a  contracted  pupil,  and  instinctively  crave  an  excess  of 
light. 

Diagnosis  of  Matukity. — As  the  success  of  the  oper- 
ation for  cataract  is  always  greatest  in  cases  in  which  the 
disease  is  fully  formed,  the  question  of  ripeness  becomes 
an  important  one,  and  may  easily  be  settled.  Oblique 
illumination  should  show  the  lens  to  be  opaque  up  to  its 
front.  No  layer  of  transparent  substance  is  to  intervene 
immediately  behind  the  pupil.  When  the  cataract  is 
mature  the  iris  is  seen  to  be  in  direct  contact  with  the 
opaque  lens,  and  the  edge  of  the  pupil  throws  no  shadow 
when  the  source  of  illumination  is  moved  a  little  more  to 
one  side.  In  addition  to  all  this,  however,  it  is  important 
to  ascertain  that  each  anterior  chamber  is  of  equal  depth, 
that  the  iris  of  the  eye  affected  with  cataract  is  not  bulged 
forward  beyond  the  plane  occupied  by  its  fellow.  For 
such  bulging  indicates  the  lens  to  be  in  what  is  called  the 
"period  of  swelling."  Just  before  the  opacity  of  the  cor- 
tical substance  becomes  entire,  its  fibres  often  appear  to 
swell  and  separate,  the  lens  glows  apparently  larger  and 
presses  forward,  frequently  restricting  the  motions  of  the 
pupil.  In  time  this  process  recedes,  the  lens  loses  in 
volume,  and  its  mass  becomes  more  compact,  thus  offer- 
ing a  more  favorable  opportunity  for  the  operation  of 
extraction.  The  period  of  swelling  should  therefore  or- 
dinarily be  allowed  to  subside. 

Functional  Examination. — It  is  hardly  necessary  to 
dwell  on  the  fallacy  of  the  popular  notion  "that,  in  a  case 
of  cataract,  blindness  must  occur  before  the  operation  be- 
comes admissible.  JIany  a  patient,  misled  by  this  belief, 
has  waited  until  the  last  perception  of  light  had  died 
away,  and  then  presented  himself  to  the  surgeon  for 
treatment,  to  be  met  with  the  announcement  that  the  dis- 
ease was  not  a  cataract,  and  that  treatment  had  only  been 
possible  while  some  vision  remained.  An  opaque  lens 
merely  interposes  a  screen,  more  or  less  translucent,  to 
the  passage  of  light,  an  appreciable  amount  of  which  still 
filters  through.  Where  no  perception  of  light  remains, 
therefore,  no  restoration  of  sight  is  possible.  The  patient 
must  be  able  to  make  out  not  only  the  presence,  but  the 
position,  of  a  luminous  object.  Having  ascertained,  by 
covering  the  other  eye,  that  the  one  affected  has  a  general 
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perception  of  light,  that  the  pupil  expands  and  contracts 
in  accordance  witli  the  degree  ot  illumination,  and  that 
the  position  of  a  window  can  he  pointed  out,  it  is  well  to 
test  more  carefully  the  sensitiveness  of  both  the  central 
and  the  lateral  portions  of  the  retina.  The  patient  is 
taken  into  a  dark  room,  the  good  eye  carefully  covered, 
and  the  gaze  of  the  other  fixed  in  a  given  direction.  This 
may  be  brought  about  by  desiring  the  patient  to  hold  up 
one  of  his  own  hands,  at  arm's  length,  on  a  level  with 
his  eye  and  straight  before  him,  and  directing  him  to  look 
persistently  toward  the  spot  where  he  knows  this  liand 
to  be.  A  lighted  candle  is  first  held  as  close  as  possible 
to  the  hand  he  is  fixing,  and  then  moved  in  the  same 
plane  up,  down,  and  to  either  side  successively ;  the  pa- 
tient being  required  to  indicate  each  new  position  of  the 
candle,  without  removing  his  eye  from  the  direction  of 
his  own  hand.  If  he  sees  the  light  each  time  its  position 
is  changed,  it  is  certain  that  the  whole  extent  of  the 
retina  retains  its  normal  sensitiveness ;  if  he  fails  to  ob- 
serve it  in  one  direction,  the  powers  of  the  retina  are  cor- 
respondingly impaired.  When  the  light,  on  being  moved 
upward,  can  no  longer  be  located,  the  lower  portion  of 
the  retina  is  destitute  of  perception,  and  it  must  be  borne 
in  mind  that  here  is  the  usual  position  of  a  retinal  separa- 
tion. When  he  sees  the  light  laterall.y,  but  not  straight 
before  him,  the  region  of  the  macula  lutea  is  generally 
diseased,  and  the  power  of  reading  is  unlikely  to  be  re- 
gained, even  after  a  successful  operation. 

Cai'sation  op  Catar.\ct. — Our  knowledge  on  this 
point  is  extremely  limited.  Becker's '  researches  go  to 
show  that  senile  cataract  originates  in  an  interruption  of 
the  progressive  .sclerosis  of  the  lens.  Attacked  witli  this 
disease  it  shows  in  tlie  outset  a  decided  contraction  of 
volume.  The  cortical  substance  is  thus,  as  it  were,  split 
up.  The  intervals  thus  left  are  at  first  filled  with  the 
normal  fbiid,  the  index  of  refraction  of  which  subse- 
quently changes,  thus  making  the  divisions  more  plainly 
visible  by  transmitted  light.  Actual  opacity  now  begins 
to  occur,  the  fluid  constituents  of  the  lens  increase,  and 
its  volume  augments.  The  microscope  shows  changes  in 
the  fluid,  molecular  ojiacity,  and  swelling  in  the  fibres; 
the  places  of  which  latter  in  the  cortical  are  subsequently 
occupied  by  the  products  of  degeneration.'' 

But  all  this  brings  us  no  nearer  the  cause  of  cataract. 
It  is  broadly  stated  that  it  is  due  to  an  impaired  nutrition 
of  the  lens.  This  merely  gives  the  difficulty  another 
name.  How  is  this  nutrition  effected'?  The  crystalline 
body  possesses  neither  nerves  nor  vessels,  is  suspended 
between  two  fluids,  the  aqueous  humor  on  one  side  and 
the  vitreous  on  the  other,  each  similarly  devoid  of  vessels, 
and  probably  in  some  way  receives  its  nourishment 
through  them.  That  substances  introduced  into  the  gen- 
eral circulation  may  ultimately  be  detected  in  the  lens 
has  been  shown  by  experiment,  although  a  considerable 
interval  must  elapse  before  their  arrival  occurs.  They 
are  supplied  to  the  aqueous  and  vitreous  by  the  vessels 
of  the  surrounding  parts,  and  through  them  to  the  lens 
Itself.  Impaired  nutrition  of  these  two  humors  may 
therefore  indirectly  be  the  cause  of  cataract. 

It  is  certain,  on  the  one  hand,  that  there  must  be  some 
predisposition  in  the  system  at  large,  as  senile  cataract 
almost  invariably  attacks  both  eyes,  although  at  different 
periods.  It  is  equally  certain  that  there  must  exist  some 
local,  modifying  factor,  inasmuch  as  the  most  diseased 
eye  is  always  first  attacked.  This  statement  is  based  on 
the  well-known  fact  that  the  prognosis  in  the  second  eye 
is  usually  better  than  that  in  the  first. 

Varieties  of  Cataract.  —  Congenital.  —  These  are 
either  partial  or  total,  more  generally  the  former,  occur- 
ring in  the  shape  of  sharply  defined  opacities.  It  may 
in  general  be  said  of  cataracts  of  this  class  that  they  are 
the  result  of  defective  formation,  and  are  accompanied 
by  a  certain  amount  of  amblyopia  or  imperfect  percep- 
tion; which  not  only  persists  after  the  mechanical  ob- 
struction to  the  entrance  of  light  is  removed,  but  is  apt 
to  increase  with  advancing  years,  if  the  eye  be  left  alone, 
,  thus  rendering  advisable  the  early  performance  of  the 
operation.  Very  different  in  this  respect  is  senile  cata- 
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ract.  which  may  last  without  impairing  the  functions  of 
the  retina  behind  it. 

1.  Zonular  Cataract. — -This  may  be  either  congenital  or 
met  with  in  the  earliest  j'ears  of  life,  and  is.  according  to 
Graefe,  the  most  frequent  of  all  the  forms  occurring  in 
childhood.  A  central  zone  or  shell  of  the  crystalline  is 
affected,  circular  in  shape,  surrounding  and  surrounded 
by  entirely  transparent  lens  substance.  Seen  from  the 
front,  by  oblique  light,  or  through  the  ophthalmoscopic 
mirror,  it  appears  like  an  opaque  or  partially  opaque 
nucleus  to  an  otherwise  transparent  lens;  and  closer  ex- 
amination reveals  its  own  centre  to  be  transparent.  Its 
diameter  ordinarily  varies  between  5  and  8  mm.  Some- 
times this  layer  is  surrounded  externally  by  a  second, 
equally  opaque;  sometimes,  instead  of  a  complete  layer, 
groups  of  opaque  points  or  stri;e  are  irregularly  distrib- 
uted, with  large  intervals  of  clear  lens  iieriphery  between 
them.  In  many  cases  the  whole  volume  of  the  lens  has 
suffered  diminution.  Zonular  catai'act  is  invariably  met 
with  in  both  eyes.  It  is  frequently  found  that  the  chil- 
dren in  whom  it  occurs  have  been  the  subjects  of  convul- 
sions. They  are,  also,  sometimes  the  victims  of  rachitis. 
This  disease  of  the  lens,  when  congenital,  generally  occu- 
pies a  lesser  area  at  birth  than  subsequently,  and  is  hence 
often  overlooked  in  very  early  life.  Its  subjects  may  be 
recognized  by  the  way  in  which  they  shade  their  eyes  to 
get  the  advantage  of  a  dilated  pupil,  going  into  dark  cor- 
ners to  thread  a  needle  or  perform  some  task  requiring 
more  than  usual  eyesight.  In  this  connection  it  is  desir- 
able to  refer  to  the  proper  treatment  of  zonular  cataract. 
Its  object  being  the  admission  of  more  light  to  the  eye, 
two  methods  at  once  suggest  themselves,  the  one  being 
the  formation  of  an  artificial  pupil  opposite  a  clear  space 
in  the  lens  periphery,  the  other  the  removal  of  the  lens 
itself,  by  disci.ssion  in  the  .young,  by  extraction  in  the 
case  of  one  advanced  in  years.  Eacli  of  these  methods 
has  its  advantages  and  disadvantages.  A  successful  iri- 
dectomy relieves  the  patient  from  the  necessity  of  the 
life-long  use  of  heavy  lenses  for  all  purposes,  l)ut  is  of 
no  value  if  the  cataract  subsequently  becomes  total,  as  is 
sometimes  the  case.  A  full  dilatation  of  the  pujjil  is 
therefore  to  be  brought  about  and  the  effect  on  vision 
noted.  If  much  improvement  follows  iridectomy  is  in- 
dicated, particularly  if  the  cataract  has  the  appearance  of 
being  non-progressive  and  if  the  history  of  the  case 
shows  that  vision  has  not  materially  changed  for  some 
time.  But  if  vision  does  not  improve  under  mydriasis, 
or  if  there  is  a  history  of  diminishing  vision,  the  lens 
should  be  removed. 

3.  Punctated  Cataract  consists  in  a  large  number  of  ex- 
tremely small  points  of  opacity,  scattered  throughout 
the  lens.  At  the  anterior  and  posterior  ])oles  they  are 
often  grouped  into  a  triangular  figure  composed  of  short 
hnes,  meeting  at  an  angle  of  120°.  The  figure  at  the 
anterior  pole  has  not  the  same  direction  as  that  at  the 
posterior.  Under  strong  illumination  the  opacity  takes 
on  a  bluish  tint.  Examined  under  a  high  magnifying 
power,  these  opaque  points  present  the  appearance  of 
small  round  or  oval  drops.  Their  form  and  position  en- 
courage the  belief  that  they  are  situated,  not  in  the  lens 
fibres,  but  in  the  interflbrillar  substance.  According  to 
Liebreich,'  from  whom  the  above  account  is  borrowed, 
this  form  of  cataract  is  frequently,  perhaps,  indeed,  gen- 
erally, overlooked. 

3.  Anteriar  Polar  Cataract. — A  small,  round,  brilliant, 
white  point,  sometimes  attaining  a  diameter  of  3  to  2.. 5 
mm.,  may  occupy  the  centre  of  the  anterior  pole  of  the 
lens.  At  times  it  projects  forward  into  the  anterior 
chamber,  and  is  then  known  as  pyramidal  cataract. 
Often  there  is  a  faint  central  corneal  opacity  in  these 
cases,  and  then,  according  to  Arlt,  the  rationale  of  the 
formation  of  this  kind  of  opacity  becomes  evident.  An 
intra-uterine  central  ulcer  of  the  cornea  is  followed  by 
perforation,  the  aqueous  escapes,  the  lens  comes  forward 
into  contact  with  the  cornea,  and  a  portion  of  the  exuda- 
tion, caused  by  the  ulcer,  adheres  to  the  anterior  capsule. 
When  the  ulcer  heals  and  the  anterior  chamber  is  re- 
established, the  lens  recedes  to  its  original  position,  car- 
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rying  -with  it  the  acquired  opacity.  It  is  contended  by 
some  observers  tliat  simple  corneal  inflammation,  unat- 
tended by  perforation,  may  also  act  as  a  cause. 

4.  Po»terUn-  Pohtr  Cataract. — This  is  a  stationary  opac- 
ity, rarely  as  small  as  the  smallest  examples  of  the  kind 
just  described,  situated  at  the  posterior  pole  of  the  lens. 
Its  outline  may  be  round  and  defined ;  or  it  may  send  out 
strise  of  opacity  in  different  directions.  It  will  generally 
be  found  to  beassociated  with  a  persisting  hyaloid  artery. 

5.  Total  Congenital  Cataract.— This  may  differ  in  no 
respect  from  the  soft  cataract  of  the  young,  which  is 
next  to  be  described.  But  it  is  more  frequently  liquid, 
or  else  shrunken,  and  is  very  apt  to  be  adherent  to  the 
iris.  The  capsule  in  such  cases  may  be  abnormally  thick- 
ened. These  cataracts  are  always'  double,  and  very  fre- 
quently hereditary. 

Sjft' Cataract  of  the  Yoanrj.—The  nucleus  of  the  lens  is 
rarely  defined  be'fore  the  thirtieth  year.  Between  thirty 
and  forty  there  is,  in  the  majority  of  cases,  a  small  nu- 
cleus. After  forty  it  is  seldom  absent.  Cataract  occur- 
ring in  a  lens  devoid  of  nucleus  is  always  soft.  It  com- 
mences sometimes  in  the  shape  of  a  general  grayish 
opacity,  at  other  times  in  the  form  of  points  or  long  striae, 
in  the  external  cortical  layers,  and  advances  with  com- 
parative rapidity  until  the"  whole  lens  becomes  clouded. 
It  is  in  this  form"  of  cataract  that  the  swelling  of  the  crys- 
talline, already  alluded  to,  is  most  marked ;  the  iris  during 
this  stage  being  thrown  well  in  advance  of  its  normal 
plane,  and  the  movements  of  the  pupil  becoming  re- 
stricted in  comparison  with  those  of  the  other  eye.  An 
operation  at  this  time  is  apt  to  be  followed  by  iritis,  and 
should  hence  be  avoided.  Entire  liquefaction  may  sub- 
sequently take  i.ilace,  the  whole  of  the  lens  taking  on  the 
color  of  milk,  or  of  milk  mixed  with  water.  As  has  been 
said,  soft  cataract  may  develop  very  rapidly.  It  may, 
moreover,  be  confined  to  one  e.ye,  and  depend  on  either  a 
general  or  a  local  cause,  the  nature  of  which  may  readily 
be  determined.     An  example  of  the  first  is  the 

Biahetic  Cataract. — As  the  soft  cataract  of  early  life  is 
so  often  contined  to  one  e^e,  the  simultaneous  afiCection 
of  both  lenses  at  this  period  would  lead  us  to  suspect  a 
constitutional  origin,  particularly  the  existence  of  dia- 
betes meilitus,  and  to  examine  the  urine  for  sugar.  This 
form  of  cataract  may  occur  at  any  age,  and,  in  the  case 
of  the  young,  progress  with  great  rapidity.  It  resembles 
other  cases  of  soft  cataract  in  all  respects,  except  that, 
according  to  some  observers,  traces  of  sugar  are  to  be 
found  in  the  lens.  The  prognosis  of  the  operation  is.  of 
course,  soiuewhat  modified  by  the  presence  of  so  serious 
a  disease,  but  need  not  necessarily  be  regarded  as  unfa- 
vorable, many  cases  making  a  rapid  and  uncomplicated 
recovery  of  sight.  It  has  been  claimed''  that  the  use  of 
the  waters  of  Carlsbad  has  been  observed  to  arrest  dia- 
betic cataract,  and  even  to  cause  its  complete  disappear- 
ance. 

Cataract  Occurring  in  Connection  with  Separation  of  the 
Retina,  Retinitis  Piffmentosa.  or  Disease  of  the  Choroid. — 
Here  we  have  undoulitedly  to  do  with  a  local  impairment 
of  nutrition;  and,  of  all  these  causes,  the  former  is  the 
most  frequent.  The  cataract  exhibits  no  peculiarity  of 
appearance.  Its  cause  must  be  inferred  from  the  fact  that 
it  is  monocular,  that  the  vision  of  this  eye  had  been  con- 
siderably impaired  before  its  appearance,  and  from  the 
functional  examination  which  reveals  a  diminished  or 
extinct  perception  of  liglit  in  one  part  of  the  field,  gener- 
ally the  upper.  In  retinitis  pigmentosa  the  opacity  com- 
mences as  a  round  spot  at  the  posterior  pole  of  the  lens, 
from  which  radii  shoot  out  toward  the  periphery.  The 
anterior  portion  of  the  lens  subsequently  becomes  simi- 
larly affected,  but  total  opacity  does  not  occur. 

Traumatic  Cataract. — The  transparency  of  the  lens 
depends  on  the  integrity  of  its  investing  capsule.  This 
may  be  ruptured  by  a  contusion  of  the  eye,  or  wounded 
by  the  penetration  of  a  foreign  body  or  of  a  sharp  instru- 
ment. The  aqueous  humor  then  conies  into  immediate 
contact  tvith  the  lens,  which  imbibes  it,  swells,  and  be- 
comes opaque.  When  the  capsular  w-ound  is  very  small 
it  may  again  close,  and  the  opacity  remain  confined  to 
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the  contiguous  portion  of  the  lens.  But  more  frequently 
the  swollen  cortical  substance  protrudes  from  and  itself 
widens  the  capsular  wound,  thus  exposing  fresh  portions 
of  the  lens  and  ending  in  its  general  obscuration.  As 
they  protrude  into  the  anterior  chamber  these  masses  may 
be  absorbed,  and  finally  the  whole  cataract  thus  be  re- 
moved. But  more  generallj',  unless  the  pupil  be  at  once 
artificially  dilated,  the  pressure  takes  place  against  the 
iris,  which  inflames  and  renders  necessary  the  operative 
removal  of  the  opaque  body. 

Senile  Cataract. — Under  this  form  we  understand  the 
opacity  of  the  cortical  substance  of  a  lens,  the  nucleus  of 
which  with  advancing  years  has  both  separated  and 
hardened.  It  is  necessary  to  a  proper  understanding  of 
the  subject  to  bear  in  mind  the  probability  that  only  the 
cortical  layers  become  actually  opaque,  and  that  there  is 
no  essential  difference,  in  the  transparency  of  the  nucleus, 
between  the  eye  of  an  aged  person  who  has  always  had 
good  sight,  and  the  eye  of  one  who  has  become  blind 
from  senile  cataract.^  No  precise  age  can  be  assigned  as 
that  at  which  this  form  properly  begins,  so  much  varia- 
tion is  there  in  different  individuals  as  regards  the  sepa- 
ration and  hardening  of  the  nucleus.  In  general  it  may 
be  stated  that  senile  cataract  is  most  apt  to  occur  after 
the  fiftieth  year.  Testing  the  transparency  of  the  crys- 
talline, in  people  who  have  passed  this  age,  the  observer 
is  often  struck  by  the  appearance  of  a  series  of  short  bi- 
furcating linear  opacities,  ranged  around  the  periphery 
of  the  lens.  They  may  be  the  most  numerous  in  either 
the  upper  or  the  lower  segment,  or  even  extend  around 
its  entire  periphery.  The  practical  point  concerning 
them  is  that,  though  their  appearance  is  always  to  be  re- 
garded as  suspicious,  they  are  not  necessarily  an  indica- 
tion of  advancing  cataract.  They  may  either  remain 
unaltered  for  years,  or  they  may  increase  at  once  in  num- 
ber and  extent.  In  the  former  case  they  are  simply  a 
senile  change,  analogous  to  the  arcus  senilis  of  the  cor- 
nea; in  the  latter  they  justify  the  diagnosis  of  incipient 
cataract.  They  must  be  carefulh-  observed,  and  the  pa- 
tient is  not  to  be  alarmed  with  a  positive  diagnosis  of 
disease  unless  they  are  found  to  be  increasing. 

Becker*  gives  the  resume  of  the  various  stages  of  senile 
cataract  and  their  proper  nomenclature.  As  long  as  there 
are  a  few  opaque  striae  discernible  in  the  periphery  only, 
or  in  exceptional  cases  before  or  behind  the  nucleus,  we 
speak  of  incipient  cataract.  If  the  opacity  of  the  cortical 
substance  has  advanced,  the  expression  unripe  cataract 
is  used.  There  is  no  absolute  line  to  be  drawn  between 
these  two,  save  that  the  cataract  is  to  be  regarded  as  in- 
cipient so  long  as  the  greater  part  of  the  cortical  substance 
is  transparent ;  as  unripe  when  opaque  cortical  substance 
prevails.  When  the  opacity  of  the  cortical  is  complete 
the  cataract  is  designated  ripe.  Oblique  illumination  then 
reveals  no  transparent  portion,  and  no  red  reflex  appears 
when  the  ophthalmoscopic  mirror  is  used.  The  posterior 
portion  of  the  lens  is  now,  of  course,  invisible,  but  it 
ordinarily  keeps  pace  in  these  changes  with  the  anterior, 
and  may  be  assumed  to  be  in  the  same  state. 

Senile  cataract  generally  affects  both  eyes,  but  is  de- 
veloped later  in  one  than  in  the  other.  The  fact  that  the 
eye  last  affected  furnishes  the  better  result  has  already 
been  alluded  to.  That  the  tendency  to  this  disease  is 
hereditary  has  been  abundantly  demonstrated.  The 
popular  notions  that  the  left  eye  is  more  apt  to  be  first 
affected  than  the  right,  and  that  more  men  than  women 
are  the  subjects  of  cataract,  rest  on  no  reliable  founda- 
tion. 

Absolute  maturity  of  the  senile  cataract  is  not  alwaj's 
to  be  waited  for,  or  indeed  invariably  expected.  In  cer- 
tain cases  the  complete  affection  of  the  cortical  progresses 
with  extreme  slowness:  vision  in  each  eye  may  have 
fallen  off  to  such  an  extent  that  reading  and  writing  are 
no  longer  practicable,  and  the  patient  even  finds  it  im- 
possible to  go  about  alone  in  strange  localities,  or  those 
with  which  he  is  imperfectly  familiar.  Failure  of  sight 
continues  to  progress,  but  can  be  made  out  with  cer- 
tainty only  by  comparing  the  vision  at  long  intervals  of 
time.     Meanwhile  age  creeps  on  and  the  general  health, 
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affected,  perhaps,  by  both  moral  and  physical  causes, 
commences  to  give  way.  In  other  cases  progress  in  the 
formation  of  the  cataract  comes  to  an  absolute  standstill. 
The  sclerosis  of  the  nucleus  may  be  complete,  the  corti- 
cal substance  partially  opaque,  admitting  a  considerable 
red  reflex,  or  perhaps  even  an  imperfect  view  of  the 
fundus  to  the  oplithalmoscope.  and  months  and  perhaps 
_years  elapse  without  any  change  iu  this  condition  of 
things.  Ripeness  is  here  evidently  not  to  be  expected, 
and  surgical  interference,  either  directly  or  after  the 
operative  production  of  maturity,  is  wholly  justifiable. 

Black  Cataract. — This  name  is  applied  to  those  rare 
cases  in  which  the  scLrosis  of  the  nucleus  goes  on  unin- 
terruptedly and  extends  up  to  the  capsule.  Although 
occupied  by  a  ripe  cataract,  the  pupil  appears  black, 
even  when  oblique  illumination  is  used.  Cortical  sub- 
stance is  completely  wanting,  and  the  whole  lens  is  con- 
verted into  one  hypertrophied  nucleus.  This  condition 
is  of  most  infrequent  occurrence. 

Capsular  Cataract. — Deposits  on  the  capsule  from  with- 
out have  already  been  alluded  to.  Primary  affections  of 
the  cap.sule  itself,  the  formation  of  opacities  in  its  proper 
substance,  are  extremely  rare.  As  careful  an  observer  as 
Fuchs  states  that  all  so-called  capsular  opacities  are  de- 
posits esternall}'.  The  capsule  itself  invariably  retaining 
its  transparency,  capsular  cataract  ordinarily  occurs  as 
one  of  the  changes  consequent  on  hypermaturity  of  an 
ordinary  cataract. 

Final  Changeis  in  an  Over-ripe  Cataract. — Inflammation 
in  the  lens,  caused  by  this  state  of  things,  may  bring 
about  the  formation  of  capsular  opacities.  The  cortical 
substance  may  inidergo  partial  absorption,  this  producing 
some  improvement  iu  vision  and  leading  to  a  diminution 
in  size  of  the  lens.  It  may  become  liquid,  and  the  nu- 
cleus, no  longer  supported.  ma_r  sink  to  the  bottom  of 
the  intracapsular  space.  The  capsule  sometimes  thick- 
ens and  becomes  studded  with  crystals  of  cholesterin. 
The  whole  cataract  may  become  cretaceous,  or,  under 
very  exceptional  circumstances,  even  osseous.  In  the 
former  case  exten.sive  adherences  with  the  iris  may 
exist. 

Treatment  op  Cataract. — Medical  Treatment. — In 
view  of  the  great  advances  made  in  the  diagnosis  and 
treatment  of  diseases  of  the  eye  during  the  present  gen- 
eration, as  well  as  of  the  earnest  efforts  that  are  still  being 
made  in  all  directions  to  f  urtlier  ophthalmological  science, 
it  would  indeed  be  hazardous  to  assume  that  no  local  ap- 
plication or  general  medication  to  affect  the  progress  of 
cataract  will  ever  be  discovered.  None  the  less  must  it 
be  firmly  asserted  that,  at  the  present  day.  we  possess  no 
means  whatever  of  preventing  the  formation  of  the  dis- 
ease. Numberless  remedies  have  been  tried  in  the  past. 
but  have  all  proved  inefficacious,  and  at  the  jiresent  day 
none  but  charlatans  assert  their  ability  to  cure  cataract 
without  an  operation.  Some  administer  nostrums,  others 
make  topical  applications,  while  others  again  extol  the 
virtues  of  electricity;  the  result  in  every  instance  being 
the  same.  If  the  cases  of  reported  cure  be  thoroughly 
sifted,  it  will  be  found  that  by  far  the  larger  proportion 
are  based  on  a  mistaken  diagnosis:  that  in  many  in- 
stances the  process  has  simply  come  to  a  standstill ;  while 
in  a  small  number  of  eyes  the  lens  has  either  undergone 
spontaneous  dislocation,  or  else  the  swelling  of  the  crys- 
talline has  been  so  unusually  great  as  to  rupture  its  cap- 
sule and  lead  to  total  absorption.  Opacities  of  the  layer 
of  intracapsular  cells  may  wholly  disappear,  and  trau- 
matic cloudiness  of  a  portion  of  the  lens  may  regain  some 
degree  of  transparency.  It  is  also  a  well-known  fact  that 
diabetic  cataract  may  vary  directly  with  the  progress  of 
the  disease. 

2.  Surgical  Treatment. — This  consists  in  reopening  a 
path  for  the  rays  of  light  to  reach  the  retina,  either  by 
the  side  of  the  existing  obstruction  (iridectomy)  or  by 
its  absolute  removal.  The  latter  may  be  effected  in  one 
of  three  ways:  The  cataract  may  be  left  in  the  eye,  but 
be  pushed  aside  from  the  axis  of  vision  (reclination,  de- 
pression): it  7nay  be  caused  to  undergo  absorption  by 
being  brought  in  direct  contact  with  the  aqueous  humor 


(discission) ;   or  it  may  be  bodily  removed  from  the  eye 
through  an  opening  made  for  the  purpose  (extraction). 

General  Connderations. — The  indication  for  an  opera- 
tion for  cataract  is  a  probable  improvement  iu  vision, 
combined  with  safety  to  the  general  health  of  the  indi- 
vidual. The  two  preliminary  questions,  therefore,  to  be 
settled  are,  first,  as  to  whether  a  careful  examination  of 
the  condition  and  functions  of  the  eye  renders  it  likely 
that  the  cataract  can  be  successfully  removed ;  and  sec- 
ond, whether  the  general  health  is  likely  to  be  injuriously 
affected  by  the  excitement  attending  the  operation,  or 
the  subsequent  confinement  that  may  be  necessary. 

As  a  rule  it  is  vmdesirable  to  operate  ou  a  teething 
child,  a  pregnant  woman,  or  one  who  is  menstruating  or 
about  to  do  so.  The  general  condition  of  the  patient 
should  be  carefully  inquired  into  and  the  prognosis  modi- 
fied if  any  general  disease  like  diabetes  or  Bright's  dis- 
ease be  present,  and  it  is  yet  deemed  desirable  to  proceed 
with  the  operation.  If  the  patient  is  fresh  from  a  jour- 
ney, a  day  or  two's  rest  shoulil  be  allowed.  If  the  oper- 
ation takes  place  aAva.y  from  home,  a  sufficient  time  should 
be  afforded  the  individual  to  familiarize  himself  with  his 
new  .surroundings.  Ou  the  continent  of  Eumpe  there  is 
quite  a  general  agreement  among  ophthalmic  surgeons 
that  serious  operations,  like  the  extraction  of  cataract, 
which  entail  a  lengthened  convalescence,  should  be  per- 
formed away  from  home;  generally  iu  the  private  rooms 
attached  to  tlie  hospital  with  which  the  surgeon  happens 
to  be  connected.  An  establishment  especiallj'  arranged 
for  the  purpose  offers  advantages  of  light,  ventilation, 
quiet,  and  skilled  attendance,  with  which  no  ordinary 
private  house  can  compete.  There  is,  moreover,  a  free- 
dom from  care  and  anxiety  that  can  rarely  be  secured  at 
home.  For  the  first  day  or  two,  relations  and  friends 
being  excluded,  there  can  be  no  allusion  to  exciting 
topics  or  consultation  on  liousehold  cares.  Distance  from 
the  latter  is  found  to  induce,  with  the  head  of  a  family, 
a  feeling  of  repose  that  close  proximity  would  go  far  to 
destroy. 

The  long-received  notion  that  the  spring  and  fall  are 
the  best  seasons  for  cataract  operations  was  undoubtedly 
based  on  the  fact  that  these  were  the  times  of  year  which 
the  peripatetic  oculists,  who  formerly  infested  the  com- 
munity, found  most  convenient  for  t  avelling.  In  the 
United  States  the  extreme  lieat  that  may  prevail  during 
the  months  of  July,  August,  and  September  might  exert 
an  unfavorable  effect  on  a  protracted  convalescence,  and 
therefore  renders  these  months  less  eligible  than  those  in 
which  the  weather  is  generally  cooler. 

Should  one  eye  be  operated  on  when  the  other  is  en- 
tirely normal?  Assuming  the  cataract  to  have  been  suc- 
cessfully removed,  there  are  certain  undeniable  advan- 
tages in  the  association  of  such  an  eve  with  a  normal  one. 
Although  the  lens  is  wanting  and  the  refraction  of  the 
two  eyes  thus  radically  different,  binocular  vision  is  often 
enjoyed.  When  this  is  not  possible,  double  vision  does 
not  necessarily  arise,  as  the  patient  learns  to  abstract 
from  the  image  furnislied  by  the  imperfect  eye,  and  to 
rely  on  the  sound  one  for  accurate  perception.  Even 
then  he  has  a  larger  visual  field  than  if  he  had  only  one 
eye.  a  better  estimation  of  distance,  and  appreciation  of 
solidity.  He  is  no  longer  blind  on  one  side,  and,  when 
moving  about,  avoids  accidents  to  which  he  would  other- 
wise be  liable.  With  the  young,  therefore,  such  an  oper- 
ation is  always  to  be  encouraged,  both  for  these  reasons 
and,  in  the  case  of  females,  for  those  of  a  cosmetic  nature. 
But  with  the  aged  different  considerations  must  prevail. 
The  operation,  with  them,  is  neither  as  simple  nor  as 
safe,  and  the  after-treatment  is  much  more  prolonged. 
The  interruption  in  the  usual  habits  of  an  elderly  person, 
the  shutting  him  up  in  a  dark  room,  changing  his  diet, 
and  depriving  him  for  a  fortnight  of  the  air  and  exer- 
cise on  which  he  is  dependent,  may  exert  a  serious 
influence  on  his  health.  While  in  youth  it  is,  therefore, 
advisable  to  operate  on  a  single  eye,  the  maxim  in  age 
should  be  never  to  touch  a  cataract  on  one  eye  until  the 
other  begins  to  be  affected,  and  then  to  delay  as  little 
as  possible,  bearing  in  mind  the  fact  that  the  longer  the 
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operation  is  deferred  the  older  -n-ill  be  tbe  patient,  and  the 
greater  the  depressing  effect  exerted  on  his  morale  by 
impending  and  advancing  blindness. 

Patients  arc  often  encouraged  l)y  their  home  advisers 
to  wait  until  both  eyes  are  fully  affected,  in  order  that 
both  may  be  operated  on  at  the  same  time.  While  the 
simpler  "cataract  operations  may  undoubtedly,  under 
ordinary  circumstances,  be  performed  in  the  young  on 
each  eye  at  one  time,  without  incurring  unwarrantable 
risk,  the  e.xtraetion  of  senile  cataract  on  both  eyes  simul- 
taneously is  unjustitiable,  save  in  the  most  exceptional 
cases.  And  this  for  the  following  reasons:  If  one  eye 
only  be  operated  on,  the  symptoms  which  follow,  and 
the" way  and  manner  in  which  the  eye  rallies  from  or,  in 
extreme  cases,  sinks  under  the  violence  inflicted  on  it, 
guide  us  materially  in  what  we  are  to  do  for  the  other 
eye,  and  teach  us  "to  adopt  such  precautions,  or  so  to 
modify  our  method,  as  to  give  the  patient  a  better  chance 
of  sight,  and  to  save  him  from  the  dangers  to  which  our 
ignorance  of  his  idiosyncrasies  exposed  him  the  first  time. 
Again,  a  patient  or  his  attendants,  being  little  used  to 
such  delicate  operations,  may  be  imprudent,  transgress 
our  positive  directions,  and  consequently  lose  the  eye. 
If  both  eyes  have  been  operated  on.  his  only  cliance  is 
gone.  If,  however,  one  only  has  been  touched,  he  will 
learn  wisdom  with  experience,  and  insure  success  by 
being  more  careful  the  second  time. 

It  is  true  that  the  refusal  of  the  surgeon  to  operate  on 
both  eyes  at  the  same  time  often  practically  results  in 
but  a  single  operation  being  performed.  After  the  con- 
finement of  a  foitnight  in  a  daikened  room  the  average 
patient  may  well  shrink  from  a  reiietition  of  his  experi- 
ence, or  fear  its  effect  on  the  general  health.  Many  people 
have  not  the  time  to  give  to  the  second  operation,  or  the 
means  of  meeting  its  attendant  expense.  These  are. 
however,  minor  considerations,  and  are  not  to  be  weighed 
in  the  balance  with  those  which  have  been  brought  for- 
ward to  show  the  superior  safety  of  operating  on  but  one 
eye  at  a  time,  in  all  cases  of  senile  cataract. 
"  Tlie  liesult  of  the  Operation  for  Oitanirt. — In  the  most 
favorable  cases  the  obstruction  may  be  entirely  removed 
from  the  axis  of  vision  and  full  sight  acquired,  its  acute- 
ness  being  quite  equal  to  the  normal  standard.  Un- 
der sudi  circumstances  all  the  eye  has  lost  is  the  power 
of  accommodation,  which  must  be  met  by  the  use  of 
glasses  of  different  strengths  for  different  purposes,  or 
by  shifting  the  interval  between  the  glass  habitually 
worn  and  the  eye. 

But  not  always  is  the  result  thus  successful.  Portions 
of  the  lens  may  remain  behind  in  the  intraca))su]arspace, 
clots  of  blood  maj"  be  imperfectly  absorbed,  or  inflam- 
mation may  cause  a  proliferation  of  opaque  sub.staucc  on 
the  face  of  the  capsule;  the  whole  sometimes  becoming 
more  or  less  adlierent  to  the  edge  of  the  pupil.  Tliis  forms 
what  is  known  as  secondary  cataract,  and  demands  in  its 
turn  an  ap|uopriate  operation,  or  the  loss  of  the  eye  may 
be  entire,  the  inflammation  following  the  original  opera- 
tive interference  being  so  violent  as  to  cause  entire  opac- 
ity of  the  cornea,  or  even  wasting  away  of  the  eye  itself. 
An  irritable  stump,  thus  left,  may  give  rise  to  sympa- 
thetic ophthalmia  of  the  remaining  eye.  a  condition  of 
things  which  maj'  also  be  brought  about  by  the  antece- 
dent inflammation.  This  result  is  fortunately  extremely 
rare,  and  may  not  once  occur  in  the  experience  of  a  life- 
time. 

Antiseptic  Mb.^sutses. — Before  entering  on  the  de- 
scription of  the  various  operations  for  cataract,  the  cjues- 
tion  of  antiseptic  measures  is  naturall^y  to  be  considered. 

Our  attempts  at  sterilization  apjily  to  the  patient,  the 
operator,  and  the  instruments,  the  latter  being  by  far  the 
most  fertile  sources  of  infection.  The  surgeon  and  his 
assistants  should  wear  special  outer  garments.  Those 
made  of  linen,  freshl}'  washed  and  ironed,  answer  a  use- 
ful purpose.  The  hands  are  to  be  thoroughly  washed  in 
warm  water  and  with  soap,  scrubbed  with  a  nail  brush 
and  afterward  dipped  in  a  four-per  cent,  carbolic  solu- 
tion, or  else  in  one  of  corrosive  sublimate  (1  to  2.000).  As 
far  as  the  patient  is  concerned  the  vicinity  of  the  ej'e  and 


the  edgesof  the  lids  are  to  be  carefully  washed  with  soap 
and  water,  after  which  a  sterilized  pad,  soaked  in  the 
same  solution  of  corrosive,  large  enough  to  cover  the  eye 
and  its  immediate  neighborhood,  may  be  applied  and  left 
in  place  until  the  moment  for  operating  arrives.  After 
using  the  ana'Sthelic  the  conjunctival  sac  may  be  washed 
out  with  sterilized  water,  or  a  weak  solution  "of  corrosive 
(1  to  5,000).  It  seems  a  matter  of  comparative  indifference 
which  of  these  methods  is  employed,  as  so  momentary 
an  application  will  have  but  little  effect  on  any  bacteria 
that  may  be  present.  Particular  attention  is  to  be  paid 
to  the  state  of  the  lachrymal  sac.  and  its  freedom  from 
infectious  secretion  is  positively  to  be  ascertained. 

It  is  in  regard  to  the  sterilization  of  the  instruments 
and  the  manner  of  bringing  this  about  that  the  greatest 
diversit}'  of  practice  has  perhaps  obtained  and  the  most 
different  methods  have  been  adopted.  The  delicate  in- 
struments used  in  ophthalmic  surgery  must  naturally  be 
liandled  with  greater  care  than  many  of  those  employed 
on  other  parts  of  the  body.  Immersion  in  solutions  of 
corrosive  sublimate  corrodes  metal  and  ruins  the  edge  of 
the  knife.  A  four-pcr-cent.  solution  of  carbolic  acid  has 
been  proved  insuflicient  to  destroj-  the  suppurative  germs. 
To  bring  about  this  result  with  certainty,  probably  no 
agent  is  more  eflicacious  tlian  heat,  in  either  the  dry  or 
the  moist  form.  Yet  each  of  these  has  its  disadvantages. 
Steaming  or  boiling,  the  latter  in  simple  water  or  in  alka- 
line solution,  is  apt  to  be  followed  by  rusting.  Baking 
at  a  temperature  of  150'  C,  continued  for  an  liour  or 
more,  is  absolutely  certain.  But  all  instruments  sub- 
jected to  this  must  be  made  with  metal  handles  in  place 
of  ivory  or  bone,  and  it  is  doubtful  whether  the  tine 
knives  used  for  the  corneal  section  would,  after  such 
baking,  retain  a  perfect  edge.  Many  operators,  influ- 
enced by  the  above  considerations,  content  themselves 
with  immersing  their  instruments,  previously  thoroughly 
cleansed,  in  a  bath  of  aljsolute  alcohol  before  the  opera- 
tion, and  withdrawing  them  one  by  one  as  they  are 
wanted  for  use. 

But  experience  shows  that  knives  thus  immersed 
suffer  appreciably  in  their  cutting  properties.  It  is 
the  custom  of  the  writer  to  have  a  small  vessel  of  boil- 
ing water  brought  to  the  bedside,  just  before  the  opera- 
tion is  commenced,  and  to  immerse  the  blade  of  the  cat- 
aract knife  and  the  point  of  the  keratome  in  it  for  a  few 
seconds. 

Anjesthesia. — Geneiul  antesthesia,  brought  about  by 
ether  or  chloroform,  has  now,  in  the  vast  majority  of 
cases,  given  place  to  the  local  aiuesthesia  induced  by  co- 
caine. This  agent  was  introduced  and  its  properties  were 
explained  by  Koller  in  1884.  lis  use  has  become  general. 
Employed  ordinarily  in  the  form  of  the  hydrochlorate, 
and  in  a  solution  varying  from  two  to  five  per  cent,  in 
strength,  its  contact  with  thccj'C  brings  about  anaesthesia 
of  the  conjunctiva  and  cornea,  coming  on  in  from  one  to 
two  minutes  and  lasting  some  ten  minutes.  In  an  opera- 
tion for  the  extraction  of  cataract  it  should  be  applied 
two  or  three  times.  It  is  well  to  remember  that  the  sen- 
sitiveness of  the  iris  is  not  materially  affected  by  the 
cocaine,  and  to  prepare  the  patient  for  a  certain  amount 
of  pain  incase  an  iridectomy  forms  part  of  the  operation. 
Besides  producing  an.-esthesia  of  the  surface  of  the  eye- 
ball, cocaine  brings  about  other  changes.  It  contracts 
the  blood-vessels  of  the  iris,  and  thus  gives  rise  to  a  tem- 
porary mydriasis;  it  empties  also  the  conjunctival  blood- 
vessels. On  account  of  this  double  effect  the  annoying 
hemorrhage  that  sometimes  so  much  embarrasses  the 
performance  of  an  extraction  is  much  less  likely  to  occur. 
There  is  al.so  noticed  a  wider  opening  of  the  lids  and  a 
lessened  tendency  to  wink.  Finally,  the  intra  ocular 
pressure  becomes  .slightly  reduced. 

If  the  surgeon  finds  it  impracticable  to  prepare  a  steril- 
ized solution  of  cocaine  on  the  spot,  he  may  use  a  1  to 
5.000  solution  of  sublimate  as  a  menstruum.  It  is 
best  to  prepare  the  patient  for  a  slight  smarting  sensa- 
tion when  the  first  application  is  made  to  the  eye.  This 
very  rapidly  disappears. 

A  one-per-cent.  solution  of  holocain  gives  a  local  an- 
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sesthesia  quite  as  effective  as  that  produced  by  cocaine. 
It  causes  an  even  greater  degree  of  insensibility  of  the 
iris.  It  gives  rise  to  no  constitutional  symptoms,  as  is 
sometimes  the  case  witli  cocaine.  It  has  the  advantage 
of  being  distinctly  bactericidal  in  its  action.  But  it  does 
not  arrest  hemorrhage  as  does  cocaine.  The  solution  of 
holocain  should  be  made  in  porcelain,  never  in  glass,  and 
keeps  indeliuitely. 

There  are  other  local  auresthetics.  none  of  which  seems 
to  deserve  comparison  with  the  two  above  described. 

Discission. — In  this  operation  the  removal  of  the  cata- 
ract is  sought  to  be  effected  by  wounding  the  anterior 
capsule,  and  bringing  the  aqueous  humor  in  direct  con- 
tact with  the  lens;  the  object  being  to  cause  its  complete 
absorption  without  impairing  the  transparency  of  its 
capsular  envelope.  The  former  object  will  not  be  at- 
tained if  the  consistence  of  the  cataract  be  too  great  or  it.s 
sclerosis  too  marked.  The  latter  cannot  be  secured  if  tlie 
operation  be  followed  by  serious  inflammation,  due  to 
the  excessive  effect  produced  by  its  performance,  and 
which  would  f(jllow  a  want  of  care  in  proportioning  the 
size  of  the  opening  in  the  capsule  to  the  amount  of  tolera- 
tion the  eye  is  callable  of  exhibiting. 

The  substance  of  the  lens,  brought  into  direct  contact 
with  the  aqueous  humor,  imbibes  it  just  as  a  sponge 
soaks  up  water.  Like  the  sponge  it  swells,  and  then 
slowly  crumbles  away  and  dissolves.  It  is  the  tendency 
to  swell,  and  thus  e.xert  mechanical  pressure  on  the  con- 
tiguous parts  that  constitutes  the  main  danger  of  the 
opeiation;  and  it  is  the  merit  of  von  Graefe  to  have  first 
insisted  on  the  necessity  of  proportioning  the  opening  in 
the  capsule  to  the  amount  of  lenticular  swelling  the  eye 
can  safely  sustain.  The  rapidity  of  absorption  depends 
on  the  age  of  the  individual,  being  most  active  with  the 
young.  The  amount  of  swelling  varies  according  to  the 
maturity  of  the  cataract  and  the  jwriod  at  which  it  is 
attacked. 

The  course  of  normal  absorption  is  as  follows;  First 
the  edges  of  the  cap.sular  wound  retract ;  then  the  lens 
substance  begins  to  swell  and  protrude  into  the  anterior 
chamber.  Oblique  illumination  brings  it  into  relief  as  a 
grayish  plug,  blocking  the  opening  left  by  the  needle. 
In  some  cases  the  whole  lens  gradually  swells  and  presses 
forward  until  the  anterior  chamber  is  completely  blocked ; 
in  others  the  process  is  more  gradual,  and  each  successive 
protrusion  slowly  undergoes  absorption.  It  first  grows 
larger,  then  more  transparent,  next  its  surface  becomes 
irregular,  is  graduall.y  eaten  awa}',  and  the  mass  finally 
disappears.  Sometimes  small  fragments  are  successively 
detached,  fall  down,  and  are  dissolved.  One  mass  suc- 
ceeds another,  protrudes,  and  goes  through  the  same 
process  until  the  whole  lens  has  been  removed.'  It  is 
evident  that  the  aqueous  humor  that  accomplishes  this 
task  is  too  insignificant  in  amount  at  any  one  time  to  do 
more  than  a  small  portion  of  it,  and  must  hence  be 
steadily  undergoing  both  excretion  and  renewal.  As  will 
be  seen  later  on,  Arlt  bases  on  this  fact  a  recommendation 
to  hasten  absorption,  in  cases  in  which  it  is  progressing 
with  unusual  slowness,  by  occasionally  doing  paracente- 
sis of  the  anterior  chamber,  and  thus  artificially  removing 
the  saturated  aqueous. 

We  have  thus  traced  the  course  of  an  operation  fol- 
lowed by  normal  absorption.  But  all  cases  do  not  pro- 
gress thus  favorably.  The  lens  may  imbibe  the  aqueous 
humor  too  freely,  and  swell  with  a  rapidity  that  causes 
destructive  pressure  to  be  inflicted  on  the  surrounding 
parts.  The  pupil  may  then  be  seen  to  contract,  the 
ciliary  redness  that  naturally  is  present  in  some  degree 
during  so  active  a  process  as  absorption  becomes  alarm- 
ingly great,  and  even  conjunctival  chemosis  may  ensue. 
The  iris  becomes  discolored,  the  eye  waters,  intolerance 
of  light  is  felt,  local  pain  becomes  severe,  radiating  in 
every  direction,  and  finally,  unless  proper  measures  of 
relief  are  taken,  vision  may  gradually  be  extinguished 
by  the  development  of  secondary  glaucoma,  the  legiti- 
mate consequence  of  the  great  increase  in  pressure.  As  has 
been  observed  by  von  Graefe,  these  S3"mptoras  are  almost 
exclusively  met  with  in  the  young,  the  lens  in  elderly 


people  rarely  imbibing  aqueous  humor  so  rapidl}-  or  to 
such'a  dangerous  extent. 

To  avoid  iritis  caused  by  direct  pressure  of  the  swollen 
cortical  mass  on  the  iris  itself,  it  is  most  necessary  that 
the  ]iupil  be  fullj'  dilated  before  the  operation,  and  kept 
so  during  the  whole  of  the  ab.sorption.  An  important 
contraindication  to  the  performanoc  of  simple  discission 
is  therefore  the  failure  of  the  pujiil  to  respond  to  the  ac- 
tion of  a  mydriatic.  Cases  in  which  the  pupil  cannot  be 
readily  and  largely  dilated  are  not  those  in  which  the 
performance  of  a  simple  discission  is  at  all  admissible, 
and  this  test  should  always  be  employed  before  deciding 
on  the  character  of  the  operation  to  be  selected. 

This  operation  is  admissible  in  all  simple  lenticular 
catai'acts  of  early  life,  up  to  the  twenty -fifth  or  thirtieth 
year.  It  is  especially  to  be  employed  in  the  case  of  in- 
fants, both  because  the  size  of  the  opening  in  the  eye  is 
so  trivial  as  to  obviate  the  necessity  of  attention  to  the 
healing  process,  and  because  at  this  age  absorption  takes 
place  with  such  rapidity  that  the  pressure  of  the  swollen 
cortical  mass  is  but  little  to  be  dreaded.  It  is  also  advis- 
able to  do  discission  in  lamellar  cataiact  that  occupies  so 
large  an  area  as  to  render  an  iridectomy  useless,  and 
when  the  patient  has  not  passed  the  age  of  twenty.  In 
the  traumatic  cataract  of  early  life,  where  the  extent  of 
the  original  injury  has  been  so  limited  as  to  produce  an 
effect  but  slowly  progressive,  this  operation  may  be  used 
to  hasten  ripeness  of  the  cataract,  and  to  promote  rapid- 
ity of  absorption.  For  nearly  a  generation  it  has  been 
justly  abandoned  in  all  cases  of  senile  cataract. 

Instruments :  Preparation  of  the  Patient ;  Method  of 
Operation. — The  instruments  needed  for  the  performance 
of  discission  are  the  ordinary  spring  speculum,  fixation 
forceps,  and  stop-needle.  The  latter  {Fig. 
1151).  the  perfection  of  which  we  owe  to  the 
inventive  genius  of  Sir  William  Bowman, 
ought  to  be  extremely  slender,  with  a  cut- 
ting edge  of  not  more  than  a  millimetre  in 
extent.  Its  shaft  should  so  com]iletely  fill 
the  wound  made  by  its  point  as  to  prevent 
the  escape  of  the  aqueous  humor  by  its  side 
during  the  operation.  This  woidd  cause  the 
lens  to  fall  forward  against  the  cornea,  and 
embarrass  the  use  of  the  needle.  Lower  down 
the  instrument  is  furnished  with  a  shoulder, 
which  renders  its  penetration  into  the  ej-e, 
beyond  a  certain  depth,  impossible. 

The  patient  maj'  sit  in  a  chair,  facing  the 
operator,  unless  anaesthesia  be  emplo.yed, 
when  the  recumbent  position  is  of  course 
preferable.  The  objections  to  the  use  of  an- 
aisthetics  during  the  extraction  of  cataract 
do  not  apply  to  the  operation  of  discission. 
Although  the  pain  is  not  excessive,  the  subjects  are  young 
and  consequently  nervous;  and,  as  Avill  be  seen,  it  is  im- 
portant that  sudden  spasmodic  attempts  to  close  the  eye 
should  not  be  made.  Narcosis  is  therefore  generally  de- 
sirable, and  its  practice  renders  an  assistant,  for  the  most 
part,  unnecessary.  The  pupil,  as  has  already  been  stated, 
should  be  fully  under  the  influence  of  atropine.  The 
lids  being  separated  by  the  introduction  of  the  speculum, 
the  eye  is  grasped  by  the  fixation  forceps  at  a  point  op- 
posite to  that  selected  for  the  introduction  of  the  needle, 
generally  over  the  insertion  of  the  internal  rectus.  The 
point  of  the  needle  is  now  applied  to  the  cornea  midway 
between  its  centre  and  periphery,  downward  and  out- 
ward, and  made  to  transfix  it  in  the  direction  of  the  pos- 
terior pole  of  the  lens,  and  perpendicular  to  the  corneal 
surface,  so  as  not  to  penetrate  it  obliquely.  As  soon  as 
the  needle  has  passed  in  up  to  its  neck  the  handle  is 
lowered  and  the  point  carried  forward  imtil  it  touches 
the  anterior  capsule  at  a  point  outward  from  its  centre, 
perhaps  midway  between  that  and  its  periphery.  Rais- 
ing the  handle,  and  now  regarding  the  instrument  as  a 
lever,  the  fulcrum  of  which  is  where  it  passes  through 
the  cornea,  the  operator  makes  its  point  descend  along 
the  face  of  the  capsule,  and  inflicts  on  this  membrane  a 
vertical  wound,  some  2  mm.  in  extent.     Lowering  the 
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handle  now,  and  at  the  same  time  slightly  withdrawing 
the  needle  so  that  its  point  is  no  longer  in  coutaet  with 
the  capsule,  he  again  pushes  it  forward,  directing  this 
time  toa  point  on  the  nasal  side  of  the  horizontal  meridian 
of  the  capsule,  midway  between  its  centre  and  periphery, 
and  then  making  it  inflict  on  its  face  a  honzonlal  wound, 
precisely  similar  to  the  vertical  one  alreadj'  made.  The 
needle  is  then  gently  and  steadil}-  withdrawn,  being  held 
in  the  same  position  as  when  it  entered  the  eye.  At  the 
instant  of  withdrawal  it  is  well  for  the  operator,  if  un- 
assisted, to  release  the  fi.xation  forceps  and  raise  the 
speculum  slightly  from  off  the  eye,  with  his  left  hand, 
so  that  no  pressuie  may  be  made  upon  it.  The  aqueous 
humor  is  thus  less  likely  to  escape,  and  the  pupil  con- 
sequently remains  dilated.  For  a  similar  reason  the  re- 
moval of  the  speculum  must  be  conducted  with  great 
care,  and  without  touching  the  eyeball.  If  ansesthesia 
remain  profound  no  spasmodic  closure  of  the  lids  will 
occur  at  this  juncture,  and  no  aqueous  be  lost. 

Great  care  must  be  taken  not  to  bruise  or  crush  the 
cornea  by  too  forcible  maniinilation  of  the  needle,  and 
to  this  end  it  should  be  simply  allowed  to  rest  lightly  on 
the  cornea,  at  its  point  of  passage  through  it.  The  in- 
cisions should  be  as  nearly  as  possible  at  right  angles 
with  each  other,  and  should"  not  be  extended  as  far  as  the 
equator  of  the  lens,  in  order  to  avoid  too  rapid  swelling, 
as  well  as  adherences  between  capsule  and  iris  (Arlt). 
Should  the  needle  slip  out  of  the  eye  before  the  operation 
is  completed  it  may  be  reintroduced,  unless  the  aqueous 
has  escaped,  in  which  latter  case  the  operation  must  be 
desisted  from  until  the  aqueous  has  again  collected. 

When  a  single  operation  proves  sufficient  the  average 
time  necessary  for  the  absorption  of  the  lens  is  ten  weeks. 
But  the  process  does  not  always  go  on  uninterruptedly. 
A  small  capsular  opening  maj'  be  so  blocked  by  the  pro- 
truding fragment  of  lens  as  to  cut  off  the  access  of  aque- 
ous humor  to  the  parts  behind,  and  absorption  of  this 
fragment  may  be  followed  by  closure  of  the  wound.  In 
such  cases  the  operation  must  be  repeated  and  larger  in- 
cisions made.  Occasional  paracentesis  of  the  anterior 
chamber  greatly  promotes  absorption,  but  would  be 
needed  only  in  exceptional  cases. 

After- Treatment. — A  bandage  is  of  doubtful  utility. 
With  very  young  children  it  encourages  weeping,  and 
its  moral  effect  is  at  any  age  depressing.  A  shade,  cover- 
ing both  eyes,  may  be  given,  and  the  room  be  dimly 
lighted.  The  pupil  must  be  kept  permanently  dilated 
with  atropine,  a  half-percent,  solution  of  which  should 
be  applied  three  or  four  times  a  day,  except  in  the  case 
of  very  young  children,  in  whom  there  is  danger  that 
symptoms  of  intoxication  maj'  manifest  themselves. 
The  atropine  is  to  be  continued  as  long  as  the  absorption 
is  going  on,  though  after  the  lirst  it  need  not  be  applied 
so  frequently.  If  symptoms  of  reaction  occur,  as  in- 
dicated by  watering,  undue  ciliary  redness,  and  local 
pain,  strict  quiet  is  to  be  enjoined  and  cold  compresses  are 
to  be  applied  to  the  eye.  If  they  continue,  one  or  more 
leeches  may  be  applied  on  the  temple,  care  being  used 
to  apply  tlie  leeches  as  far  as  possible  from  the  eye  itself. 
The  bowels  are  to  be  kept  open.  If  no  relief  is  experi- 
enced, and  the  symptoms  grow  more  pronounced:  if 
tension  increase,  chcmosis  appear,  and  pain  become  more 
severe,  it  will  probably  be  necessary  to  open  the  anterior 
chamber  and  evacuate  the  aqueous  himior  through  an 
opening  sufficiently  large  to  allow  any  detached  frag- 
ments of  lens  substance  to  escape  at  tlie  same  time.  In 
extreme  cases  it  may  be  necessary  to  practise  linear  ex- 
traction of  the  whole  lens,  with  or  without  iridectomy. 

Modified  Discisnon. — In  cases  in  which  the  pupil  fails 
to  respond  promptly  or  thoroughly  to  atropine,  or  in 
which  other  indications  of  a  tendency  to  inflammation  are 
present,  the  operation  of  discission  is  rendered  much  more 
likely  to  succeed  bj-  the  performance  of  an  iridectomy 
three  or  four  weeks  before  the  use  of  the  needle  is  under- 
taken. The  excision  of  iris  should  be  done  upward,  and 
the  piece  removed  be  of  good  size,  and  extend  up  to  the 
ciliary  edge  of  this  membrane.  The  increased  area  thus 
given  to  the  pupil  lessens  the  number  of  points  of  con- 


tact between  the  cortical  substance  and  the  iris,  renders 
contraction  of  the  pupil  much  less  to  be  dreaded,  and 
diminishes  the  danger  of  secondary  glaucoma.  This  last 
complication  is  not  infrequently  the  cause  of  the  blind- 
ness tliat  sometimes  follows  discission,  and  the  likelihood 
of  its  occurrence  varies  directly  with  the  advance  in  age 
of  the  individual.  In  the  performance  of  this  modified 
discission  Wecker  *  advises  that  the  capsule  be  opened 
principally  within  the  area  of  the  new  pupil,  thus  limit- 
ing the  precipitation  of  fragments  of  the  crystalline  into 
the  anterior  chamber,  and  regulating  the  advance  of  the 
absorption.  When  the  upper  portion  of  the  lens  has  thus 
been  removed,  its  lower  part  may  more  advantageously 
be  attacked. 

With  regard  to  the  operation  of  discission  in  general, 
it  may  safely  be  stated  that,  allowing  the  cases  to  be 
properly  selected,  and  due  care  used  in  its  performance, 
it  is  the  safest  and  surest  method  at  our  command.  Total 
loss  of  the  eye  is,  under  these  circumstances,  excessively 
rare. 

In  former  times  yet  another  method  was  practised, 
having  for  its  object  the  removal  of  the  cataract  from  the 
axis  of  vision  without  taking  it  out  of  the  eye,  namely, 
the  operation  of  recliiuition  or  depression.  A  needle 
specially  adapted  to  the  purpose  was  passed  in  through 
the  sclerotic,  and  used  to  tear  the  opacpie  lens  away  from 
its  attachments,  and  lay  it  at  the  bottom  of  the  eye. 
False  in  principle,  and  often  disastrous  in  result,  leading 
to  restoration  of  vision  in  but  from  fifty  to  sixty  per  cent, 
of  the  cases  in  which  it  was  used,  this  operation  has 
justly  been  abandoned,  and  is,  therefore,  no  longer  to  be 
described  among  the  methods  in  use  at  the  present  day. 
It  is  still,  however,  of  interest  from  a  historical  point  of 
view,  and  will  be  alluded  to  at  length  in  a  subsequent 
portion  of  this  article.  For  the  present  we  proceed  to 
the  consideration  of  those  operations  which  rest  on  the 
principle  of  the  total  removal  of  the  cataract  from  the 
eye,  and  commence  with  the  one  involving  the  smallest 
solution  of  continuity,  the  method  of 

Suction. — This  may  be  considered  the  operation  of 
aspiration  applied  to  cataract.  Throughout  the  series  of 
operations  that  have  for  their  object  the  extraction  of 
the  lens,  one  of  the  great  dangers  to  be  apprehended  ig 
that  connected  with  the  healing  of  the  wound  necessarily 
inflicted  on  the  eye.  The  larger  this  is.  the  greater  the 
danger  of  inflammatory  and  other  complications.  Svich 
accidents  are  least  to  be  dreaded  after  a  discission,  they 
are  appreciable  with  a  linear  extraction,  and,  as  will  be 
seen,  the  risk  becomes  greatest  of  all  in  the  case  of  flap 
extraction.  A  method  which  should  bodily  and  entirely 
remove  the  cataract  through  the  smallest  possible  open- 
ing avoids  at  once  the  dangers  attendant  on  slow  absorp- 
tion and  the  chance  of  the  imperfect  healing  of  a  large 
wound.  The  operation  of  suction  fulfils  both  these  con- 
ditions. It  is  accomplished  by  means  of  an  instrument 
formed  from  the  glass  barrel  of  an  ordinary-  subcutaneous 
injection  syringe,  to  one  extremity  of  which  is  attached 
a  piece  of  rubber  tubing  ending  in  a  mouth-piece,  while 
on  the  other  end  is  a  bent  hollow  needle  of  large  size, 
open  at  its  extremity.  This  needle  is  passed  through  a 
small  opening  in  the  cornea  and  anterior  capsule,  the  air 
in  the  tube  is  then  exhausted,  and  the  soft  cataract  sub- 
stance flows  in  to  take  its  place. 

This,  in  brief,  is  extraction  by  suction.  It  is  a  method 
of  great  antiquity.  Evidence  exists  of  its  having  been 
used  in  the  East  in  the  fourth  century,  and  frequent 
subsequent  references  are  made  to  it  in  ophthalmic  litera- 
ture. In  1846  it  was  revived  b}'  Laugier.  who  made  his 
opening  in  the  sclera,  and  introduced  the  point  of  the 
suction  needle  through  the  posterior  capsuie.  Teale,  in 
1864,  published  a  drawing  of  an  improved  instrument, 
and  recommended  a  method  of  operating  which  is  sub- 
stantiall.y  that  m  use  at  the  present  day.  Since  then  most 
authors  refer  to  the  proceeding.  Yet  it  cannot  be  said 
to  have  ever  yet  found  its  way  into  general  favor,  or  to 
have  met  with  the  appreciation  which,  in  a  certain  class 
of  cases,  it  reallj'  deserves. 

It  is  probable  that  extraction  by  suction  would  hare 
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attained  greater  popularity  had  the  indications  for  its 
performance  been  better  understood  and  the  class  of 
cases  to  which  alone  it  was  applicable,  more  sharply  de- 
fined. Authors,  for  example,  report  in- 
stances of  subsecjuent  inflammation  and 
failure  in  lamellar  cataract,  a  form  to 
which  this  operation  is  wholly  inappli- 
cable. It  should  never  be  employed 
save  in  cases  of  known  soft  or  liquid 
cataract,  and  in  the  traumatic  form  of 
the  disease  occurring  in  persons  under 
the  age  of  thirty.  And  in  the  latter  class 
some  time  should  be  allowed  to  intervene 
between  the  accident  and  the  operation, 
several  days,  or  even  a  week,  being,  if 
possible,  suffered  to  elapse,  in  order  that 
the  whole  of  the  lens  substance  may  lie- 
come  thoroughly  opaque.  The  instru- 
ments needed  are  a  spring  speculum,  fix- 
ation forceps,  bent  broad  needle,  and  the 
suction  api^aratus  (Fig.  11.52).  To  the 
form  of  this  latter  especial  attention  is 
directed,  as  the  figure  here  given  differs 
materially  from  the  instrument  described 
by  Mr.  Teale,  and  generally  used  abroad. 
Our  barrel  is  shorter,  and  slightly  less  in 
diameter  than  the  English;  the  neck  of 
the  hollow  needle,  at  its  lower  end,  ex- 
actly fits  the  opening  made  bj'  the  broad 
needle,  and  the  opening  is  across  the  ex- 
tremity (Fig.  1153)  instead  of  being  on  its  front  face. 
The  rubber  tube  that  connects  with  the  mouth-piece 
has  a  coil  of  light  wire  running  the  entire  length  of  its 
interior.  Each  of  these  modifications  offers  a  corre- 
sponding advantage,  as  will  be  seen  when  the  operation 
comes  to  be  described ;  and  the  greater  favor  it  has  met 
with  in  America  may  with  justice  be  attributed,  at  least 
in  part,  to  the  superiority  of  the  native  instrument.* 

Operation. — This  is  by  no  means  devoid  of  pain,  and 
an  anfesthetic  may  be  used  to  advantage.  The  pupil 
should  of  course  "be  fully  dilated.  The  surgeon,  sitting 
behind  the  patient's  head"  fixes  the  eye  with  forceps,  and 
makes,  with  a  bent  broad  needle,  an 
oblique  incision  through  the  cornea  at  a 
point  outward  from  its  centre  and  about 
three-fifths  of  the  distance  between  that 
and  the  sclero-corneal  junction;  prefer- 
ably in  the  outer-ujijier  quadrant  on  the 
right  side,  in  the  uiipcr-inner  on  the  left. 
The  point  of  the  needle  is  carried  across 
the  anterior  chamber,  made  to  penetrate 
the  anterior  capsule,  and  then  withdrawn. 
If  this  be  carefully  done,  all  the  aqueous 
humor  may  be  retained.  The  suction  in- 
strument is  now  introduced,  its  orifice 
being  directed  upward,  and  its  point 
brought  in  contact  with  the  lens  sub- 
stance. This  being  done,  the  air  is  with- 
drawn by  the  mouth,  the  force  applied 
being  perhaps  similar  to  that  used  in 
smoking  a  well-made  cigar.  The  neck 
of  the  "hollow  needle  exactly  fitting  the 
wound,  the  instrument  may  be  rotated, 
advanced  and  in  part  withdrawn,  with- 
out loss  of  aqueous;  and  the  important 
advantage  is  thus  gained  of  not  com- 
ing in  contact  with  and  bruising  the  iris. 
After  the  lens  matter  has  filled  the  in- 
strument it  ma_y  be  withdrawn,  cleansed, 
and  if  necessary  again  inserted,  though 
it  will  be  better  if  this  can  be  avoided. 
"While  the  suction  is  going  on  the  wire  in  the  flexible  tube 
prevents  this  from  doubling  on  itself,  and  thus  obstructing 
the  draught  of  air.  The  shajie  of  tlie  aperture  of  the  needle 
enables  the  surgeon  to  search  for  separate  portions  of  lens 

*  This  instrument  is  the  one  in  use  at  the  Massachusetts  Charitable 
Eye  and  Ear  Infirmary,  and  the  modiflcations  here  detailed  are  largely 
due  to  the  late  Dr.  Robert  Willard. 


Fig.  11.t3.  — Mag- 
nified Picture  of 
Point  of  Suction 
Instrument. 


matter,  and  apply  tlis  point  directly  to  them,  while  they 
are  drawn  in  with  a  much  greater  facility  than  would  be 
the  case  with  an  opening  differeutlj'  situated.  The  opera- 
tion completed,  the  instrument  is  withdrawn  and  a  band- 
age applied.  It  is  ordinarily  unnecessary  to  keep  the 
ptitieut  in  bed  more  than  twent.y-four  hours,  or  even  to 
retain  a  banilage  for  a  longer  period.  A  shade  may  be 
worn  over  both  eyes  until  all  redness  has  disappeared, 
but  the  amount  of  reaction  is  often  astonishingly  slight. 
A  fear  has  been  expressed  lest  vitreous  should  be  drawn 
into  the  tube.  This  seldom  happens,  especially  with  the 
instrument  here  described,  the  length  having  been  cur- 
tailed and  the  calibre  reduced  in  order  to  get  less  at- 
mospheric pressure  and  thus  avoid  the  accident. 

As  regards  the  results  of  the  suction  operation,  the  re- 
ports of  the  Massachusetts  Charitable  Eye  and  Ear  In- 


FiQ.  1154.— straight  Lance  Knife. 

firmary  for  the  last  eleven  years  show  the  performance 
of  one  hundred  and  seven  operations  by  suction.  In 
some  of  the  reports  the  results  of  that  year  are  given,  in 
others  the  number  of  operations  is  simply  stated;  no 
selection  in  either  case  having  been  made".  In  the  65 
recorded  cases  the  results  are  as  follows;  full  success,  46; 
partial,  18;  loss,  1.  In  5  of  these  cases  vision  was 
perfect,  that  is  ten-tenths. 

Simple  Linear  Extraction. — In  the  operation  just 
described  the  opacjue  lens  substance  was  removed  through 
a  minute  opening,  by  being  made  to  flow  into  a  vacuum. 
In  that  now  under  consideration  the  same  thing  is  effected 


Fig.  115,5.— Cystitome. 

through  a  larger  opening  and  liv  pressure.  It  is  used  for 
the  same  class  of  cases,  viz.,  liquid,  soft,  and  traumatic 
cataracts,  in  those  who  have  not  yet  passed  the  age  of 
twenty-five :  and  is  moreover  applicable  to  shrunken  or 
rudimentary  cataracts,  on  which  suction  would  have  no 
effect.  ;Vnd  it  is  to  be  borne  in  mind  that,  while  extrac- 
tion by  suction  has  never  yet  found  universal  favor,  or 
l)een  much  practised  out  of  England  and  America,  linear 
extraction  has  long  and  generally  been  regarded  as  an 
operation  both  justifiable  and  vahiable. 

The  instruiuents  u.scd  in  its  performance  are  a  spring 
speculum,   fixation  forceps,  straight  lance  knife,  cysti- 


FiG.  11.56.— Daviel  Spoon. 

tome,  and  Daviel  spoon  (Figs.  11,54,  11.55,  1156).  Iris 
forceps  and  fine  scissors  should  be  in  readiness,  in  case  it 
is  found  necessary  to  excise  a  prolapse.  The  forceps 
may  also  have  to  be  used  where  a  shrunken  cataract  is  to 
be  removed. 

The  patient  is  to  be  in  a  recumbent  position,  and  to 
have  the  pupil  fully  dilated.  Anesthesia,  either  general 
or  local,  may  advantageously  be  employed.  Having 
grasped,  with  the  fixation  forceps,  a  fold  of  conjunctiva 
to  the  inside  of  the  cornea,  the  operator  makes  an  incision 
with  the  lance  knife  in  the  corneal  substance,  perpendicu- 
lar to  the  surface  of  this  membrane,  and  at  a  point  on  its 
horizontal  meridian  either  midwa}-  between  its  centre  and 
outer  edge  or,  if  nearer  the  latter,  at  letist  2  mm.  removed 
from  it.  As  soon  as  the  point  of  the  instrument  has  en- 
tered the  anterior  chamber  its  direction  is  changed,  and 
the  knife  is  pushed  forward  in  a  plane  parallel  to  that  of 
the  iris.  A  wound  of  from  6  to  8  mm.  having  been  made, 
the  lance  knife  is  slowly  and  steadily  withdrawn,  care 
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being  taken  to  keep  it  always  in  the  same  plane,  and 
thus  avoid  the  too  rapid  escape  of  the  aqueous,  aa  event 
which  would  be  followed  by  the  contraction  of  the  pupil. 
Owing  to  the  triangular  shape  of  the  knife  it  is  evident 
that  the  inner  wound  must  be  smaller  than  the  outer,  and 
it  is  well  to  attempt  to  equalize  the  two  by  directing  the 
point  of  the  lance  either  a  little  upward  or  a  little  down- 
ward, as  it  is  withdrawn.  But  it  should  never  be  rotated, 
and  should  exert  as  little  pressure  as  possible. 

If  the  capsule  is  opaque,  or  if  we  are  seeking  to  extract 
a  shrunken  cataract,  a  small  sharp  hook,  or  the  iris  for- 
ceps, may  now  be  introduced  through  the  wound,  and 
the  capsule  or  cataract  seized  and  withdrawn.  If,  how- 
ever, we  are  dealing  with  an  ordinary  soft  cataract,  the 
next  step  is  the  opening  of  the  capsule.  The  cystitome 
is  passed  through  the  wound  by  gently  pressing  it 
against  the  outer  edge,  its  cutting  edge  being  held  par- 
allel with  the  face  of  the  cornea.  Once  in  the  anterior 
chamber  its  flat  is  made  to  glide  over  the  front  of  the 
cataract  until  the  point  at  which  it  is  desired  to  com- 
mence the  capsular  opening  is  reached.  The  handle  of 
the  instrument  is  then  turned  so  as  to  have  the  edge  face 
the  capsule,  on  which  a  wound  is  inflicted  by  the  with- 
drawal of  the  cystitome  in  its  new  position,  care  being 
taken  that  the  handle  is  again  rotated  just  before  the 
edge  of  the  pupil  is  reached,  so  as  to  avoid  wounding  the 
iris.  If  the  cataract  be  very  soft  the  cortical  mass  will 
now  begin  to  escape  and  rapidly  fill  the  anterior  chamber. 
Many  operators  content  themselves  with  this  single  open- 
ing, "which  is  quite  sufficient  when  a  Graefe's  cystitome 
is  used,  as  a  triangular  flap  is  thus  torn  from  the  capsule. 
(This  is  the  instrument  given  in  Fig.  1158.)  If  a  straight 
cut  be  made  in  the  capsule  it  must  be  supplemented  by 
another  running  at  a  slightly  different  angle;  a  large 
capsular  opening  being  essential  to  the  entire  removal  of 
the  cataract,  as  well  as  the  prevention  of  secondary  cap- 
sular opacity.  Many  of  the  cataracts  removed  by  this 
operation  are  very  thin,  and  care  must  be  used  not  to 
sink  the  point  of  the  cystitome  so  deeply  in  the  mass  as 
to  wound  the  posterior  capsule. 

The  opaque  lens  is  next  to  be  removed  by  pressure. 
At  this  stage  of  the  operation  it  is  better  to  take  out  the 
spring  speculum,  and  to  raise  the  upper  lid  with  the 
thumb  of  the  left  hand.  The  rounded  back  of  the  Daviel 
spoon  is  now  to  be  applied  to  the  portion  of  the  cornea 
that  remains  between  the  opening  and  the  periphery  of 
this  membrane,  and  the  wound  so  made  to  gape  slightly. 
Pressure  thus  judiciously  applied,  aided  by  a  slight 
amount  of  rubbing  in  the  same  region,  will  often  cause 
the  expulsion  of  the  lens  substance.  But  if  this  takes 
place  very  slowly,  or  ceases  altogether,  cotinter  pressure 
may  be  applied  through  the  upper  lid,  at  the  opposite 
side  of  the  cornea,  by  means  of  the  thumb  that  is  used  to 
hold  the  lid  in  place.  The  pressure  and  counter  pressure 
thus  made  must  be  used  alternately,  with  a  gentle  rock- 
ing motion,  until  the  last  portion  of  the  cataract  has 
emerged  and  the  pupil  has  taken  on  a  uniformly  black 
appearance. 

If  the  nucleus  should  turn  out  larger  or  more  consist- 
ent than  was  expected,  and  hence  refuse  to  pass  through 
the  wound,  the  Daviel  spoon  may  be  gently  introduced 
and  an  attempt  made  to  extract  it,  either  whole  or  piece- 
meal. Care  must  be  taken  not  to  rupture  the  posterior 
capsule,  as  the  escape  of  vitreous  both  complicates  and 
retards  convalescence,  besides  at  once  interrupting  the 
operation  if  it  occurs  in  its  early  stages.  The  fragments 
of  the  cataract  are  then  often  driven  apart  and  away  from 
the  wound,  and  cannot  in  man)'  cases  be  collected  or  re- 
moved without  entailing  a  dangerous  loss  of  the  vitreous 
humor.  If  a  prolapse  of  the  iris  takes  place,  it  may  be 
allowed  to  remain  until  the  cataract  has  been  removed, 
when  it  will  often  return  spontaneously,  or  can  be  made 
to  do  so  by  gently  rubbing  through  the  closed  lids.  But 
if  it  obstinately  retains  its  posiliion,  it  must  be  at  once 
excised.  The  healing  of  this  into  the  wound  might  not 
only  alter  the  corneal  curve,  but  prove  a  source  of  irrita- 
tion by  the  traction  it  would  exert,  thus  giving  rise  to 
serious  trouble.     It  might  also  increase  the  density  of  the 


scar.  The  more  peripheric  the  wound  the  greater  the 
danger  of  prolapse. 

Fragments  of  the  cataract  remaining  in  the  pupil  im- 
bibe aqueous  humor,  swell,  and  may  thus  give  rise  to 
grave  inflammatory  symptoms;  causing  iritis,  and  delay- 
ing or  preventing  the  healing  of  the  wound.  It  may  not 
always  be  possible  to  effect  a  complete  removal  of  these 
portions,  owing  to  the  .size  of  the  wound,  the  consistence 
of  the  cataract,  or  the  lodgment  of  the  smaller  pieces  in 
remote  situations  inaccessible  to  ordinary  pressure.  As 
Arlt,  whose  account  of  the  operation  has  largely  here 
been  followed,'  justly  observes,  simple  linear  extraction 
is  by  no  means  as  universall}'  applicable  in  cases  of  soft 
cataract  as  the  first  accounts  of  the  operation,  given  by 
von  Graefe.  would  lead  one  to  suppose. 

After-Treatment. — After  having  instilled  a  drop  of  a 
solution  of  atropine,  and  ascertained  that  the  lips  of  the 
wound  are  in  proper  coaptation,  as  well  as  that  no  re- 
mains of  the  cataract  or  coagulated  blood  are  to  be  found 
in  the  conjunctival  sac,  the  eye  is  closed,  and  a  simple 
corajiressive  bandage  applied  over  each  eye,  thus  secur- 
ing absolute  repose.  An  elliptical  piece  of  linen,  soaked 
in  the  weak  sublimate  solution,  1  to  5,000,  is  first  laid  on 
each  eye.  The  orbital  cavitj'  is  then  evenly  filled  with 
corrosive  cotton  applied  in  small  tufts,  as  evenly  dis- 
tributed as  possible.  These,  as  well  as  the  bandage 
itself,  should  of  course  have  been  carefully  sterilized.  The 
hand,  pas.sed  over  the  summit  of  the  heap,  should  not 
distinguish  the  prominence  of  the  eyeball.  This  process 
having  been  completed,  the  whole  mass  should  be  made 
to  exert  gentle  pressure  on  the  eye  by  means  of  a  band- 
age, which  may  be  either  a  simple  cotton  or  flannel 
roller,  or,  still  better,  the  so-called  Liebreich  bandage. 
The  simplest  form  of  this  well-known  appliance  is  a  cotton 
band,  about  30  cm.  long  and  6  wide,  knit  in  small  al- 
ternate squares,  the  threads  in  adjacent  squares  running 
at  right  angles  to  each  other.  Long  tapes  are  attached 
to  each  of  the  four  corners.  The  peculiar  construction 
of  this  band  insures  a  considerable  degree  of  elasticity, 
and  it  is  held  in  place  over  the  eyes  by  sectn-ing  the  tapes 
behind  the  head,  the  two  upper  being  tied  above,  the  two 
lower  below  the  crown.  It  is  well  to  remove  the  bandage 
some  eight  hours  after  the  operation,  gently  sponge  the 
outer  surface  of  the  lids,  and  apply  a  fresh  dressing.  If 
no  pain,  swelling,  or  excessive  lachrymation  be  present, 
nothing  will  be  gained  by  opening  and  examining  the 
eye.  At  the  end  of  twenty-four  hours,  during  which 
time  the  patient  has  been  kept  in  a  recumbent  position, 
it  will  be  well  to  open  the  eye  and  instil  a  drop  of  a  solu- 
tion of  atropine.  The  bandage  is  now  to  be  changed 
once  a  day  for  three  or  four  days,  when  it  may  be  re- 
moved altogether  and  a  shade  over  both  eyes  substituted. 
After  the  first  day  the  patient  may  leave  his  bed.  As 
the  redness  slowly  disappears,  more  light  may  be  ad- 
mitted and  moderate  use  of  the  eyes  allowed.  It  must 
be  remembered  that  the  wound  requires  several  days  to 
consolidate,  and  that  during  this  time  it  is  no  difficult 
thing  to  separate  its  edges. 

Local  pain,  redness,  and  increasing  photophobia  are 
evidences  of  excessive  reaction.  The  bandage  may  then 
be  removed  and  cold  compresses  substituted,  leeches  ap- 
plied to  the  temple,  and  even  subcutaneous  injections  of 
morphine  made  in  the  same  region  if  the  suffering  is  con- 
siderable. The  bowels  must  be  kept  open.  If  none  of 
these  measures  give  relief,  the  aqueous  humor  is  to  be 
evacuated ;  better,  according  to  Arlt,  through  a  periph- 
eric puncture,  than  by  reopening  the  original  wound. 
In  spite  of  all  these  precautions,  iridocyclitis  may  ensue, 
and  even  give  rise  to  sympathetic  affection  of  the  re- 
maining eye.     Such  cases  are,  happily,  verj'  infrequent. 

We  now  come  to  the  consideration  of  one  of  the  most 
important  operations  on  the  eye — that  for  the  removal  of 
senile  cataract.  It  is  proper  "to  consider  it  immediately 
after  linear  extraction,  just  described,  inasmuch  as  the 
most  approved  method  now  in  use  is  that  of  peripherie 
linear  extraction ;  a  proceeding  somewhat  allied  to  the 
foregoing,  and  the  general  adoption  of  which  has  resulted 
in  the  virtual  abandonment  of  flap  extraction,  so  univer- 
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sally  practised  less  than  a  generation  ago.  Before,  how- 
ever, commencing  the  discussion  of  this  method,  it  is  de- 
sirable to  consider  one  or  two  plans  that  have  been 
recently  proposed  for  the  artificial  ripening  of  senile  cata 
racts,  I  he  formation  of  which  proceeds  with  unusual 
slowness.  This  delay  in  the  growth  of  cataract  has  been 
alluded  to  in  an  earlier  portion  of  this  article.  In  many 
cases,  as  was  tliere  stated.  It  proves  a  serious  misfortune 
to  the  patient.  All  power  of  using  either  eye  on  near 
objects  may  be  gone;  it  may  even  be  difHcult  for  the  in- 
dividual to  move  about  unattended,  especially  in  strange 
places,  and  he  ma}'  thus  become  a  burden  to  his  family, 
ileanwhile  the  cortical  substance  still  retains  a  portion 
of  its  transparency.  The  best  years  of  life  are  passing 
away,  or  those  dependent  ou  the  patient  may  be  reduced 
to  poverty  in  consequence  of  his  inability  to  continue 
their  support.  Something  ought,  under  such  circum- 
stances, to  be  done;  and  the  alternative  to  removing  an 
unripe  cataract  is  the  artificial  production  of  maturity. 

Two  methods  alone  are  regarded  at  the  present  day  as 
olTering  ordinary  chances  of  safety.  The  tiist  is  tliat 
pi'oposed  by  Professor  Fijrster,  of  Breslau,  in  1881,  and 
consists  in  the  performance  of  an  iridectomy  upward, 
together  with  the  rubliing  of  the  cornea,  over  the  face  of 
the  lens,  with  the  angle  of  a  strabismus  hook.  There 
being  no  anterior  chamber,  the  pressure  is  directly  applied 
to  the  lens  through  the  intervening  cornea.  "The  effect 
in  ripening  the  cataract,"  says  Forster,  "is  frequently 
to  interrui)t  the  entire  reflex  from  the  fundus  within  six- 
days.  In  from  si.\  to  eight  weeks  at  farthest  the  cataract 
entirely  matures."  At  tlie  time  of  his  bringing  out  this 
method  he  had  practised  it  for  five  years  and  in  about 
one  hundred  and  fifty  cases.  He  considered  it  chiefly 
applicable  in  cases  of  senile  cataract  with  hard  nucleus, 
and  partially  opaque  cortical;  but  advised  that  it  be  not 
employed  in  posterior  polar  cataract.  He  warned  against 
using  a  pressure,  on  the  one  hand,  so  light  as  not  to  hasten 
the  cortical  opacity,  and  on  the  ether  so  extreme  as  to 
rupture  the  zonula.  Recently  Dr.  Charles  Bull,  of  New 
York,  has  given  an  analj'sis  of  thirtj'  cases,  in  which  he 
employed  this  method.  In  addition  to  the  rupture  of 
the  zonula,  which  may  be  jjroduced  by  too  .strong  press- 
ure, he  alludes  to  another  consequence,  "a  striated  or 
radiating  opacity  of  the  cornea,  which  seems  to  be  con- 
fined to  the  anterior  layers,  frequently  remains  for  a  long 
period,  and  fades  out  but  slowlj'."  He  also  recommends 
a  rotatory  rubbing  or  massage.  Slight  iritis  has  been 
observed  to  follow  the  operation  by  several  observers, 
including  the  present  writer.  In  Dr.  Bull's  series,  iritis 
occurred  five  times.  All  his  cases  were  successful,  vLsion 
ranging  between  f^  and  -fi^'g  in  all  Init  three,  in  wliich  it 
was  under  y^"^.  The  average  duration  of  the  confine- 
ment, after  the  first  operation,  was  five  days. 

The  second  method  of  artificially  rijiening  a  cataract 
was  alluded  to  b_y  Forster  when  he  brought  forward  the 
operation  above  described.  It  had  been,  he  said,  observed 
by  Snellen  that  a  simple  iridectomy  w-ould  sometimes 
hasten  the  progress  of  lenticular  opacity.  This  he  con- 
firmed from  his  own  experience.  In  a  recent  publigation 
Jakobson  again  calls  attention  to  this  fact.  "It  is  well 
known,"  he  says,  "that,  up  to  within  a  sh<irt  time,  peo- 
ple half  blind  were  obliged  for  months,  and  sometimes 
even  for  years,  to  rely  on  extraneous  aid.  By  the  i)er- 
formance  of  an  iridectomy  we  are  now  enaliled  to  offer 
them  a  prospect  of  siglit  within  three  months." '"  He 
goes  ou  to  say  that  his  experience  with  Fiir.ster's  opera- 
tion has  been  unfortunate,  iritis  and  inflammatory  tiiick- 
ening  of  the  anterior  capsule  having  occurred  in  his 
practice.  An  iridectomy  alone,  in  cases  of  unripe  cata- 
ract, has  been  followed  by  inflammatory  reaction,  yield- 
ing, however,  readily  to  atropine  and  fomentations. 

Of  these  two  methods  the  second  is  undeniably  safer, 
as  offering  less  instrumental  interference  with  tlie  eye. 
It  possesses  the  advantage  of  being  in  itself  one  of  the 
steps  in  peripheric  linear  extraction,  and  its  anteiior  per- 
formance leaves  just  so  much  less  to  be  done  when  the 
cataract  is  finally  removed.  Tlie  practical  objection  to 
it  is  the  fact  that  it  subjects  the  patient  to  two  operations 


on  the  eye,  instead  of  one;  two  confinements  with  both 
eyes  bandaged  in  a  darkened  chamber.  The  efl'ect  of  all 
this  on  the  general  health  and  morale  of  the  individual 
will  vaiy  in  different  cases ;  and  therefore  renders  it  im- 
possible to  lay  down  any  fi.xed  rule  with  regard  to  the 
propriety  of  proilucing  ai'titicial  maturity.  All  tliat  can 
be  said  is,  that  in  ordinary  cases  of  slow  growth,  the  per- 
formance of  the  additional  operation  would  seem  a  lesser 
evil  than  weary  niontljs  of  waiting  for  natural  ripening. 
A  few  general  remarks  with  regard  to  the  extraction 
of  senile  cataract  may  fitl.v  jirecede  the  descriptions  of 
the  various  operations  devised  for  this  purpose.  And 
first  with  regard  to  tlic  induction  of  anaesthesia.  On  this 
point  there  lias  been  much  difference  of  opinion,  its  use 
having  been  coni[)aiatively  general  in  this  country,  but 
far  less  frequent  on  the  continent  of  Europe.  The  ex- 
perience of  the  present  writer  has  convinced  liim  that  the 
state  of  anajsthesia  throws  apprecial/le  obstacles  in  the 
way  of  a  successful  extraction,  and  that  its  regular  em- 
ployment tends  to  diminish  the  number  of  favorable  re- 
sults that  would  otherwise  be  obtained.  This  opinion  is 
liased  on  several  grounds.  The  necessity  of  fasting  be- 
fore the  administration  of  the  ether  or  chloroform,  and 
the  inability  to  retain  nourisliment  for  some  time  after- 
ward, have  a  depressing  efl'ect,  especially  on  the  aged 
and  feeble.  The  amount  of  congestion  induced  in  many 
by  the  inhalation  of  ether  encourages  hemorrhage  and 
embarrasses  the  performance  of  the  oiJeration.  The  ]ia- 
tient's  ability  to  move  his  eye  at  will  being  lost  during 
anaisthesia,  every  needed  motion  has  to  be  given  to  the 
eye  by  traction  with  the  fixation  forceps,  inflicting  a 
fresh  bruise  at  every  application,  and  .sometimes  leading 
to  a  loss  of  vitreous.  The  collapse  due  to  anaesthesia 
annuls  tension  and  renders  the  removal  of  cortical  frag- 
ments proportionally  difficult.  After  the  operation  the 
patient  is  incapable  of  giving  information  with  regard  to 
the  clearness  of  his  acquired  sight,  and  moreover  loses 
the  moral  support  of  having  once  seen,  a  .support  well 
calculated  to  cheer  the  succeeding  dark  days  of  con- 
valescence. The  surgeon,  too,  is  tlius  depi-ivcd  of  im- 
portant knowledge  with  regard  to  the  result  of  the  efforts 
he  has  made  to  clear  the  puiiil.  Finally,  the  nau.sea  that 
so  often  comes  on  as  the  effect  of  the  ether  passes  off,  the 
retching  and  vomiting,  that  sometimes  endure  for  hours, 
can  only  have  an  injurious  effect  on  an  eye  so  recently 
laid  o|ien,  besides  rendering  the  patient  unable  to  take 
nourishment  and  depressing  his  morale.  To  ascertain 
whether  these  objections  were  more  than  theoretical,  two 
series  of  cases  were  operated  on,  a  certain  number  witli 
and  an  equal  iiumbei-  without  ether.  Each  series  con- 
sisted of  one  hundred,  and  the  great  difference  in  the 
percentage  of  success  was  wholly  in  favor  of  the  non- 
administration  of  the  anajsthetic. 

This  discus.sion.  however,  becomes  less  important  in 
view  of  the  fact  that,  save  in  the  most  exceptional  cases, 
local  anu'Stliesia  anijily  suttices.  It  has  already  been 
described. 

A  very  important  question  next  arises,  as  to  whether 
the  eye  shall  be  prejiared  for  the  removal  of  the  cataract 
by  the  dilatation  of  the  pupil,  as  was  formerly  the  usual 
custom.  This  jjractice  was  generally  continued  after 
the  operation  of  flap  extraction  had  given  way  to  that  in- 
troduced by  von  Graefe.  The  arguments  for  the  instilla- 
tion of  atropine  before  extraction  were,  in  brief,  that  there 
would  lie  more  room  for  the  knife  in  its  passage  across 
the  anterior  chamber;  that  its  point  would  be  less  likely 
to  catch  in  the  iris,  and  a  wound  or  dialysis  would  con- 
sequently more  seldom  follow;  and  that  the  secondary 
dilatation  that  ensues  on  the  re-establishment  of  the  an- 
terior chamber  would  tend  to  keep  the  edge  of  the  iris 
clear  of  any  fragments  of  cortical  substance  that  might 
remain  beliind,  and  lessen  the  likelihood  of  a  closed  jnipil 
and  of  a  secondary  cataract.  It  began,  however,  by  de- 
grees to  be  found  that,  where  mydriasis  had  not  been  in- 
duced, it  was  easier  to  replace  the  iris  after  extraction, 
and  thus  prevent  its  healing  into  the  corners  of  the  wound. 
To  prevent  this  accident  it  was  even  advised  to  apply  a 
solution  of  eserine,  after  the  lens  was  removed."     Acting 
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on  this  hint,  the  present  writer  has  been  in  the  habit  of 
applying  the  escrine  an  hour  before  the  operation.  At 
the  time  of  its  performante  there  is  then  found  a  consider- 
able contraction  of  the  pupil,  which  does  not  in  the  least 
interfere  with  extraction,  and  which  yields  when  the  an- 
terior chamber  is  re-established.  It  then  exerts  on  the 
iris  a  deeree  of  traction  that  reduces  to  a  niinimum  the 
danger  of  its  healing  into  th^  corners  of  the  wound,  and 
woifld  even  seem  to  render  this  complication  less  frequent 
than  formerly.  This  contraction  of  the  pupil  readily 
yields  to  atropine,  should  it  be  found  necessary  to  emidoy 
it  during  the  after-treatment.  Eserin.  salicylat.,  rubbed 
up  with  vaseline  in  the  strength  of  one  per  cent.,  will  be 
found  a  convenient  preparation  to  use  on  account  of  its 
being  less  aifected  by  time  than  the  ordinary  solution. 
The  application  of  eserine  is  sometimes  followed  by  slight 
temporary  pain,  and  is  hence  contraindicated  at  the  time 
of  the  operation.  Its  use  has  been  objected  to  on  the 
ground  that  the  tendency  to  a  loss  of  vitreous  might  be 
increased,  but  this  theory  has  been  proved  unfounded. 

The  advantages  of  operating  on  senile  cataract  in  an 
establishment  especially  arranged  for  the  purpose  have 

already  been  al- 
luded to.  Should 
this  course  be  ad- 
opted, it  is  well  to 
have  the  patient  oc- 
cupy his  room  the 
night  before  the 
operation  is  per- 
formed. A  certain 
amount  of  acquain- 
tance with  the  bed, 
the  siuToundings, 
and  the  attendants 
is  thus  acquired  be- 
fore the  bandage 
that  prevents  all  use 
of  the  eyes  for  sev- 
eral days  has  been 
tinally  applied. 
Another  advantage 
is  that  there  may 
often  be  met,  in  the 
same  place,  some 
convalescent  who 
has  already  passed 
through  the  opera- 
tion, and  who  can 
be  brought  in  contact  with  the  intending  jiatient.  A  few 
■words  of  encouragement  from  such  an  individual  will 
often  do  more  to  dispel  apprehension  and  establish  con- 
fidence than  anything  coming  from  the  surgeon  himself. 
If  a  trained  and  experienced  nurse  be  present,  the  ser- 
vices of  a  professional  assistant  may  readily  be  dispensed 
with.  The  patient  awaits  the  surgeon  in  bed  and  im- 
dressed.  As  the  bandage  to  be  applied  after  the  operation 
is  monocular,  the  eye  that  is  not  to  be  touched  is  closed 
b,v  several  sliort  strips  of  isinglass  plaster,  crossing  each 
other.  A  short  preliminary  drill  in  turning  the  eye  in 
any  given  direction,  without  any  corresponding  move- 
ment of  the  head,  will  be  found  of  much  use ;  the  patient 
being  directed  to  roll  the  eye  up,  down,  or  to  either  side 
at  the  request  of  the  operator;  being  also  cautioned,  the 
while,  to  avoid  straining,  and  to  breathe  easily  and  nat- 
urally. In  the  case  of  very  deaf  people  it  is  well  to 
arrange  a  little  code  of  signals  in  advance,  a  tap  on  the 
forehead  being  understood  to  mean  a  direction  to  look  up, 
one  on  the  chin  to  look  down.  Under  ordinary  circum- 
stances the  duty  of  the  nurse  is  confined  to  handing  the 
iced  sponges  as  they  are  needed,  and  supporting  the  head 
while  the  bandage  is  being  applied. 

I^RiPHERic  Linear  Extraction. — This  is  commonly 
known  as  the  method  of  von  Graefe.  The  instruments 
needed  are  a  spring  specidum,  tixation  forceps,  elevator, 
Graefe  extraction  knife  (Fig.  1158),  cystitome  and  rubber 
spoon  (Figs.  1158  and  11.59).  Daviel  spoon,  iris  forceps  and 
scissors,  and  a  small,  straight,  flexible  rubber  spatula  (Fig. 
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Fig.  1161.— Ideal  Peripheric 
Linear  Cut.  (Corneal 
diameter  13  mm . )  a  m.c  n, 
tangents  to  the  horizontal 
diameter  m  n:  <!  c,  tan- 
gent to  the  vertical  diam- 
eter: a,  point  of  punct- 
ure :  a,  h,  line  of  direction 
of  back  of  knife  at  time  of 
puncture;  c,  point  of 
counter-puncture ;  a.  d, 
7j.  e,  c.  course  of  conjunc- 
tival wound  ;  a,  c.  course 
of  cornea-sderal  wound 
on  outer  surface  of  sclera. 


1160).  A  few  soft  compresses,  floating  in  ice  water,  are 
also  required,  as  well  as  corrosive  cotton  bandages,  etc. 

The  surgeon  stands  at  the  head  of  tlie  bed,  and  should 
be  able  to  operate  on  the  right  eye  with  the  right  hand, 
on  the  left  with  the  left.  Local 
anijesthesia  having  been  full}' 
brought  about,  he  introduces  the 
spring  speculum  and  locks  it  in 
place,  being  careful  not  to  stretch 
the  lids  to  a  distressing  extent. 
Requesting  the  patient  to  look 
up,  he  firmly  grasps  the  eye  with 
the  fixation  forceps,  a  little  be- 
low the  cornea.  Holding  the 
knife  with  its  edge  up.  he  now 
proceeds  to  make  the  cut.  The 
accomplishment  of  this  is  not 
without  its  difiiculties,  and  de- 
mands a  careful  description.  It 
can  best  be  understood  by  refer- 
ence to  the  following  diagram 
(Fig.  11(51),  taken  from  A'rlt.'-' 
The  knife  is  entered,  with  its 
blade  up,  at  the  point;/,  1.5mm. 

from  the  corneal  edge,  and  2  mm.  below  a  tangent  to  the 
upper  corneal  periphery  on  the  temporal  side,  and  direct- 
ed at  first  toward  the  point  b,  situated  downward  and 
inward  from  the  inipil.  Having  been  carried  steadily 
forward  some  6  to  8  mm.  in  the  direction  of  this  point, 
the  handle  is  lowered,  the  point  of  the  knife  directed  to 
that  of  counter-puncture  c.  pushed  forward,  and  made  to 
emerge  at  this  place.  The  wound  to  be  inflicted  will  thus 
be  some  12  mm.  in  length.  It  is  better  now  to  remove 
the  fixation  forceps,  thus  avoiding  the  danger  of  undue 
pressure,  and  to  reijuest  the  patient  to  look  down.  The 
wound  is  completed  by  a  sawing  movement  of  the  knife, 
alternately  advancing  and  withdrawing  it  a  little,  direct- 
ing its  cutting  edge  toward  the  point  at  or  just  behind 
the  upper  corneal  edge,  where  it  is  intended  that  it  should 
emerge  (Fig.  1162).  No  attempt  should  be  made  to  divide 
the  conjunctiva  until  the  scleral  cut  is  complete.  The 
blade  of  the  knife  may  then  still  be  directed  upward,  but 
a  little  outward,  and  a  conjunctival  flap  formed  some  2 
or  3  mm.  in  height.  Raising  the  liandle  of  the  knife 
abruptly,  from  the  temple,  is  advised  by  Arit  as  facilitat- 
ing this.  It  will  be  seen  that  this  is  not  strictly  a  linear 
wound,  as  originally  intended  by  von  Graefe,  so  that  the 
title  of  the  operation  is,  to  some  extent,  a  misnomer.  But 
the  conjunctival  flap  can  be  formed  only  when  the  cut  is 
made  as  above  described,  and  the  advantages  of  this  flap 
as  a  priitection  to  the  scleral  wound  are  at  once  evident. 

A  curved  cut  is,  more- 
over,   longer    than    a 
linear  one.     The  exter- 
nal   cut    being 
13    mm .      in 
length   the    in- 
ner one  would 
measure   from  9  to  10 
mm.,  and  as  the  diame- 
ter of  the  lens  rarely 
exceeds  9  mm.,  there  is 
sufficient  room  for  its 
emergence. 

Should  there  be  con- 
siderable hemorrhage 
from  the  conjunctival 
flap  or  the  scleral 
wound,  filling  the  an- 
terior chamber  and  ob- 
scuring the  view  of  the  iris,  it  is  better  temporarily  to 
remove  the  speculum  and  hold  soft  iced  compresses  in 
gentle  contact  with  the  closed  lids.  In  a  few  minutes 
the  bleeding  will  cease,  the  ej'e  can  be  again  opened,  the 
speculum  reinserted,  and  the  coagulated  blood  removed 
with  iris  forceps.  Ordinarily,  however,  we  proceed  di- 
rectly to  the  second  step  in  the  operation,  the  iridec- 
tomy. 


Fig. 


1163.  —  (From    Michel's 
buch.") 
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It  is  better  to  accomplish  tliis  witlinut  resuming  fixa- 
tion. The  iris  scissors  are  talieu  in  tlie  riglit  liand.  the 
forceps  in  tlie  left.  The  patient  being  directed  to  look 
down,  the  conjunctival  tlap  is  lifted  with  the  forceps  and 
laid  backward  over  the  cornea.  The  iris  is  now  seized  at 
its  pupillary  edge,  the  forceps  being  well  carried  over 
toward  the  end  of  the  wound  at  the  operator's  right, 
withdrawn,  lifted  forward,  and  a  straight  cut.  or  rather 
split,  made  in  its  tissue  from  the  pupillary  to  the  ciliary 
edge ;  it  is  then  drawn  over  toward  the  opposite  corner 
of  the  wound,  being  divided  as  it  is  thus  drawn  by  re- 
peated strokes  of  the  scissors,  and  the  piece  finally  com- 
pletely e.xciseii  by  passing  the  scissois  on  the  other  side 
of  the  forceps  and  repeating  the  first  cut  from  the  pupil- 
lary edge  backward.  A  coloboma  of  from  4  to  8  mm.  in 
extent  is  thus  formed.  Professor  Arlt.  who.se  method  of 
executing  the  iridectomvis  here  closely  followed,  advises 
strongly  against  tearing  the  iris  from  its  ciliary  attach- 
ment, rather  than  cutting  it  as  just  described.  By  fol- 
lowing the  latter  course  hemorrhage  is  far  less  likely  to 
occur.  The  edges  of  the  coloboma  are  to  converge  toward 
the  pupil,  and  if  considerable  iris  tissue  is  left  in  the 
corners  of  the  wound  it  is  to  be  separately  excised.  At 
this  stage  it  is  often  advi.sed  to  replace  .small  prolapses  of 
iris  at  the  wound  angles  with  the  rubber  spatula;  but  as 
the  delivery  of  the  lens  is  almost  certain  to  be  followed 
by  their  recurrence,  it  is  better  to  wait  until  this  has 
taken  place  and  the  pupil  been  cleared.  Hemorrhage 
may  now,  if  at  all  embarrassing,  be  controlled  in  the 
manner  formerly  described. 

Opening  of  the  Capsule. — Careful  watch  should  be  kept 
over  the  amount  of  pressure  which  the  spring  speculum 
exerts  on  the  eye.  If  this  organ  be  unusually  prominent, 
or  the  straining  of  the  patient  excessive,  the  speculum 
may  be  sliglitly  lifted  off  by  the  unoccupied  hand  of  the 
operator,  or  even  removed  altogether  and  an  elevator 
substituted.  Fixation,  which  has  been  dispensed  with 
since  the  performance  of  the  first  step  in  the  operation,  is 
not  again  to  be  employed. 

A  word,  in  passing,  on  this  subject.  Sutficient  stress 
has  hardly  ever  been  laid  on  the  injurious  effect  on  the 
eye  of  prolonged  fixation.  Each  grasp  of  so  delicate  and 
sensitive  a  member  with  this  rude  instrument  (toothed  or 
serrated  forceps)  causes  ciliary  injection  and  acts  as  a 
local  bruise,  the  multiplication  of  which  may  well  tend 
to  complicate  or  retard  the  healing  process.  Becker's 
remarks,  in  this  connection,  are  most  instructive.  He 
says:  "Seizure  of  the  conjunctiva  bulbi,  cither  alone  or 
with  the  addition  of  the  tendon  of  the  rectus  inferior,  is 
ordinarily  looked  upon  with  indifference.  And  yet  an 
appreciable  injury  is  only  too  often  thus  inflicted. 
Though  the  fixation  forceps  be  used  in  the  most  careful 
manner,  the  point  which  tliey  seize  becomes  for  days  the 
seat  of  a  defined  redness.  If  the  teeth  of  the  forceps  are 
very  sharp,  the  patient  restless,  and  the  conjunctiva 
fragile,  as  is  often  the  case  with  the  aged,  bleeding  fol- 
lows, and  the  tissue  may  even  tear."  Speaking  later  of 
the  wrenching  given  the  cornea,  ciliary  body,  and  iris,  by 
drawing  down  the  eye  after  the  cut  has  been  completed, 
he  observes:  "The  more  or  less  perfect  manner  in  which 
these  secondary  Id  juries  are  avoided  goes  very  far  to  de- 
termine the  varying  success  met  with  by  operators  of 
otherwise  equal  skill."  " 

The  cystitome  is  introduced  flatwise,  at  one  corner  of 
the  wound,  pushed  forward  until  its  extremitj'  comes 
opposite  the  lower  edge  of  the  pupil,  then  turned  with 
its  cutting  edge  toward  the  face  of  the  capsule,  and 
drawn  gently  upward  to  the  edge  of  the  wound.  To 
secure  a  free  opening  it  is  better  to  introduce  it  a  second 
time,  apply  it  at  a  point  on  one  side  of  that  first  selected, 
and  again  draw  it  upward  in  a  line  diverging  from  the 
previous  one.  Care  should  be  taken  to  exert  little  or  no 
pressure  backward,  for  fear  of  causing  dislocation  of  the 
lens.  If  the  eye  be  deep-set.  it  will  be  necessary  to  bend 
the  stem  of  the  instrument  at  an  angle  some  7  mm.  from 
its  point.  Should  the  anterior  chamber  be  filled  with 
blood  that  cannot  be  cleared  away,  the  cystitome  must 
still  be  used  in  the  region  of  the  supposed  pupil;  but  it 


is  well,  under  such  circumstances,  to  restrict  somewhat 
its  excursions. 

Arlt  prefers,  to  the  ordinary  cystitome  of  von  Graefe,  a 
sharp  iris  hook  with  a  fiexible  stem.  In  cases  in  which 
the  capside  is  opaque  there  is  no  doubt  but  that  this 
membrane  may  be  better  seized  with  such  an  instrument 
and  brought  to  the  edge  of  the  wovmd,  where  it  can  be 
removed  with  scissors.  The  use  of  the  hook  demands, 
however,  special  dexteritv  on  the  part  of  the  operator. 

Delivery  of  the  Lens. — We  come  now  to  one  of  the  most 
critical  portions  of  the  operation,  during  which  the 
escape  of  vitreous  is  most  to  be  dreaded.  Should  this 
accident  happen  in  the  shape  of  a  sudden  gush,  it  is  de- 
sirable immediately  to  close  the  eye.  The  withdrawal  of 
the  spring  speculum  takes  time,  as  it  has  to  be  first  un- 
locked and  then  carefully  removed  from  under  tlie  two 
lids  separatelv.  and  without  tilting  over  the  cartilage  of 
the  upper  lid,  a  common  occurrence.  It  has.  therefore, 
long  been  the  practice  of  the  writer  to  remove  the  specu- 
lum before  proceeding  to  the  delivery  of  the  lens,  and 
either  to  raise  the  upper  lid  with  the  forefinger  of  the  left 
hand  or  else  to  lift  it  by  means  of  asimpleelevator.  which 
can  be  instantly  slipjied  out  if  occasion  demands.  To 
effect  the  removal  of  the  lens,  the  patient  is  first  dii'ccted 
to  look  down  and  to  keep  his  gaze  fixed  in  this  direction. 
Much  difficulty  is  occasionally  experienced  in  keeping 
this  up,  the  eye  exhiliiting  a  tendency  to  roll  upward. 
In  such  cases  it  may  be  found  advantageous  to  place  one 
of  the  patient's  hands  outside  the  bedclothes  and  then 
request  him  to  look  persistently  in  its  direction.  It  may 
serve  to  fix  his  attention  if  the  nurse  smartly  taps  the 
hand  from  time  to  time.  B3-  getting  the  patient  to  look 
down  we  are  able  to  exert  pressure  against  the  eye 
through  the  lower  lid,  and  thus  to  escape  the  necessity 
of  bringing  anj'  instrument  in  direct  contact  with  the 
eyeball.  The  convexity  of  the  Daviel  spoon  or  the  back 
of  a  large  hard-rubber  spoon  is  laid  against  the  outside 
of  the  lower  lid ;  pressed  gently,  at  first  backward  and 
then  upward,  anil  then,  if  the  lens  shows  a  tendency  to 
emerge  and  the  edge  jiresents  itself  at  the  wound,  used 
to  assist  its  expulsion  b_v  gently  rubbing  upward.  Should 
the  eye  roll  up,  the  pressure  must,  of  course,  be  applied 
directly  to  the  eyeball.  The  moment  half  the  lens  has 
passed  through  the  wound,  pressure  is  to  be  lessened, 
but  not  omitted,  imtil  the  entire  crj'stalline  has  emerged. 
If,  in  spite  of  judicious  pressure,  the  lens  fails  to  pre- 
sent itself  at  the  wound,  or,  having  presented  itself,  to 
advance,  the  first  thing  to  do  is  to  repeat  the  opening  of 
the  capsule,  a  delicate  and  often  difbcult  proceedure. 

The  lens  once  removed,  the  lids  may  be  suffered  to 
close  and  the  patient  to  rest  a  few  moments.  Compresses 
dipped  in  cold  water  may  be  applied  to  the  eye  exter- 
nally and  frequently  changed.  When  the  eye  is  again 
opened,  the  pupil  is  to  be  carefully  examined.  If  lens 
fra.gments  or  coagula  occupy  its  area,  they  may  be  ex- 
]5elled  by  repeating  the  manoeuvre  for  the  removal  of  the 
lens,  rubbing  upward  while  the  patient  looks  down. 
The_y  should,  however,  first  be  collected  in  the  centre  of 
the  pupil  b_y  closing  the  e^ve  and  rubbing  gently  over  its 
convexity,  in  a  circular  direction,  with  the  point  of  the 
forefinger.  If  the  cloudiness  is  evidentlj'  due  to  an 
opaque  capsule,  it  is  better  to  leave  it  alone  and  trust  for 
its  removal  to  a  secondary'  operation.  Incising  it  with  a 
cystitome  or  sharp  hook,  as  is  sometimes  advised,  would 
lead  to  an  escape  forward  of  vitreous,  and  might  com- 
plicate recovery.  When  the  pupil  is  apparently  clear, 
vision  must  be  tested.  If  the  answers  are  unsatisfactory, 
if  the  patient  cannot  count  or  name  the  fingers  held  be- 
fore him,  his  head  of  course  being  turned  away  from  the 
light,  the  rubbing  must  be  renewed.  No  inspection  of 
the  pupil  by  the  surgeon  gives  information  comparable 
to  the  actual  exercise  of  vision  by  the  patient  himself; 
nor  should  the  bandage  be  applied  until  the  sight  seems 
reasonably  good.  If,  indeed,  there  were  no  other  reason 
for  this  course,  the  advantage  of  the  moral  effect  pro- 
duced on  the  patient  can  scarcely  be  over-rated. 

The  corners  of  the  wound  must  now  be  carefully  ex- 
amined to  see  whether  iris  tissue  has  become  incarcerated 


731 


Cataract, 
Cataract. 


REFERENCE  HANDBOOK  OF    THE  MEDICAL  SCIENCES. 


there.  Should  this  he  the  case  tlie  flat  rubber  spatula 
ma}'  be  used  for  its  replacement,  pushing  it  first  out  of 
the  wound,  and  then  gently  patting  or  spreading  it  out 
in  its  proper  position.  The  importance  of  Ihus  clearing 
the  wound,  as  well  as  the  danger  of  allowing  a  prolapse 
of  iris  to  heal  into  the  cut,  can  scarcely  be  exaggerated. 
As  soon  as  the  anterior  chamber  has  become  re-established 
the  influence  of  the  eserine  will  again  be  asserted,  and 
offer  an  additional  safeguard  against  this  accident.  After 
the  remains  of  the  cataract  and  coagulated  blood  have 
been  removed  from  about  the  wound  and  from  the  con- 
junctival sac,  by  means  of  the  edge  of  a  bit  of  soft  linen 
or  a  similar  fragment  of  sponge,  tlie  conjunctival  flap  is 
to  be  carefully  lifted  into  place  by  the'iris  forceps  and 
the  eye  closed;  care  being  taken  that  the  upper  lid,  in 
its  descent,  does  not  reverse  the  flap. 

Accidents  during  the  Opef/iiioit.—The  most  dreaded  is 
the  escape  of  vitreous.  This  may  be  due  to  a  faulty 
position  of  the  wound,  to  intraocular  disease  resulting 
in  abnormal  fluidity  of  this  humor,  or  to  the  employment 
of  undue  pressure  "in  c-xpelling  the  cataract.  While  the 
moderate  loss  of  vitreous  may  be  simply  followecl  by  a 
lengthened  and  irritable  convalescence,  its  escape  in  any 
considerable  quantity  is  apt  to  entail  retinal  separation, 
choroidal  disease,  or  even  general  inflammation  of  the 
eyeball.  The  accident  is  characterized  by  the  appear- 
ance in  the  wound  of  a  transparent  viscid  fluid.  If  it 
occurs  immediately  after  the  completion  of  the  cut,  the  iris 
is  to  be  quickly  excised.  The  removal  of  the  lens  has 
now  to  be  effected,  with  as  little  further  escape  of  the 
liumor  as  possible.  Any  pressure  would,  of  course,  in- 
crease this  tendency.  No  attemiit  is  to  be  made  to  open 
the  capsule,  and  the  lens  is  to  be  removed  by  traction 


Fig.  1163.— Critchett's  Scoop. 

with  an  appropriate  instrument.  For  this  purpose  the 
writer  has  always  employed  Critchett's  scoop  (Fig.  1163), 
an  instrument  that  combines  lightness  with  flexibility, 
and  effects  reliable  traction ;  occupying  the  while  com- 
paratively little  space  in  the  eye  and  distending  the  edge 
of  the  pupil  but  slightly.  Its  employment  demands  a 
quick  eye  and  a  steady  hand.  If  the  eye  is  deep-set  the 
instrument  is  to  be  somewhat  bent,  and  is  then  to  be  in- 
troduced with  the  patient  looking  down,  and  in  such  a 
direction  that  its  edge  slips  behind  the  periphery  of  the 
leus.  It  is  now  quickly  passed  down  until  its  lower  rim 
is  thought  to  be  opposite  the  base  of  the  lens,  the  handle 
is  then  to  be  sharply  but  gently  inclined  backward,  and 
the  instrument  at  the  same  time  drawn  up  and  out  of  the 
eye,  bringing  the  lens  with  it.  This  mameuvre  bears  a 
distant  resemblance  to  that  by  which  a  lever  pries  a  stone 
out  of  the  groiuid.  A  gush  of  vitreous  generally  occurs 
at  the  instant  the  lens  emerges;  the  eye  is,  therefore,  to 
be  instantly  closed  and  dressings  arc  to  be  applied.  The 
lens  is  thus  extracted  in  its  capsule,  and  subsequent  vision 
is  apt  to  be  unusually  clear  and  distinct  in  cases  in  which 
a  good  recovery  is  made. 

Where,  after  the  operation,  vitreous  simply  projects  at 
the  edge  of  the  wound,  separating  its  lips,  some  advise 
excision  of  the  prolapsed  portion  with  flue  sharp  scissors. 
It  is  better  practice  to  leave  it  alone  and  trust  to  the  in- 
fluence of  the  pressure  bandage  to  effect  its  subsidence. 
Should  this  prolapse  occur  after  the  nucleus  has  passed 
out,  but  before  the  pupil  has  been  thoroughly  freed  from 
cortical  substance,  the  operator  finds  himself  between  the 
two  horns  of  a  dilemma.  The  lesser  evil  is  to  close  the 
eye  at  once  and  trust  to  time  for  the  absorption  of  the 
remaining  cortical.  Bleeding  into  the  anterior  chamber 
may  occur  during  either  of  the  several  stages  of  the  op- 
eration, and  has  alreadv  been  alluded  to. 

Bandages  and  After-Treatnient. — An  elliptical  patch  of 
soft  linen  is  to  be  laid  on  the  eye,  and  the  orbital  hollow 
filled  with  small  tufts  of  corrosive  cotton,  as  was  de- 
scribed in  connection  with  the  after-treatment  of  linear 


extraction.  In  the  present  case,  however,  one  eye  is 
already  closed  by  strips  of  plaster,  and  the  bandage  is, 
therefore,  to  be  monocular.  Every  surgeon  has  his 
favorite  form;  the  writer  prefers  a"  flanird  roller,  4.5 
nun.  in  width,  and  long  enough  to  encircle  the  head  three 
times  alternateh'  with  a  similar  number  of  rising  turns 
over  the  eye,  one  fold  overlapping  the  other,  the  whole 
affording  moderate  compression  and  support.  If  the 
weather  be  very  warm,  gauze  may  be  advantageously 
substituted  for  flannel.  The  bandage  once  applied,  the 
room  is  to  be  darkened  and  the  patient  left  in  quiet  for 
a  few  hours.  He  is  to  avoid  turning  over  on  the  side  of 
the  operated  eye.  Should  he  desire  to  vary  his  position 
by  lying  on  the  opposite  side,  he  is  to  lift  his"  head  slightly 
from  the  pillow,  so  as  to  avoid  dragging  on  the  bandage. 
Shduld  the  operation  have  been  performed  in  the  morn- 
ing, the  patient  may  be  seen  again  in  the  course  of  the 
afternoon.  At  this,  as  well  as  subsequent  visits,  it  is 
well  to  avoid  letting  in  daylight,  on  account  of  the  great 
change  in  illumination  that  ma\'  unexpectedly  occur. 
The  sudden  emergence  of  the  sun  from  behind  a  cloud 
may  unexpectedly  flood  the  room  with  light  and  distress 
an  eye  used  to  entire  darkness.  A  single  candle  is  the 
best  and  most  easilv  managed  source  of  illumination.  By 
the  time  of  this  visit  the  pad  next  the  eye  will  generally 
be  found  more  or  less  stiff  and  uncomfortable,  having 
become  soaked  with  blood  and  tears.  It  should,  there- 
fore, be  changed.  The  outside  of  the  lids  may  be  gently 
bathed  with  a  soft  compress  dipped  in  lukewarm  water, 
but  they  are  on  no  account  to  be  separated  unless  .some- 
thing unusual  has  occurred.  To  this  end  the  patient  is 
to  be  cautioned,  before  the  bandage  is  reiuoved,  not  to 
open  his  eye,  but  to  keep  it  softly  closed.  The  feeling 
of  soreness  and  the  sensation  of  a  foreign  body  between 
the  lids  will  by  this  time  have  probably  died  away. 
The  dressing  having  been  renewed  a  bed-chair  may  be 
brought  in,  and  the  patient  allowed  to  rest  himself  by 
sitting  up  in  bed  for  a  shcu't  time.  Later  in  the  evening 
a  dose  of  chloral  may  be  given.  It  is  well  to  have  a 
watcher  in  the  room  the  first  one  or  two  nights. 

At  the  visit  on  the  following  day,  if  the  case  be  pro- 
gressing favorably,  the  lids  are  again  to  be  washed  and  the 
bandage  is  to  be  renewed,  but  the  eye  is  not  to  be  opened. 
From  this  time  forth  the  bandage  may  be  changed  once 
in  twenty-four  hours.  By  the  third  day  the  plaster  used 
to  close  the  other  eye  will  ordiuarily  be  found  to  have 
become  quite  stiff,  and  its  edges  will  have  rolled  in, 
causing  some  discomfort.  It  is  therefore  to  be  soaked 
off.  A  Liebreich  bandage  may  now  be  used  over  both 
eyes,  instead  of  the  flannel  roller.  By  this  time,  too,  the 
patient  may  sit  up  in  an  easy  chair  and  have  his  bed 
made.  He  is  to  sjiend  an  increasing  portion  of  everj-  day 
out  of  bed  until  he  occupies  the  latter  only  at  night. 
The  diet  is  to  be  luitritious,  but  all  chewing  should  be 
strictly  avoided.     The  room  should  still  be  kept  darkened. 

There  is,  among  ophthahuic  surgeons,  a  great  divers- 
ity of  opinion  as  to  when  the  lids  should  first  be  separated 
and  the  eye  examined.  Arlt  lays  down  no  fixed  rule,  but 
intimates  that  this  may  occur  at  the  second  visit,  twenty- 
four  hours  after  the  operation;  and  even  sooner  if  neces- 
sary. The  experience  of  the  present  writer  has  led  him 
to  adopt  a  different  course.  He  gradually  came  to  find 
that  the  eye  did  quite  as  well  if  the  lids  were  allowed  to 
remain  closed  two  or  even  three  days.  As  time  went 
on,  a  new  fact  forced  itself  repeatedly  on  his  notice;  that 
in  certain  cases,  in  which  the  healing  process  was  inter- 
rupted by  inflaiumatory  complications,  the  first  pain, 
lachrymation,  or  discharge  followed  accurately  on  the 
first  separation  of  the  lids,  however  carefully  managed 
and  however  hasty  the  examination.  The  case  might 
have  been  doing  perfectly  well  for  three  or  four  days; 
no  swelling  of  the  lids,  lachrymation,  or  undue  discharge 
being  present,  or  the  slightest  pain  experienced  ;  the  eye 
might  then,  for  the  first  time,  be  opened  and  rapidly  sur- 
veyed by  a  weak  light,  no  lens  being  used  and  no  trial  of 
the  vision  made,  and  j-et  within  a  few  hours  pain  would 
occur  and  marked  symptoms  of  inflammation  be  present. 
This  happened  so  frequently  that  it  became  impossible 
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not  to  counect  the  examination  and  tlie  inflammation  as 
cause  and  cflfect.  Acting  on  tliis  hi'lief  he  kept  prolong- 
ingtlie  time  tliat  lie  allowed  tlieeye  tn  remain  unopened, 
and  now  lie  rarely  makes  the  tirst  examination  before  the 
morning  of  the  eighth  da}'.  At  tliis  time  it  is  often  re- 
markable to  see  how  little  evidence  of  the  operation  is 
present,  a  trifling  redness  in  the  immediate  vicinity  of 
the  wound  being  sometimes  all  there  is  to  be  seen.  This 
redness,  sliglit  at  tirst.  will  be  observed  for  several  days 
steadily  to  increase  before  it  begins  to  disappear. 

The  "above  course  of  treatment  is  applicable  only  to 
cases  in  which  the  healing  process  may  be  presumed  to 
be  progressing  normally.  The  writer  "believes  that  the 
longer  the  examination  is  deferred  the  more  likely  the 
patient  is  to  do  well,  and  he  bases  this  opinion  simply  on 
experience.  Of  course,  numerous  theoretical  objections 
to  such  a  metliod  might  be  alleged.  It  could  be  argued 
that  the  secretions  of  the  wound,  and  the  blood  left  in  the 
conjunctival  sac,  being  unable  to  escape,  might  decom- 
pose and  act  as  sources  of  infection.  This  and  other  ob- 
jections mi,sht  be  brought  forward.  To  those  urging 
them  the  writer  simply  suggests  a  fair  trial  of  the  plan 
itself,  believing  that  they  will  in  the  end  themselves 
find  that  the  longer  they  leave  the  wound  undisturbed, 
in  contact  with  and  guarded  by  the  covering  [jrovided 
by  nature,  thus  sealed  and  protected  from  any  germs  of 
contagion  with  which  the  atmosphere  may  be  infected, 
and  which  the  e.\|)osureof  a  single  instant  might  attract, 
the  more  success  they  will  meet  with  in  the  after-treat- 
ment of  extraction. 

One  caution  must  liere  be  given.  While,  as  a  rule, 
both  eyes  should  remain  covered  until  the  eighth  day,  it 
must  be  borne  in  mind  that  some  aged  and  weak  people 
are  peculiarly  sensitive  to  the  combined  effects  of  dark- 
ness and  solitude,  and  may  be  attacked  by  a  form  of 
delirium  which  renders  them  ditticult  to  control.  If  this 
occurs  the  .sound  eye  may  be  .sooner  uncovered,  perhaps 
on  the  fourth  or  tifth  day.  After  the  removal  of  the 
bandage  from  both  eyes,  light  may  gradually  lie  admitted 
into  the  room,  the  (latient  wearing  a  shade,  or  a  pair  of 
blue  or  smoked  ])rotective  glasses  curved  to  cover  the 
eye  more  elYectually,  the  so-called  "coquille"  spec- 
tacles. Several  days  should  still  be  sufl'ered  to  elapse 
before  the  jiatient  is  discharged  from  the  immediate 
supervision  of  the  surgeon.  During  this  time  the  pupil 
is  to  be  carefully  watched,  and  atropine  used  if  it  evinces 
a  tendency  to  contract,  or  if  its  area  is  at  all  occupied  by 
remains  of  blood  or  cortical  substance.  Fifteen  days 
after  the  performance  of  the  operation  the  patient  may 
ordinarily  go  to  his  own  home,  lint  lie  is  to  wear  the  pro- 
tective glasses  for  a  month  or  six  weeks  longer,  and  to 
avoid  exposure  to  bright  liulit,  or  any  use  of  the  eyes. 
■When  six  weeks  have  elajised  after  the  removal  of  the 
cataract  he  may  cautiously  commence  the  use  of  the  ap- 
propriate glasses. 

We  have  thus  far  considered  a  case  of  uncomplicated 
recovery,  and  must  be  prepared  to  deal  with  departures 
from  this  tyjie.  the\-  being  unfortunately  not  infrei|nent. 
Unusual  duration  of  the  pain  connected  with  the  opera- 
tion itself  may  often  be  relieved  by  removing  the  band- 
age and  washing  the  outside  of  the  eye  with  ice-water. 
If  it  still  continues,  the  edgesof  the  lids  may  be  examined 
to  see  if  any  lashes  have  become  inverted,  and  the  under 
lid  may  be  "slightly  drawn  dow-nward  to  allow  the  escape 
of  any  accumulation  of  tears.  Colli  compresses  may  be 
alternated  with  the  compressive  bandage,  or  even  a  mor- 
phine injection  may  be  made  in  the  temple.  In  extreme 
cases  the  linen  jiail  next  the  eye  may  be  thoroughly  wet 
with  atropine,  altliough  the  use  of  a  mydriatic  should,  if 
possible,  be  dispensed  with  for  several  days  after  the 
operation,  on  account  of  the  danger  of  prolapse  into  the 
corners  of  the  wound.  If  the  pain  continues,  or  even  if, 
in  the  absence  of  pain,  the  lids  swell  and  lachrymation 
or  discharge  be  present,  the  eye  must  be  opened  and 
carefully  examined  by  oblique  light,  the  candle  being 
held  to  one  side  and  its  rays  concentrated  on  the  eye  by 
means  of  a  convex  lens  of  short  focus.  Iritis,  if  present, 
is  to  be  treated  by  leeches  to  the  temple,  atropine,  and 


the  alternation  of  the  bandage  with  warm,  but  not  hot, 
fomentations.  If  there  are  signs  of  suppuration  in  the 
wound,  the  fomentations  are  to  be  even  more  regularly 
applied,  twenty  minutes  at  a  time,  every-  four  hours,  and 
the  bandage  is  to  be  kept  on  in  the  interval,  being  ap- 
plied even  more  tightly.  The  eye  may,  moreover,  be 
bathed  with  the  following  antiseptic  solution :  Salicylate 
of  sodium.  1  gm. ;  boracic  acid,  3  gm.  ;  dissolve  in  warm 
water,  100  gm. :  stir  well,  cool  slowly,  and  strain. 

Compresses  wet  with  this  solution  may  be  constantly 
kept  on  the  eye;  if  the  inflanunatory  process  continues 
and  no  benefit  is  derived  from  the  fopientations  and  the 
bandage,  quinine  should  be  given  in  large  doses,  and  the 
general  liealth  supported  with  generous  diet  and  stimu- 
lants. The  previous  history  and  habits  of  every  patient 
are  to  be  well  weighed  by  the  surgeon ;  those  addicted  to 
the  free  use  of  stimulants  would  incur  great  danger  of  an 
unfavorable  result  if  these  were  suddenly  supjiressed. 
Should  any  form  of  opium  have  been  habitually  indulged 
in.  the  customar}'  ration  must  be  allowed. 

If  thirty-six  or  forty -eight  hovirs  pass  without  accident 
it  is  probable  that  the  eye  will  be  saved,  and  some  meas- 
ure of  sight  retained.  Iritis  is  still  possible,  but.  if  prop- 
erlj-  treated,  is  unlikely  to  result  in  blindness.  One  great 
danger  to  be  guardect  against  during  convalescence  is  a 
sudden  blow  on  the  eye.  inflicted  by  the  patient  himself 
during  sleep  or  carelessly  when  awake.  This  may  cause 
bleeding  into  the  anterior  chamber,  or  even  rujiture  of 
the  wound.  The  blood  may  be  absorbed  or  the  wound 
heal  under  a  prolonged  apjilication  of  the  bandage,  and 
no  ultimate  ill  effect  be  experienced  ;  or  a  state  of  chronic 
irritation  may  follow,  ending  in  closure  of  the  pupil  and 
necessitating  the  performance  of  a  secondary  operation. 
Or,  at  the  worst,  irido-cyclitis  may  ensue,  the  pupil  clos- 
ing and  the  iris  being  drawn  forward  until  the  anterior 
chamber  is  obliterated,  all  perception  of  light  disapjiear- 
ing  after  weeks  of  suffering.  There  are  even  instances 
on  record  of  this  condition  of  things  causing  sympathetic 
irritation  and  ultimate  loss  of  the  remaining  eye.  It 
would  be  well,  therefore,  to  proceed  to  enucleation  in  the 
case  of  an  eye  in  this  condition,  especially  if  tenderness 
on  pressure  exists. 

SECoxD.\nY  OPEK.iTioNS. — After  an  ordinary  extrac- 
tion the  anti'i'ior  capsule  retracts  and  leaves  the  area  of 
the  pupil  occupied,  substantially,  by  the  jiosterior  cap- 
sule only,  thus  exposing  any  portions  of  cortical  sub- 
stance that  may  remain  behind  to  the  full  action  of  the 
aqueous  humor.  In  cases,  therefore,  in  which  the  cata- 
ract was  not  entirely  mature,  and  in  which  lens  substance 
as  yet  clear  has  escaped  notice  and  been  left  behind  after 
the  operation,  it  nia.y  happen  that  a  pupil  which  at  first 
appeared  clear  and  black  is  discovered,  on  removing  the 
bandage,  to  be  entirely  blocked  with  opaque  cortical 
masses,  swollen  and  pressing  forward.  These  may  be 
absorbed  quietly  and  vision  be  slowly  gained.  But  they 
are  more  apt  to  give  rise  to  inflammation  of  the  iris.  b,y 
the  mechanical  pressure  which  they  exert  upon  it.  and 
to  cau.se  this  membrane  to  contract  adhesions  with  them. 
After  the  inrtammation  subsides  we  may  thus  find  a  pupil 
contracted,  drawn  up,  and  filled  with  a  dense  menilirane, 
a  so-called  secondary  cataract.  Another  form  of  second- 
ary cataract  is  the  opacity  of  the  capsule  or  the  deposit 
of  opacities  on  the  capsule  that  sometimes  occurs  long 
after  the  extraction,  and  that  does  not  appear  to  be  con- 
nected with  any  unusual  feature,  either  of  the  operation 
itself  or  of  subsequent  convalescence.  Patients  often  re- 
turn, years  after  the  cataract  has  been  removed,  com- 
plaining that  their  vision,  originally  excellent,  has  gradu- 
ally undergone  diminution.  The  power  of  reading  any 
but  the  largest  t3'pe  may  perhaps  have  entirely  disap- 
peared. The  capsular  opacities  in  these  cases  are  often 
apparently  insignificant,  hardly  visible  indeed  by  oblique 
illumination.  But  the  ophthalmoscope  .shows  the  outline 
of  the  optic  nerve  to  be  indistinct  and  distorted :  and  the 
mirror  alone,  particularly  that  of  the  binocular  instru- 
ment, idainly  reveals  a  delicate  web  of  ojjaque  capsule 
stretched  across  the  pupil,  now  distinct  in  one  part  and 
now  in  another,  as  the  handle  of  the  instrument  Is  slightly 
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rotated,  and  the  direction  of  the  reflected  light  thus 
changed. 

To  bring  about  a  return  of  vision  it  is  necessary  to 
secure  a  permanent  opening  in  this  capsuhir  screen. 
Numerous  devices  have  been  imagined  for  the  accom- 
plishment of  this.  Discission  with  a  single  needle  is 
rarely  sufBcient.  The  introduction  of  a  hook,  through  a 
small  opening  made  for  this  purpose  at  the  edge  of  the 
cornea,  enables  us  to  tear  away  a  piece  of  the  capsule, 
but  may  give  rise  to  a  dangerous  amount  of  traction, 
and  thiis  result  in  irritation  or  intlammation  of  the  ciliary 
body.  To  avoid  this.  Bowman  devised  the  so-called 
"double-needle  operation."  Two  ordinary  discission 
needles  are  used ;  one  is  taken  in  the  left  hand,  is  passed 
through  the  middle  of  the  inner  half  of  the  cornea,  and 
made  to  penetrate  the  thickened  capsule:  the  other  is 
held  in  the  right  hand,  passed  through  a  corresponding 
point  in  the  middle  of  the  outer  half  of  the  cornea,  and 
introduced  into  the  cajjsule  by  the  side  of  the  first.  One 
needle  is  then  held  still  while'  the  other  tears  from  it,  or 
else  each  is  made  to  tear  the  capsule  in  an  opposite  direc- 
tion. In  either  case  a  point  d'appiii  is  gained,  and  the 
strain  no  longer  comes  on  the  ciliary  body.  Among 
other  ingenious  operations  of  this  class  is  one  devised  by 
Dr.  C.  R.  Agnew,  of  New  York.  Passing  his  first  needle 
through  cornea  and  capsule,  as  in  Bowman's  operation, 
he  makes  an  incision  with  a  broad  needle  at  the  opposite 
corneal  edge,  being  careful  in  withdrawing  this  needle  to 
allow  no  escape  of  aqueous  by  its  side.  He  tlien  passes 
through  the  opening  a  sharp  and  flexible  hook,  engages 
its  point  in  the  capsule  just  where  it  is  pierced  by  the 
stop-needle,  and  tears  a  hole  from  this  needle  which  thus 
acts  as  a  point  of  support. 

Where  the  pupil  is  drawn  up  and  filled  with  tough 
membrane,  or  remnants  of  lens  substance  enclosed  in 
opaque  capsule:  where  the  iris,  tightly  stretched  and 
thickened  by  inflammation,  obstructs  all  access  of  light 
to  the  retina'  the  operations  above  described  are  imprac- 
ticable. Simple  iridectomy  is  rarely  resorted  to.  owing 
to  the  difficulty  experienced  in  grasping  and  withdraw- 
ing sufficient  iris  tissue.  Iridotomy,  incision  of  the  iris 
itself,  is  here  to  be  advised.  Wecker's  scissors,  some- 
times used  for  this  purpose,  are  a  pair  of  short  and  deli- 
cate blades,  made  to  open  and  shut  by  the  lateral  move- 
ment of  the  two  sides  of  the  long  forceps  handle  to  which 
they  are  attached.  A  lance  knife  is  first  passed  through 
cornea  and  iris,  and  the  scissors  are  then  introduced  into 
the  opening  in  the  latter  and  used  to  give  it  increased 
length,  one  arm  being  inserted  behind  iris  and  thickened 
capsule,  the  other  in  front  of  them.  If  the  wound  thus 
made  gapes,  disclosing  a  clear  black  pupil,  no  further 
interference  is  necessary  ;  if  not.  asecond  incision  is  made 
at  an  angle  to  the  former  one.  The  included  flap  may 
even  be  withdrawn  with  iris  forceps  and  excised.  Far 
simpler,  and,  in  the  writer's  opinion,  safer,  is  the  incision 
of  the  iris  and  capsule  by  means  of  a  narrow  Graefe  knife 
passed  obliquely  through  cornea  and  iris,  and  made  to 
act  as  a  lever,  incising  the  latter  by  simply  raising  or  de- 
pressing its  handle,  according  as  its  edge  looks  up  or 
down,  the  cornea  in  this  case  acting  as  tlie  fulcrum.  By 
iutioduiing  the  knife  in  a  new  place  a  second  incision 
may  be  made  at  an  angle  to  the  former  one.  Vitreous  is 
much  less  likely  to  be  lost  wlien  iridotomy  is  done  in 
this  manner. 

Simple  Extraction  or  E.vtraction  idthoKt  Iridfct^imy. — • 
This  operation  is  daily  finding  its  way  into  more  general 
use.  It  cannot  be  said  to  have  supplanted  the  one  just 
described,  as  each  has  its  appropriate  field.  But  extrac- 
tion without  iridectomy  has  become  the  more  popular 
method,  while  the  old  operation  is  beginning  to  be  con- 
fined to  a  daily  diminishing  class  of  selected  cases.  It 
might  be  well  to  preface  the  description  of  the  operation 
by  a  brief  account  of  its  advantages  and  disadvantages. 

The  advantages  of  the  non-performance  of  an  iridec- 
tomy are  simply  and  concisely  stated  by  Professor  Pflii- 
ger  (Kl.  MoiiatstilStterfiir  Augenlieilkn7Hle,  May,  1892.  p. 
161).  He  considers  the  return  to  simple  extraction  to  be 
the  greatest  improvement  in  the  cataract  operation  that 


has  occurred  for  twenty -five  years,  and  for  the  following 
reasons: 

The  conservation  of  the  normal  pupil  combines  optical 
with  antiseptic  advantages,  in  regard  to  the  first  part  it 
having  been  proved  that  the  corneal  refractive  power  is 
at  its  best  in  the  centre  of  that  membrane :  moreover, 

(1)  There  is  no  wound  of  the  iris,  and  hence  far  less 
likelihood  of  a  depot  for  the  collection  of  of!!ensive,  that 
is,  infectious  material : 

(3)  There  is  no  bleeding  into  the  anterior  chamber,  to 
obscure  the  subsequent  steps  of  the  operation : 

(3)  The  wound  is  protected  by  the  intact  iris  from  con- 
tact with  fragments  of  capsule,  the  presence  of  which  so 
often  causes  slow  healing  and  secondary  infection,  lead- 
ing it  may  be  to  chronic  irido-cyclitis  and  even  to  sym- 
pathetic affection  of  the  other  eye ; 

(4)  There  is  a  certain  amount  of  protection  against  loss 
of  vitreous: 

(5)  Pfliiger's  experience  leads  him  to  think,  strange  as 
the  fact  may  appear,  that  there  is  less  danger  of  second- 
ary glaucoma  in  the  case  of  a  simple  extraction. 

It  is  not  asserted  that  the  percentage  "of  corneal  sup- 
puration is  affected  by  the  performance  or  non-perform- 
ance of  an  iridectomy.  Stress  is  laid  on  the  claim  that, 
after  successful  simple  extraction,  the  excentric  vision  is 
better  and  light  better  borne.  On  the  other  hand,  it  may 
be  replied  that  the  iridectomy  need  not  be  a  large  one. 
and  that  being  made  directly  upward  it  is  largely  covered 
by  the  upper  lid,  thus  insuring  a  considerable  use  of  the 
centre  of  the  cornea. 

Furthermore:  1.  Considering  the  extent  of  the  corneal 
wound,  as  well  as  the  frequently'  large  solution  of  con- 
tinuity of  the  conjunctiva  itself,  the  additional  terrain 
afforded  by  the  iridectomy  for  the  collection  of  infectious 
material  would  be  a  matter  of  small  account. 

2.  Bleeding  is  reduced  to  a  minimum  by  the  action  of 
the  cocaine,  and  frequently  is  entirely  absent. 

3.  If  prolapse  of  the  iris,  or  even  dislocation  of  the 
pupil  occurs,  the  capsular  fragments  may  yet  come  in 
contact  with  the  wound,  and  these  capsular  fragments, 
as  well  as  cortical  remains,  can  be  both  more  perfectly 
detected  and  thoroughl}-  removed  where  the  area  is  laid 
bare  b_v  an  iridectomy. 

4.  That  the  statistics  of  simple  extraction  show  a  les- 
sened percentage  of  vitreous  prolapse,  as  comjiared  with 
the  Graefe  operation,  is  not  as  yet  universally  admitted. 

■5.  The  same  may  be  said  in  regard  to  the  occurrence 
of  glaucoma.  The  experience  of  individual  operators 
is  here  at  variance.  Dr.  Knapp,  in  1890.  reported  three 
cases  of  glaucoma  as  occurring  among  one  hundred  .simple 
extractions  {Archircs  of  Ophthiilmolorjy,  vol.  xix..  p.  299). 

There  are  two  serious  drawbacks  to  simple  extraction: 

The  first  is  the  difficulty  in  clearing  the  pupil  of  cortical 
and  capsular  remains,  after  the  lens  has  been  delivered. 
It  is  obvious  that,  with  an  iridectomy,  there  is  a  larger 
pupillary  area  in  view  and  a  wider  aperture  for  the 
extrusion  of  whatever  may  occupy  it.  Jloreover,  the 
mana'uvres  we  generally  employ  for  the  clearing  of  the 
pupil,  the  tilting  and  rubbing,  tend  to  maintain,  if  not 
to  produce,  the  presence  of  the  iris  between  the  lips  of 
the  wound,  and  to  render  its  ultimate  reposition  more 
difficult. 

This  leads  directly  up  to  the  main  objection  to  simple 
extraction,  the  liability  to  iris  prolapse.  This  accident  is 
met  with  in  from  seven  to  ten  per  cent,  of  all  cases  of 
this  operation.  Its  disadvantages  are  the  change  thereby 
wrought  in  the  corneal  curve,  the  dislocation  of  the 
pupil,  the  lengthened  convalescence  entailed,  and  the 
tendency  to  cystoid  cicatrization  of  the  wound.  It  is 
most  likely  to  occur  in  consequence  of  a  sudden  motion 
or  injudicious  effort  on  the  part  of  the  patient  within  the 
first  few  days  after  the  operation,  and  may  be  brought 
about  by  the  forcible  contact  of  the  hand  with  the  eye 
during  sleep.  The  wound  being  ruptured,  the  aqueous 
humor  escapes,  and  carries  with  it  the  iris,  which  remains 
incarcerated  between  the  lips  of  the  wound.  A  sudden 
sharp  pain  is  sometimes  felt  and  arouses  suspicion  as  to 
what  may  have  occurred.     But  there  are  cases  in  which 
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no  imprudent  motion  is  known  to  have  taken  place,  and 
no  warning  has  been  sounded,  and  yet  in  which  the  lirst 
inspection  of  the  e^ye,  .several  days  after  the  operation, 
reveals  an  extensive  iris  displacement. 

The  tendency  of  the  eye  to  undergo  this  accident  is 
well  illustrated  by  the  statistics  of  a  third  series  of  100 
cataract  extractions  without  iridectomy,  published  by 
Dr.  Knupp  (ArcJiires  of  OpJit/ialmi/logi/,  vol.  .xix.,  p.  380). 

In  7  of  these  cases  iridectomy  had  to  be  performed 
during  the  operation. 

In  3  cases  the  iris  folded  itself  over  the  knife  and 
was  excised. 

In  8  cases  prolapse  and  incarceration  of  the  iris  occurred 
during  the  healing  process. 

Eighty-three  of  these  patients  therefore  recovered  with 
fair,  round  pupils,  1.5  either  had  iridectomy  performed 
or  would  have  been  better  off  had  this  been  done.  In  a 
recent  letter  Dr.  Knapp  informs  me  that  his  contidence 
in  simple  extraction  is  undiminished,  and  that  he  em- 
ploys it  in  fully  90  per  cent,  of  all  his  cases. 

Perform.\nce  of  Simple  Extraction. — The  long, 
narrow  knife  of  von  Graefe  may  be  used  for  the  corneal 
incision,  the  puncture  and  counter-puncture  being  made 
just  above  the  horizontal  meridian  of  the  cornea,  in  the 
transparent  peiiphery  of  this  membrane,  the  apex  of  the 
cut  alone  encroaching  on  the  limbus.  This  is  the  course 
taken  by  experienced  operators  like  Knapp,  who  aim  at 
the  avoidance  of  the  peripheric  section  of  former  years. 
The  capsule  opening  is  made  by  some  at  the  same  time, 
and  with  the  same  knife  used  in  the  incision;  by  others 
with  a  special  cystitome,  and  may  be  central  or  periph- 
eric, either  method  having  its  advocates.  Sometimes 
a  piece  of  the  anterior  capsule  is  removed  with  forceps 
specially  constructed  for  this  purpose.  To  expel  the 
lens  pressure  is  made  at  the  base  of  the  cornea,  through 
the  lower  lid.  while  the  upper  lip  of  the  wound  is  at  the 
same  time  slightly  depressed  b_y  means  of  pressure  made 
through  the  upper  lid.  After  the  delivery  of  the  lens, 
the  pupil,  if  still  occupied  by  fragments  of  cortical  or 
remains  of  capsvile,  may  be  freed  by  judicious  manipula- 
tion, or  irrigated  with  a  sterilized  solution  of  boric  acid 
or  common  salt,  cither  one-half  or  one  per  cent,  in 
strength.  These  solutions  should  be  slightly  warmed 
and  but  little  force  used  in  their  introduction.  For  this 
reason  the  syringe  originally  employed  by  McKeown  will 
be  fovmd  less  manageable,  as  well  as  more  difficult  to 
sterilize,  than  the  apparatus  of  Lippincott  (Transactions 
American  Ophthalmological  Society,  Twenty-seventh 
Meeting,  p.  11.5),  or  the  "undine"  of  Wicherkiewicz. 
The  writer  has  modified  the  latter  instrument  by  attach- 
ing to  its  large  ajierture  a  sliort  rubber  tube,  ending  in  a 
glass  mouthpiece.  Both  hands  of  the  operator  are  thus 
left  free:  ho  holds  the  mouthpiece  between  his  teeth,  and 
is  enabled  at  will  to  modify  the  pressure  to  any  extent, 
or  even  to  reverse  it  and  withdraw  masses  of  cortical  by 
suction  into  the  apparatus  itself.  Solutions  of  corrosive 
sublimate  are  no  longer  used  for  irrigation,  on  account  of 
the  corneal  opacities  they  were  found  occasionally  to  in- 
duce. Care  must  be  taken  to  keep  the  opening  of  the 
irrigator  as  far  from  the  pujiillary  edge  as  possible,  pro- 
lapse of  the  iris  being  readily  encouraged  by  its  too  im- 
mediate contact  with  this  region.  It  is  at  best  a  clumsy 
instrument  and  its  use  a  choice  of  evils. 

After  the  clearing  of  the  pupil  and  anterior  chamber 
has  been  completed  the  iris  must  be  carefully  replaced, 
there  being  no  better  instrument  for  this  jiurpose  tlian  a 
flat,  narrow  rubber  spatula.  If  reduction  be  found  im- 
possible, or  the  iris  shows  a  tendency  to  fall  back  into  the 
wound,  a  small  iridectomy  must  be  made  on  the  spot. 
In  any  case  a  solution  of  eserine  (one  per  cent. )  or  pilo- 
carpine (two  per  cent.)  should  be  dropped  into  the  eye 
before  closing  it. 

It  has  of  late  been  seriously  proposed  by  certain  sur- 
geons that  the  non -operated  e_ye  be  left  unguarded,  that 
only  a  light  dressing  be  applied  to  the  other,  and  that  the 
patient  be  kept  in  an  undarkened  room  and  allowed  much 
freedom  of  motion.  Good  results  are  claimed  from  such 
an  absence  of  treatment.     This,  if  true,  would  reverse 


our  traditions  and  revolutionize  our  practice.  But  as  yet 
the  only  evidence  in  its  favor  is  that  of  vague  assertion, 
unsupported  by  definite  statistics.  Its  advocates  are  at 
present  few. 

Iris  prolapse  being,  as  has  been  stated,  often  due  to 
the  sudden  escape  of  the  aqueous  humor,  consequent  on 
a  rupture  of  the  corneal  wound,  an  ingenious  means  of 
obviating  this  has  been  devised  by  Dr.  H.  B.  Chandler, 
of  Boston,  and  proposed  by  him  as  a  modification  of  the 
operation.  He  makes  a  small  opening  in  the  iris  in  order 
to  allow  the  free  escape  of  the  aqueous,  which  collects 
behind  this  membrane,  and  claims  that  this  prevents 
prolapse. 

His  description  of  the  operation  is  as  follows:  "After 
making  a  corneal  cut,  exactly  at  the  cornea-scleral  junc- 
tion, a  very  small  piece  of  iris,  about  1  or  3  mm.  from 
the  periphery,  is  caught  up.  either  by  means  of  a  fine  iris 
forceps,  with  teeth  situated  on  the  lower  portion  of  the 
blade,  as  near  the  point  as  possible,  or  by  means  of  a 
sharp  hook,  the  bent  portion  being  at  right  angles  and 
about  1  mm.  long,  and  gently  drawn  out,  is  cut  horizon- 
tally as  close  to  the  gripping  instrument  as  possible;  this 
leaves  a  small  round  opening,  not  more  than  1  to  3  mm. 
in  diameter"  (Boston  Medical  and  Surgical  Journal, 
October  16th,  1890,  p.  366). 

For  two  or  three  days  after  a  simple  extraction  greater 
quiet  is  necessary  than  is  the  case  when  iridectomy  has 
been  performed,  the  patient  being  cautioned  to  avoid 
straining  and  all  sudclen  exertion.  The  occurrence  of 
severe  pain  in  the  eye,  or  even  a  feeling  of  irritation, 
such  as  might  proceed  from  the  presence  of  a  foreign 
body,  should  arouse  suspicion  of  prolapse.  If  this  comes 
on  within  two  days  after  the  operation  the  eye  must  be 
opened  and  the  protruding  iris  reduced  or  excised. 
Otherwise  it  is  better  to  leave  it  alone  imtil  the  woimd  is 
thoroughly  consolidated.  After  a  lapse  of  several  weeks 
the  prolapse,  if  it  shows  no  signs  of  flattening,  may  be 
excised  or  cauterized. 

And  now  comes  the  practical  question  as  to  which  of 
these  two  methods  of  extraction,  the  combined  or  the 
simple,  is  to  be  employed  in  a  given  case.  In  the  pres- 
ent state  of  our  knowledge  the  first  thought  of  the  sur- 
geon is  undoubtedly  a  desire  to  remove  the  cataract 
without  the  mutilation  of  the  eye  which  accompanies 
an  iridectomy,  provided  this  can  be  done  with  safety.  It 
is  therefore  well  to  sum  up  the  contraindications  to  the 
simple  operation.  Concerning  these,  opinions  vary,  j-et 
it  may  fairly  be  conceded  that  extraction  with  iridectomy 
is  a  safer  method  when : 

('0  The  patient  is  well  advanced  in  years. 

(/<)  AVheu  he  is  very  nervous  or  restless,  impatient  of 
restraint  or  devoid  of  self-control,  prolapse  of  the  iris 
being  under  such  circumstances  more  to  be  dreaded. 

(c)  When  the  diameter  of  the  cornea  is  less  than  usual, 
or  when  the  pupil  fails  to  dilate  properly  under  the  in- 
fluence of  a  mydriatic. 

(rf)  When  the  presence  of  a  tremulous  lens,  or  antece- 
dent disease,  gives  reason  for  apprehending  fluidity  of  the 
vitreous. 

((')  When  posterior  synechife  exist. 

(/)  When  prolapse  of  the  iris,  occurring  during  the 
operation  itself,  does  not  admit  of  reposition. 

The  exclusive  employment  of  one  method  of  extract- 
ing cataract  would  seem  unwi.se.  Each  case  must  be 
taken  on  its  own  merits ;  its  history,  the  condition  of  the 
eye,  and  the  disposition  of  the  patient  carefidly  consid- 
ered, and  the  operation  selected  that  seems  likely  to  be 
followed  by  the  best  results.  Doubtless  a  successful 
simple  extraction  leaves  the  eye  in  a  more  normal  condi- 
tion, and  thus  affords  a  more  perfect  result.  To  gain 
this  result  the  operator  re((uires  a  maximmn  of  experi- 
ence and  skill,  while  the  patient  must  be  prejiared  for  a 
somewhat  more  burdensome  convalescence,  and  must  also 
be  willing  to  incur  a  slightly  increased  risk  of  accident. 

It  is  impossible,  in  an  article  like  the  present,  to  review 
all  the  different  operations  for  the  extraction  of  senile 
cataract  that  have  been  proposed,  even  within  the  present 
generation.     Those  just  described  are  the  ones  in  general 
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use  at  the  present  day,  and  are  considered  to  furnish,  on 
the  wliole,  a  larger  percentage  of  success  than  all  others. 
There  are,  however,  two  methods  that  have  attracted  a 
good  deal  of  attention  and  found  influential  advocates. 
They  deserve  at  least  a  passing  notice.  Liebreich's 
method  of  extraction  is  performed  as  follows,  the  knife 
used  being  similar  to  that  in  peripheric  linear  extraction, 
only  somewhat  narrower :  Tlie  patient  is  in  the  recumbent 
po-sition,  the  pupil  under  the  influence  of  atropine. 
Supposing  the  right  eye  to  be  the  one  to  lie  operated  on, 
the  surgeon  stands  behind  the  head  of  the  patient.  He 
raises  the  upper  lid  with  the  foretinger,  and  steadies  the 
eye  by  pressing  lightly  against  the  sclera  with  the  middle 
finger  of  the  left  hand".  The  right  hand  holds  the  knife, 
whose  back  is  directed  horizontally  and  backward,  while 
the  plane  of  its  blade  forms  an  angle  of  about  forty-five 
degrees  with  the  horizontal  meridian  of  the  eye.  The 
potnt  is  made  to  enter  the  sclera  about  1  mm.  away  from 
the  edge  of  the  cornea  and  3  mm.  below  its  horizontal 
diameter,  and  to  emerge  at  a  similar  point  on  the  opposite 
side.  The  knife  is  then  made  to  cut  its  way  out  down- 
ward, forming  a  flap,  the  apex  of  which  is  2  mm.  above 
the  lowest  pomt  of  the  cornea.  The  cut  itself  is  formed 
with  the  least  possible  sawing  motion,  the  knife  being  in 
the  first  instance  thrust  so  far  forward  that  the  section 
can  be  completed  as  it  is  withdrawn;  and  at  the  last  mo- 
ment the  upper  lid  is  suffered  to  fall.  Next,  the  capsule 
is  carefully  opened.  "For  the  third  act  of  the  opera- 
tion." says  Liebreich,  "we  lay  the  Daviel  spoon  gently 
against  the  lower  edge  of  the  cornea ;  while  the  left  fore- 
finger, by  which  the  upper  lid  is  raised,  exercises  a  slight 
pressure  through  the  lid  against  the  upper  part  of  the 
cornea.  The  lens  is  thus  slightly  tilted,  its  lower  edge 
presses  against  the  posterior  surface  of  the  iris,  folds  it 
forward,  glides  over  it  to  the  edge  of  the  pupil,  over- 
comes the  resistance  of  the  sphincter,  and  engages  itself 
in  the  wound,  which  contact  with  the  Daviel  spoon  has 
already  caused  to  open.  The  forefinger  of  the  left  hand 
slightly  presses  the  upper  lid  from  above  downward  over 
the  cornea,  and  thus  completes  the  expulsion  of  the  lens. 
A  similar  manoeuvre  witli  the  lid  is  again  employed  to 
extrude  the  cortical  substance  which  has  been  left  be- 
hind, after  a  little  rubbing  has  been  done  to  drive  it 
from  behind  the  iris  toward  the  centre  of  the  pupil.  If. 
after  this  is  completed,  the  pupil  does  not  appear  round 
but  seems  drawn  toward  the  wound,  its  natural  shape 
may  be  restored  by  rubbing  upward  with  the  lower  lid. 
If  this  does  not  prove  effective  the  Daviel  spoon  may  be 
introduced."  " 

This  operation  commends  itself  by  its  simplicity,  by 
the  small  number  of  instruments  which  its  execution  re- 
quires, and  by  its  comparatively  slight  interference  with 
the  eye.  No  extended  statistics  of  its  results  are  accessi- 
ble. The  dangers  attending  it  are  obvious — the  possi- 
bility of  the  iris  healing  in  the  wound,  and  the  produc- 
tion of  astigmatism  due  to  the  position  of  the  corneal  cut. 

Lebrun's  operation  much  resembles  that  of  Liebreich. 
The  points  of  puncture  and  counter-puncture  are,  how- 
ever, at  the  edge  of  the  cornea,  1  mm.  below  its  horizontal 
diameter,  wliile  the  cut  is  made  upward,  its  apex  reach- 
ing a  point  atthe  junction  of  the  upperand  middle  third 
of  the  vertical  corneal  meridian.  During  the  cutting 
process  the  edge  of  the  knife  is  gradually  made  to 
change  its  direction ;  starting  from  an  angle  of  thirty  de- 
grees with  the  basis  of  the  cornea  it  ends  at  right  angles 
to  it.  At  the  middle  of  the  curve,  therefore,  the  cornea 
is  divided  vertically  (Arlt).  The  same  objection  may  be 
made  to  this  operation  tliat  was  advanced  against  Lieb- 
reich's, though  its  application  here  is  even  more  forci- 
ble. The  danger  of  anterior  synechia  is  greater,  that  of 
astigmatism  is  imminent,  and  corneal  opacity,  from  im- 
perfect or  delayed  healing  of  the  wound,  extremely  likely 
to  occur.  In  the  opinion  of  the  writer,  and  in  view  of 
the  results  that  a  careful  collection  of  statistics  has  proved 
to  attend  the  method  of.  peripheric  linear  extraction,  the 
operation  of  Lebrun  is  not  to  be  advised  at  the  present 
day. 

Flap  Extraction. — No  article  on  cataract  would  be 


complete  without  a  description  of  this  method,  which  for 
so  many  years  stood  at  the  head  of  all  operations  foi 
senile  cataract,  and  whose  complete  eclipse  by  the  method 
of  von  Graefe  and  by  simple  extraction  is  due  to  their  in- 
creased percentage  of  success.  The  instances  in  which 
its  performance  at  the  present  day  might  be  desirable  are 
so  exceptional  that  it  is  mainly  of  interest  from  an  his- 
torical point  of  view.  The  rapidity  with  which  it  has 
been  thrust  into  the  background  is  illustrated  by  the  fact 
that,  within  the  memory  of  the  older  generation  of 
ophthalmic  surgeons  now  on  the  stage,  it  was  the  only 
recognized  operation  for  senile  cataract. 

It  is  not  advisable  to  perform  this  operation  without 
an  assistant.  Although  the  spring  speculum  may  be 
used  to  separate  the  lids,  the  finger  is  far  preferable,  both 
on  account  of  the  ready  closure  which  its  withdrawal 
permits,  and  also  owing  to  the  diminished  danger  of 
pressure  on  the  eyeball.  The  patient  being  in  a  recum- 
bent position,  the  operator  sits  on  the  edge  of  the  bed  in 
front  of  him,  generally  on  his  right  side.  The  left  hand 
is  employed  for  operating  on  the  right  e^-e,  the  right  on 
the  left.  The  knife  used  is  shown  in  Fig.  1164.  If  we 
assume  that  the  left  eye  is  to  be  operated  on,  the  assist- 
ant takes  his  stand  behind  the  patient's  head.  He  draws 
down  the  lower  lid  with  his  right  forefinger,  being  care- 
ful not  to  evert  it,  and  spreads  his  remaining  fingers  in 
such  a  way  that  they  may  interfere  with  the  movements 
of  the  operator  as  little  as  possible.  With  the  forefinger 
of  the  left  hand  he  raises  the  upper  lid,  drawing  it  gently 
upward,  parallel  with,  but  not  away  from,  the  eyeball, 
pressure  being  made  against  the  edge  of  the  orbit.  Tlie 
operator  fixes  the  eyeball,  below  the  cornea,  with  the 
ordinary  fixation  forceps.  Holding  the  knife  with  its 
edge  downward,  he  introduces  the  ]ioint  in  the  horizontal 
meridian  of  the  cornea,  just  at  its  transparent  edge,  and 
having  penetrated  into  the  anterior  chamber,  carries  the 
blade  rapidly  across  it,  keeping  it  parallel  with  the  iris, 
until  it  emerges  on  the  opposite  side  at  a  point  correspond- 
ing to  that  at  which  it  entered.  The  eyeball,  being  now 
held  on  the  knife,  is  thus  perfectly  controlled,  and  the 
fixation  forceps  may  be  dispensed  with.  The  handle  of 
the  knife  is  now  slighth'  thrown  back  toward  the  temple, 
and  the  blade  pushed  gently  but  steadily  forward,  com- 
pleting the  cut,  if  possible,  without  withdraw- 
ing the  blade  at  all  backward ;  great  care  being 
taken  to  inflict  no  unnecessary  violence  on  the 
cornea  by  pulling  or  twisting.  As  the  cut  is 
completed  the  assistant  allows  the  upper  lid  to 
escape  from  his  finger  and  gently  descend. 
The  peculiar  wedge  shape  of  the  knife  used 
thus  gives  us  a  semicircular  cut,  extending 
around  the  entire  periphery  of  the  lower  half 
of  the  cornea,  the  length  of  the  wound  being 
about  9  mm.  and  its  capacity  of  opening  in  the 
vicinity  of  4  mm.,  thus  affording  ample  space 
for  the  passage  of  the  largest  cataracts. 

Great  care  must  be  taken  not  to  draw  back 
the  knife  before  the  counter-puncture  has  been 
made,  and  if  possible  before  the  completion  of 
the  cut ;  and  the  hand  of  the  operator  must  be 
perfectly   steady,  in  order   to  keep  the  blade 
always  in  the  same  plane.     A  neglect  of  either 
of  these  precautions  might  result  in  the  prema- 
ture escape  of  the  aqueous  humor  and  the  fold- 
ing of   the   iris  over   the   edge  of   the  knife. 
Should    this    latter    accident    happen,    gentle 
pressure  against  the  cornea  with   the  middle    ^'^g^g^" 
finger  will  often  cause  the  iris  to  recede.     If       Knife. 
it  is  impossible  to  effect  this,  the  cut  must  be 
completed  without  regard  to  the  slight  deformity  to  the 
pupil  that  would  result  from  the   excision  of  a  small 
piece  of  the  iris  substance. 

The  cut  just  described  can  also  be  made  upward  with 
equally  good  result.  This  course  offers  no  special  ad- 
vantages; and  the  execution  in  this  direction  is,  in  many 
cases,  somewhat  more  difficult. 

The  operator  now  himself  assumes  the  raising  of  the 
upper  lid,  using  for  that  purpose  the  thumb  of  the  right 
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hand.  Directing  the  patient  to  look  clown,  he  lifts  up 
tlie  flap  with  tlie  back  of  the  cystitome.  which  is  so  held 
that  its  cutting  edge  looks  downward,  and  whose  shaft 
now  occupies  the  anterior  clminber,  while  its  point  re- 
mains external  to  the  eyeball,  projecting  inward  from 
the  inner  corneal  edge.  Drawing  tlie  instrument,  in  this 
position,  from  left  to  right,  he  causes  its  point  to  glide 
into  the  anterior  chamber.  Once  opposite  the  face  of  the 
lens,  he  makes  a  half-revolution  by  slightly  twirling  the 
handle  between  the  thumb  and  fingers  until  the  cutting 
edge  is  in  contact  with  the  anterior  capsule.  The  knife 
being  rapidly  di-awn  along  its  face  a  horizontal  opening 
is  made.  Another  opening  should  be  made  at  right 
angles  to  the  first,  the  point  of  the  cystitome  having  first 
been  disengaged  from  the  lens  substance  and  passed  up- 
ward to  the  spot  at  which  the  incision  is  to  commence. 
The  instrument  is  then  laid  over  on  its  back  and  with- 
drawn from  the  eye,  the  process  by  which  it  entered 
being  simply  reversed. 

To  effect  the  delivery  of  the  lens  the  patient  is  directed 
to  look  up.  The  surgeon  raises  the  upper  lid  with  the 
thmnb  of  one  hand,  while  he  places  the  forefinger  of  the 
other  on  the  lower  lid.  Gentle  pressure  on  the  eye,  made 
with  the  thumb  through  the  upper  lid,  causes  the  lens  to 
turn  on  its  horizontal  axis  and  its  lower  edge  to  enter 
the  wound.  By  now  making  the  upjicr  lid  descend  over 
the  cornea  in  a  succession  of  sweeping  movements,  the 
lens  is.  as  it  were,  coaxed  out  and  escapes  from  the  eye. 
After  its  greatest  diameter  lias  once  entered  the  wound, 
the  rest  passes  with  very  little  persuasion.  If  it  was  al- 
ready dislocated  into  the  anterior  chamber,  it  will  escape 
as  soon  as  the  cut  is  completed.  After  the  removal  of 
the  lens  the  patient  is  allowed  to  take  a  brief  rest.  The 
eye  must  then  be  carefully  inspected  to  sec  whether  the 
pu]iil  is  free  from  cortical  remains,  whether  the  iris  is 
well  in  place,  and  whether  the  edges  of  the  wound  are  in 
proper  apposition.  ^luch  information  as  to  the  stjite  of 
the  pupil  may  be  gained  by  ascertaining  whether  fingers 
can  be  counted  a  short  distance  oft'.  If  there  is  a  pro- 
lapse of  the  iris,  it  may  often  be  made  to  recede  by  slightly 
rubbing  the  upper  lid  against  the  cornea;  but  if  this  can- 
not be  eft'ected  it  must  be  excised. 

The  after-treatment  of  flap  extraction  is  similar  to  that 
already  describeil  under  the  head  of  Peripheric  Linear 
Extraction,  the  dressings  being  identical.  Less  freedom, 
however,  can  be  allowed  the  patient  immediately  after 
the  operation,  as  sudden  movements  must  be  carefully 
guarded  against,  and  the  presence  of  a  cough  might  be 
extremely  prejudicial.  In  brief,  the  proper  healing  of 
the  wound  largely  depends  on  the  preservation  of  per- 
fect quiet,  on  the  part  of  the  patient,  during  the  first 
twent)--four  hours.  Occasional  change,  for  a  few  min- 
utes, from  a  recumbent  to  a  sitting  posture  may  be  al- 
lowed. For  se\eral  days  the  food  should  be  liquid,  or 
at  least  quite  soft,  and  all  chewing  is  to  be  avoided. 

Some  very  few  cases  still  remain  in  which  flap  extrac- 
tion might  with  j\istice  be  jireferred.  Besides  being 
applicable  to  dislocations  of  the  lens  into  the  anterior 
chamber,  it  is  esiiecially  available  when  a  foreign  body 
is  situated  in  the  lens  and  requires  to  be  extracted  with  it ; 
also  when  a  cicatricial  condition  of  the  upper  part  of  the 
cornea  prevents  peripheric  linear  extraction  in  this  region. 

The  description  of  a  single  remaining  operation,  wholly 
given  up  to-day  in  civilized  communities,  on  account  of 
the  dangers  to  which  it  exposes  the  eye,  but  still  in  gen- 
eral use  among  the  natives  of  India,  will  also  be  of  inter- 
est in  an  historical  point  of  view. 

Reclinwtion. — This  is  the  oldest  method  known,  and 
is  referred  to  by  both  Galen  and  C'elsus.  It  consists,  in 
l)rief,  in  the  removal  of  the  opaque  lens  from  the  axis  of 
vision  by  pressing  it  downward,  or  downward  and  back 
■ward,  w'itli  a  suitably  shaped  needle,  introduced  for  this 
purpose  sometimes  "through  the  cornea,  but  more  gener- 
ally through  the  sclerotic. 

According  to  Arlt,  the  operation  would  be  performed 

in  the  following  manner:  The  pupil  is  artificially  dilated. 

The  lids  being  separated  by  a  spring  speculum,  and  the 

•  eyeball  seized  with  the  fixation  forceps,  the  needle  (Fig. 
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1165),  with  its  convexity  directed  upward,  is  made  to 
penetrate  the  sclerotic  somewhat  below  the  horizontal 
meridian,  and  about  4  mm.  from  the  corneal  edge.  One 
cutting  edge  of  the  needle  is  directed  toward  the  anterior, 
the  other  toward  the  posterior  pole,  and  the  point  toward 
the  middle  of  the  vitreous  humor.  "  After  it 
has  passed  in  up  to  its  neck,  the  handle  is 
turned  on  its  axis  (toward  the  thumb),  so  that 
the  convexity,  formerly  upward,  is  now  di- 
rected forward.  The  handle  is  now  lowered 
toward  the  lobe  of  the  ear,  in  order  that  the 
point  may  be  pushed  forward  toward  the 
edge  of  the  lens,  and  farther,  until  it  enters 
the  posterior  chamber.  Steadily  pushed  for- 
ward, the  needle  now  enters  the  pupil,  where 
its  metallic  sheen  is  recognized,  provided  it 
emerges  external  to  the  capsule.  When  the 
point  has  once  reached  the  opposite  pupillary 
edge  and  passed  behind  it,  the  instrument  is 
to  be  regarded  as  a  lever,  the  fulcrum  being 
situated  in  the  sclerotic.  The  handle  is  now- 
raised  toward  the  nasal  eminence,  and  the 
lens  depressed  downward  and  outward.  The 
handle  is  to  be  raised  no  higher  than  is  suffi- 
cient to  form  an  angle  of  about  one  hundred 
and  twenty  degices  with  the  cfirneal  basis. 
A  brief  pause  with  the  needle  in  this  position 
is  necessary  in  order  that  the  vitreous  may 
settle  down  properly  around  the  lens.  The 
instrument,  held  thus,  is  withdrawn  up  to  its 
neck,  and  then  returned  to  the  position  which  it  occupied 
before  its  advance  toward  the  edge  of  the  lens.  If  a  single 
performance  of  the  manoeuvre  results  in  the  lens  remain- 
ing fixed,  a  thing  usual  when  the  consistency  of  the  vitre- 
ous humor  is  normal  (always  provided  the  lens  has  been 
attacked  at  its  centre  of  gravity),  the  handle  is  to  be 
twirled  round  in  the  opposite  direction,  awaj'  from  the 
thumb,  and  withdrawn  from  the  eye  in  the  line  of  the 
original  puncture.  Should  the  lens  rise  before  the  with- 
drawal of  the  needle,  a  second  and  third  effort  at  replace- 
ment may  be  made.  Further  attempts  would  hardly 
accomplish  the  object,  and  might  easily  do  harm  by 
breaking  up  the  structure  of  the  vitreous."  '^ 

At  the  present  day  this  operation  for  cataract  is  prob- 
ably more  largely  performed  in  India  than  in  any  other 
part  of  the  world.  The  armamentarium  of  the  native 
travelling  oculist  consists  of  a  sharp  knife,  the  blade  of 
which  is  wound  around  with  some  material  so  as  to  leave 
only  the  point  free,  and  a  copper  probe  or  spatula.  With 
the"  former  an  incision  is  made  through  the  sclerotic, 
while  the  latter  is  introduced  through  this  opening  and 
the  lens  depressed.  The  inability  of  these  self-educated 
practitioners  to  do  extraction  is,  of  course,  one  reason 
why  this  method  is  so  generally  used.  But,  in  addition 
to  this,  we  are  told  that  supinirative  keratitis  is  exceed- 
ingly frequent  among  the  poor,  rice-fed  Hindoos  after 
flap"  extraction.  Thirty  per  cent,  of  the  operations  for- 
merly performed  in  Calcutta  are  said  to  have  failed  in  this 
way."'  The  writer  here  quoted  also  states  that  hardly  a 
week  passes  that  he  does  not  see,  in  the  hospitals  of  Cal- 
cutta, patients  on  whom  reclination  has  been  done,  suf 
feting  from  either  inflammation  of  the  choroid  or  from 
retino-choroiditis. 

When  reclination  is  followed  by  success,  the  lens  prob- 
ably becomes  encapsuled  in  its  new  position.  If,  on 
the  other  hand,  inflammation  follows,  it  ordinarily  in- 
volves the  iris,  choroid,  or  ciliary  body,  or  may  attack 
all  three.  The  outcome  is,  of  course,  most  serious. 
Secondary  glaucoma  may  follow.  But  the  lens,  even 
when  encapsuled,  may  subsequently  act  as  a  foreign 
body.  For  it  is  to  be  remembered  that  the  complete  ab- 
sorption of  a  hard  cataract  in  this  position  is  not  to  be 
reckoned  on.  Destructive  inflammation  may  come  on 
years  later  and  all  vision  be  destroyed.  Sympathetic 
inflammationn  of  the  other  eye  may  even  ensue.  It  is, 
thei-efore,  hardly  possible  to  "conceive  of  circumstances 
in  which  the  operation  of  reclination  may  at  the  present 
day  be  regarded  as  justifiable. 
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History  of  Extraction. — It  is  uncertain  wliether  the 
ancients  were  acquainted  with  this  method;  it  is  probable 
however,  that  they  were,  as  passages  in  Galen  and  Pliny 
have  been  thought  to  refer  to  the  removal  of  the  cataract 
from  the  eye.  At  all  events,  if  known,  it  fell  into  nearly 
complete  disuse  and  oblivion;  and  not  until  the  time  of 
Paviel,  iu  17.50,  did  it  begin  to  be  cultivated  as  a  recog- 
nized procedure.  This  surgeon  used  numerous  instru- 
ments, consisting  of  narrow  sharp  and  blunt  knives,  and 
scissors ;  he  made  at  first  a  small  opening  in  the  cornea, 
enlarged  it  afterward,  and  tlieu  removed  the  lens.  His 
followers  sought  to  improve  his  method  by  simplifying 
its  application,  and  soon  superseded  the  various  instru- 
ments he  had  used  by  a  single  knife.  This  was  subse- 
quently modified,  especially  by  Beer,  to  whom  we  owe 
the  form  of  knife  used  in  flap  extraction  at  the  present 
day.  Gradually  more  exact  rules  were  laid  down  for  the 
performance  of  this  operation;  the  situation  and  size  of 
the  cut,  the  best  method  of  opening  the  capsule  and 
pressing  out  the  lens  were  all  perfected.  Despite  the 
utmost  care,  however,  used  in  carrying  out  the  various 
steps  of  the  operation  and  in  the  after-treatment  of  the 
patient,  there  was  an  appreciable  percentage  of  loss; 
owing  largely  to  one  of  three  causes — diffuse  suppuration 
of  the  corneal  flap,  defined  suppuration  of  the  same,  and 
iritis.  To  diminish  the  danger  of  the  second  of  these,  but 
more  particularly  to  guard  against  the  last,  iMooien  pro- 
]iosed,  in  1862,  that  a  preliminarj'  iridectomy  be  per- 
formed some  two  weeks  before  the  extraction.  The  re- 
sidts  which  he  obtained  by  pursuing  this  method  were 
proved  to  be  incontestably  superior  to  those  that  had  fol- 
lowed the  simple  operation.  This  was  the  first  great  step 
forward  in  the  path  now  pursued.  It  allowed  the  lens 
to  emerge  more  readily,  and  subjected  the  iris  to  less 
danger  from  pressure  and  bruising  in  the  process.  In 
1863  Jakobsou  proposed  the  following  operation:  He 
narcotized  his  patient  and  made  a  lower  section  in  the 
sclero-corneal  junction,  practising  a  broad  iridectomy 
downward  after  the  removal  of  the  lens.  He  thus  gained 
the  advantage  of  doing  the  whole  operation  at  one  time, 
but  incuiTcd  the  disturbing  effect  of  an  iridectomy  down- 
ward. Previous  to  the  bringing  forward  of  either  of 
these  methods.  Schuft  (now  Waldau)  had  invented,  and 
iu  1860  published,  a  series  of  spoons  intended  to  remove 
the  lens  through  a  small  wound  at  the  edge  of  the  cornea. 
These  were,  however,  large  and  clumsj-,  did  great  vio- 
lence to  the  eye,  and  were,  in  186.5,  superseded  by  others 
much  more  delicate,  invented  by  Bowman  and  Critchett. 
Outspooning  remained  for  a  time  a  favorite  method  in 
England,  but  was  afterward  given  up  on  account  of  the 
dangers  which  it  involved.  In  186.5  von  Graefe  brought 
out  the  method  that  bears  his  name,  and  gave  an  account 
of  it  to  the  Heidelberg  Society  at  its  annual  meeting.  It 
quickly  found  its  way  into  general  favor,  and.  with  the 
modification  in  the  cut  described  in  the  course  of  this 
article,  has  remained  the  popular  method  up  to  the  pres- 
ent day. 

Other  modern  procedures  demand  a  brief  notice.  In 
1866  Alexander  Pagenstecher  described  an  operation  for 
removing  the  lens  in  its  capsule  through  a  broad  incision 
made  with  a  lance  knife,  and  by  means  of  an  iridectomy 
doAvnward  and  outward.  A  specially  constructed  scoop 
was  emploved.  In  1867  Weber  devised  a  lance-knife,  12 
mm.  broad  and  somewhat  concave  on  its  back.  With 
this  he  entered  the  anterior  chamber  at  the  lower  or 
lower-inner  edge  of  the  cornea,  in  the  plane  of  its  basis, 
and  made  a  wound  10  mm.  in  length.  If  he  thought  it 
best  to  remove  any  iris,  he  excised  but  a  small  piece,  and 
that  from  the  pupillary  edge.  The  opening  of  the  capsule 
and  removal  of  the  lens,  which  latter  was  effected  by 
pressure,  completed  the  operation.  Kuechler,  in  1868, 
proposed  to  remove  the  lens  through  the  natural  pujiil, 
making  an  incision  straight  across  the  cornea  in  its  hori- 
zontal meridian.  Analogous  to  this  are  the  operations  of 
Liebreich  and  Lebrun,  already  described. 

A  consideration  of  the  following  figures  will  show  why 
flap  extraction  has  fallen  into  disuse,  and  why  the  periph- 
eric linear  method  has  taken  its  place. 
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Graefe's  own  statistics  were  as  follows:  Simple  flap 
extractions,  600 — loss,  7  per  cent.  ;  flap  extractions  with 
iridectomy,  900 — loss,  .5  per  cent. ;  linear  extractions,  60O 
— loss,  2.8  percent.  Horner  gives:  Linear  extractions, 
1,088 — loss,  2.67  per  cent.  Noyes  has  collected  from 
various  sources:  Flap  extractions,  10,094 — loss,  10.4  per 
cent.;  linear  extractions,  10,661 — loss,  5.8  per  cent. 

The  larger  proportion  of  loss  given,  according  to  the 
figures  of  Dr.  No3-es,  would  naturally  he  connected  with 
the  large  number  and  varying  skill  of  the  surgeons  whose 
results  are  thus  grouped.  Basket  Derby. 
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CATARRH,  NASAL.    See  A'aml  Cat-ities,  etc. 

CATECHU.— Cutch;  Black  Catechu.  "Anextractpre- 
pared  from  the  wood  of  Acacia  Catfchu  (L.f.)  Willd.  (fam. 
Lcguminosce) "  (U.  S.  P.).  Catechu  is  similarly  obtained 
from  the  wood  of  A.  Stnna  Kurz.  That  of  the  present 
edition  of  the  British  Pharmacopoeia  is  discussed  under 
Gambir.  This  s|K-cies  of  acacia  is  a  crooked,  stra.ggling 
tree  of  thirty  to  forty  feet  in  height,  with  a  trunk  about 
a  foot  in  diameter.  It  grows  commonly  in  India  and 
Burmah,  and  yields  a  very  durable,  hard  timber  and  a 
tan  bark.  The  sap  wood  is  whitish,  the  heart  wood  of  a 
very  dark  brown.  It  is  said  that  both  are  extracted  for 
the  catechu,  the  process  being  by  boiling  the  chips.  The 
decoction,  more  or  less  purified  by  straining,  is  evaporated 
by  artificial  heat  and  is  then  moulded  into  various  forms. 
The  moulds  are  conuiionh'  lined  with  leaves,  the  remains 
of  which  adhere  to  the  outer  surface  of  the  dried  masses. 
The  latter  are  of  various  forms  and  sizes,  according  to 
the  custom  of  the  locality  or  the  convenience  of  the 
maker.  The  best  usually  come  in  the  form  of  slabs  or 
blocks,  of  the  size  and  form  of  an  ordinarj'  bread  pan. 
In  India  a  superior  quality,  of  a  light  brown  color,  is 
prepared  chiefly  for  mastication  by  introducing  sticks  into 
the  thickened  decoction,  when  the  catechu  collects  upon 
them,  after  the  form  of  crystals.  Dymoch  and  Hooper 
("  Pharmacographia  Indica,"  i.,  .5.58)  describe  a  very  high- 
priced  sort  which  is  collected  from  cavities  in  the  trunk. 
This  is  called  Khersal  or  Khainal,  and  is  of  a  very  pale- 
brown  or  yellow  color.  The  official  description  of  catechu 
is  as  follows: 

In  irregular  masses,  containing  fragments  of  leaves, 
dark  brown,  brittle,  somewhat  porous  and  glossy,  when- 
freshly  broken.  It  is  nearly  inodorousaud  has  a  strongly 
astringent  and  sweetish  taste. 

If  20  parts  of  catechu  be  digested  with  200  parts  of 
alcohol  and  the  liquid  filtered,  the  undissolved  matter, 
after  being  dried  at  100°  C.  (212°  F.),  should  not  exceed 
3  parts  in  weight. 

The  tincture,  diluted  with  100  parts  of  water,  acquires 
a  green  color  on  the  addition  of  ferric  chloride  T.S. 

If  2  parts  of  catechu  be  boiled  with  20  parts  of  water, 
a  brownish-red,  turbid  liquid  will  be  obtained  which 
turns  blue  litmus  paper  red. 

Upon  incineration,  catechu  should  not  leave  more  than 
six  per  cent,  of  ash. 

To  this  description  it  may  be  added  that  the  color  of 
some  which  is  very  good  may  be  better  characterized  as 
a  brown-black,  and  that  a  microscopical  examination  re- 
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veals  the  presence  of  a  large  quantity  of  minute  crystals 
of  catechin.  Emphasis  should  be  laiil  upou  the  fact  that 
good  catechu  is  nearly  odorless.  Much  of  what  comes  to 
our  market  possesses  a  vile  odor.  It  is  toughish,  scarcely 
porous,  and  has  a  waxy  or  greasy  looking  surface  instead 
of  tlie  lively,  sliglitly  sparkling  lustre  of  that  which  is 
pure.  Such  is  largely  used  for  tanning  and  similar  pur- 
poses, but  is  not  fit  for  medicinal  use. 

About  one -third  of  catechu  consists  of  catechin 
(CiiHioOq  +  SH'jO),  and  about  one-half  of  catechu -tannic 
wad  (C.iHisOs).  The  latter  can  be  olitained  from  cate- 
chin by  heating,  especially  with  the  addition  of  water  or 
alkalies. 

Catechu,  as  its  composition  ■would  indicate,  is  a  pure 
astringent,  wliich  may  be  generally  used  either  cxter- 
nall}'  or  internally,  when  this  effect  is  desired.  We  have 
official  a  compound  tincture,  of  ten-percent,  strength, 
with  diluted  alcohol  and  one-half  per  cent,  of  cassia,  the 
dose  3  to  8  c.c.  (fl.  3  ss.  to  ij.).  The  official  troches  con- 
tain each  6  cgm.  (about  gr.  i.)  of  catechu,  with  tragacanth 
and  sugar.  Henry  H.  Rusby. 

CATHARTICS.    See  Laxatices  and  Purgatives. 

CATHETERISM    OF     THE    URETHRA.— The    term 

catheterisni.  often  erroneously  written  catheterization, 
is  employed  to  designate  the  various  methods  used  in 
exploring  and  relieving  the  many  pathological  conditions 
of  the  urethra  and  bladder.  The  term  is  especially  used 
to  designate  the  introduction  of  hollow  instruments 
through  the  urethra  into  the  bladder  foi'  the  purposes  of 
withdrawing  the  urine,  evacuating  blood  clots,  removing 
fragments  of  stone  after  litholapaxy.  exploring,  irrigat- 
ing the  urethra  and  bladder;  and  the  em|)loymcnt  of  solid 
instruments  for  the  purposes  of  dilating  stiicture,  of  re- 
moving foreign  bodies,  and  of  crushing  stone. 

The  word  catheter,  derived  from  the  Greek  KaOir/fii, 
meaning  a  "thing  to  send  down,"  or  "to  let  into,"  con- 
veys no  idea  of  the  character  of  the  instrument  or  of  its 
use,  nor  whether  it  is  solid  or  hollow,  straight  or  curved, 
conical  or  cylindrical,  large  or  small.  But  the  derivation 
of  the  word  may  serve  to  explain  why  the  term  catheter- 
ism  is  employed  to  indicate  the  introduction  of  all  varie- 
ties of  urethral  instruments  for  whatever  purpose  em- 
ployed. 

Throughout  this  article  the  term  catheterism  will  be 
confined  in  its  meaning  to  the  introduction  of  hollow  in- 
struments into  the  bladder,  through  the  urethra,  for  the 
purposes  of  evacuating  the  urine;  of  examining  the 
urethra  and  interior  surface  of  the  bladder;  of  introduc- 
ing various  medicaments  for  the  relief  of  pain  or  for  the 
cure  of  diseases;  of  irrigating  the  urethra  and  bladder; 
of  distending  the  last-named  organ  with  either  water  or 
air  as  a  preliminary  to  operative  interference,  and  of  es- 
tablishing continuous  drainage  in  cases  of  cystitis  after 
injuries  or  operations  upon  the  urethra,  prostate  gland, 
or  bladder. 

A  catheter  is  a  hollow  instrument  either  open  at  both 
ends  or  terminating  at  one  end  in  a  solid  point  with  an 
opening  placed  laFerally  or  on  the  superior  aspect  of  the 
instrument;  this  opening  is  known  as  "the  eye."  Cath- 
eters var}'  in  size  from  2  to  30  nun.  in  circumference,  and 
from  thirteen  to  fifteen  inches  in  length.  They  are  either 
flexible  or  rigid,  straight  or  curved,  cylindrical  or  conical. 
If  the  instrument  is  cylindrical  a  vuiiform  calibre  is 
maintained  throughout  its  entire  length;  if  it  is  conical, 
it  tapers  toward  the  vesical  end  and  terminates  either  in 
a  fine  point  or  in  an  olivary  tip,  liecoming  smaller  in 
diameter  as  the  end  of  the  instrument  is  reached. 

"The  exact  method  of  manufacturing  the  best  grades  of 
flexible  catheter  is  a  secret  with  the  individuals  by  whom 
the  instruments  are  made ;  especially  is  this  true  of  the 
preparations  employed  for  coating,  as  well  as  of  the 
method  of  giving  the  high  polish  and  satin  finish  which 
the  better  grades  of  instruments  possess. 

Soft  rubber,  bevelled-eye  catheters,  the  so-called  "  soft 

.  caoutchouc  catheters,"  are  made  from  India  rubber  which 

has  been  vulcanized.     There  is  also  a  more  rigid  form, 


the  cheaper  grades  of  which  are  manufactured  from. 
either  cotton  or  linen;  these  materials  are  employed  as 
a  framework,  and  are  coated  with  either  shellac  or  resin 
varnish. 

The  objection  to  the  cheaper  forms  of  flexible  catheter 
is  the  readiness  with  which  they  absorb  water,  making 
them  liable  to  swell,  as  a  result  of  which  the  coats  crack 
and  peel,  the  elasticity  disappears,  and  the  instrument  is 
rendered  stiff,  brittle,  and  worthless.     The  use  of  anti- 


FiG.  1166.— Woven  Eye  of  Catheter. 

septic  solutions  causes  the  instrument  to  become  rough 
on  its  surface  and  so  brittle  as  easilj'  to  be  broken. 

The  most  expensive  and  reliable  flexible  catheters  are 
made  from  either  cotton,  or  Lisle,  or  silk  thread  W'oven  in- 
to a  web  and  usually  coated  with  a  gummy  material.  As 
soon  as  this  material  becomes  dry  it  forms  a  translucent 
cover,  takes  on  a  high  polish,  and  at  the  same  time  remains 
elastic  and  pliable.  When  properly  coated  the  instru- 
ment should  be  able  to  withstand  moist  heat,  steam,  dry 
heat,  or  immersion  in  boihng  water  for  at  least  five 
minutes,  and  should  have  the  power  to  resist  the  action 
of  ordinary  antiseptic  solutions,  acid  or  alkaline  urine, 
and  pus.  Tlie  frame  should  be  perfectly  smooth  and 
free  from  irregularities,  the  end  should  be  firmly  stayed, 
and  the  whole  instrument  should  possess  the  highest  ten- 
sile strength. 

Interesting  statistics  are  given  by  Gouley  in  an  article 
on  catheterism  which  appeared  in  the  New  York  Medical 
Journal,  November  4th,  1899,  in  which  he  says:  "The 
tensile  strength  of  different  qualities  of  web  catheters 
was  ascertained  to  be  as  follows:  That  of  an  English 
commercial  catheter  was  42  pounds;  that  of  an  American 
commercial  catheter  54  pounds ;  that  of  an  American  Lisle 
thread  catheter  56  pounds;  that  of  an  American  silken 
linen  catheter  60  pounds,  and  that  of  an  Engli.sh  silk  web 
catheter  85  pounds.  An  American  silk  web  catheter  of 
the  best  quality  was  then  tested  to  115  pounds  without 
breaking,  but  the  varnish  was  stripped  off  at  each  end." 

Theoretically  these  instruments  are  supposed  to  be  as 
highly  polished  on  the  inside  as  on  the  outside,  so  tliat 
they  maj'  be  more  readily  cleansed  and  sterilized,  and 
the  danger  of  infection  thereby  les.sened.  Unfortunately, 
't  is  wellnigh  impossible  to  arrive  at  this  condition  of 
perfection.  The  nearest  approach  is  to  be  foimd  in  the 
high  grade  of  catheter,  but  at  a  greatly  increased  cost. 
The  eye  of  all  flexible  web  catheters  should  be  woven. 


Fig.  I167.-Eye  Cut  with  a  Punch. 

strengthened,  and  stayed,  whereby  the  continuity  of  the 
frame  is  left  unimpaired.  In  the  inferior  grade  of  web 
catheters  the  eye  is  formed  by  cutting  with  a  punch, 
which  is  most  objectionable,  as  the  catheter  is  very  apt 
to  fracture  at  that  point. 

Flexible  catheters  made  of  silk  web  are  by  far  the  most 
serviceable  and  the  best.  They  cost  more  than  those 
made  from  other  materials,  but  are  cheaper  in  the  end; 
for  they  are  more  durable,  and,  with  proper  care,  can  be 
made  to  last  a  long  time.  They  are  not  so  liable  to- 
crack  or  break  as  are  the  cheaper  varieties;  they  are 
more  easily  sterilized,  and  hence  are  the  safest  of  all  the 
varieties  of  web  instruments  that  can  be  employed.  The 
danger  of  infection  from  their  use  is  lessened.  They  do 
not  become  sticky,  nor  do  they  blister  in  warm  weather; 
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they  are  not  injured  by  contact  with  antiseptic  solutions, 
tissue  fluids,  or  the  fatty  materials  with  which  they  are 
anointed  before  use. 

In  the  shops  is  found  a  hard-rubber  gum  elastic  catheter 
which  is  sold  under  the  name  of  '"the  English  catheter." 
This  instrument  is  very  durable  and  is  coated  with  a  ma- 
terial which  is  highly  "polished;  the  shaft  is  re-enforced 
by  a  steel  stilette.  On  being  subjected  to  heat  the  in- 
strument becomes  soft  and  pliable  and  may  be  made  to 
assume  an  exaggerated  curve,  which  being  maintained 
by  the  stilette,  will  become  permanent  on  cooling.  This 
form  of  catheter  may  be  bent  to  assume  the  prostatic 
curve ;  it  is  then  passed  into  the  urethra,  as  far  as  the 
membranous  portion,  when  on  gently  removing  the  sti- 
lette the  curve  wiU  become  greatly  expanded  and  will 
oftentimes  pass  over  an  enormously  enlarged  middle 
lobe  of  the  prostrate  gland  when  all  other  forms  of 
catheters  have  failed.  Gross  states  that  in  some  cases 
it  is  of  advantage  "  to  bend  back  the  shaft  of  the  instru- 
ment so  that  it  will  resemble  somewhat  an  italic  5  pro- 
cumbent." Catheters  of  this  description  may  be  kept 
on  an  over-curved  stilette,  by  which  means  the  increased 
prostatic  curve,  desired  in  some  cases  of  prostatic  hyper- 
trophy, is  maintained,  the  instrument  being  always  ready 
for  use  in  case  of  an  emergenc)'.  The  sphere  of  useful- 
ness of  the  English  gum  catheter  is  limited :  in  some  con- 
ditions of  prostatic  hypertrophy  it  is  invaluable. 

The  india-rubber  or  soft  vulcanized  caoutchouc  cath- 
eter, the  most  improved  form  of  which  is  manufactured 
in  the  United  States,  is  sold  under  the  name  of  "  Nelaton," 
or  "  Jacques  catheter."  so-called  after  its  original  Parisian 
maker.  Many  cheap  and  poor  varieties  of  this  instru- 
ment are  sold.  If  an  inferior  quality  of  catheter  is  em- 
ployed, it  will  be  found  that  after  having  been  used  for  a 
short  period  the  instrument  has  become  swollen,  soft,  and 
flexible,  and  has  increased  in  calibre  as  well  as  in  length, 
so  that  its  further  use  is  impossible.  Should  the  rubber 
contain  an  excess  of  vulcanizing  material  it  soon  becomes 
hard  and  brittle,  and  when  catheterism  is  attempted  the 
instrument  may  break  and  a  portion  be  left  in  either  the 
urethra  or  the  bladder.  In  warm  weather  catheters  are 
liable  to  become  hard  and  brittle,  notwithstanding  the 
care  expended  on  their  preservation.  They  are  injuri- 
ously acted  on  by  fatty  acids  and  by  the  materials  em- 
ployed as  lubricants.  They  withstand  boiling  but  poorly, 
and  are  soon  rendered  useless  by  the  action  of  the  mate- 
rials applied  to  sterilize  them. 

"  The  eye  "  is  often  badly  constructed  and  is  generally 
situated  too  far  from  the  vesical  end.  The  lumen  is  usu- 
ally too  large,  rendering  the  end  of  the  catheter  over- 
flexible,  so  that  its  passage  through  the  urethra  is  ac- 
complished with  difficulty;  at  the  same  time  such  an 
instrument  is  liable  to  double  on  itself,  thereby  injuring 
the  urethra.  The  site  at  which  "  the  eye  "  is  located  is 
in  danger  of  being  fractured.  Another  objection  is  that 
the  instrument  from  the  eye  to  the  tip  is  hollow,  whereas 
it  should  be  solid  so  as  to  prevent  the  accumulation  of 
foreign  material,  such  as  pus,  blood,  and  microbes.  When 
hollow  it  is  verv  difficult  to  cleanse,  and  wellnigh  im- 
possible to  sterilize.  In  practice  many  cases  are  met  with 
in  which  the  use  of  an  inferior  varietj'  of  soft-rubber 
catheter  has  given  rise  to  much  trouble.  In  one  instance, 
where  the  patient  was  practising  autocatheterism,  the 
end  of  the  instrument  broke  off,  and  was  left  in  the 
bladder;  owing  to  a  hypertrophic  condition  of  the  pros- 
tate gland  a  perineal  section  was  rendered  necessary  to 
remove  the  fragment.  In  another  case  part  of  the  instru- 
ment was  broken  off  in  the  urethra  and  was  then  forced 
into  the  bladder  by  the  attendant  in  his  efforts  at  removal; 
it  was  extracted  by  means  of  a  lithotrite. 

Recently  there  has  been  put  upon  the  market  a  new  form 
of  soft-rubber  catheter  which — so  it  is  claimed — combines 
the  qualities  of  the  pliable  soft-rubber  catheter  with  the 
elastic  spring  of  the  firm,  flexible  instrument.  This  is  ac- 
complished by  having  the  anterior  portion  pliant  and  the 
posterior  more  rigid.  By  this  device  it  is  presumed  that 
the  pliant  portion  will  apply  itself  to  the  curves  of  the 
urethra,  while  the  firmness  of  the  posterior  part  will  per- 


mit the  operator  readily  to  pass  the  instrument  through 
an  irritable,  spasmodic  urethra  or  through  an  obstructing 
lobe  of  the  prostate  gland  into  the  bladder.  The  vesical 
end  of  the  instrument  terminates  in  either  a  cylindrical 
or  an  olivary  tip.     This  form  of  catheter  is  still" on  trial. 

The  soft  rubber  catheter  is  probably  the  one  in  most 
general  use.  It  easily  adjusts  itself  to  the  shape  of  the 
urethra;  it  is  not  liable  to  exert  an  injurious  pressure 
on  the  canal,  and  there  is  no  danger  of  producing  a  false 
passage.  A  properly  construcred  soft-rubber  catheter 
should  be  at  least  thirteen  inches  long,  should  vary  in  cir- 
cumference from  10  to  30  mm.,  and  should  be  perfectly 
pliable  and  highly  polished.  The  eye  should  be  a  little  less 
than  one-quarter  inch  (.5  mm.)  from  the  vesical  end,  and  its 
diameter  should  be  the  same  as  that  of  the  lumen  of  the 
instrument.  Usually  the  eye  is  placed  laterally,  but  re- 
cently an  improved  form  of  soft-rubber  catheter  lias  been 
manufactured  in  which  the  lateral  eye  is  omitted ;  the  tip 
of  the  vesical  end  is  left  well  rounded  and  open.  In  my 
expeiience  this  modification  has  proved  most  satisfactory'. 
When  the  eye  is  placed  laterally,  the  tip  of  the  catheter, 
from  the  eye  to  the  vesical  end,  should  be  solid,  and  not 
hollow,  for  reasons  already  given.  The  termination  of 
the  instrument  may  be  either  conical  or  cylindrical.  The 
proximal  end  should  be  conical  in  shape  and  of  a  larger 
calibre  than  the  shaft,  so  that  the  nozzle  of  the  irrigating 
apparatus  can  be  easily  attached  when  reciuired. 

The  soft-rubber  catheter  is  especially  designed  for  evac- 
uating the  urine;  for  irrigating  the  urethra  and  bladder 
with  various  medicated  solutions;  for  introducing  anjes- 
thetic  remedies  for  the  production  of  local  ansesthesia; 
for  distending  the  bladder  with  either  water  or  air,  when 
it  is  proposed  to  perform  suprapubic  cystotomy  or  Bot- 
tini's  operation  on  the  prostate  gland;  for  supplying 
continuous  drainage  for  the  relief  of  chronic  cystitis  and 
inflammatory  diseases  of  the  prostate  gland,  and  for  pre- 
venting urethral  fever  after  operations  on  the  urethra.  It 
is  sometimes  employed  as  a  means  whereby  to  measure 
the  increase  in  length  of  the  urethra  in  cases  of  prostatic 
hypertroph)'.  It  should  be  used,  wherever  possible,  in 
preference  to  any  other  form  of  catheter.  Its  introduc- 
tion gives  rise  to  but  little  pain  except  in  those  cases 
in  which  the  urethra  is  very  sensitive  and  spasmodic; 
then  a  more  flexible  instrument,  such  as  the  silk  web 
catheter,  will  pass  with  greater  ease  and  with  less  pain. 
In  cases  in  which  it  is  found  difficult  to  pass  the  catheter, 
owing  to  urethral  spasm,  its  firmness  may  be  re-enforced 
by  the  introduction  of  either  a  filiform  bougie  or  a  wire 
stilette,  which  should  extend  to  within  a  quarter  of  an 
inch  of  the  eye  of  the  instnmient  and  should  be  re- 
moved as  soon  as  the  compressor  urethrs  muscles  are 
passed.  The  finest  grade  of  soft-rubber  catheter  is  not 
only  ven,-  durable,  but  is  more  readily  sterilized  than  any 
other  grade  of  flexible  instrument.  It  can  be  boiled  for 
the  space  of  five  minutes  without  injury.     It  is  always 


Fig.  1168.— Tips  of  Soft-Eubber  Catheter. 

the  instrument  to  be  chosen  for  self-catheterism,  wher- 
ever possible.  Not  only  is  its  use  attended  with  less 
pain,  but  it  is  almost  impossible  for  the  patient,  unless 
the  urethra  and  prostate  gland  be  very  much  inflamed  or 
congested,  to  injure  himself,  no  matter  how  roughly  it 
may  be  used. 

The  soft,  pliable  instrument  is  to  be  selected,  if  pos- 
sible, when  the  establishment  of  continuous  drainage  is 
required.  Occasionally  it  will  be  found  necessary,  owing 
to  the  condition  of  the  urethra  or  the  prostate  gland, 
to  make  use  of  a  flexible  web  or  even  a  metal  catheter. 
Continuous  drainage  by  use  of  the  latter  instrument  is 
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always  attended  with  more  or  less  paiu  and  danger  of  an 
abscess  forming  at  the  peno-scrotal  junction.  When  it 
becomes  necessary  to  leave  a  metal  instrument  in  the 
urethra  the  patient  should  be  carefully  watched. 

Five  years  ago  the  writer  read  before  the  Philadelpliia 
Academy  of  Surgerj-  a  paper  in  which  he  strongly  advo- 
cated continuous  drainage  after  injuries  of,  or  after  oper- 


FiG.  1169.— Continuous  Catheterism,  In  the  Recumbent  Posture. 
(Horwitz.) 


ations  upon,  the  urethra,  prostate  gland,  or  bladder;  and 
also  in  chronic  inflammatory  diseases  of  these  organs,  espe- 
cially when  associated  with  alkaline  urine,  pain,  tenesmus, 
and  "frequency  of  micturition,  and  with  chronic  urethral 
fever.  The  ideas  put  forth  were  based  upon  large  ex- 
perience. The  subject  elicited  a  heated  discussion,  every 
member  of  the  society  who  was  in  attendance  taking  ex^ 
ception  to  the  method  of  treatment  suggested.  A  radical 
change  in  the  views  of  the  profession  on  this  subject  has 
since  taken  place,  doubtless  owing  to  the  investigations 
and  writings  of  Guyon  and  Michan,  who  have  strongh' 
advocated  in  suitable  cases  the  mode  of  treatment  here 
described,  and  who  fully  verified  all  tliat  was  claimed 
for  the  benefit  to  be  derived  from  this  method;  since 
which  time  its  emploj-ment  has  become  general.  This 
treatment  is  to  be  followed  in  cases  of  chronic  c\'Stitis, 
especially  when  there  is  frequency  of  urination ;  in  cases  of 
pain  attended  with  an  ammoniacal  urine  which  is  loaded 
with  pus;  and  also  in  cases  in  which  the  inflammation  of 
the  bladder  depends  on  olistructive  enlargement  of  the 
prostate  gland.  When  retention  of  urine  is  due  to  the  last- 
named  cause,  and  a  flexible  catheter  has  l)ecn  successfully 
passed,  it  should  be  allowed  to  remain  in  the  urethra  for  at 
least  four  days.  If  the  instrument  is  removed  inmiediately 
after  the  urine  has  been  evacuated,  in  a  few  hours  catheter- 
ism  will  again  become  necessarv,  and,  as  is  frequently  the 
case,  it  will  be  found  impossible  to  reinsert  the  instru- 
ment; thus  making  either  aspiration  or  some  more  radical 
operation  necessary,  which  woidd  have  been  avoided  if 
the  catheter  had  been  allowed  to  remain  in  situ.  When 
the  catheter  is  permitted  to  remain  in  the  urethra,  a  bene- 


ficial effect  of  continuous  pressure  on  the  inflamed  and 
congested  canal  is  produced,  the  tenesmus  is  relieved,  and 
the  bladder  is  put  at  rest.  When  the  in.strument  is  al- 
lowed to  remain  in  the  urethra  for  the  period  indicated, 
it  will  be  found  that  on  its  removal  not  only  can  a  much 
larger  instrument  be  easily  inserted,  but  usually  no  fur- 
ther difticulty  from  urination  will  be  experienced.  This 
method  of  draining  the  bladder  is  also  indicated  in  wounds 
of,  or  after  plastic  operations  upon,  the  urethra,  and  with 
proper  care  tlie  catheter  may  be  allowed  to  remain  in 
situ  for  a  week,  or  longer  if  necessary. 

In  over  one  hundred  and  fifty-eight  cases  of  external 
perineal  urethrotomy  which  have  been  performed  by  the 
writer,  and  in  which  the  soft-rubber  catheter  was  allowed 
to  remain  in  the  urethra  until  the  new  canal  had  entirely 
formed  around  it,  in  not  a  single  instance  did  a  perineal 
fistula  follow,  as  is  so  commonly  the  result  iu  the  old 
method  of  treatment.  Whenever  it  ^\as  possible  the 
wound  was  closed  by  means  of  interrupted  sutures,  union 
taking  place  by  first  intention,  and  the  patient  being  tlius 
saved  several  w-ceks  of  tedious  convalescence. 

In  cases  in  which  internal  and  external  urethrotomy 
combined  has  been  performed,  and  it  is  then  found  to  be 
diflu-ult  to  pa.ssacathetcrin  theusual  manner,  on  account 
of  the  rough  and  nodular  condition  of  the  urethra,  the  act 
can  be  readily  accomplished  by  inserting  a  long  pair  of 
forceps,  designed  for  the  purpose  of  removing  foreign 
bodies  from  the  urethra  through  the  meatus,  aud  making 
the  jaws  of  the  instrument  appear  at  the  perineal  wound. 
The  proximal  end  of  the  catheter  is  then  caught  and 
drawn  from  behind  forward  until  it  protrudes  an  inch  or 
so  beyond  the  meatus.     The  vesical  end  is  then  passed 


Fig.     1170.  —  Intermittent     Drainage ; 
(Horwitz.) 


Continuous     Caiheterism. 


along  a  steel  gorget,  through  the  membranous  and  pros- 
tatic portions  of  the  urethra,  into  the  bladder.  In  cases 
of  hiematuria  in  which  the  bleeding  is  due  either  to  a  vesi- 
cal growth  or  to  some  pathological  condition  of  the  pros- 
tate gland,  continuous  drainage  is  invaluable.  In  chronic 
cystitis  associated  with  alkaline  urine,  polyuria,  and  fre- 
quency in  passing  water,  especially  if  due  to  prostatic 
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hypertrophy,  or  when  attempting  to  get  the  patient  in 
proper  condition  for  a  capital  operation  on  the  urethra, 
prostate  gland,  or  bladder,  continuous  drainage  is  always 
indicated  as  the  preferable  method  of  treatment.  In  a  few 
instances  it  will  be  found  that  the  jM-esence  of  a  catheter 
in  the  urethra  will  give  rise  to  urethritis.  This  is  espe- 
cially true  if  the  instrument  has  been  previously  ster- 
ilizeci  with  formalin  and  not  thoroughly  washed  before 
its  introduction.  This  condition,  however,  is  harmless; 
it  usually  requires  no  treatment,  and,  as  a  rule,  promptly 
disappears  on  removal  of  the  instrument.  When  con- 
tinuous drainage  is  employed  there  is  always  danger  of 
an  abscess  forming  at  the  peno-scrotal  junction,  the  result 
of  pressure  whilst  the  penis  is  in  the  pendant  position. 
This  complication  is  not  liable  to  follow  the  use  of  a  soft- 
rubber  catheter,  but  may  ensue  when  either  a  flexible  or  a 
metal  instrument  is  employed ;  the  latter  being  most  liable 
to  give  rise  to  the  trouble.  If  the  surgeon,  on  the  alert 
for  this  danger,  watches  the  peno-scrotal  junction  for  any 
suspicious  redness,  tenderness,  or  oedema  (forerunners  of 
an  abscess  and  urinary  fistula),  the  threatened  condition 
can  be  averted  by  the  prompt  removal  of  the  catheter. 

Singular  as  it  may  seem,  the  presence  of  a  catheter 
placed  permanently  in  the  urethra,  far  from  producing 
pain,  is  usually  followed  by  rehef.  by  assuaging  strangury 
and  by  putting  the  bladder  at  rest  and  permitting  the  pa- 
tient to  secure  much-required  sleep.  For  a  few  hours 
after  the  introduction  of  the  catheter  a  feeling  of  weight 
in  the  perineum  is  usually  complained  of,  but  tliis  soon 
subsides. 

Many  methods  have  been  suggested  to  insure  the  re- 
tention of  the  catheter  within  the  canal  and  prevent  its 
slipping  from  the  urethra.  After  making  trial  of  the  vari- 
ous modes  that  have  been  devised,  the  writer  hixs  fi.vcd 
upon  the  following  as  the  most  practicable:  The  patient 
is  placed  in  bed;  the  catheter  is  inserted,  and  connected 
with  a  drainage  tube,  which  conducts  the  urine  into  a 
vessel  at  the  foot  of  the  bed.  The  instrument  is  kept  in 
place  by  means  of  a  piece  of  tape,  tied  so  lliat  the  knot  is 
located  on  the  under  surface  of  the  catheter.  The  two 
ends  of  the  tape  are  carried  to  tbe  middle  of  the  body  of 
the  penis  and  then  knotted  once  more ;  the  ends  are  car- 
ried around  the  organ  and  another  knot  is  tied  on  the 
dorsum  of  the  penis;  the  extremities  are  then  carried  up 
and  fastened  to  a  band  around  the  waist.  The  manner 
of  securing  the  instrument  is  probably  more  clearly  de- 
lineated in  the  accompanying  figure  (Fig.  1171.) 

If  a  soft-rubber  catheter  cannot  be  employed  a  good 
flexible  web  instrument  should  be  used.  The  objection 
to  these  instruments  is  that  their  continued  presence  gives 
rise  to  irritation,  and  they  are  consequently  not  so  well 
borne  by  the  patient;  the  utensil  in  a  short  time  becomes 
blistered,  cracked,  and  worthless,  especially  if  the  urine 
be  alkaline  and  contain  an  excess  of  phosphates.  It  is 
always  well,  no  matter  what  variety  of  catheter  is  em- 
ploj'ed,  to  change  it  at  least  every  third  day.  The  urethra 
and  bladder  should  be  irrigated  daily  with  a  normal  saline 
or  warm  boric -acid  solution.  Care  should  be  taken  to 
prevent  the  eye  of  the  catheter,  which  is  just  within  the 
vesical  sphincter,  from  becoming  plugged  with  blood  or 
pus. 

Various  self -retaining  catheters  have  been  devised  by 
surgeons,  but  they  have  not  generally  met  with  the  ap- 
proval of  the  profession.  The_v  are  usually  unmanage- 
able,hard  to  introduce, frequently  give  rise  to  hemorrhage, 
and  are  ditHcult  to  sterilize.  They  possess  no  advantage 
over  the  method  of  retaining  the  catheter  suggested  by 
the  writer.  Their  employment  is  not  recommended.  An 
instrument  of  this  description  devised  by  Petzzer  consists 
of  a  soft-rubber  catheter  the  vesical  end  of  which  is  made 
to  project  laterally'  well  beyond  the  shaft  of  the  instru- 
ment. This  projecting  portion,  when  stretched  over  a 
metal  carrier,  becomes  obliterated.  After  the  catheter 
has  lieen  introduced  the  stilette  is  removed,  when  the 
projection  reappears  and  is  held  in  place  bj-  coming  in 
contact  with  the  narrow  vesical  neck.  A  simple  device 
is  that  suggested  by  Malecot ;  it  consists  of  a  soft-rubber 
catheter,  with  two  pliable  loops  at  the  vesical  end.    When 


this  instrument  is  passed  through  the  urethra  the  loopa 
are  pressed  against  the  shaft  of  the  catheter,  and  then, 
owing  to  their  elasticity,  they  return  to  their  original 
position  as  soon  as  the  catheter  enters  the  bladder  and  the 
pressure  exerted  upon  them  by  the  walls  of  the  urethra 
is  removed. 

It  is  only  in  acute  cases  accompanied  by  fever,  and 
after  operations  upon  the  urethra,  prostate  gland,  and 
bladder,  that  it  is  necessary  to  keep  the  patient  in  bed 
whilst  continuous  drainage  is  made.  In  many  cases  of 
long-standing  prostatic  disease  the  writer  has  prolonged 
this  method  of  treatment  for  the  space  of  six  weeks  with 
great  benefit,  the  patient  being  allowed  to  sit  in  a  chair, 
to  lie  on  a  sofa,  or  to  walk  to  a  limited  extent  around  his 
chamber.     When  it  is  desired  to  let  the  patient  be  up 
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Fig.  1171. — Continuous   Drainage,  the  Pfttient  Being  Allowed  to  be 
L'p  and  to  Wail;  About.     (Horwitz.) 

and  about  and  still  maintain  continuous  drainage,  the 
catheter  is  kept  in  place  as  shown  in  Fig.  1171,  the  end  of 
the  instrument  draining  into  a  six-ounce  bottle,  which  is 
suspended  by  tapes  to  the  harness  around  the  patient's 
waist,  and  which  can  be  emptied  whenever  necessary. 

In  cases  of  external  perineal  urethrotomy  in  which 
drainage  is  to  be  maintained  until  the  perineal  wound  is 
healed,  the  object  being  to  prevent  the  urine  from  passing 
thro\igli  the  \vo\ind,  it  will  be  seen  l)y  Fig.  1170  that  the 
catheter  is  kept  in  place  in  the  manner  already  desciibed, 
the  proximal  end  being  closed  with  a  plug,  to  be  removed 
whenever  there  is  a  desire  for  urination. 

Flexible  web  catheters  shoidd  be  at  least  thirteen  inches 
in  length  and  may  vary  in  circumference  from  2  to  '.i't  mm. 
They  should  be  tlioroughly  coveied  with  the  coating  of 
gum  emplo}-ed  for  the  purpose;  the  entire  surface  of  the 
instrument  should  be  perfectly  smooth,  highly  polished, 
and  capable  of  resisting  heat,  at  a  temperature  of  212'  F., 
for  at  least  five  minutes.  Catheters  of  this  description 
should  possess  firmness  and  elasticity,  and  at  the  same 
time  they  should  be  pliable,  having  the  same  degree  of 
stability  from  one  end  to  the  other.  They  should  never 
be  rigid,  especially  toward  the  vesical  end.     In  order  to 
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accommodate  the  nozzle  of  the  irrigating:  apparatus  the 
proximal  end  should  be  funnel-shaped  and  of  a  larger 
calilire  than  the  shaft  of  tlie  instrument.  E.\eept  in 
tle.\ible  catheters,  designed  for  evacuating  Ijlood  clots 
from  the  bladder,  these  instruments  should  possess  but 


Fig.  1173.— Flexible  Woven  Eye  Cylindrioal  Catheter. 

a  single  ej-e,  which  should  be  at  a  distance  of  rather 
les-s  than  a  quarter  of  an  inch  from  the  vesical  end 
and  located  laterality.  Tlie  lateral  eye  of  straight  web 
catheters  is  frequently  omitted,  the  instrument  being 
simply  a  tulie  open  at  both  ends.  In  some  forms  of 
curved  catheters,  the  so-called  "elbow  catheter."  it  is 
found  to  be  advantageous  to  have  the  eye  on  the  superior 
aspect  of  the  concavity  of  the  point  "instead  of  being 
placed  laterally.  When  catheters  terminate  with  either 
au  olivary  tip  or  a  long  conical  point,  the  eye  must  be  situ- 
ated about  one  inch  from  the  vesical  end.  The  eye  should 
always  be  woven  into  the  instrument,  and  from  the  eye  to 
the  vesical  end  the  tip  should  be  solid.  The  shape  and 
curve  given  to  the  vesical  end  of  the  instrument  will  de- 
pend on  the  ])urpose  for  which  the  catheter  is  designed. 

Flexible  catheters,  being  tinner  and  not  .so  pliable  as 
the  soft-rubber  instruments,  jiossess  the  advantage  of 
having  a  greater  resistance  along  the  shaft,  are  less  apt 
to  bend,  and  are  more  likely  to  pass  along  a  urethra  in 
which  obstructions  exist;  besides,  tliey  are  alwaj's  under 
the  control  of  the  operator.  The  employment  of  flexi- 
ble catheters  is  indicated  in  cases  in  which  there  is  an 


inary  Tip  Catheter. 


irritable  or  spasmodic  condition  of  the  urethra,  arising 
from  either  inflammation  or  hypertesthesia.  The  instru- 
ment usually  emploj'ed  when  these  conditions  exist  is  a 
flexible  woven-eye  cj'lindrical  catheter,  shown  in  Fig. 
1173. 

In  cases  of  stricture  of  the  urethra  of  large  calibre  a 
flexible  catheter,  varying  in  calibre  from  5  to  1.5  mm., 
maybe  employed;  it  must  be  cylindrical,  or  must  termi- 
nate in  an  olivary  or  conical  tip.  This  form  of  catheter 
is  likewise  made  with  a  sharp  conical  termination  shaped 
somewhat  like  a  rat's  tail;  hence  it  is  frequently  spoken 
of  as  the  "rat-tail  catheter."  Instruments  of  this  form 
are  of  special  service  in  cases  of  retention  of  urine  due  to 
prostatic  hypertrophy  in  which  the  obstruction  results 
from  enlargement  of  the  lateral  lobe,  causing  the  urethra 
to  deviate  markedly  to  one  side  or  the  otlier.  In  such  cases 
the  long  narrow  projection  at  the  vesical  end  readil_y  fol- 
lows the  lateral  curve  of  the  prostatic  portion  of  the  canal. 
When  the  retention  of  urine  is  due  to  enlargement  of  the 
middle  lobe  it  is  well  to  employ  a  flexible  catheter  which 
at  about  one-half  inch  from  its  vesical  end  is  bent  at  a 
slight  angle,  or  "elbowed"  as  it  is  called,  .so  that  the  tip 
of  the  catheter  glides  along  the  anterior  wall  of  the  ure- 


FIG.  11T4.— Conical  Tip  (Rat-Tail)  Catheter. 

thra  and  is  readily  guided  over  the  obstructing  lobe  of 
the  gland,  passing  through  the  urethra  into  the  bladder. 
This  instrument  is  known  as  "Mercier's  coude  catheter," 
more  conunonly  sjioken  of  as  the  "prostatic  catheter." 

In  order  to  facilitate  the  passage  of  the  Mercier  catheter 
in  diflicult  cases,  Guyon  recommends  that  the  instrument 
be  constructed  with  beaks  of  different  lengths,  and  that 
the  angle  formed  by  the  junction  of  the  beak  and  the 
shaft  should  be  of  different  degrees.     The  angles  that 


he  suggests  the  catheter  should  have  are  40,  3.5,  30,  and  3.5 
degrees. 

^Mercier's  catheter  is  frequently  emjiloved  to  determine 
the  length  of  the  urethra  in  cases  of  senile  hypertrophy. 
When  there  is  marked  increase  in  the  size  of  tiie  prostatic 
gland,  with  lengthening  of  the  urethra,  a  modification  of 
the  elltow  catheter  is  employed,  known  as  "Jlercier's 
bicoude  catheter."  In  this  "instrument  mere  are  two 
bends — one  about  half  an  incli  from  the  vesical  tip  and 
a  second  one  at  a  distance  of  a  little  over  two  inches 
from  the  first. 

Guyon  has  devised  a  catheter  intended  for  the  I'elief  of 
retention  of  uiine  due  to  prostatic  obstruction.  In  this 
instrument,  which  is  constructed  somewhat  on  the  same 
principle  as  Mercier's,  the  angle  at  the  point  is  more  acute 
and  the  instrunrent  terminates  in  a  conical  tip,  the  eye 
being  located  on  thesuperioi-,  instead  of  the  lateral,  aspect 
of  the  catheter. 

In  nire  instances,  where  there  is  a  very  unusual  en- 
largement of  the  middle  lobe  of  the  prostate  gland,  and 


Mercier's  Coud^  Catheter. 


especially  where  there  is  marked  increase  in  the  length  of 
the  urethra,  some  surgeons  prefer  a  catheter  with  a  full 
semicircular  curve,  terminating  in  either  a  conical  or 
au  olivary  point. 

Flexible  catheters  are  never  to  be  employed  when  a 
soft-rubber  instrument  will  answer  the  purpose.  When 
auto-catheterism  becomes  necessary,  as  in  prostatic  hy- 
liertrophy,  the  use  of  the  flexible  instrument  should  be 
reserved  until  the  soft-rubber  catheter  can  no  longer  be 
employed. 

Flexible  double  current  catheters  have  been  devised 
for  the  purpose  of  irrigating  the  bladder.  They  aie 
([inte  rigid  and  possess  no  advantage  over  those  made  of 
metal.     Their  use  is  not  recommended. 

My  experience  has  led  me  to  infer  that  no  benefit  is 
derived  from  the  employment  of  these  douljle  current 
instruments.  There  are  many  other  varieties  and  forms 
of  catheters  which  have  been  designed  at  different  times 


10.  1176.— Guyon's  Flexible  Prostatic 
Catheter. 


for  the  relief  of  various  conditions,  but  they  have  not 
met  with  the  approbation  of  the  [irofession  and  have  but 
few  advocates. 

"  Evacuating  catheterism  "  is  a  term  used  to  designate 
the  use  of  the  instrument  when  rendered  necessary  for  the 
discharge  of  purulent  urine,  for  the  expelling  of  residual 
urine  retained  by  stricture,  by  prostatic  hypertrophy,  or 
by  blood  clots,  or  for  the  removal  of  detritus  following 
the  ci'ushing  of  stone. 

In  some  of  these  conditions  the  use  of  metal  catheters 
is  essential.  But  the  gi'eat  improvement  effected  in  re- 
cent years  in  flexible  instruments,  which  are  now  made 
of  any  desirable  size  or  curve,  has  caused  the  profession 
generally  to  abandon  the  employment  of  metal  instru- 
ments, except  for  the  relief  of  ictention  of  urine  due  to 
tight  strictures,  for  the  removal  of  blood  clots  or  of  frag- 
ments of  stone  after  litholapaxj^  and  for  making  an  en- 
doscopic examination. 

Aletal  catheters  are  made  of  either  tin,  steel,  silver,  or 
German  silver,  the  latter  being  most  commonly  in  use. 
These  instruments  should  be  ten  inches  in  length,  and 
should  vary  in  diameter  from  5  to  80  mm.  They  must  be 
perfectlj'  smooth,  polished,  and  of  light  weight.    Close  to 
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the  vesical  end,  on  either  side  of  the  catheter,  is  placed  an 
eye  for  the  passage  of  urine.  The  tip  .should  he  closed, 
rounded  off,  and  very  nearly  of  tlie  same  calibre  as  the 
body  of  the  instrument.  The  proximal  end  is  open  and 
usually  provided  on  each  side  witli  a  small  ring  to  which 
pieces  of  tape  may  be  fastened  when  it  is  necessary  to 
secure  the  catheter  in  situ.  It  is  important  that  a  metal 
catheter  should  have  the  same  curve  as  that  assumed  by 
the  more  fixed  portion  of  the  normal  urethra;  tliis  curve 
is  measured  from  the  front  of  the  triangular  ligament  to 


Fig 


Ordinary  Metal  Catheter  with  Thompson  Curve, 


the  neck  of  the  bladder.  It  begins  in  the  penile  urethra, 
about  one  inch  and  a  lialf  from  the  bulb,  and  reaches 
its  lowest  point  as  it  passes  through  the  anterior  layer 
of  the  triangular  ligament;  it  then  passes  through  the 
membranous  and  prostatic  portions  of  the  canal,  upward 
and  backward,  toward  the  bladder.  The  normal  urethral 
curve  will  vary  under  different  conditions.  It  may  l)e  a 
good  deal  straiglitened  by  lateral  jjressure  made  on  either 
side  of  the  root  of  the  penis.  It  is  lengthened  when  the 
bladder  is  distended  with  urine,  or  in  cases  of  prostatic 
hypertrophy.  The  curve  is  more  acute  in  children,  and. 
according  to  Gross,  "in  adults  where  general  develop- 
ment is  below  the  average  " ;  hence  the  curve  of  the  cath- 
eter, both  in  adults  of  this  type  and  in  children  generally, 
"sliould  be  increased,  or  should  describe  an  arc 
of  a  smaller  circle." 

Change  in  the  curve  may  result  from  abscess, 
from  infiltration  of  urine  into  the  perineal  tissues. 


Fig.  1178.— Over-Curved  Silver  Prostatic  Catheter. 


from  tumors  in  the  vicinity  of  the  rectum  or  scrotum, 
such  as  hernia,  hydrocele,  and  hsematocele,  or  from  tu- 
mors of  the  testicle.  In  corpulent  persons  the  curve  of  the 
urethra  is  diminished,  and  consequently  a  catheter  with 
a  segment  of  a  larger  circle  is  required;  on  the  other 
hand,  in  spare  men  the  curve  is  more  acute.  The  trac- 
tion exerted  by  the  abdominal  muscles  on  the  suspensory 
ligament  renders  the  curve  more  abrupt,  and  it  is  for  this 
reason  that  wlien  a  catheter  is  to  be  passed  the  patient 
should  be  placed  in  the  recumbent  posture  with  the 
shoulders  elevated. 

Mr.  Briggs  flist  demonstrated  that  the  fixed  curve  of 
the  urethra  is  the  arc  of  a  circle  three  and  one-ijuarter 
inches  in  diameter ;  or  of  a  circle  described  by  a  radius 
one  and  five-eighth  inches  in  length,  the  chord"  of  the  arc 
of  which  measures  two  and  three-quarter  inches.  This 
statement  was  corroborated  by  a  series  of  investigations 
made  by  Sir.  Henry  Thompson,  who  pointed  out  that  the 
curve  of  tlie  metal  catheter 
should  always  be  fasluoned 
according  to  the  nile  just 
given ;  since  which  time  in- 
struments so  constructed 
are  spoken  of  as  having 
the  "Thompson  curve." 


The  great  improvement  in  the  manufacture  of  flexible 

catheters  in  the  present  day  has  caused  the  employment 
of  those  made  of  metal  to  be  very  .seldom  necessarv. 
As  Sir  Henry  Thompson  has  so  well  said:  "The  flexible 
instrument  is  capable  of  eilecting  all 
the  good  which  can  be  accomplished 
by  the  metal  instrumeut,  and  it  does 
it  with  less  pain  and  iiritation  to  the 
patient.  The  difference  between  the 
two  in  most  hands  means  a  difference 
of  bleeding  and  not  bleeding,  pain 
and  very  slight  discomfort,  freedom 
from  subsequent  irritation  aud  an  at- 
tack of  chills  and  fever,  and  of  course, 
as  a  sum  of  these  differences,  a  safe, 
easy,  and  rapid  success  in  place  of  a 
painful  aud  protracted  one.'' 

The  employment  of  the  metal  cath- 
eter may  be  advantageous  when  the 
urethra"  is  irritable  and  spasmodic 
and  when  the  instrument,  if  it  is  to 
be  passed  successfully,  must  possess  a  certain  degree  of 
rigidity.  Its  use  is  also  indicated  when  the  stricture 
is  irritable,  nodular,  aud  tortuous;  for  the  relief  of  re- 
tention of  urine  caused  by  blood  clot;  and  in  some 
cases  of  hypertrophy  of  tlie  prostate  gland.  A  metal 
instrument  should  not  be  employed  for  continuous 
drainage  if  it  can  possibly  be  avoid'ed.  If,  however,  its 
employment  for  this  purpose  should  become  necessary  it 
should  not  be  allowed  to  remain  in  the  urethra  for  a 
longer  peiiod  than  four  days,  as  its  presence  is  liable  to 
give  rise  to  the  furmation  of  ab.scesses  at  the  peno-scrotal 
junction.  Flexible  instruments  are  preferable  to  those 
made  of  metal  when  it  is  desired  to  irrigate  the  urethra  or 
bladder.  The  double-current  irrigating  metal  catheter  is 
an  unnecessary  instrument.  It  possesses  no  advantage 
over  the  soft  catheter;  if  the  irrigating  fluid  is  allowed  to 
flow  through  the  double-current  instrument  only  a  small 
portion  of  the  diseased  mucous  membrane  of  "the  blad- 
der is  reached  by  the  medicament. 
Should  the  outflow  lie  checked, 
whereby  the  viscus  is  distended,  no 
advantage  is  gained  over  the  em- 
ployment of  the  ordinary  single  tube 
soft-ruliber  catheter. 

In  very  old  men,  with  an  inordinate 
enlargement  of  tlie  prostate  gland, 
especially  in  its  longitudinal  direc- 
tion, an  over-curved  silver  catheter, 
the  so-called  "  prostatic  catheter, "  is  often  of  great  service 
in  relieving  retention  of  urine.  The  instrumeut  should 
be  at  least  twelve  inches  in  length,  the  curve  of  which 
should  form  an  arc  equal  to  one'third  the  circumference 
of  a  circle  five  and  a  half  inches  in  diameter.  This  instru- 
ment has  the  high  commendation  of  Sir  Benjamin  Brodie, 
and  was  rendered  extremely  popular  in  this  countrv  by  the 
teaching  of  the  elder  Gross".  Its  use  is  restricted  to  excep- 
tional cases  and  it  should  not  be  employed  until  other  in- 
struments have  failed.  It  is  very  dangerous  in  the  hands 
of  those  inexperienced  in  the  manipulation  of  urethral  im- 
plements. If  improperly  or  roughly  used  it  is  very  liable  to 
lacerate  the  urethra  or  wound  the  prostate  gland.  Some 
genitourinary  surgeons  absolutely  condemn  its  employ- 
ment ;  this,  I  am  confident,  is  a  mistake.  On  several  occa- 
sions I  have  been  called  in  consultation  to  attend  patients 
suffering  from  retention  of  urine  due  to  a  prostatic  hyper- 
trophy on  whom  all  the  various  forms  of  catheters  had 
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FIG.  1179.— S.  W.  Gross'  Spiral  Prostatic  Catheter. 


The  axis  of  the  point  of  the  instrument  should  form  a 
right  angle  with  the  axis  of  the  shaft.  The  curve  of  the 
urethra  can  be  temporarily  obliterated  by  means  of  a 
straight  instrument. 


been  unsuccessfully  employed,  when  I  was  enabled  to 
pass  the  over-curved  prostatic  catheter  without  injur)'  or 
difliculty.  hence  preventing  the  necessity  for  aspirating 
the  bladder  or  performing  a  more  serious  operation.    The 
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catheter  should  be  passed  with  great  gentleness:  no  force 
should  ever  be  exerted ;  and  in  some  instances  where  the 
beak  of  the  instrument  is  ]irevented  from  entering  the 
bladder  by  the  enlargement  of  the  middle  lobe  of  the 
prostate  gland,  its  onward  progress  may  be  facilitated  and 
often  successfully  accomplished  by  inserting  the  index 


Fig.  USD.— Agnew's  Mucus  Catheter. 


finger  of  the  left  hand,  which  has  been  well  lubricated 
with  sweet  oil,  into  the  rectum  and  pressing  the  instru- 
ment gently  upward  toward  the  pidies.  whilst  at  the 
same  time  liy  means  of  the  right  hand,  which  holds  the 
proximid  end  of  the  instrument,  the  handle  should  be 
depressed  between  the  thighs  and  gently  urged  onward. 
To  those  who  have  had  experience  in  the  use  of  urethral 
instruments  the  iirostatic  catheter  is  of  great  value,  but 
when  employed  by  a  novice  it  is  ncjt  free  from  danger. 

The  spiral  silver  catheter  with  a  Mercier  coude  curve 
was  devised  by  the  late  S.  W.  Gross.  It  is  but  seldom 
employed  in  civil  practice,  well-made  flexible  instruments 
being  more  serviceable.  In  the  equipment  of  surgical 
cases  for  the  army  and  navy  this  form  of  catheter  is  in- 
valuable, being  readily  sterilized,  durable,  and  not  af- 
fected by  climatic  changes. 

In  18.j0  the  elder  Gross  devised  a  special  form  of 
catheter  for  the  relief  of  retention  of  urine  due  to  blood- 
clot.  He  recommended  it  liigbly,  and  I  have  on  several 
occasions  found  it  very  serviceable.  It  is  of  the  same 
size  and  curve  as  the  ordinary  metal  instrument ;  it  has  no 
eye,  and  the  orifice  at  the  vesical  end  is  closed  by  tneans 
of  an  obturator.  It  is  passed  in  the  usual  manner  into 
the  l)ladder,  and  by  depressing  the  handle  well  between 
the  thighs  the  point  is  passed  through  the  blood  clot 
lying  at  the  base  of  the  organ  until  it  reaches  the  super- 
natant liquid,  where  by  means  of  the  mechanism  con- 
nected with  tlie  handle  the  little  button  which  closes  the 
vesical  end  is  made  to  project,  leaving  an  oritice  through 
which  the  urine  can  flow  into  the  catheter.  When  the 
blood  has  been  but  recently  effused  Gross  advised  "that 
from  six  to  eight  hours  be  allowed  to  elapse  so  that  the 
blood  may  subside  and  clot  in  the  bottom  of  the  bladder 
before  the  instrument  is  used."  When  active  hemor- 
rhage exists,  with  a  tendency  to  the  formation  of  ob- 


was  broken  off  in  the  urethra.  It  could  not  be  removed 
at  the  time  with  the  instruments  at  hand  and  the  patient 
was  kept  at  rest  until  the  proper  utensil  could  be  pro- 
cured. In  the  mean  time  in  attempting  to  pass  water  the 
fragment  of  the  filiform 
was  voided.  In  the  second 
case  the  filiform  was  broken 
off  in  the  clasp  of  a  tight 
stricture;  the  patient  was 
etherized  and  the  stricture 
rapidl}'  dilated  in  the  hope 
of  securing  the  broken  por- 
tion. In  performing  this  op- 
eration the  piece  of  broken 
filiform  was  pushed  into  the  bladder.  It  apparently 
gave  rise  to  no  pain  or  inconvenience  and  the  individual 
was  o]iposed  to  any  further  efforts  toward  its  removal. 
The  stricture  was  kept  well  dilated  by 
means  of  steel  bougies,  and  three  weeks 
later  the  fragment  was  passed  during 
the  act  of  urination.  Filiform  bougies 
are  generally  straight,  and  they  are  then 
macle  to  terminate  in  an  olivary  tip 
with  a  narrow,  well-rounded  neck.  In 
order  to  facilitate  the  passage  of  the 
instrument  throtigh  very  tortuous 
strictures,  the  end  of  the  beak  is  some- 
times slightly  angled  or  twisted,  as  is 
shown  in  Fig,  1182. 

After  the  filiform  has  been  success- 
fidly  passed  an  effort  should  be  made 
to  slip  over  it  a  tun- 
nelled catheter  con- 
structed for  the  pur- 
pose ;  the  bougie  is  then 
to  be  used  as  a  guide. 
If  this  can  be  accom- 
plished the  urine  can 
be  evacuated,  the  cath- 
eter removed,  and  an 
attempt  made  to  dilate 
the  stricture  by  the 
passage  of  a  tunnelled 
catheter  of  larger  size. 
In  some 
cases  it  will 
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y^,aocr>  It  will 
be  impossi- 
ble to  pass 
the  catheter 
through  the 
stricture  ; 


Fig.  1181.— S.  D.  Gross'  Blood-Clot  Catheter. 

stnictive  clots,  attempts  are  to  be  made  to  prevent  this 
condition  by  means  of  irrigation  with  hot  hemostatic 
agents  and  the  establishment  of  continuous  drainage.  It 
is  in  cases  of  vesical  tumor  attended  with  a  constant  and 
free  hemorrhage  followed  by  rapid  formation  of  clots, 
that  this  instrument  finds  its  greatest  use. 

Wlicn  retention  is  due  to  a  tortuous  stricture  of  small 
calibre,  bougies  about  the  thickness  of  a  broom  straw, 
called  from  their  size  "filifoini  bougies,"  are  employed. 
They  are  made  of  catgut,  rubber,  or  whale-bone.  Those 
manufactured  from  the  last-named  material  are  the  most 
durable  and  in  most  general  use. 

The  filiform  bougie  should  be  eighteen  inches  in  length, 
well  rounded,  perfectly  smooth,  and  polished.  If  it  be 
rough,  chijiped,  or  fractured  it  should  not  be  employed, 
but  discarded  as  worthless.  Irregularities  on  the  surface 
are  not  only  apt  to  arrest  the  progress  of  the  tunnelled 
instrument,  which  is  passed  over  the  bougie  as  a  guide  to 
the  opening  of  the  stricture,  but,  by  the  sudden  arrest  of 
the  instrument  at  the  point  of  obstruction,  it  is  apt  to 
cut  the  filiform,  leaving  a  portion  of  the  latter  in  the 
urethra,  which  may  prove  very  difficult  to  remove.  I 
have  met  in  cfuisultatiou  with  two  cases  in  which  this  ac- 
cident occurred.     In  one  instance  a  portion  of  the  filiform 


the  filiform 

may  then 

be  fastened 
in  fitii  and  the  patient 
given  a  hot  bath  ;^  after 
which  he  shotdd  be 
wrajipcd  in  blankets, 
and  a  hot  lemonade, 
containing  half  an 
ounce  of  whiskey,  to- 
gether with  one-quar- 
ter grain  of  morphine 
and  ten  grains  of  quin- 
ine, .should  be  admin- 
istered. He  should  be 
encouraged  to  sweat 
freely.  In  the  major- 
ity of  cases  it  i*ill  be 
found  that  in  a  short 
time  the  urine  will  be- 
gin to  drop  from  the 
end  of  the  filiform  by 
capillary  attraction, 
and   gradually   the 

pressing  symptoms  will  be  relieved.  Should  the  blad- 
der be  greatly  distended,  and  the  symptoms  urgent,  and 
should    it  be  found  impossible   to   pass  the  tunnelled 


Fig.  1183.— Filiform  Boufries,  Olivary, 
Angled  and  Twisted, 
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catheter  over  the  filifonn,  through  the  stricture,  into  the 
bladder,  the  bougie  may  be  fastened  iu  tlie  urethra  and 
■either  the  bladder  aspirated,  or  an  external  perineal  ure- 


G.  TIEMANN  &.  CO. 
Fig.  1183.— Gouley's  Tunnel  Catheter,  TUreaUed  Over  tlie  Filifonn, 


throtomy  or  a  suprapubic  cystotomy  per- 
formed. As  to  the  best  course  to  pursue, 
the  surgeon  must  be  guided  iu  each  case  by 
the  cause  of  the  retention,  bj'  the  age  as 
well  as  the  condition  of  the  patient,  by  the 
symptoms,  and  by  the  length  of  time  that  the 
retention  has  existed. 

The  utensil  which  is  passed  over  the  filiform 
bougie  as  a  guide  is  known  as  the  "  Goulej-  t  un- 
nelled  catheter."     These  instruments  vary  in  size 
from  No.  8  up  to  No.  18,  French  scale,  and  con- 
sist of  a  catheter  with  a  Thompson  curve  but 
short  beak.     The  eye  of  the  instrument  is  oc- 
cluded by  an  obturator,  which  can  be  removed  after  the 
catheter  has  been  introduced,  allowing  the  urine  to  flow. 
At  the  vesical  end  is  a  short  tuunel  which 
terminates  in  a  groove  passing  along  the  back 
of  the  catheter.     The  loop  at  the  end,  which 
is  the  beginning  of  the  tunnel,  is  threaded  over 


which  tilts  the  beak  upward  and  allows  it  to  pass  for- 
ward, along  the  urethra,  into  the  bladder.  After  the 
water  is  drawn  the  gum  catheter  is  first  removed;  the 
metal  instrument  is  to  be 
iTL  _i  1.1 withdrawn,  or,  if  continu- 
ous drainage  is  desired,  the 
male  catheter  may  be  gently 
removed,  leaving  the  gum 
instrument  in  place.  In 
some  cases  it  will  be  found  that  after  the  gum  catheter 
has  been  passed  into  the  bladder  the  urine  will  not  flow. 
This  is  usuall)'  due  to  the  eye  of  the  instrument  being 
blocked  up  by  a  small  clot  of  blood,  which  can  easily  be 
removed  by  the  injection  into  the  catheter  of  a  syriiige- 
ful  of  warm  distilled  water.  Blood  clots  and 
fragments  of  stone  after  crushing  operations 
are  removed  by  the  large  metal  catheter  of 


Fig. 


-Evacuating  Catheter  CCurved). 


Fig.  1184.— Mercier's  Invaginated  Catbeter. 

the  filiform  which  serves  to  guide  the  implement  directly 
to  the  0]3ening  in  the  stricture.  These  catheters  arc  useii 
not  only  for  the  relief  of  retention  of  urine,  but  in  the 
treatment  of  stricture  of  the  urethra  !>}•  gradual  dilatation. 

A  very  useful    and   practical   instrument, 
which  has  been  wellnigh  lost  sight  of  by  the  ^ 

profession,  was  devLsed  in   18.50  by  Jlercier    ^^    'j-^ 
for  the  purpose  of  relieving  retention  of  urine    ^™^^a 
in  cases  of  prostatic  hypertrophy  in   which 
a  false  passage  exists.     It  is  known  as  Jler- 
cier's  invaginated  catheter.    It  consists  of  two 
catheters,  one  made  of  metal  and  the  other  of  gum.     The 
one  made  of  metal,  usually  spoken  of  as  the  "  male  cath- 
eter," should  be  eleven  inches  long,  slightly  curved,  with 
an  oval  eye  near  to  tlie  vesical  extremity.  "  From  the  eye 
to  the  tip  the  instrument  is  made  to  slant  with  the  object 
of  tilting  the  end  of  the  gum  catheter  forward  when  it  is 
passed  through  the   metal   tube.     The  gum  catheter  is 
eighteen  inches  in  length  and  is  known  as  the  "  female 
catheter."     It  should  be  smaller  in  circumference  tlian 


the  Bigelow  evacuating  apparatus.  Gentleness  and  a 
thorough  practical  knowledge  of  the  anatomy  of  the 
urethra  are  necessiiry  iu  the  employment  of  these  instru- 
ments, especially  when  the  attempt  is  made  to  introduce 
a  perfectly  straight  tube. 
The  direct  visual  examination  of  the  urethra,  by  the 
insertion  of  hollow  tubes  constructed  for  the 

O    purpose,  by^means  of  which  the  canal  can  be 
illuminated  either  by  reflected  light  or  directly 
— '  by  means  of  a  small  electric  lamp  affixed  to  the 

end  of  the  tube,  is  called  "  endoscopy  " ;  while 
the  instrument  employed  for  the  purpose  is 
known  as  an  "endoscope."  Endoscopes  are  straight, 
cylindrical  tubes  varying  in  calibre  and  length  to  suit 
the  size  and  portion  of  the  urethra  that 
it  is  desired  to  examine.     They  are  made 


Fig.  1188.— Klotz's  Endoscopic  Tube. 


either  of  hard  rubber  or  of  various  metals.  Those  manu- 
factured from  rubber  are  not  recommended.  They  are 
injured  by  caustic  applications,  absorb  a 
great  deal  of  light,  and  cannot  be  readily 
sterilized  by  heat,  as  they  are  apt  to 
become  warped  and  bent.  The  most 
serviceable  are  those  made  of  highly 
polished  silver.  This  metal  permits  the 
walls  of  the  tube  to  be  thin,  thereby  in- 


Fig.  1185.- Gouley's  Tunnel  Catheter,  with  the  Stylet  in  Place. 


the  male  and  when  passed  into  the  male  instrument  should 
fit  loosely.     The  gum  catheter  should  have  an  eye  one- 
eighth    inch    from    its    end.      The 
method  of  employing  these  instru- 
ments consists  in   first  passing  the 
gum  tube  into  the   male   until  the 
fonner  almost  reaches  the  e3-c  of  the 
latter.     The  male   catheter  is  then 
passed  into  the  urethra  until  its  tip 
becomes  inserted  in  the  false  passage,  thereby  blocking 
it  up  and  preventing  the  further  progress  of  the  instru- 
ment.    The  gum  catheter  is  now  gently  pushed  onward 
until  its  tip  emerges  from  the  eye  of  the  male  catheter. 


creasing  the  bore  of  the  instrument  and  serving  to  make 
it  of  light  weight.     These  instruments  are  easily  steril- 
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Fig.  1186.— Eyacuatlng  Catheter  (Straight). 


Fig.  1189.— Oberlaender's  Endoscopic  Tube. 

ized  and  but  slightly  acted  upon  by  caustics  and  acids. 

The  most  improved  endoscope  carries  a  light  at  the  end 
of  the  tube.  The  most  s.atisfactory  instru- 
ment of  this  kind  yet  devised  is  that  of 
Valentine,  with  Koch's  tubes,  in  which  the 
entrance  of  light  is  so  arranged  as  not  to  in- 
terfere with  the  application  of  medicaments 
to  any  portion  of  the  urethra.     An  endoscope 
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exposes  to  view  only  a  small  portion  of  mucous  mem- 
brane which  appears  at  the  vesical  orifice  of  the  instru- 
ment, but  by  moving  it  fcirward  and  backward  the  entire 
canal  can  be  gradually  inspected  from  the  posterior  ure- 
thra to  the  meatus.  Endoscopic  tubes  are  provided  with 
obturators  l)y  means  of  which  the  vesical  oritice  is  closed, 
thus  facilitating  the  introduction  of  the  tube  into  the  ure- 
thra. The  obturator  may  consist  of  a  solid  plug,  made  of 
hard  rubber,  or  of  a  strong  wire  rod  on  the  end  of  which 
is  an  olivary  Ijulb  of  sullicient  size  to  close  the  end  of  the 
tube.  The  bulb  should  have  a  deep  slit  corresponding 
with  a  similar  one  on  the  handle,  so  that  the  air  may  be 
allowed  to  enter  the  tube,  thereby  rendering  the  removal 
of  the  obturator  easy  and  avoiding  the  danger  of  injury 
to  the  muc(}us  membrane  of  the  canal  by  suction. 

The  endoscope  is  manipulated  on  exactly  the  same 
principle  as  is  the  straight  evacuating  catheter  of  the 
Bigelow  apparatus. 

To  perfcirm  catheterism  skilfidly  it  is  essential  that  the 
operator  slinidd  have  a  good  practical  knowledge  of  the 
anatomj'  of  the  urethra,  as  well  as  of  its  relations  to  the 
adjacent  urinary  organs. 

When  an  attempt  is  made  to  insert  an  instrument  of 
any  kind  into  the  urethra  the  utmost  gentleness  should 
be  observed.  It  should  be  passed  slowly,  so  that  if  an 
une.xpected  obstruction  is  encountered,  the  danger  of  in- 
juring the  canal  may  be  avoided;  force  shoidd  never  be 
exerted  unless  the  operator  is  a  surgeon  of  large  experience 
in  urethral  instrumentation.  Even  in  the  most  proficient 
hands  injiuy  may  be  inflicted  by  the  employment  of  too 
much  violence.  It  should  be  borne  in  mind  that  an  in- 
strument can  be  gently  guided  through  the  urethra  when 
an  obstruction  exists,  but  it  cannot  be  forced  through 
without  danger.  When  a  novice  first  attempts  catheter 
ism,  if  it  is  fotuul  that  an  obstruction  exists  which  pre- 
vents the  easy  introduction  of  instruments,  it  is  wi.ser  to 
seek  the  assistance  of  one  who  has  had  extensive  experi- 
ence in  urethral  surgery,  rather  than  to  persist  in  fruit- 
less efforts  to  pass  through  the  impediment;  an  attempt 
of  this  kind  frequently  results  in  traumatism,  accom- 
panied by  hemorrhage,  irritability,  congestion  of  the  mu- 
cous membrane,  and  a  spasmodic  condition  of  the  urethra. 
The  physician  should  always  bear  in  mind,  when  dealing 
with  urethral  cases,  that  if  he  cannot  benefit  his  patient 
he  must  at  least  be  careful  not  to  inflict  unnecessary  in- 
jury, as  is  tmfortunately  often  done. 

The  elder  Gross,  in  his  "System  of  Surgery,"  has  em- 
phasized the  fact  that  but  few  physicians  pass  a  catheter 
skilfully  when  he  says:  "The  introduction  of  a  catheter, 
although  apparently  very  .simple,  is  one  of  the  most 
delicate  operations  in  surgery.  It  requires  skill  of  the 
highest  order,  as  well  as  an  intimate  knowledge  of  the 
anatomy  of  the  urinary  organs.  My  conviction  is  that  few 
men  do  it  well." 

In  jiractised  hands  the  sense  of  touch  becomes  so 
greatly  developed  that  the  surgeon  knows  with  certainty 
exactly  what  portion  of  the  urethra  is  being  traversed  as 
the  instrument  passes  along ;  consequently  he  is  enabled 
to  decide  by  the  touch  alone  whether  the  catheter  should 
be  advanced  or  withdrawn,  raised  or  depressed,  or  if  it 
should  be  allowed  to  remain  in  situ  until  the  muscular 
spasm  has  relaxed. 

The  urethra  is  a  canal  which  extends  from  the  meatus 
urinarius  to  the  bladder.  Its  walls  are  in  contact,  ex- 
cept when  separated  for  the  passage  of  urine,  or  for  the 
emission  of  .semen,  or  distended  by  the  introduction  of 
instruiuents  or  other  foreign  bodies. 

In  the  flaccid  penis  the  urethra  forms  two  curves,  one 
in  the  penile  portion,  which  is  obliterated  when  erection 
takes  |ilace  or  when  traction  is  exerted  upon  the  penis  by 
stretching  it  upward  toward  the  middle  line  of  the  ab- 
domen. "This  part  of  the  urethra  is  freely  movable:  it 
is  distensible,  yields  to  pressure,  and  readily  changes  its 
course,  without  injury,  when  instruments  are  inserted. 
It  is  only  liy  gross  negligence  that  a  false  passa.ge  can  be 
established"  in  this  .section  of  the  canal.  The  more  fixed 
division  of  the  urethra  describes  a  curve,  which  is  fully 
explained  on  page  748;  it  yields  very  slightly  to  the  ad- 


vancing tip  of  the  urethral  instrument,  and  consequently 
here  false  passages  are  not  uncommon. 

Anatomically  the  urethra  is  divided  into  three  parts: 
the  penile,  the  membranous,  and  tlu^  prostatic.  For  clini- 
cal purposes  it  has  been  divided  into  two,  the  anterior  and 
posterior.  The  former  extends  from  the  meatus  to  tlie 
anterior  layer  of  the  triangular  ligament.  The  latter  is 
the  portion  beyond  the  li,gament  and  includes  the  mem- 
branous and  prostatic  urethra.  The  length  of  the  urethra 
varies  in  different  individuals;  it  measures  from  eight  to 
nine  inches.  The  average  length  is  eight  and  one-half 
inches.  As  a  rule  an  obstruction  met  with  over  seven 
inches  from  the  meatus  may  be  regarded  as  arising  from 
an  affection  of  the  prostate  gland,  usually  an  enlarge- 
ment of  the  organ. 

The  penile  urethra  is  generally  six  and  one-lialf  inches 
in  length.  It  is  lined  with  a  delicate  mucous  membrane, 
on  the  roof  and  floor  of  which  are  the  openings  of  numer- 
ous ducts  leading  to  the  urethral  glands ;  these  are 
known  as  the  glands  of  Littre.  The  urethra,  in  the 
spongy  portion,  is  surrounded  by  involuntaiy,  longi- 
tudinal, and  circular  muscular  fibres,  as  well  as  by  erectile 
tissue.  The  penile  urethra  has  an  expansion  at  either 
end.  The  dilatation  back  of  the  meatus  is  called  the 
fossa  navieularis,  on  the  roof  of  which  is  a  reduplication 
of  the  mucous  membrane.  It  is  valve-like  in  form  and 
is  called  the  lacuna  magna.  This  fold,  or  pocket,  is  from 
one-half  to  three-fourths  of  an  inch  from  the  meatus, 
the  distance  varying  in  dift'erent  individuals.  It  is  the 
first  point  which  is  apt  to  catch  the  beak  of  an  instrument 
and  arrest  its  progress  after  passing  through  the  meatus. 
It  is  for  this  reason  that,  when  an  attempt  is  made  to  in- 
sert a  catheter,  the  tip  of  the  instnmient  should  be  kept 
in  contact  with  the  inferior  wall  until  the  lacunas  are 
passed. 

The  bulbous  portion,  or  the  corpus  spongiosum,  is  the 
termination  of  the  penile  urethra.  It  lies  directly  in 
front  of  the  anterior  layer  of  the  triangular  ligament. 
Here  the  spongy  urethra  terminates  and  the  membranous 
portion  begins,  forming  what  is  known  as  the  bulbo- 
membranous  junction;  a  very  common  site  for  an  or- 
ganic stricture  of  small  calibre,  and  for  the  formation  of 
false  passages  by  urethral  instrumentation. 

The  membranous  portion  fif  the  canal  joins  the  bulb 
at  its  upper  rather  than  at  its  lower  part,  forming  a  dilata- 
tion on  the  inferior  wall  like  a  pouch  or  pocket.  As 
men  advance  in  years,  especially  if  they  have  practised 
auto-catheterism  for  soiue  time,  this  pouch  becomes 
dilated,  particularly  on  the  floor  of  the  urethra;  it  fre- 
quently acts  as  an  obstruction  and  gives  rise  to  a  good 
deal  of  difflcidty  when  one  attempts  to  make  an  instru- 
ment glide  past  the  spot.  Occasionally  small  depressions, 
surrounded  by  folds  of  mucous  membrane,  are  found  on 
the  floor  of  the  bulbous  urethra.  When  inflammatory 
conditions  exist  these  folds  become  oedematous  and  in- 
crease the  difficulty  of  instrumentation.  These  obstacles 
can  generally  be  overcome  by  keeping  the  penis  on  the 
stretch  and  maintaining  the  beak  of  the  instrument  in 
contact  with  the  superior  wall  of  the  urethra. 

In  old  men  in  whom  an  obstruction  at  the  bulbous 
urethra  exists,  and  who  are  re(|uired  to  perform  catheter- 
ism daily,  an  irritation  is  pro(luced  which  is  frequently 
attended  l)y  a  low  grade  of  chronic  urethritis.  As  a  re- 
sult, a  stricture  forms,  and  this,  in  conjunction  with  the 
abnormal  dilatation  at  the  bulbous  portion,  renders  cath- 
eterism extremel}'  difficult. 

Tlie  bulbo-membranous  jimction  of  the  urethra  is  in 
contact  with  the  anterior  layer  of  the  deep  perineal  fascia. 
WHien  catheterism  with  a  liietal  instrument  is  attempted, 
the  beak  touches  the  point  of  junction,  the  handle  being 
well  depressed  between  the  thighs.  The  layer  of  fascia 
acts  as  a  fulcrum  and  turns  the  point  upward  toward  the 
opening  of  the  membranous  urethra,  thereby  assisting  its 
onward  passage  toward  the  bladder.  When  the  bulb  is 
unusiuxlly  enlarged,  the  fascia,  instead  of  being  an  assist- 
ance to  the  passage  of  an  instrument,  acts  as  an  obstruc- 
tion, preventing  its  further  transit  and  favoring  the 
formation  of  a  false  passage  if  undue  force  is  exerted. 
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Especially  is  this  true  if  a  stricture  of  small  calibre  is  also 
present. 

When  a  false  passage  is  produced,  the  operator  will  be- 
come aware  of  the  fact  by  the  sudden  interruption  to  the 
further  progress  of  the  instrument,  together  -n-ith  the 
great  local  pain  that  immediatel}-  ensues.  In  addition 
the  proximal  end  of  the  instrument  will  deviate  from  tlie 
median  liue.  If  a  false  passage  has  been  made  in  the 
posterior  urethra  it  can  readily  be  detected  by  a  rectal 
examination.  As  a  rule,  hemorrhage  does  not  make  its 
appearance  until  after  the  instrument  has  been  with- 
drawn. It  will  vary  in  cjuantity  from  a  few  drops  to  a 
continuous  flow,  depending  on  the  portion  of  the  peri- 
urethral structures  which  has  been  injured. 

Catheterism  of  the  urethra  in  which  a  false  passage 
exists  generally  requires  an  instrument  with  a  large  curve 
in  order  to  reach  the  bladder. 

Tlie  membranous  urethra  is  usually  three-fourths  of 
an  inch  in  length.  It  lies  between  the  anterior  and  pos- 
terior layers  of  the  triangular  ligament,  which  serves  to 
hold  it  lirmly  in  ])lace.  This  portion  of  the  canal,  to- 
gether with  the  prostatic  urethra,  is  frequently  spoken 
of  as  "the  deep  "  or  "fixed  urethra."  It  is  composed  of 
a  mucous  coat,  submucous  tissue,  a  few  involuntary 
mui5cular  fibres,  and  a  thin  layer  of  vascular  tissue,  which 
bleeds  freely  when  injured.  The  membranous  urethra  is 
less  movable  than  the  prostatic  portion ;  it  is  surrounded 
b.Y  a  band  of  strong  muscular  fibres  called  the  compressor 
urethnie.  The  filaments  of  this  muscle  pass  over,  under, 
and  around  the  urethra;  they  aid  not  only  in  retaining 
the  iH-ine  when  the  bladder  is  distended,  but  also  in  pro- 
tecting the  entrance  of  the  posterior  uretbra  from  the  in- 
vasion of  foreign  bodies  and  urethral  instruments  which 
arc  being  roughly  manipulated. 

It  is  a  voluntary  muscle,  being  under  the  control  of  the 
will.  It  is  markedl}-  influenced  by  reflex  action,  giving 
rise  to  spasm,  which  accounts  for  the  retention  of  urine 
which  is  observed  occasionally  in  acute  urethritis  and 
after  the  use  of  strong  injections,  and  which  sometimes 
follows  operations  on  the  abdominal  cavity,  rectum, 
genital  organs,  and  lower  limbs. 

The  passage  of  either  a  catheter  or  a  bougie  is  rendered 
difficult  when  resistance  is  offered  bj'  the  firm  contraction 
of  the  muscular  fibres,  when  hypera;sthesia  of  the  pos- 
terior urethra  exists  in  nervous,  impressionable  individ- 
uals, or  when  rough  instrumentation  is  used.  It  is  usu- 
allv  at  the  bulbo-membranous  jvmction  that  the  most 
difficulty  is  ex])erienced  when  catheterism  is  attempted. 
Strictures  of  tlie  membranous  portion  of  the  uretbra  are 
usually  of  traumatic  origin.  The  prostatic  urethra  is 
about  one  inch  and  a  quarter  in  length ;  it  is  somewhat 
longer  in  cases  of  prostatic  hypertrophy.  It  is  more  mov- 
able than  the  membranous  portion.  It  is  frequently  the 
site  of  traumatism  and  false  passages  made  by  the  ignor- 
ant and  ))y  rough  use  of  urethral  instruments.  The  pros- 
tatic urethra  passes  downward  and  forward  and  becomes 
the  membranous  urethra  on  reaching  the  posterior  layer 
of  the  triangular  ligament.  The  interior  wall  shows  va- 
rious deep  depressions.  In  rare  instances  tlie  mouth  of 
the  ejaculatory  ducts  are  widely  dilated  and  offer  an  ob- 
struction to  catheterism  when  attempted.  While  an  in- 
strument is  passing  through  the  prostatic  urethra  the  tip 
should  be  kept  in  contact  with  the  superior  wall. 

From  what  has  been  said  it  will  be  understood  that  the 
urethra  is  not  a  tube  of  uniform  calibre,  but  consists  of 
a  series  of  phy.siological  dilatations  and  contractions.  This 
is  well  illustrated  in  the  following  classification  given  1)\' 
Taylor,  showing  the  calibre  of  the  different  portions  of 
the  canal : 

Millimetres.       Calibre. 

Meatus 7-9  21-28  F. 

Fossa  navicularis 10-U  30-33 

Middle  of  pendulous  portion 9-10  27-30 

Bulb 11-12  33-36 

Membranous  urethra 9                   27 

Ape.\  of  prostate 10                   30 

Middle  of  prostate 15                   45 

Vesical  end  of  prostate U                    33 

An  examination  of  the  anatomical  construction  shows 


that  one  is  dealing  with  a  tube  which  presents  two 
marked  constrictions  and  three  dilatations,  as  well  as  a 
movable  and  a  fixed  curve;  the  constrictions  being  found 
at  the  meatus  and  internal  vesical  spliincter,  the  dilata 
tions  at  the  fossa  navicularis,  bulb,  and  middle  portion  of 
the  prostatic  urethra.  The  fixed  curve  begins  one-half 
inch  in  front  of  the  bulb.  These  facts  should  be  borne 
in  mind  by  the  operator. 

The  difference  between  the  superior  and  the  inferior  wall 
of  the  urethra  is  an  anatomical  point  of  great  importance. 
Tlie  superior  wall  is  smootlier,  less  vascular,  not  so  in- 
timately connected  with  the  important  structures,  is  more 
constiint  in  form  and  regular  than  the  inferior  wall,  which 
presents  a  series  of  broken  lines  due  to  depressions.  The 
curve  of  the  urethra  remains  regular  only  on  the  superior 
wall,  which  is  the  shortest  route  to  the  bladder.  Tlie 
dilatations  of  the  urethra  take  place  at  the  expense  of 
tlie  inferior  wall,  and  they  assist  in  causing  its  irregular- 
ities. The  greater  the  curve  of  the  urethra  tlie  greater 
its  length,  in  consequence  of  which  the  depressions  in 
the  bulbous  and  prostatic  portions  of  the  canal  will  be 
more  marked. 

In  selecting  the  size  of  the  catheter  or  bougie  to  be 
employed  the  operator  may  be  guided  by  a  "law  first 
enunciated  by  Otis  in  1883,  iu  which  he  demonstrated 
that  tlie  calibre  of  the  urethra  bears  a  constant  rela- 
tionship to  the  circumference  of  the  flaccid  penis.  He 
gives  a  scale  exhibiting  the  relative  proportion  between 
the  circumference  of  the  penis  and  the  calibre  of  the 
urethra.  In  my  opinion  the  ratio  laid  down  by  Dr.  Otis 
is  too  large;  that  suggested  by  White  in  Morrow's 
"  Sj'stem  of  Genito-ITrinary  Diseases "  is  more  reliable 
(loc.  eit.).     It  is  as  follows: — 

"Circumference  of  penis,  middle  of  spongy  portion,  3 
inches;  calibre  of  urethra,  26-28  mm.  Circumference  of 
penis,  3J-  inches ;  calibre  of  urethra,  28-30  mm.  Circum- 
ference of  penis,  3|  inches;  calibre  of  urethra,  30-32  mm. 
Circumference  of  penis,  3}  inches ;  calibre  of  urethra,  32- 
34  mm.  Circumference  of  penis,  4  inches;  calibre  of 
urethra,  34r-36  mm.  It  is  seldom  necessary  to  go  beyond 
this  last  size." 

Phimosis,  either  congenital  or  acquired,  may  contract 
the  orifice  of  the  prepuce  to  such  a  degree  that  it  will  be 
impossible  to  locate  the  meatus.  When  this  condition 
exists  the  foreskin  may  be  divided  on  the  dorsum  suffi- 
ciently to  render  the  opening  visible,  or  if  necessary  cir- 
cumcision may  be  performed. 

In  some  instances  an  oedematous  condition  of  the  fore- 
skin, due  to  inflammation,  may  render  it  impossible  to 
find  the  meatus.  The  obstruction  is  due  in  part  to  an 
elongation  of  the  prepuce,  and  also  in  part  to  the  fact 
that  the  preputial  orifice  is  contracted.  If,  after  the  fore- 
skin lias  been  retracted  as  far  as  possible,  tlie  meatus  can- 
not be  found,  an  attempt  should  be  made  to  lessen  the 
amount  of  serous  effusion  in  the  organ  by  pressure.  This 
may  be  effected  by  grasping  the  penis  firmly  with  the  left 
hand,  retracting  the  prepuce  as  far  as  possible,  and  mak- 
ing continuous  pressure  on  the  organ.  Some  surgeons 
advise  the  application  of  a  broad  elastic  band.  When 
pressure  applied  in  the  manner  indicated  fails,  the  skin 
of  the  penis  should  be  sterilized  and  multiple  punctures 
should  be  made  in  the  vicinity  of  the  prepuce  with  an 
aseptic  tenotome,  which  allows  the  serum  to  escape. 
After  this  operation  the  foreskin  can  be  retracted  to  such 
an  extent  that  it  will  be  possible  to  locate  the  meatus. 
When  the  glans  penis  is  covered  with  papillomatous 
growths  difficulty  in  finding  the  meatus  maj'  be  experi- 
enced; usuallj'  under  these  circumstances  the  meatus  can 
be  detected  by  means  of  a  probe. 

Catlieterism  should  alwa.ys  be  performed  with  the  pa- 
tient Ij'ing  in  the  recumbent  posture.  Unexpected  and 
serious  symptoms  sometimes  arise  suddenly  from  ure- 
thral instrumentation  despite  the  utmost  gentleness  and 
care.  Individuals  liable  to  be  so  affected  are  usually 
of  a  neurasthenic  type,  but  these  symptoms  may  arise  in 
strong,  robust  men  in  whom  no  cause  for  their  appear- 
ance can  be  found.  Shock  more  or  less  severe,  cpi 
leptiform  convulsions,  and  even  death  have  been  known 
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to  follow  the  introduction  of  an  instrument  into  the 
urethra. 

It  is  always  well  to  have  the  shoulders  slightly  elevated, 
whereby  the  abdominal  muscles  are  relaxed  and  the  ten- 
sion on  the  suspensory-  ligament  is  relieved.  Flexing  the 
thighs  also  aids  in  relaxing  the  abdominal  muscles.  The 
patient  should  be  instructed  to  open  the  mouth  widely 
and  to  take  full,  quick  inspirations,  which  will  relax  the 
diaphragm  and  subdue  muscular  tension,  in  addition  to 
occupying  the 


Penile  Urethra 
Length  6H  in. 


mind,  so  that  at- 
tention is  diverted 
from  the  affected 
parts. 

The  method  to 
be  employed  when 
one  undertakes  to 
carry  out  urethro- 
vesical  catheter- 
ism  will  depend 
on  the  character 
of  the  instrument 
to  be  used,  wheth- 
er it  be  soft,  flexi- 
ble, metal,  straight 
or  curved.  It  has 
already  been 
shown  that  the 
call  bre  of  the 
urethra  is  a  vari- 
able one;  that  it 
consists  of  a  series 
of  physiological 
contractions  and 
dilatations ;  that 
the  dilatability 
possesses  a  rela- 
tion to  the  circum- 
ference of  the  flac- 
cid penis.  As  a 
rule,  the  external 
meatus  is  the  most 
contracted  p  o  r- 
tion  of  the  canal. 
It  will  frequently 
be  found  to  vary 
in  .size;    in   some 

instances  being   unusually  large  and   in    others 
mally  contracted.     It  is  a  safe  rule  to  regard  an 


meatus.  The  penis  should  be  stretched  upward  toward 
the  middle  line  of  the  abdomen.  The  end  of  the  catheter 
is  then  to  be  inserted  and  slowly  and  gently  propelled 
forward  with  a  uniform  motion,  introducing  about  a 
quarter  of  an  inch  of  the  instrument  at  each  movement. 
This  is  to  be  continued  until  the  bladder  is  reached.  If 
any  obstruction  is  met  with  the  further  progress  of  the 
instrument  should  be  immediately  arrested.  It  should 
be  gently  retracted  for  a  short  distance  and  then  an  effort 

shoidd  be  made  to 


Meatus 


Calibre  21  to  28 


Mennbranous 

Urethra 
Length  %  in. 


Prostatic  Urethra 
Length  1!4  in. 


Total  length  of 
Urethra  8^  in. 


Anterior 
Urethra 


Posterior 
Urethra 


Internal  Vesical 
Sphincter 


Fig.  1190. — Showing  Normal  Physiological  Constrictions  and  Dilatations  of  Various  Portions 
of  the  Urethra,  with  the  Calibre  and  Length  of  Each.    (Horwitz.) 


abnor- 
instru- 
ment  to  be  of  a  proper  calibre  when  it  can  be  readily 
inserted  through  a  normal  meatus  and  passed  through 
the  entire  canal  without  encountering  any  abnormal  ob- 
struction. A  normal  meatus  may,  therefore,  be  taken  as 
a  guide  for  the  size  of  the  catheter  to  be  employed.  AVTien 
the  urinary  outlet  is  abnormally  contracted  meatotomy 
should  be  performed. 

Regarding  the  size  of  the  catheter,  every  patient  is  a 
law  unto  himself,  as  no  two  individuals  have  a  urethra 
of  exactly  the  same  calibre.  All  genito-urinary  surgeons 
agree  that  a  catheter  should  be  neither  too  large  nor  too 
small;  that  the  urethra  should  be  moderately  tilled,  but 
not  dilated.  The  catheter  which  fulfils  this  indication 
can  be  inserted  far  more  readil.y,  will  give  rise  to  less  dis- 
comfort and  pain,  and  will  involve  less  danger  of  pro- 
ducing a  false  passage  or  of  causing  attacks  of  urethritis 
and  orchitis  than  will  the  use  of  very  small  catheters, 
which  are  so  frequently  employed  by  patients  under  the 
impression  that  they  give  less  pain  and  are  more  free 
from  danger.  The  calibre  of  the  catheter  suitable  for 
the  average  individual  is  about  15  French. 

Both  soft  and  flexible  catheters  are  passed  in  the  same 
manner.  The  instrument  having  been  sterilized  and 
anointed  with  an  antiseptic  lubricant,  and  the  patient 
having  placed  himself  in  the  recumbent  posture,  the  sur- 
geon should  stand  on  the  left  side  and  grasp  the  penis 
between  the  middle  and  ring  fingers  of  the  left  hand, 
just  behind  the  corona  glandis,  leaving  the  index  finger 
and  thumb  free  to  retract  the  prepuce  and  separate  the 


reinsert  it.  After 
the  instrument 
has  been  passed 
through  the  ure- 
thra and  the  twine 
evacuated,  the 
proximal  end  of 
the  instrument 
should  be  closed 
either  by  pinch- 
ing the  end  of  the 
instrument  or  by 
closing  the  orifice 
-with  the  iude.x 
finger,  which  pre- 
vents the  urine 
that  remains  in 
the  catheter  from 
escaping  when  the 
eye  of  the  catheter 
emerges  from  the 
meatus.  When 
employing  a  cath- 
eter with  a  coude 
curve,  it  should 
be  recollected  that 
the  instrument  is 
in  contact  with  the 
two  opposite  walls 
of  the  urethra,  so 
that  when  the  bul- 
bous portion  of 
the  canal  is  reach- 
ed it  should  be 
more  rapidly  low- 
ered toward  the 
thighs  than  is  the 
custom  in  employing  other  forms  of  catheter.  If  this 
advice  be  followed  the  instrument  will  pass  readily  into 
the  membranous  urethra. 

Daily  catheterism  frequently  gives  rise  to  a  low  grade  of 
chronic  urethritis  attended  by  a  spasmodic  condition  of 
the  urethra,  rendering  the  operation  painful.  This  con- 
dition is  relieved  by  daily  irrigation  with  a  warm  boric- 
acid  solution,  and  by  passing  a  conical  bougie  every  third 
day.  The  spasm  may  be  overcome  by  the  administra- 
tion of: 

'S^  Tinct.  belladonna 3  ss. 

Sodii  bromidi 3  iv. 

Liq.  potassii  3  ij. 

Syr.  zingiberis 5  "J- 

Aquae  destil ad    §  vi. 

M.  Sig;  Tablespoonful  in  water  three  times  daily. 

Gouley  highly  recommends  gr.  -j^  of  hyoscyamus  sul- 
phate, to  be  given  three  times  daily.  He  advises  that  the 
remedy  should  not  be  administered  over  three  days  in 
succession,  when  an  interval  of  four  daj's  should  be  al- 
lowed to  intervene  before  its  administration  is  resumed. 

Relapsing  orchitis  in  old  patients  practising  auto- 
catheterism  is  due  either  to  the  use  of  infected  instru- 
ments or  to  a  too  frequent  use  of  the  catheter.  When 
this  condition  exists,  the  urethritis  may  be  treated  in 
the  usual  manner  and  continuous  catheterism  employed. 
In  the  aged,  whose  sexual  powers  have  long  been  sus- 
pended, double  vasectomy  may  be  resorted  to;  for  this 
not  only  prevents  any  further  development  of  orchitis. 
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but  is  oftentimes  beneficial  in  causing  atrophy  of  the 
hypertrophied  prostate  gland. 

Patients  suffering  from  the  effects  of  residual  urine 
due  to  prostatic  hypertrophy  should  not  emjdoy  a  cathe- 
ter too  frequently.  A  number  of  individuals  have  come 
under  my  cognizance  who  were  affected  with  urethro- 
cystitis complicating  an  obstructive  prostate  gland,  and 
who  were  in  the  habit  of  inserting  the  catheter  at  least 


Fig.  1191.— Showing  Passage  of  a  Curved  InstrumeDt   through  the 
Anterior  Urethra.     (Engllscb.) 

once  an  liour.  Tlie  too  frequent  use  of  the  catheter  un- 
doubtedly increases  the  inflammation  of  the  urethra  and 
bladder.  When  the  desire  for  urination  is  frequent  and 
urgent,  rendering  the  repeated  introduction  of  a  catheter 
necessary,  the  individual  should  be  put  to  bed  and  con- 
tinuous catheterism  instituted  until  the  inflammation  at 
the  neck  of  the  bladder  has  subsided,  after  which  some 
permanent  relief  should  l)e  afforded  by  an  appropriate 
operation.  In  cases  in  which  the  urine  is  sterile  the  fre- 
quency with  which  catheterism  may  be  resorted  to  is 
well  formulated  by  White,  who  says:  "When  the  urine 
is  sterile  it  is  rarely  necessary  to  catheterize  more  than 
once  in  four  hours.  The  frcquenc_y  should  be  in  propor- 
tion to  the  amount  and  character  of  the  residual  urine,  a 
very  good  working  rule  being  the  use  of  the  catheter  once 
a  day,  preferably  at  bedtime,  for  three  ounces,  t^vicc  for 
six  ounces,  and  then  once  more  for  every  additional  two 
ounces. " 

A  curved  metal  instrument,  whether  catheter  or  bougie, 
is  to  be  passed  through  the  urethra  on  precisely  the  same 
princijiles  as  thase  which  have  already  been  stated.  The 
patient  is  to  be  placed  in  the  position  which  was  recom- 
mended when  I  described  the  manner  of  introducing  a 
rubber  catheter.  The  surgeon  stands  on  the  left  side, 
grasps  the  penis  iu  the  manner  already  described,  and 
stretches  it  gently  upward  toward  the  middle  line  of  the 
abdominal  wall,  thus  obliterating  the  curve  of  the  penile 
urethra  and  lessening  the  dilatability  of  the  bulb.  The 
pro.ximal  end  of  the'catheter  is  held"  lightly  in  the  right 
hand,  with  the  handle  well  over  the'left  thigh.  The 
vesical  end  is  then  in.serted  into  the  meatus,  and  kept  in 
contact  with  the  floor  of  the  urethra  until  the  lacuna 
magna  is  passed  and  the  curve  of  the  instrument  is  fairly 
in  thecanal.  The  handle  of  the  instrument  is  moved  ta 
the  middle  line  of  the  abdomen,  and  the  right  hand  gently, 
but  firmly,  and  with  uniform  force,  pushes  the  catheter 
into  the  urethra,  at  the  same  time  stretching  the  penis 
gently  on  the  shaft  of  the  instrument  until  the  right  and 
left  hands  are  about  three  inches  apart. 

The  catheter  continues  to  glide  along  the  urethra  until 


its  onward  progress  is  slightly  retarded;  which  means 
that  the  beak  has  reached  the  sinus  of  the  bulb,  is  in  con- 
tact with  tlie  anterior  layer  of  the  triangular  hgament, 
and  is  ready  to  pass  through  the  fixed  curve  of  the  canal. 
The  operator  now  takes  hold  of  the  instrument  with  the 
left  hand  and  slowly  and  gently  changes  it  from  the 
horizontal  to  the  vertical  position,  bringing  it  down  be- 
tween the  thighs,  when  the  catheter  will  "pass  through 
the  membranous  and  luostatic  portions  of  the  urethra. 
The  changing  of  the  instrument  from  a  horizontal  to  a 
vertical  position  brings  the  curved  portion  directly  under 
the  pubic  arch,  which  is  opposite  the  opening"  of  the 
membranous  urethra,  behind  the  triangular  ligament. 
Should  any  obstruction  be  met  with  at  this  point,  no  at- 
tempt should  be  made  to  carry  the  instrument  onward 
until  the  temporary  contraction  of  the  compressor  urethra; 
muscles  has  relaxed.  If  the  retraction  be  due  to  the  im- 
pinging of  the  tip  of  the  instrument  on  the  triangular 
ligament,  it  should  be  slightly  withdrawn,  the  liandle  of 
the  instrument  well  depressed  between  the  thighs,  bring- 
ing the  tip  of  the  instrument  in  contact  with  the  superior 
wall  of  the  urethra,  when,  by  gentle  pressure  made  iu  the 
axis  of  the  body,  it  can  be  readily  passed  into  the  bladder. 

Occasionally  it  happens  that  t"he  dilated  mouths  of  the 
ducts  leading  to  Cowper's  glands  will  be  sufficient  cause 
for  the  arre.st  of  the  progress  of  an  instrument.  When 
this  occurs  it  will  be  found  that  the  point  of  the  instru- 
ment has  deviated  either  to  the  right  or  to  the  left  of  the 
median  line  and  that  it  is  impossible  to  urge  it  onward. 
By  slightly  withdrawing  the  instrument  and  keeping  the 
tip  in  contact  with  the  anterior  wall  of  the  urethra,  the 
obstacle  will  be  overcome. 

Should  the  instrument  be  arrested  at  the  bulb,  the 
right  hand  should  be  passed  back  of  the  scrotmn  and 
with  it  the  shaft  of  the  instrument  raised,  whereby  its 
onward  progress  will  be  greatly  facilitated.  When  the 
arrest  is  due  to  a  prostatic  hypertrophy,  the  index  finger 
of  the  right  hand  maybe  inserted  into  the  rectum  and  the 
catheter  gently  lifted  upward,  when  it  will  advance 
without  further  trouble. 

Englisch  describes  a  rare  form  of  obstruction  which 
w'hen  presentgives  rise  toagooddeal  of  trouble.  Owing 
to  an  unusually  firm  attachment  of  the  penis  to  the  sym- 
physis pubis,  by  means  of  the  suspensory  ligament,  a 
band  is  formed,  and  with  it  is  associated  a  dilatation  or 
pocket  of  the  superior  wall  of  the  urethra,  which  is  apt  to 
catch  the  ti|)  of  the  instrument  and  prevent  its  further 
progress.  It  is  on  lowering  the  beak  of  the  catheter,  in 
order  to  pass  the  obstruction,  that  a  false  passage  is  apt 


Fig.  1192.— Showing  the  Passage  of  a  Curved  Instrument  through  th& 
Posterior  Urethra.     (Englisch.) 

to  be  produced.  When  failure  to  pass  a  catheter  is  due 
to  this  cause,  the  right  hand  should  be  placed  on  the  body 
of  the  penis,  just  in  front  of  the  symphysis,  and  the 
organ  gently  pressed  downward;  at  the  same  time  the 
instrument  should  be  withdrawn  about  half  an  inch  by 
means  of  the  left  hand ;  the  handle  of  the  catheter  is  then 
slightly  elevated  in  order  to  place  the  tip  of  the  instru- 
ment on  the  floor  of  the  canal,  after  which  it  should  be 
slowly  pushed  onward  until  the  obstruction  is  passed. 
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The  dilated  mouths  of  the  ejacuUitoiy  ducts  will  in 
rare  instances  impede  the  passage  of  a  catlieter.  Should 
this  condition  exist,  the  tip  of  the  instrument  mu;t  l)e 
kept  iu  contact  with  the  roof  of  the  pr(.istatic  urethra. 
But  it  must  be  borne  in  mind  that  the  superior  surface 
of  the  prostatic  urethia,  especiall_Y  in  the  posterior  por- 
tion, is  quite  thin  and  can  be  easih-  punctured.  It  must 
always  be  recollected  that  perineal  and  scrotal  tumors, 
as  well  as  prostatic  hypertrophy,  change  very  materially 
the  fixed  urethral  curve.  When  any  of  these  conditions 
exists  catheters  with  a  curve  suitable  for  the  altered  con- 
dition nuist  be  selected. 

In  most  instances  when  the  catheter  reaches  the  blad- 
der the  urine  begins  to  flow  ;  after  the  instrument  has  en- 
tered the  cavity,  it  will  be  found  that  it  is  freelv  movable 
along  its  axis,  and  that  the  beak  can  be  readily  turned  in 
all  directions. 

When  there  is  an  enlargement  of  the  middle  lobe  of  the 
prostate  gland,  the  urethra  is  elongated  to  a  marked  de- 
gree, and  the  operator  may  fail  to  draw  off  the  urine 
owing  to  the  fact  that  the  catheter  has  not  been  intro- 
duced sufficient!}-  far,  or  that  it  is  too  short  to  reach  the 
distended  organ. 

Occasionally  it  will  be  found  that  after  the  catheter 
has  entered  the  bladder  the  urine  will  not  be  expelled. 
This  may  be  owing  to  many  reasons.  The  most  common 
cause  is  the  blocking  up  of  the  e_ye  of  the  instrument 
with  either  pus  or  blood.  These  obstacles  may  be  over- 
come by  passing  through  the  catheter  a  warm  five-per- 
cent, solution  of  boric  acid.  The  faihu-e  to  evacuate  may 
he  due  to  an  atonied  condition  of  the  bladder,  owing  to  a 
lack  of  proper  muscular  contractility  of  the  walls  of 
the  organ.  Thisdifticulty  may  be  surmounted  by  placing 
a  hand  on  the  abdomen  just  above  the  pubcsand  making 
gentle  pressure  over  the  distended  viscus. 

The  eye  of  the  instrument  may  be  obstructed  by  com- 
ing in  contact  with  the  mucous  membrane  of  the  bladder. 
This  condition  may  be  readily  obviated  by  giving  the 
wrist  a  slight  twist,  or  by  moving  the  catheter  back  and 
forth.  When  the  bladder  is  distended  this  impediment 
cannot  arise.  In  rare  instances  the  urine  is  lodged  in  a 
diverticulum.  When  this  occurs  the  fluid  cannot  be 
reached  by  a  catheter. 

Suppression  of  the  urine  may  be  mistaken  for  reten- 
tion. When  suppression  exists  the  characteristic  symp- 
toms of  retention  are  absent;  there  is  no  pain,  spasm,  or 
sense  of  weight  in  the  pelvic  region.  A  constant  desire 
to  urinate,  associated  with  tension,  is  present.  There  may 
be  dribl)ling  of  the  urine,  or  but  a  few  drops  are  passed 
at  a  time,  but  there  is  never  a  full  stream.  There  will 
be  absence  of  the  characteristic,  hard,  jiyriform  tumor, 
which  is  fluctuating,  but  not  affected  by  change  of  pos- 
sture,  and  which  is  always  situated  in  the  median  line. 
The  absence  of  these  well  marked  symptoms  of  retention 
should  prevent  an}'  difficulty  in  making  a  differential 
diagnosis. 

When  residual  urine  is  associated  with  an  exces.sive 
enlargement  of  the  prostate  gland,  the  beak  of  thecatheter, 
on  entering  the  bladder,  is  liable  to  be  high  above  the 
level  of  the  fluid  lying  in  the  jiocket  at  its  base.  AVlicn 
this  condition  exists,  it  is  recommended  that  the  individ- 
ual be  instructed  to  lie  on  iiis  side,  or  to  assume  the  "  knee- 
chest  position";  an  attitude  exceedingly  unpleasant  to 
many  jiatients.  The  resoit  to  such  expedients  shows 
that  the  time  for  operative  interference  has  arrived. 

In  nervous  patients,  or  in  those  in  whom  the  urethra  is 
inflamed  orirritalde,  a  urethral  injection  of  onedrachm  of 
a  two-per-cent.  solution  of  cocaine  should  be  administered, 
and  it  should  be  kept  in  contact  with  the  irritated  surface 
for  the  space  of  five  minutes  before  instrumentation  is 
attempted.  An  excellent  local  aua'sthetic  has  been  sug- 
gested by  Lydston,  who  claims  that  "it  is  absolutely 
safe,  free  from  constitutional  effects ;  distinctly  lessening 
the  hemorrhage  both  before  and  after  operation;  and 
causing  less  disturbance  of  nutrition  of  the  wounded  tis- 
sues." It  consists  of  a  ten-per-cent.  solution  of  antipyrin 
in  one  per-cent.  solution  of  carbolic  acid.  The  solution 
should  be  fresh  and  allowed  to  remain  in  the  urethra  for 


ten  minutes.     I  have  employed  this  frequently  as  a  sub- 
stitute for  cocaine  with  most  satisfactory  results. 

The  passage  of  straight  tubes  through  the  urethra  into 
the  bladder  requires  a  slightly  different  manipulation, 
and  more  skill  than  is  needed  for  the  introduction  of 
curved  iusti'uments.  The  procedure  is  also  attended  by 
greater  danger  of  traumatism.  At  the  start  a  straight  in- 
strument is  inserted  into  the  urethra  in  the  same  manner 
as  an  ordinary  catheter,  except  that  it  is  entered  jiarallel 
with  the  middle  line  of  the  abdomen  and  slowly  passed 
into  the  urethra  toward  the  rectiun  until  it  cannot  be  ad- 
vanced any  farther  in  that  direction;  it  is  then  slowly 
brought  from  the  vertical  to  the  horizontal  position, 
jiressure  being  made  at  the  same  time  with  the  right 
hand  on  the  body  of  the  penis  directly  iu  front  of  the 
symphysis  pubis;  which  not  only  assists  to  relax  the  sus- 
pensory ligament,  but  helps  to  straighten  the  curve  of 
the  urethra.  In  order  to  be  sure  that  the  point  of  (he 
instrument  is  not  caught  in  the  dilatation  at  the  bulb  it 
should  be  slightly  withdrawn,  the  handle  of  the  instru- 
ment being  brought  well  down  between  the  thighs,  and 
then  pushed  gently  upward  in  the  axis  of  the  body.  In 
old  men  with  a  dilated  bulbous  urethra  or  a  prostatic 
hypertroiihy  the  passage  of  a  straight  catheter  is  often 
impossible. 

In  attempting  to  pass  filiform  bougies  it  is  well  first  to 
distend  the  canal  by  gently  injecting  a  syringeful  of 
liquid  aseptic  cosmoline.  The  filiform  is  then  intro- 
duced into  the  meatus  and  passed  slowly  down  to  the 
obstruction,  the  patient's  face  meanwhile  being  carefully 
watched  for  the  sHghtest  expression  of  pain;  should  this 
arise  the  onward  passage  of  the  filiform  must  cease.  The 
least  impediment  to  the  pas.sage  of  the  bougie  should  warn 
the  operator  that  he  has  introduced  the  instrument  as  far 
as  is  justifiable.  A  second  filiform  should  then  be  intro- 
duced in  the  same  manner,  and  the  process  repeated  until 
six  or  eight  whalebones  ha\e  been  inserted,  when  the 
operator  gently  tries  each  in  turn  to  see  if  the  opening  in 
the  stricture  can  be  found.  This  manoeuvre  requires  care 
and  patience.  Under  no  circumstances  is  force  to  be 
employed.  The  opening  in  the  stricture  may  be  situated 
above  or  below,  or  at  the  right  or  left  of  the  centre. 
When  the  attempt  is  made  to  pass  a  filiform  bougie  the 
tendency  is  for  the  operator  to  work  toward  himself;  con- 
sequently if  the  opening  is  on  the  right  side,  audit,  after 
a  fair  trial,  he  finds  that  the  attempt  to  insert  the  instru- 
ment whilst  standing  on  the  left  of  the  patient  fails,  he 
should  change  his  position  to  the  other  side  of  the  patient. 
Upon  renewing  the  attempt  in  this  new  po.sition  he  will 
often  find  that  the  instrument  will  readily  pass  through 
the  stricture. 

In  eccentric  stricture  the  opening  will  probably  be 
found  by  this  manipulation.  When  the  instrument 
glides  through  the  contraction  with  little  or  no  pain,  and 
without  force  being  required,  it  will  pa.ss  into  the  bladder 
and  be  freel}-  movable  in  the  urethi-a.  These  instruments 
are  frequently  made  with  a  spiral  twist  or  angle  at  the 
end,  on  the  suppo.sition  that  the  physician  can  more 
readily  pass  such  a  one  should  the  stricture  be  eccentric. 
As  a  rule,  the  straight  instrument  is  all  that  is  required. 

The  failure  on  the  part  of  manj'  practitioners  to  use 
successfully  filiform  bougies  is  owing  to  several  reasons: 
The  instruments  sold  in  the  shops  are  more  often  than 
otherwi.se  worthless;  they  are  too  stiff,  not  well  rounded, 
do  not  terminate  in  a  proper  neck,  and  are  generally  too 
large  to  serve  as  guides  to  small-sized  tunnelled  catheters 
which  are  designed  to  pass  over  them.  The  surgeon 
should  make  his  own  filiform  bougies;  a  dozen  properly 
constructed  will,  with  ordinary  cai'e,  last  through  several 
years  of  active  practice.  An  important  rule  to  follow  is 
to  employ  the  filiform  before  a  bougie,  catheter,  or  any 
other  instrument  has  been  jjassed  into  the  urethra.  If 
an  instrument  has  been  previously  used  it  will  generally 
be  useless  to  attem])t  the  pas.sage  of  the  filiform;  failure 
being  the  usual  result.  The  operator  must  not  be  spar- 
ing of  his  time  in  these  cases;  infinite  patience  is  a  neces- 
sary element  of  success. 

To  introduce  a  tunnelled  catheter  successfully  over  the 
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filiform  and  through  the  stricture  the  instrument  should 
be  geutl)'  passed  down  to  the  obstruction,  then  transferred 
from  the  right  to  the  left  hand,  and  -n-hilst  the  hand  hold- 
ing the  penis  puts  it  on  the  stretch  the  filiform  is  slightly 
withdrawn  about  a  quarter  of  an  inch,  and  then  botli 
filiform  and  tunnelled  catheter  are  to  be  carried  together 
through  the  stricture.  This  procedure  prevents  the 
catheter  from  cutting  the  filiform  in  two  and  assists  in 
guiding  the  instrument  through  the  obstruction. 

Catheterism  in  children  must  be  very  gently  performed, 
as  the  urethra  at  the  bidbo-membranous  junction  is  very 
easily  torn.  Keegan  has  pointed  out  that  the  capacity 
of  the  urethra  varies  in  children  of  the  same  age  much 
more  than  does  that  of  the  adult.  Litholapaxy  in  children 
has  jiroven  that  the  dilatability  of  the  urethra  is  far  greater 
than  was  formerly  supposed.  Freyer  reports  a  success- 
ful case  of  litholapaxy  in  a  child  eighteen  months  old. 
Catheterism  in  children  is  to  be  conducted  on  the  same 
principles  as  those  which  guide  us  in  perforndng  the 
operation  in  the  case  of  an  adult ;  the  utensil  used  must 
be  of  a  size  suitable  to  the  calibre  of  the  urethra.  When 
curved  instruments  are  employed,  the  arc  shotdd  be  in- 
creased over  that  of  the  ordinary  normal  bend  of  the  ure- 
thra and  should  describe  the  arc  of  a  smaller  circle. 

Catheterism  in  women,  as  a  rule,  is  easily  accomplished 
by  touch,  wilhout  the  assistance  of  the  eye.  It  is  diffi- 
cult to  locate  the  meatus  in  old  women,  especially  if  they 
have  borne  man}-  children,  the  landmarks  being  obliter- 
ated, and  the  meatus  being  removed  farther  back  than  is 
normal.  The  dilatation  of  the  mouths  of  the  ducts  lead- 
ing to  the  glands  situated  in  the  vicinity  of  the  urethra; 
an  anteflexed  uterus;  hypertrophy  and  cysts  of  the  labia; 
papillomatous  growths  or  cicatrices  in  the  vicinity  of  the 
meatus — all  these  may  render  it  very  difficult  or  even 
impossible  to  locate  the  urinary  opening  by  the  sense  of 
touch.  When  any  of  these  conditions  arises  I  am  averse 
to  catheterism  being  performed  by  touch.  It  is  fraught 
with  danger  to  the  patient ;  infection  of  the  badder  being 
very  apt  to  ensue.  I  have  seen  many  cases  of  cystitis 
in  women  thus  produced.  Before  the  catheter  is  used 
the  external  genitalia  should  be  carefully  sterilized  and 
if  practicable  a  vagina!  douche  should  be  administered. 
Especially  is  this  to  be  done  after  childbirth,  and  fol- 
lowing operations  on  the  uterus,  vagina,  and  external 
genitalia,  or  when  the  patient  is  suffering  from  .some 
specific  inflammatory  condition.  When  attempts  are 
made  to  pass  the  catheter  by  the  sense  of  touch,  the 
operator  is  imable  to  determine  whether  the  pathologi- 
cal secretions  have  been  removed  and  the  parts  proji- 
erly  cleansed  before  he  inserts  the  instrument.  There 
is  alwaj's  more  or  less  uncertainty  in  at  once  locating  the 
meatus;  the  instrument  is  apt  to  be  thrust  in  different 
directions  before  the  opening  is  located.  If  the  vulva 
and  vagina  have  not  been  properly  sterilized  an  infected 
catheter  will  assuredly  be  inserted'into  the  bladder;  hence 
it  should  be  insisted  on  in  every  case  that  female  pa- 
tients be  catheterized  by  aid  of  the  eye  rather  than  by 
touch.  To  pass  the  catheter  by  touch,  the  woman  lies  oil 
her  back  with  the  thighs  slightly  flexed  and  the  knees 
elevated.  The  thumb  and  index  finger  of  the  left  hand 
separate  the  labia.     The  middle  finger  is  then  inserted 
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Fig.  1193.— Sims'  Female  Catheter. 

into  the  vagina  and  passed  backward  and  upward  until 
the  superior  wall  is  reached;  it  is  then  to  be  brought  for- 
ward until  the  depression  in  which  the  meatus  is  situated 
is  felt.  This  spot  having  been  determined,  the  finger  is 
passed  a  little  backward  and  held  firmly  in  place  while 
the  catheter,  which  is  in  the  surgeon's  right  hand,  is 
passed  over  the  finger,  which  is  in  contact  wilh  the  upper 
wall  of  the  vagina,  and  serves  to  guide  the  instrument 
into  the  urethra.     After  it  has  entered  the  meatus  the  in- 


strument should  be  carried  backward,  upward,  and  then 
directly  backward.  When  the  instrument  is  to  be  passed 
by  sight,  the  patient  is  brought  to  the  edge  of  the  bed, 
the  legs  are  flexed,  and  the  feet  allowed  to  rest  on  the 
side  of  the  bed.  The  genitals  arc  cleansed  and  sterilized 
and  the  labia  well  separated  by  the  index  finger  and 
thumb  of  the  left  hand.  If  the  genital  organs  are  in 
normal  conilition  the  meatus  comes  at  once  into  view, 
when  the  catheter  can  be    readily  inserted.      Female 
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Fig.  1194.— Ordinary  Pattern  of  Metal  Female  Catheter. 

catheters  are  straight  tubes  made  of  either  glass,  silver, 
or  German  silver,  the  former  being  preferable.  They 
should  be  six  and  one-half  inches  in  length  and  14  F.  in 
circumference.  They  are  always  to  be  sterilized  by  boil- 
ing. When  abnormal  conditions  exist,  it  may  be  necessary 
to  employ  either  a  male  soft  rubber  or  a  flexible  woven 
catheter. 

The  durability  and  usefulness  of  rubber  urethral  in- 
struments depend  on  the  care  taken  to  preserve  them. 
In  order  to  employ  catheterism  with  safety  to  the  pa- 
tient, it  is  essential  that  the  surgeon  should  be  thoroughly 
familiar  with  the  modern  methods  in  vogue  for  the  pres- 
ervation and  sterilization  of  instruments,  and  for  the 
proper  sterilization  of  the  urethra  and  hands  of  the  oper- 
ator. Like  all  other  surgical  procedures,  a.septic  cathe- 
terism requires  that  the  hands  of  the  operator,  the  instru- 
ments employed,  as  well  as  the  preputial  fold,  glans 
penis,  and  urethra,  should  be  rendered  as  nearl}-  sterile  as 
possible. 

Unfortunately  the  urethra  is  the  normal  habitat  of  a 
variety  of  micro-organisms,  some  of  which  are  harmless, 
while  others  become  virulent  when  the  physiological  re- 
sisting power  of  the  urethra  is  lowered  by  injurj-  or  dis- 
ease. It  is  probable  that  when  the  urethra  is  in  a  patho- 
logical condition,  the  intraurethral  microbic  life  increases 
in  activitv,  and  also  that  the  micro-organisms  that  were 
apparently  harmless  in  the  normal  condition  become  vir- 
ulent. The  introduction,  into  the  canal,  of  infected  in- 
struments producing  slight  traumatism  from  careless 
handling,  or  an  abrasion  of  the  mucous  membrane  from 
friction,  ma_v  cause  not  only  constitutional  infection, 
giving  rise  to  some  of  the  various  forms  of  urethral  fever, 
but  also  secondary  infection  of  some  of  the  adjacent  uri- 
nary organs  which  are  connected  with  the  urethra.  Lust- 
garten.  Mannaberg,  Melchior,  Legroin,  and  others  have 
conclusively  demonstrated  that  the  urethra  normally  con- 
tains, among  other  forms  of  micro-organisms,  staphy- 
lococci and  streptococci,  which  in  alf  probability  be- 
come active  when  infected  instruments  are  inserted  into 
the  healthy  urethra.  Dirty  instruments,  especially  if  they 
injure  the  mucous  membrane  at  the  same  time,  both  give 
rise  to  a  suitable  soil  for  the  nidus  and  growth  of  these 
microbes,  and  at  the  same  time  introduce  into  the  urethra 
pathogenic  micro-organisms  which  were  not  present  pre- 
vious to  the  passage  of  the  catheter. 

Many  persons  have  contracted  virulent  gonorrha?a  in 
this  manner.  In  one  instance,  which  I  .Sixw  in  consulta- 
tion, violent  infection  followed  the  insertion  of  a  steel 
bougie;  it  produced  cellulitis,  gangrene,  and  sloughing 
of  the  under  poition  of  the  corpus  spongiosum,  with  ex- 
tensive hypospadias — conditions  which  rendered  neces- 
sjxry  several  plastic  oiieratious  before  the  cure  of  the  case 
was  completed.  Besides  the  micro-organisms  enumerated 
a  bacillus  is  found  so  closely  resembling  the  tubercle  bacil- 
lus that  it  is  nearly  impossible  to  distinguish  between 
them.  It  is  probably  a  smegma  bacillus.  Its  presence 
is  frequently  the  cause  of  a  mistaken  diagnosis  of  tuber- 
culosis of  the  genito-urinary  tract.  There  are  also  several 
varieties  of  diplococci  which  so  closely  resemble  those  of 
Neisser  in  every  respect  that  in  some  forms  of  chronic 
urethritis  they  cannot  be  distinguished  from  the  gonococci. 
From  what  has  been  said  it  is  evident  that  it  is  impo.ssible 
to  render  the  urethra  aseptic;  therefore  the  term  "aseptic 


752 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Catlieterlsiii  of  the 
Urethra. 


callieterism  "  is  a  misuomer.  A  catheter  may  be  made 
aseptic,  but  effoiLs  made  to  sterilize  tlic  uretliral  tract  are 
abortive.  Unfortunately,  antiseptic  remedies  of  sufficient 
strength  to  render  the  urethra  sterile  cannot  be  employed. 
When  the  urine  is  alkaline  and  purulent,  much  may  be 
accomplished  by  the  internal  administration  of  such 
remedies  as  have  a  tendency  to  sterilize  the  urine.  At 
the  same  time  irrigation  with  any  wi'iik  antiseptic  solu- 
tion should  be  employed,  and  the  instruments  and  the 
surgeon's  hands  should  be  thoroughlj-  cleaned  and  steri- 
lized. 

Since  the  introduction  of  antiseptic  methods  of  catheter- 
isra.  not  only  has  the  mortality  of  urethral  operations 
materially  diminished,  but  patients  make  a  more  i-apid 
convalescence;  in  most  instances  they  escape  urethral  fever 
and  such  complications  as  urethritis,  prostatitis,  CTstitis, 
orchitis,  and  infection  of  the  kidney.  Evacuating  cathe- 
terism  can  be  performed  with  less  danger  to  the  patient, 
cystitis  and  orchitis  being  Infrequent  complications  under 
these  circumstances. 

When  the  urine  is  alkaline,  containing  pus  or  blood, 
especially  if  the  microscope  reveals  the  presence  of  the 
bacillus  coli  communis,  the  employment  internall_y  of 
such  remedies  as  quinine,  boric  acid,  salol,  eucalyjitus  oil, 
and  urotropine  is  indicated;  the  latter  remedy  is  the  most 
efficient.  When  the  gonococci  are  jn'esent,  methylene 
blue,  given  separatel.v  or  in  combination  with  cubebs, 
copaiba,  or  sandalwood,  is  frequently  of  service.  The 
hands  of  tlie  surgeon  should  be  carefully  washed  and 
scrubbed  with  soap  and  water,  especial  attention  being 
given  to  the  subungual  spaces.  Afterward  they  should 
be  rulibed  with  a  piece  of  sterilized  gatize  saturated 
with  alcohol,  with  a  view  to  dissolving  the  fatty  matter 
of  the  skin,  thereby  removing  the  material  which  serves 
to  shelter  microliic  life.  In  order  to  perform  catheterism 
with  the  least  danger  of  infection,  it  is  essential  that  the 
hands  should  be  as  clean  as  soap  and  water  can  make 
them;  it  is  not  necessary  to  complete  the  sterilization 
by  immersing  them  in  a  solution  of  the  bichloride  of 
mercury,  unless  some  more  formal  operation  is  to  be 
performed. 

As  microbic  life  swarms  in  the  vicinity  of  the  foreskin, 
preputial  folds,  and  glans  penis,  the  parts  shoidd  be 
thoroughly  washed  with  soap  and  water,  and  then  bathed 
with  a  solution  of  bichloride  of  mercury  of  a  strength 
not  greater  than  1  to  5.000.  Care  should  be  observed  not 
to  allow  the  solution  to  be  introduced  into  the  lu-ethra; 
severe  urethritis  might  be  produced.  Antiseptic  solu- 
tions which  are  employed  to  irrigate  the  urethra  should 
be  very  weak.  A  corrosive  sublimate  solution  should 
never  be  stronger  than  1  to  20,000.  Irrigation  with  a  solu- 
tion of  the  strength  advised  is  indicated  liefore  an  opera- 
tion on  the  urethra,  prostate  gland,  or  Viladder  is  com- 
menced. It  is  sometimes  beneficial  in  tuberculous  lesions 
of  the  genitourinary  tract.  It  should  not  be  employed 
as  a  daily  irrigation  by  patients  who  practise  auto-cathe- 
terism.  as  its  continuous  use  is  apt  to  give  rise  to  ure- 
thritis. Permanganate  of  potassium  solution  maybe  em- 
ployed in  varying  strength,  from  1  to  .5,000  to  1  to  3,000. 
In  a  solulion  not  stronger  than  here  indicated  it  can  be 
used  daily  with  great  benefit,  rarely  giving  rise  to  irrita- 
tion. Nitrate  of  silver  solution  of  a  strength  of  1  to  10,000 
is  sometimes  employed,  especially  when  chronic  inflam- 
matory conditions  of  the  urethra  and  bladder  e.xist. 

One  of  the  least  irritating  and  most  satisfactory  cleans- 
ing solutions,  when  the  catheter  is  being  used  daily,  is  a 
warm  five-per-cent.  solution  of  boric  acid.  If  there  is  no 
infection  of  the  urethra  nothing  is  more  serviceable,  pre- 
vious to  catheterism,  than  an  irrigation  with  a  warm  nor- 
mal salt  solution. 

Beck,  in  the  Medical  News  for  January,  1900,  has  sug- 
gested the  prophylactic  infection  of  a  five-per-cent. 
emulsion  of  iodoform  and  glj-cerin  before  the  introduction 
of  an  instrument  into  the  urethra.  He  claims  that  "  if  an 
abrasion  is  caused  the  iodoform  will  come  in  contact  with 
the  wound  at  the  very  moment  when  it  is  made  and  with 
the  wound  serum  at  the  stadium  nascendi.  Iodine  is  set 
.  free  and  during  this  chemical  process  bacteria  are  de- 
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stroyed  or  the  development  at  least  is  arrested."  This  is 
an  excellent  suggestion,  and  I  have  often  employed  the 
remedy,  but  patients  frequentlv  object  to  its  use  on  ac- 
coiuit  of  the  disagreeable  smell  of  the  iodoform. 

It  is  useless  to  expect  the  patient  to  sterilize  the  external 
genitals  and  urethra  whenever  the  catheter  is  to  be  in- 
serted; nor  is  this  absolutely  essential.  If  the  individual 
can  be  impressed  with  the  danger  of  neglecting  the  ordi- 
nary methods  of  cleanliness,  there  will  be  but  little  diffi- 
culty in  getting  him  to  wash  and  cleanse  the  parts  at 
least  once  or  twice  a  day  and  to  use  only  sterilized  un- 
damaged catheters.  In  cases  in  which  the  patient  is  able 
to  pass  his  urine,  but  in  which  catlieterism  is  necessary, 
it  is  well  to  instruct  him  first  to  urinate,  thereby  "flush- 
ing" the  urethra  before  the  canal  is  irrigated  preparatory 
to  the  introduction  of  the  instrument.  In  cases  of  retention 
of  urine  the  uretlirain  front  of  the  obstruction  should  al- 
waj's  be  irrigated  with  either  the  salt  or  the  boric-acid 
solution  previous  to  instrumentation.  In  retention  due  to 
acute  urethritis  the  canal  should  be  irrigated  with  a  solu- 
tion of  permanganate  of  potassium  not  stronger  than  1 
to  3,000  before  attempting  catheterism.  A  catheter  which 
has  been  employed  in  a  case  of  retention  of  urine  due  to 
acute  gonorrhoea  should  immediately  be  sterilized  by 
boiling  after  using,  when  it  may  be  laid  aside  until  it  is 
deternn'ned  whether  its  employment  is  again  necessary. 
It  should  be  used  on  but  one  individual. 

The  preservation  and  durability  of  soft-rubber  and 
web  catheters  depend  on  the  manner  in  which  they  are 
cared  for.  Rubber  or  gum-coated  catheters  should  never 
be  coiled ;  the}'  should  be  kept  at  full  length,  perfectly 
straight;  means  being  taken  to  prevent  them  from  com- 
ing in  contact  with  each  other.  As  soft-rubber  catheters 
when  exposed  to  the  air  undergo  oxidation,  it  is  essential 
after  they  have  been  sterilized  that  they  should  be 
wrapped  iu  moist  steril- 
ized gauze  and  secured 
in  tightly  closed  glass 
tubes.  Englisch  states 
"  that  vulcanized  caout- 
chouc catheters  are  best 
preserved  in  asbestos." 

Web  catheters  are 
stored  in  the  same  man- 
ner. Coiling  these  in- 
struments causes  their 
gum  coatings  to  crack, 
thus  rendering  steriliza- 
tion impossible  and  in- 
creasing the  chances  of 
their  injuring  the  ure- 
t  h  r  a  1  m  u  c  o  u  s  mem- 
brane. If  a  soft-iubber 
instrument  has  become 
hard  and  brittle,  or  if 
it  is  greatly  lengthened 
and  softened  by  the  use 
of  the  lubricants  em- 
ployed, it  should  be  dis- 
carded. Flexible  instru- 
ments should  not  be 
employed  when  the  coat- 
ing is  not  perfectly 
smooth  or  if  they  show 
the  least  abrasion,  fls- 
sin'c,  or  crack. 

Soft-rubber  catheters 
may  be  sterilized  by 
boiling  for  five  minutes; 
they  are  not  injured  by 
the  process.     The  finest 

grade  of  web  catheter  will  withstand  boiling  without 
mjury  unless  it  be  repeated  too  frequently  or  continued 
for  too  long  a  time,  when  the  coating  is  liable  to  be- 
come blistered  and  the  instrument  rendered  worthless. 
After  a  ruliber  or  web  catheter  has  been  employed  it 
should  be  thoroughly  washed  with  soap  and  water  and 
a  full  stream  of  water  allowed  to  flow  through  it.     It  is 
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then  placed  in  the  glass  cylinder  known  as  a  "cathetero- 
stat, "  which  serves  fi  ir  both  a  sterilizing  and  a  storing  jar. 
It  was  devised  by  Frank  and  Dufaux.  It  consists  of  a 
glass  cylinder  si.xteen  inches  long,  having  on  the  inside 
near  the  rim  a  shelf  on  which  rests  a  perforated  metal 
plate  for  holding  the  rubber  instruments.  In  the  bottom 
of  the  jar  is  phiced  a  dozen  tablets  of  trioxymethylene, 
which  is  a  derivative  of  formal.  It  has  been  demon- 
strated by  the  experiments  of  Janet  and  Guyon  that  this 
antiseptic  is  the  least  harmful  and  the  most  efficient  that 
can  be  employed  for  catheters  of  ordinary  calibre.  An 
exposure  to  the  fumes  of  these  tablets  for  twenty-four 
hours  is  sufficient,  unless  the  instruments  be  of  very  small 
calibre,  when  they  should  be  allowed  to  remain  exposed  to 
the  sterilizing  fumes  for  at  least  three  da^'s.  These  ex- 
halations are  given  off  at  a  temperature  above  56°  F.  ; 
below  this  point  vaporization  does  not  take  place,  The 
apjiaratus  should,  therefore,  be  kept  in  a  warm  room. 
The  tablets  preserve  their  efficiency  for  a  long  time  and 
waste  imperceptibly. 

A  metal  box  for  the  purpose  of  sterilizing  rubber  ure- 
thral instruments  has  been  devised  by  Janet.  It  is  of 
two  sizes.  The  larger  is  for  hospitivl  use ;  the  smaller  for 
patients  who  have  recourse  to  auto-catheterism.  The 
box  is  seventeen  inches  long,  three  inches  high,  and  three 
inches  wide,  and  rests  on  four  metal  feet.  It  is  closed  at 
both  ends,  one  extremity  having  a  tightly  fitting  metal 
cap  attached  which  can  be  removed  when  access  to  the 
interior  is  desired.  The  interior  is  furnished  with  two 
shelves  which  are  perforated  by  holes ;  on  these  shelves 
the  catheters  are  to  be  placed.  In  addition  there  is. 
at  the  bottom,  a  shelf  covered  with  a  perforated  metal 
screen  on  which  can  be  placed  trioxymethylene  tab- 
lets; or  it  may  be  covered  with  flannel  which  can  be 
moistened  with  liquid  paraform  or  covered  with  a  pow- 
der of  formal. 

Patients  who  require  tlie  use  of  a  catheter  four  times 
daily  should  have  eight  catheters,  four  to  be  placed  on 
the  upper  and  four  on  the  lower  shelf  of  the  apparatus. 
At  the  end  of  twenty-four  hours  the  instruments  are  ready 
for  use.  During  the  day  the  four  catheters  on  the  upper 
shelf  are  to  be  used,  washed,  and  put  aside;  at  the  end 
of  the  day  they  are  replaced  on  the  empty  shelf.  On  the 
following  day  the  instruments  on  the  lower  shelf  are  to 
be  employed,  thereby  allowing  an  opportunity  for  the 
catheters  on  the  upper  shelf  to  be  resterilized  and  ren- 
dered ready  for  service  when  needed.  If  the  catheters 
are  not  to  be  frequently  used  the  instruments  should  be 
allowed  to  remain  in  either  the  closed  catheterostat  or  in 
the  metal  box  until  thoroughly  antisepticized,  when  they 
should  be  removed,  wrapped  in  sterilized  gauze,  and 
placed  in  tightly  corked  glass  tubes  ready  for  \ise.  By 
this  means  the  surgeon  has  his  rubber  urethral  instru- 
ments always  prepared  for  any  emergency  that  may 
arise.  Before  using  the  urethral  instruments  that  have 
been  sterilized  by  formalin  or  its  derivatives,  they  should 
be  eitlier  thoroughly  washed  with  a  five-percent,  boric- 
acid  sohition  or  placed  in  a  tin  cup  containing  boiling 
water  for  at  least  five  minutes;  as  in  many  instances 
the  formalin  deposited  on  the  catheter  proves  irritating 
to  the  mucous  membrane  of  the  urethra.  This  is  espe- 
cially necessary  in  the  case  of  those  who  require  daily 
catheterism  and  in  whom  frequent  introduction  of  the 
instrument  is  necessary.  For  patients  whose  duties  ne- 
cessitate their  absence  from  home  and  who  cannot  have 
access  to  sterilized  catheters,  a  papier-mache  pocket  case 
has  been  devised  which  is  light  and  can  be  convenientl_y 
carried ;  the  instruments  in  this  case  are  kept  in  an  aseptic 
condition.  It  holds  four  instruments  which  are  curved, 
but  not  bent ;  it  is  supplied  with  a  pocket  in  which  three 
formaline  tablets  maj-  be  placed  together  with  a  small 
tube  containing  an  antiseptic  catheter  paste  suggested 
by  Guyon  and  Frank. 

Under  no  circumstances  should  the  surgeon  sanc- 
tion the  patient's  carrying  the  catheter  in  his  pocket 
or  lining  of  his  hat,  as  is  frequently  done.  If  the  in- 
dividual objects  to  employing  the  contrivance  just 
described,    he    may  use  an   inexpensive  case  made  of 
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German  silver  which  is  large  enough  to  carry  two 
catheters. 

An  ingenious  apparatus  for  the  sterilization  of  cathe- 
ters by  means  of  steam  has  been  devised  by  Kuttner.  In 
this  apparatus  the  catheters  are  so  aiTanged  that  the 
steam  passes  down  through  the  instruments,  emerges  at 
the  eye,  then  passes  back  outside  and  escapes  at  the  up- 
per end  of  the  apparatus. 

Filiform  bougies  which  have  been  used  should  be 
washed  with  soap  and  water,  dried,  and  sterilized  in  the 
same  manner  as  the  rubber  instrument  by  the  formalin 
process ;  or  after  thorough  washing  they  may  be  immersed 
in  a  warm  solution  of  the  bichloride"  of  mercury  of  a 
strength  of  1  to  1,000,  after  wliich  they  should  be  rinsed  in 
sterilized  water  and  dried.  These  instruments  if  exposed 
to  the  air  become  hard  and  brittle  and  are  destroyed  by  a 
parasite  which  attacks  them.  Consequently  they  should 
be  preserved  from  contact-  with  the  air  b_v  either  being 
kept  in  a  metal  case  or  by  being  wrapped  in  flannel 
smeared  with  mercurial  ointment.  Before  using  a  metal 
instrument  it  should  be  examined  to  ascertain  if  it  be 
smooth  and  polished.  If  any  roughness  or  flaw  can  be 
detected  it  should  be  discarded. 

Metal  urethral  instruments  are  readily  sterilized  by 
heat.  After  being  used  they  should  be  thoroughly 
washed  with  hot  water  saturated  with  Johnston's  ethereal 
soap  (an  admirable  preparation,  as  the  ether  which  it 
contains  removes  all  the  adherent  fatty  matter);  they 
should  then  be  boiled  for  ten  minutes  in  a  two-percent, 
solution  of  sodium  carbonate,  which  prevents  rusting; 
after  which  they  should  be  either  wrapped  in  sterilized 
gauze  or  placed  in  a  rack  made  for  the  purpose.  Before 
being  again  employed  they  shovdd  be  placed  in  boiling 
water  for  five  minutes,  thoroughly  dried  on  a  sterilized 
towel,  and  dipped  as  far  as  the  handle  into  a  jar  contain- 
ing alcohol ;  after  withdrawing  the  instrument,  the  ad- 
herent alcohol  should  be  ignited.  When  the  alcohol  is 
consumed,  the  instrument  is  ready  for  use. 

In  cleansing  the  Gouley  tunnelled  catheter  the  same 
procedure  is  to  be  carried  out;  care  being  taken  to  ob- 
serve whether  the  tunnel  at  the  end  of  the  instrument  is 
clear  and  clean  and  whether  the  obturator  works  smooth- 
ly. This  rule  likewise  applies  to  endoscopic  tubes.  Care 
should  be  taken  to  have  the  interior  of  the  tube  thorough- 
ly dried  after  cleansing.  This  may  be  accomplished  by 
passing  a  bit  of  absorbent  cotton  through  the  catheter. 
The  most  satisfactory  mode  of  drying  urethral  instruments 
in  order  to  prevent  rusting  is  by  placing  them  for  a  few 
minutes  in  a  hot  oven. 

A  very  important  matter  connected  with  the  use  of 
urethral  instruments  relates  to  the  question  of  the  proper 
lubricant  to  be  employed;  it  must  be  both  aseptic  and 
antiseptic.  One  of  the  best  and  by  far  the  most  satisfactory 
is  petroleol  (fluid  cosmoline).  It  is  a  fixed  oil  from  which 
all  the  volatile  and  offensive  properties  have  been  sepa- 
rated. It  is  not  affected  by  climate  and  is  not  influenced 
by  temperature;  it  contains  no  foreign  ingredients.  On 
exposure  to  the  air  it  does  not  decompose  nor  turn  rancid. 
Its  reaction  is  neutral  and  it  can  be  applied  to  the  most 
sensitive  urethra  without  producing  irritation.  It  should 
be  kept  in  a  tall,  wide-mouthed  jar  which  can  be  tightly 
corked  when  not  in  use.  It  is  easily  rendered  sterile  by 
placing  the  jar  containing  the  liquid  in  a  sterilizer  for 
a  few  minutes  daily.  I  have  used  liquid  cosmoline  as 
a  lubricant  for  many  years  with  the  most  satisfactory 
results,  and  I  can  recommend  it  to  the  profession  as 
one  of  the  best  of  its  class.  The  jar  should  be  kept 
tightly  corked  and  no  instrument  should  be  introduced 
into  it  until  it  has  been  sterilized.  There  is  no  lubricant 
that  lessens  the  amount  of  friction  as  satisfactorily  as 
oil.  Guyon  has  suggested  the  use  of  a  thick  paste 
composed  of : 

I^    Pulv.  saponis 5  iv. 

Acid,  carbol 3  i- 

Glycerini, 

Aquae aa    §  iv. 

M.  Sig :  Lubricant  for  urethral  instruments. 
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Or— 

I^    Pulv.  saponis §  iv. 

Resorcin 3  iij. 

Glycerini, 

Aquae aa   3  iv. 

M.  Sig:  Lubricant  for  urethral  instruments. 

These  preparations  have  the  advantage  of  being  easily 
removed  from  the  instrument.  Unfortunately,  in  some 
eases  their  use  is  attended  with  a  good  deal  of  irritation. 
In  the  September  number  of  the  Journal  of  Cutaneous  and 
Qenito-  Urimirii  Diseases,  Dr.  E.  Wood  Ruggles  suggested 
a  lubricant  which  I  have  found  to  be  most  efficacious.  It 
contains : 

If    Gum  tragacanth gr.  xlviij. 

Acid,  carbol.  (9.5-per-cent.  sol.)...   Tili. 

Gl.ycerini 3  iij. 

Xqnx ad    |  iv. 

"Mix  the  three  last  constituents,  pour  the  resulting 
liquid  on  the  gum  tragacanth  in  a  mortar,  and  allow  the 
compound  to  stand  over  night.  Then  triturate  with 
pestle  until  a  homogeneous  mass  is  formed.  It  can  then 
be  used  from  an  ordinarj'  ointment  jar  or  put  into  paint 
tubes  if  thought  more  desirable." 

Bangs  highly  recommends  a  preparation  which  he  has 
named  "lubrichondrin  "  ;  it  is  especially  useful  in  lubri- 
cating metal  instruments  protected  by  a  rubber  coat,  such 
as  the  dilators  of  Oberlaender,  and  Kollmann,  and  the  Otis' 
urethrometer.  It  consists  of  Irish  mo.ss  (chondrus  crispus) 
to  which  oil  of  eucalyptus  (1  to  1,000)  and  formaldehyde 
(1  to  .500)  have  been  added.  It  is  sold  in  closed  tubes 
which  may  be  boiled,  thereby  sterilizing  the  material  be- 
fore it  is  used.  ^Vhite  and  Jlartin  have  suggested  a  lubri- 
cant that  I  can  also  recommend.     It  is: 

V,    Boroglvceride 2  iij. 

Distilled  water §  ix. 

M.  Sig ;  Use  as  lubricant  for  sounds. 

It  is  not  always  necessary  thoroughly  to  anoint  metal 
instruments  before  they  are  inserted  into  the  urethra.  In 
many  cases  it  will  be  found  sufficient  to  lubiicate  well  the 
meatus  urinarius,  by  which  means  the  instrument  will  be 
sufficiently  lubricat"ed  to  enable  it  to  pass  through  the 
canal  without  difficulty.  Should  the  slightest  friction 
be  experienced,  the  instrument  shoidd  be  at  once  removed 
and  well  anointed  with  whatever  lubricant  the  surgeon 
may  prefer. 

The  negligence  of  many  physicians  in  permitting  their 
patients  to  make  use  of  rancid  oil,  lard,  and  even  saliva 
for  the  lubrication  of  their  urethral  instruments  cannot 
be  too  strongly  condemned.  When  patients  are  taken  to 
task  for  their  "carelessness  they  invariably  reply  that  they 
were  not  aware  of  the  danger  they  incurred,  that  their 
doctor  had  said  nothing  to  them  on  the  subject. 

Patients  who  enter  upon  "catheter  life  "  should  always 
be  warned  of  this  danger,  and  of  the  pain  and  discomfort 
which  may  ensue  from  infection  if  proper  cleanliness  be 
not  observed  and  if  the  instruments  be  not  carefully 
Sterilized.  Orrille  Honcitz. 

CATNIP. — Cataria.  Catmint.  The  leaves  and  flow- 
ering tops  of  Xepeta  cataria  L.  (fam.  Labiata) .  This 
large  and  showy  herb  of  Europe  and  Asia  is  very  abun- 
dantly naturalized  in  the  United  States.  It  grows  about 
deserted  houses,  barns,  and  in  similar  waste  places.  It 
becomes  four  or  five  feet  high,  and  almost  as  broad,  and, 
branching  from  the  base,  forms  a  pyramid  of  inflores- 
cence, tlie  flowers  very  small  but  very  pretty.  It  is 
peculiarly  aromatic  and  derives  its  name  from  the  fond- 
ness of  cats  for  it,  which  incites  them  to  the  most  curious 
demonstrations.  They  not  only  eat  it.  but  roll  in  it,  and 
evince  the  utmost  joy,  and  apparently  affection,  in  its 
presence.  Larger  animals  of  the  cat  tribe,  such  as  lions 
and  tigers,  act  similarly,  and  great  excitement  may  be 
caused  at  the  "zoo"  by  introducing  it  into  the  cages. 


With  a  small  amount  of  volatile  oil  and  an  amaroid.  it  is 
a  very  mild  aromatic  bitter.  It  is  usually  given  in  de- 
coction, in  large  doses,  the  warm  water  aiding  its  dia- 
phoretic action.  Henry  H.  Rusby. 

CATOOSA  SPRINGS— Catoosa  County,  Georgia. 

Post-Office. — Catoosa  Springs.     Hotel  and  cottages. 

Access. — From  Atlanta  and  Chattanooga  via  the 
Western  and  Atlantic  Railroad.  Distance  north  from 
Atlanta.  115  miles;  east  from  Chattanooga,  26  miles. 
From  railroad,  3  miles. 

This  resort  is  nestled  among  the  mountains  of  North 
Georgia  at  an  elevation  of  94,5  feet  above  the  sea  level. 
The  aspect  of  the  country  is  quite  rugged,  the  Sandstone 
Jlountain,  about  a  mile  distant,  reaching  an  altitude  of 
1,800  feet  above  the  tide  water.  From  the  summit  of 
this  mountain  may  be  seen  Jlission  Ridge,  the  historic 
Lookout  Mountain,  and  many  other  points  of  lesser  in- 
terest. The  hotel  and  cottages  at  the  springs  have  room 
for  six  hundred  guests,  and  are  supplied  with  all  modern 
conveniences.  The  climate  is  bracing  and  invigoi-ating, 
even  in  the  summer  months;  in  winter  it  is  tempei-ate, 
and  the  weather  is  not  subject  to  sudden  changes  of 
temperature.  The  springs  are  fifty-two  in  number, 
situated  within  an  area  of  two  acres.  It  is  not  unusual 
to  find  quite  different  properties  even  among  springs  only 
a  few  feet  apart.  Most  of  them  are  quite  strongly  min- 
eralized. The  ten  principal  ones  are  as  follows:  The 
"All-healing,"  the  "Red  Sweet,"  the  "Cosmetic,"  the 
"Chalybeate,"  the  "Magnesia,"  the  "Congress,"  the 
"Alutii,"  the  "Black  Sulphur,"  the  "White  Sulphur," 
and  the  "Buffalo."  They  range  in  mineral  ingredients 
from  about  84  to  104  grains  to  the  United  States  gallon. 
Following  are  analyses  of  three  of  the  springs  by  I*rof. 
W.  J.  Land,  of  Atlanta: 


One  United  States  gallon 
contains.    Solids. 

No.  4,  or 

Chalybeate 

Spring. 

Grains. 

No.  9. 

White 
Sulphur 
Spring. 
Grains. 

No.  10, 
Buffalo 
Spring. 
Grains. 

41..W 

27.90 

.20 

1..59 

2.30 
.67 

3.7.5 

7.4s 
.19 
Trace. 
.01 
.04 
.11 
,26 
.37 
.11 
.28 
.30 
.03 
.14 
.02 
.01 

4,31 

44.81 

32.01 

.31 

1.67 

2.33 

2.47 

3.85 

8.40 

.28 

Trace. 

.03 

.04 

.11 

.36 

.32 

.10 

.15 

.31 

.03 

.14 

.01 

6.13 

4.51 

.03 

45.00 

33.03 

.29 

1.67 

3.31 

3.39 

Calcium  carliDuate 

3.86 
8.70 

.28 

.13 

.04 

6.01 

.03 

.03 

.91 

.15 

MapUfsiiiiti  linnnide 

.33 
.01 

.11 

Crenii-  ;in.l  apocrenic  acids 

.01 
.13 

4.62 

91.60 

108.16 

110.03 

Total  residue  upon  evaporation  at  212°  F.  is  100.11. 

All  of  these  springs  boil  up  through  the  hard  black 
slate  of  the  mountain  side.  They  are  perennial,  the  most 
severe  and  persistent  droughts  causing  no  perceptible 
difEerence  in  the  rate  of  their  flow.  The  waters  are 
recommended  for  stomach,  kidney,  and  bowel  disorders, 
and  for  debility.  The  "All-healing"  Spring  is  used  for 
local  troubles.  The  waters  are  shipped  on  order  in 
bottles  or  barrels  to  any  part  of  the  country. 

James  K.  Crook. 

CAULOPHYLLUM.     See  Cohogli  Blue. 

CAUSTICS. — Previous  to  the  introduction  of  anaes- 
thetics, caustics  formed  a  very  important  part  of  the 
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surgeon's  armamentarium.  The  dread  of  the  knife  was 
but"  natural,  and  the  sufferer  eagerly  seized  upon  any 
means  that  would  render  it  unnecessary.  At  that  period 
the  advantage  of  the  knife  was  not  so  marked  as  it  is 
with  modern'aseptic  surgery.  After  the  use  of  this  in- 
strument gangrene  and  septic  absorption  were  of  verj' 
common  occurrence,  whilst  the  destructive  action  of 
caustics  rendered  the  wound  aseptic,  and  these  undesirable 
complications  rarel.v  followed. 

One  of  the  principal  uses  of  caustics  was  in  the  removal 
of  gangrenous  tissue  from  unhealthy  wounds,  whether 
traumatic  or  surgical.  The  unhealthy  granulations  and 
necrosed  tissue  w'ere  thus  destroyed,  and  as  the  sloughs 
were  detached  a  healthy  healing  surface  appeared.  An- 
other important  use  was  in  the  removal  of  tumors  and 
new  growths.  If  they  were  small,  one  or  two  applica- 
tions'would  prove  sulficient ;  if  they  were  of  great  size, 
the  growth  would  be  destroyed  in  segments  by  the  in- 
sertion of  small  pieces  of  caustic  into  its  substance  and 
then  by  removing  the  resulting  slough.  In  certain  in- 
stances a  method  adopted  by  51.  Maisonneuve  in  1858, 
known  as  cauterizntion  en  fllfliex.  was  followed.  The 
idea  was  to  surround  the  base  of  the  tumor  with  small 
points  of  chloride  of  zinc  which  would  separate  the  dis- 
eased tissue  from  the  health}'  as  thoroughly  as  if  a  knife 
had  been  employed.  The  growth  could  then  be  enucle- 
ated and  a  healthy  granulating  surface  would  remain. 
Caustics  were  also  of  use  in  opening  deep  abscesses,  as 
they  slowly  penetrated  into  the  collection  of  pus  and  left 
a  channel  for  its  exit.  For  the  treatment  of  sinuses  and 
fistula',  strands  of  thread  were  saturated  with  the  caustic 
and  drawn  through  the  passages. 

At  the  present  day  the  usefulness  of  caustics  is  very 
limited,  but  when  judiciously  employed,  there  are  sev- 
eral conditions  in  which  they  prove  of  much  service. 
Their  value  is  recognized  as  an  application  to  the  surface 
of  unhealthy  ulcers,  as  a  means  of  destroying  the  poison 
in  septic  wounds,  for  the  removal  of  small  growths  upon 
the  surface  and  upou  the  mucous  memlirane  of  the  oral, 
nasal,  and  vaginal  ca\'ities,  and  for  the  destruction  of 
superficial  malignant  growths. 

The  treatment  of  indolent  ulcers  and  other  granulating 
surfaces  with  nitrate  of  silver,  sulphate  of  co]>per,  and 
other  mild  caustics  is  of  daily  occurrence  and  of  unques- 
tioned utility.  The  caustic  coagulates  the  granulating 
surface,  forming  a  thin  covering  which  in  a  shoi't  time 
becomes  detached,  leaving  a  healthy  surface.  To  de- 
stro}'  the  poison  of  chancres,  specific  ulcers,  wounds 
produced  by  \'enomous  animals,  and  septic  wounds,  the 
stronger  caustics  are  recjuired.  The  part  must  be  acted 
upon  thoroughl}'  and  rapidly  to  prevent  the  absorption 
of  the  poison,  and  for  this  purpose  fuming  nitric  acid, 
chloride  of  zinc,  and  chromic  acid  are  some  of  the  proper 
caustics  to  be  selected.  The  destructiou  of  warts,  papil- 
lomata,  etc.,  by  the  aid  of  caustics  is  common,  and 
whether  the  frequent  application  of  mild  caustics  is  de- 
cided upon,  or  their  rapid  removal  by  the  stronger  caus- 
tics is  adopted,  the  result  is  the  removal  of  the  growth 
with  very  little,  if  any,  deformity.  The  employment  of 
caustics  in  the  treatment  of  malignant  diseases  of  the 
skin  is  a  cjuestion  of  much  greater  importance  and  one 
that  has  provoked  much  discussion ;  the  surgeons  adher- 
ing to  the  use  of  the  knife,  whilst  the  dermatologists  hold 
strongly  to  the  superiority  of  caustics.  Those  opposed 
to  the  use  of  caustics  point  out  that  they  dcstroj'  only 
the  localized  disease  and  leave  rmtouclied  the  surround- 
ing lymphatics  and  glands  that  may  be  infected;  that  an 
unsightly  scar  remains;  and  that  the  procedure  is  much 
more  painful  than  when  the  part  is  excised  and  the 
wound  made  to  heal  by  first  intention.  On  the  other 
liand.  it  is  claimed  that  patients  will  submit  earlier  to  the 
application  of  a  paste,  and  that  by  these  means  the  dis- 
ease is  really  more  thoroughlj-  removed.  It  is  thought 
that  the  inflammation  excited"  in  the  surrounding  parts 
will  destroy  the  pathological  cells  that  may  exist,  as  their 
vitality  is  much  lower  tfian  that  of  the  normal  cells,  and 
when  areenic  is  used  it  is  claimed  by  many  that  it  exerts 
a  special  toxic  action  upon  such  cells.     This  action  is  not 


only  exerted  upfin  the  structure  of  the  tumor  to  which 
it  is  applied,  but  is  thought  to  extend  in  all  directions 
throughout  the  inflamed  area  and  to  exert  a  selective  ac- 
tion upon  the  pathological  tissue. 

With  modern  surgical  technique,  there  can  be  no  cpies- 
tion  as  to  the  advantage  of  the  knife  in  the  great  major- 
ity of  cases,  but  certain  conditions  arise  in  which  the 
preference  will  be  given  to  the  treatment  by  caustics.  In 
many  cutaneous  cancers,  lupus,  na'vi,  etc.,  especially 
such  as  are  of  slow  growth  and  extend  superficially  rather 
than  deeply,  the  employment  of  caustics  will  generally 
be  more  successful  than  excision.  A  consideration  that 
counts  in  favor  of  the  caustic,  especially  in  the  aged,  is 
the  avoidance  of  the  necessity  to  administer  an  aniesthetic. 
The  resulting  scar  is  hardly  to  be  considered,  as,  when  the 
subcutaneoiis  parts  are  not  deeply  involved,  it  is  smooth 
and  white,  and  not  disfiguring. 

Caustics  should  not  be  emjiloyed  if  any  glands  are  in- 
volved, nor  for  any  extensive  disease  upou  mucous  sur- 
faces. The}'  shoidd  be  avoided  when  the  skin  approaches 
closely  to  the  underlying  bone,  or  over  eminences.  Upon 
the  soft  elastic  tissue  of  the  scrotum  and  similar  tissues 
they  must  be  used  with  great  care,  as  the  softness  of  the 
tissue  renders  it  more  ditficult  to  control  their  action. 
Pain  is  not  an  objection  to  the  use  of  caustics  as  it  may 
be  controlled  by  the  admixture  of  morphine  or  by  the 
application  of  cocaine  to  the  part. 

Caustics  are  difflcidt  to  manipulate  successfully.  To 
become  proficient  requires  a  great  deal  of  experience, 
which  is  acquired  only  by  the  frequent  and  careful  use 
of  these  agents.  AVhen  applied  they  should  be  kept 
under  observation  and  carefully  removed  when  the  proper 
degree  of  destruction  has  been  secured.  If  they  are  left 
too  long  in  contact  with  the  parts  there  will  be  an  un- 
necessary destruction  of  tissue :  if  for  too  short  a  time, 
the  efl'ect  will  be  inadequate  and  often  unfavorable,  as 
the  mild  degree  of  inflammation  excited  by  the  caustic 
may  add  to  the  activity  of  the  disease. 

The  after-treatment  is  that  of  ordinary  surgical  wounds. 
The  necrosed  tissue  is  not  to  lie  forcibly  detached,  but 
cut  off  in  portions  as  it  separates.  If  the  destruction 
of  the  part  is  extensive,  granulations  should  be  favored, 
to  reproduce  as  much  tissue  as  possible ;  and,  if  it  should 
be  found  necessary,  the  repair  may  be  completed  by 
skin-grafting. 

Very  many  substances  possess  a  caustic  action,  but  ex- 
perience has  limited  the  number  to  a  few  which  have 
proved  most  serviceable.  Of  these  the  princijial  ones  are 
the  corrosive  acids,  alkalies,  arsenic,  chloride  of  zinc,  and 
chromic  acid.  Nitrate  of  silver  is  the  type  of  the  milder 
caustics,  which  are  really  little  more  than  strong  astrin- 
gents. (For  the  actual  cautery  see  article  on  Cniiterization.) 

Acids. — Xitric  acid  has  proved  the  most  serviceable  of 
all  the  corrosive  acids  and  is  the  one  most  employed.  It 
acts  rapidly,  destroying  the  integument  and  the  tissue 
beneath,  the  depth  depending  upon  the  quantity  applied. 
Nitric  acid  is  not  so  hygroscopic  as  sulphuric  acid,  but 
acts  in  a  similar  manner.  It  abstracts  moisture  from  the 
tissues  and  combines  with  the  albuminous  constituents, 
producing  a  dry.  yellow  slough,  which  separates  in  about 
ten  days,  leaving  a  healthy  granulating  surface.  It  is 
not  as  painful  as  the  alkalies  or  some  of  the  less  active 
caustics,  on  account  of  the  rapidity  of  its  action.  One 
objection  to  its  use  is  its  tendency  to  diffuse  itself  on  the 
surface.  To  overcome  this  the  acid  has  been  combined 
with  saffron,  asbestos,  and  sidphur  to  the  consistence  of 
a  paste,  which  renders  it  more  manageable.  Its  action 
may  also  be  limited  by  covering  the  suiTounding  skin 
with  gutta-percha  or  some  greasy  substance.  Previous 
to  the  introduction  of  curetting,  nitric  acid  was  very  ex- 
tensively used  as  an  intra-uterine  application  in  various 
forms  of  endometritis.  Curetting,  however,  has  dis- 
placed the  caustic  and  its  use  is  now  restricted  to  erosions 
and  specific  ulcerations.  It  is  also  employed  with  much 
success  in  all  chancres,  condylomata,  etc.  In  the  bites 
of  rabid  animals  and  poisonous  insects  and  in  septic 
wounds,  its  penetrating  properties  make  it  a  very  useful 
caustic.     The  acid  is  applied  by  means  of  a  glass  rod 
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dipped  into  the  acid,  or  of  a  small  piece  of  cotton  wool 
wrapped  around  the  end  of  a  probe  or  a  splinter  of  wood. 
The  part  should  be  closely  watched  during  the  operation. 
and  when  it  issutticiently  cauterized  it  should  be  washed 
with  water  or  with  an  alkaline  solution. 

The  Acid  Nitntte  of  Mercury  was  a  favorite  caustic 
among  French  surgeons,  but  it  is  not  mucli  used  at  the 
present  day.  Its  action  is  due  to  the  nitric  acid  which  it 
contains.  In  addition,  the  mercurial  salt  was  supposed 
to  supply  an  alterative  effect.  Its  destructive  power  is 
not  so  great  as  that  of  the  pure  acid,  and  yet  it  is  more 
liable  to  set  up  intlanimatory  action  in  the  adjoining 
healthy  tissues.  It  forms  a  dry,  grayish-white  eschar 
which  falls  off  in  from  ten  to  twelve  days.  Its  too  free 
application  has  given  rise  to  salivation. 

Sulphuric  Acid  is  the  most  powerful  of  the  acid  caustics 
and  was  formerly  much  employed.  It  has  a  very  marked 
affinity  for  the  water  in  the  tissues,  in  consequence  of 
wliich  they  are  rapidly  dehydrated.  It  destroys  all  the 
structures  with  which  it  comes  in  contact,  and  combines 
with  the  albumen  and  fibrin,  forming  a  tough,  structure- 
less, black  slough.  This  is  very  slowlj'  detached  and  may 
remain  adherent  until  cicatrization  is  complete.  As  with 
all  fluid  caustics  it  is  extremely  diffusible.  This  is  lessened 
by  mi.\ing  it  with  other  substances  to  the  consistence  of  a 
paste.  Richard's  paste  was  made  with  charcoal;  Michel's 
consisted  of  asbestos,  one  part  to  three  of  acid.  Syme 
used  sawdust  with  the  acid  in  equal  parts. 

Hydrochloric  Acid  has  never  been  much  employed  as  a 
caustic.  It  is  milder  than  nitiic  or  sulphuric  acid  and 
its  slough  is  whitish  and  soft.  Its  local  application  in 
combination  with  its  internal  administration,  in  diph- 
theria, was  advocated  by  Bretonneau. 

Acttic  Acid  is  a  verv  mild  caustic.  It  is  chiefly  em- 
ployed in  the  treatment  of  warts,  corns,  and  similar 
siiperlicial  growths.  The  pure  glacial  acetic  acid  only 
should  be  used,  and  care  should  be  taken  not  to  employ 
any  that  has  been  exposed  to  the  air,  as  the  acid  rapidly 
absorbs  moisture  and  is  thereby  reduced  in  strength. 

Trichloru(elic  Acid  is  a  verj-  valuable  caustic  and  one 
that  will  probably  be  more  used  in  the  future.  Its  ad- 
vantages are,  that  it  does  not  penetrate  deeply  and  does 
not  produce  much  inflammatory  reaction.  It  has  lieen 
particularly  recommended  in  the  treatment  of  noevi,  and 
it  is  also  used  in  venereal  warts  and  in  superficial  cutane- 
ous growths.  A  crystal  is  placed  on  the  part  to  be 
cauterized  and  there  is  rapidly  formed  a  dry,  white, 
adherent  eschar  which  is  superficial,  and  leaves  a  very 
slight  scar  which  is  hardlj'  noticeable. 

Arscnous  Acid. — This  is  the  caustic  most  employed 
at  the  present  day  for  the  destruction  of  cancerous  and 
other  growths,  when  they  are  suitable  for  treatment  by 
caustics.  When  applied  to  a  raw  or  ulcerating  surface, 
it  produces  an  intense  inflammatory  reaction  which 
terminates  in  gangrene  and  death  of  the  part.  The  in- 
flammation extends  into  the  surrounding  tissues,  in  all 
directions,  lessening  as  it  advances. 

Arsenic  does  not  exercise  its  caustic  action  upon  the 
epidermis,  and  when  the  disease  is  not  superficial  it  is 
necessary  to  remove  the  skin  by  curetting  or  by  the  ap- 
plication of  an  acid  or  an  alkali.  AVhen  required  for  use 
it  is  diluted  to  the  extent  of  one  half  or  two  thirds  with 
gum  arable  and  moistened  to  form  a  paste.  There  are  a 
number  of  pastes  which  have  acquired  much  celebrity. 
Mfirsden's  piiste  was  formed  of  3  parts  of  arsenic  with  1 
of  giuii  acacia.  In  Dupuytren's  paste  the  arsenic  was 
mixed  with  calomel  in  the  proportion  of  1  part  to  10  or 
lo.  Esmarch's  paste  consists  of  1  part  of  arsenic,  1  part 
of  morphine  sulphate,  8  parts  of  calomel,  and  48  of  gum 
arable.  Sir  Astley  Cooper's  ointment  contains;  Arsenic, 
1  part;  sulphur,  1  part;  and  spermaceti  ointment,  8 
parts.  The  arsenical  paste  of  Frere  Como  contains  10 
grains  of  arsenic,  2  scruples  of  red  sulphite  of  mercury, 
and  10  grains  of  charcoal.  Plunket's  caustic  contains; 
Ranuncidus  acris  and  ranunculus  flamniula,  of  each  1 
ounce;  arsenic,  1  drachm;  and  sulphur,  5  scruples — 
to  be  beaten  together  into  a  paste. 

The  length  of  time  during  which  a  paste  is  to  be  kept 


applied  depends  upon  its  strength.  The  extent  of  the 
cauterization  may  be  estimated  by  the  inflammatory 
areola  in  the  surrounding  tissues.  This  should  not  be 
allowed  to  advance  too  far,  as  a  necrosis  of  the  part 
will  follow.  On  the  other  hand,  if  the  redness  is  not 
well  marked,  the  caustic  action  is  deficient.  When  the 
arsenic  is  diluted  one-lialf,  the  destruction  of  the  part  is 
likelj-  to  require  from  sixteen  to  eighteen  hours;  with 
Marsden's  paste  this  \vill  probably  he  accomplished  in 
from  ten  to  tweh'e  hours.  After  the  removal  of  the 
caustic  the  jiart  is  to  be  poulticed,  and  when  the  slough 
is  detached,  if  the  disease  is  not  wholly  removed,  the  ap- 
plication is  to  be  repeated.  The  resulting  scars  are  white 
and  as  a  rule  they  are  not  disfiguring,  unless  the  destruc- 
tion of  tissue  has  been  great. 

There  is  a  possibility  of  poisoning  from  the  aljsorption 
of  arsenic,  and  as  a  precaution  it  is  advised  that  not  more 
than  one  square  inch  of  surface  should  be  covered  at  one 
time.  The  danger,  however,  is  not  very  great,  as  the 
diseased  surface  is  destroyed  so  rapidly  that  the  poison 
is  "walled  off"  from  the  absorbents  and  blood-vessels. 
Absorption  really  takes  place  more  readily  when  a  dilute 
solution  is  employed. 

Recently  it  has  been  recommended  that  a  solution  of 
arsenic,  in  equal  parts  of  alcohol  and  water,  should  be 
employed  in  preference  to  the  pastes.  The  treatment  is 
commenced  with  a  solution  of  1  to  l.iO,  and  then  the 
strength  is  increased  to  1  to  80.  The  surface  is  prepared 
by  washing  and  rubbing  until  the  blood  is  made  to  ap- 
pear; it  is  then  allowed  to  dry  and  the  solution  is  ap- 
plied daily  until  the  slough  separates  and  the  disease  is 
destroyed.  The  treatment  is  continued  for  a  period  vary- 
ing from  one  or  two  weeks  to  two  or  three  months, 
according  to  the  extent  of  the  disease. 

Clironrie  Acid. — Although  slow  in  its  action  this  is  a 
very  powerful  and  a  very  diffusive  caustic.  The  pure 
crj'stals  are  employed  or  an  aqueous  .solution  of  about 
one  part  in  four.  It  produces  great  pain.  When  ap- 
plied it  immediately  coagulates  albumen,  and,  absorbing 
moisture,  forms  a  fluid  caustic,  which  dissolves  the  tissues. 
It  gradually  forms  a  drj',  hard,  dark  eschar.  It  is  par- 
ticularly recommended  in  bites  of  venomous  snakes,  and 
is  used  to  destroy  superficial  and  mucous  growths  and 
syphilitic  ulceration. 

Carbolic  Acid  is  also  a  mild  caustic.  It  is  not  used  to 
cause  any  destruction  of  tissue,  but  is  employed  in  the 
treatment  of  poisoned  wounds,  syphilitic  ulcerations, 
and  hemorthoids.  It  unites  with  albumen,  producing  a 
dry,  white,  and  very  superficial  slough.  It  acts  rapiiJly 
and  painlessly,  ]3roducing  an  aniesthcsia  of  the  spot. 

Alk.\lies.  — The  caustic  alkalies  have  all  been  employed 
to  a  greater  or  less  extent,  but  potash  is  the  most  active 
and  has  been  most  used.  Their  action  differs  from  that 
of  the  acids  in  that  they  unite  with  the  water  of  the 
tissues  and,  becoming  fluid,  destroy  the  underlying  parts. 
They  produce  soft,  gelatinous  sloughs,  which  separate 
quickly  and  leave  a  slowly  granulating  surface.  They 
penetrate  deeply  and,  tmless  carefully  applied,  may 
cause  much  unnecessary  destruction  of  tissue. 

Potassa  occurs  as  small,  irregularly  shaped  masses,  or 
in  small  cjiindrical  sticks,  in  which  latter  form  it  has 
been  prepared  for  convenience  of  use.  It  is  a  very  deli- 
quescent salt  and,  uuless  carefully  preserved,  is  difficult 
to  use.  The  addition  of  lime  lessens  its  affinity  for  water, 
and  the  official  Potassa  cum  Ccdce  is  the  most  satisfactory 
preparation  for  caustic  purposes.  It  is  prepared  by  mix- 
ing equal  parts  of  potassa  and  lime,  and  when  moistened 
with  a  little  alcohol  this  mixture  forms  the  well-known 
Vienna  paste.  The  mixttn'e  may  also  be  fused  and  run 
into  small  cylindrical  moidds.  The  greater  the  degree 
of  heat  employed  the  harder  are  the  sticks.  This  caustic 
is  kept  applied  to  the  parts  for  ten  or  fifteen  minutes,  and 
when  the  paste  is  used  the  area  of  its  action  may  be 
limited  by  protecting  the  surrounding  skin  with  adhesive 
plaster.  The  depth  of  cauterization  depends  upon  the 
quantity  of  caustic  ajiplied  and  the  length  of  time  it  is 
allowed  to  remain.  When  morphine  is  added  in  the  pro- 
portion of  one  part  to  three  it  is  said  to  form  a  painless 
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caustic.  Caustic  potash  and  gutta-percha  may  be  melted 
together  in  equal  parts  to  form  a  paste  which  is  very 
convenient  for  use,  as  it  may  be  moulded  into  any  shape. 

Soda  resembles  caustic  potash  in  appearance.  It  occurs 
in  masses  and  in  cylindrical  sticks.  Its  caustic  properties 
are  milder  than  those  of  potash.  It  is  not  so  deliquescent 
and  possesses  the  advantage  of  being  less  diffusible. 
London  paste  is  prepared  by  mixing  together,  in  a  warm 
mortar,  equal  parts  of  soda  and  unslacked  lime,  and 
moistening  the  mixture  with  water  when  it  is  wanted 
for  use. 

Sodium  Etht/late.— This  salt  was  introduced  as  a  caustic 
in  1870  by  Benjamin  AYard  Richardson.  It  is  a  white 
powder  which,  when  brought  in  contact  with  moist 
tissue,  is  decomposed  into  afcohol  and  caustic  soda.  It 
is  used  as  the  Liq.  Sodii  Ethylatis  which  is  otficial  in  the 
British  Pliarmacopoeia.  This  is  a  solution  of  the  salt  in 
absolute  alcohol.  It  is  a  syrupy,  colorless  liquid,  and 
has  been  recommended  as  a  very  effective  and  manage- 
able caustic.  It  is  applied  by  means  of  a  glass  rod,  for 
two  or  three  successive  days,  and  the  resulting  dry 
eschar  should  not  be  removed  until  it  becomes  detached. 
It  has  been  successfully  employed  iji  the  treatment  of 
niBvi,  lupus,  and  superficial  growths. 

Zinc  C'HLORroE  shares  with  arsenous  acid  the  greatest 
popularity  as  a  caustic  in  the  treatment  of  cancerous 
ulceration.  When  applied  to  the  surface,  the  skin  is  de- 
stroyed, but  the  pain  Is  so  severe  that  the  corrosive  acids 
are  often  applied  first.  When  the  zinc  is  then  applied 
to  the  diseased  tissue  the  pain  is  much  less  severe.  Chlo- 
ride of  zinc  acts  rapidly,  and,  being  deliquescent,  it  may 
— unless  its  action  is  controlled — effect  a  more  extensive 
destruction  of  tissue  than  is  desired.  It  coagulates  the 
albuminous  tissues  and  in  a  few  hours  forms  a  dry, 
firm,  whitish  slough,  which  separates  in  about  one 
week.  Chloride  of  zinc  is  mixed  with  wheat  flour  and 
formed  into  cakes,  or  witli  plaster  of  Paris,  which  very 
completely  limits  the  extent  of  its  action.  Another 
method  is  to  saturate  lint  with  the  deliquescent  salt  and 
then  to  cut  off  a  portion  of  the  required  shape  and  size. 

The  chloride  of  zinc  pastes  arc  innumerable,  as  the 
fact  that  it  has  no  toxic  action  has  made  it  a  favorite 
caustic  with  many.  Canquoin's  pastes  are  made  in  four 
strengths  with  wheat  flour  and  water  in  the  proportion 
of  one  part  to  two,  three,  four,  or  five  parts  of  flour. 
Mayet's  paste  contains  8  parts  of  zinc  chloride,  1  of 
zinc  oxide,  and  7  of  flour;  Rohiqtiet's,  equal  parts  of  zinc 
chloride  and  flour,  with  gutta-percha  added  to  form  a 
firm  mass.  In  Landolphi's  eaiistic,  the  zinc  cliloride  is 
combined  with  equal  parts  of  chloride  of  gold,  chloride 
of  antimony,  and  chloride  of  bromine.  What  is  known 
as  Bougard's  paste,  which  is  being  highly  advocated,  is 
composed  of  wheat  flour,  60  gm.  ;  starch,  60  gni. ;  ar- 
senic, 1  gm. ;  cinnabar,  5  gm. ;  sal  ammoniac,  5  gm. ; 
corrosive  sublimate,  .50  cgm. ;  and  solution  of  chloride 
of  zinc  at  53°  C,  245  gm. 

SiL\'ER  Nitrate  is  a  much  weaker  caustic  than  any 
of  the  foregoing.  It  has  no  effect  upon  the  surface,  but 
upon  mucous  membranes  or  denuded  and  granulating 
surfaces  it  causes  a  coagulation  of  albumen  which  results 
in  a  superficial  slough.  This  is  at  first  grayish  white, 
but  becomes  dark  owing  to  the  reduction  of  the  silver. 
It  is  dry  and  dense.  This  reagent  acts  rapidly,  without 
pain,  and  does  not  excite  any  inflammatory  action  in  the 
surrounding  skin.  It  is  used  in  the  removal  of  warts, 
condylomata,  etc.,  but  is  not  of  an}-  service  in  the  treat- 
ment of  cancerous  disease.  It  is  chiefly  employed  in  the 
management  of  unhealthy  granulating  surfaces,  which 
it  rapidly  replaces  with  healthy  healing  granulations. 
The  pure  salt,  fused  into  sticks  for  convenience  of  use.  Is 
generally  employed.  Some  prefer  the  mitigated  caustic, 
prepared  by  fusing  the  nitrate  with  two  parts  of  nitrate 
of  potassium.  A  very  convenient  method  is  to  cover  the 
end  of  a  silver  probe  by  fusing  the  nitrate  and  placing 
the  probe  in  the  liquid  caustic,  the  adhering  fluid  being 
allowed  to  crj-stallize  by  exposure.  For  the  destruction 
of  chancres  and  syphilitic  sores  the  nitrate  of  silver  is  not 
to  be  depended  upon. 


Other  mild  caustics  which  resemble  the  nitrate  are  sul- 
phate of  copper,  sulphate  of  zinc,  and  sulphate  of 
alumina.  Beaumont  Small. 

CAUTERIZATION. — The  term  cauterization  is  as  cor- 
rectly applied  to  the  use  of  the  potential  cautery  or  caus- 
tic as  to  the  actual  cautery.  The  term,  however,  is  so 
generally  associated  with  the  latter  that  it  is  almost  re- 
stricted to  the  use  of  that  form  of  cautery.  Before  the 
actual  cautery  was  brought  to  its  present  state  of  perfec- 
tion, it  was  much  less  employed  than  the  caustics,  but 
now  their  relative  position  is  reversed  and  the  actual 
cautery  is  the  one  generally  employed.  It  is  easy  to  ap- 
ply, its  action  is  more  rapid,  the  heat  is  readily  controlled, 
and  the  extent  of  cauterization  may  easily  be  defined. 
A  great  advantage  of  the  actual  cauteiy  lies  in  the  many 
devices  to  facilitate  its  use,  as  seen  in  the  numerous 
burners  or  points,  which  range  from  the  broad  flat  ham- 
mers to  the  finest  needles,  and  include  wire,  scissors, 
knives,  etc. 

From  the  earliest  days  of  medicine  to  the  middle  of  the 
present  century  very  little  advance  was  made  in  the  de- 
velopment of  the  actual  cautery.  The  application  of 
heated  metals  appears  always  to  "have  been  adopted,  and 
the  irons  emplo_ved  for  this  purpose  remained  much  the 
same  through  all  the  centuries,  and  even  at  the  present 
day  they  may  be  found  in  the  possession  of  many.  Such 
changes  as  were  made  were  in  the  shape  and  number  of 
the  irons,  or  in  ihe  handles  which  were  common  to  the 
several  irons.  A  ver_y  crude  method  which  retained  its 
popularity  until  recent  years  was  the  application  of 
heated  coals,  and  the  ignition  of  substances  on  the  sur- 
face to  be  destroyed.  The  latter  were  known  as  moxa 
and  were  prepared  by  saturating  cotton  wool  with  nitrate 
of  potassium  and  allowing  it  to  dry ;  after  which  it  was 
placed  in  a  metallic  tube  with  a  handle,  ignited,  and  al- 
lowed to  burn  down  to  the  skin.  With  the  introduction 
of  illuminating  gas,  efforts  were  made  to  utilize  it  as  a 
cautery,  and  instruments  were  made  by  which  the  jet  of 
gas  was  brought  in  contact  with  the  part  to  be  cauterized. 

In  1876  Paquelin  introduced  thetherrao-cautery  which 
bears  his  name,  and  it  remains  a  favorite  cautery  on  ac- 
count of  its  portability  and  the  ease  with  which  it  may  be 
kept  ready  for  use  (Fig.  1196).     The  principles  of  this 


Fig.  11%.— Paquelin's  Theriui»-v  auit/iy  Ready  for  Use.  It  consists  of 
bulbs  of  Richardson's  spray  apparatus,  a  glass  receptacle  for  fluid, 
and  a  movable  platinum  burner  in  a  non-conducting  wooden 
bandle. 

well-known  appliance  lie  in  the  metal  selected  for  the 
burners — these  being  made  of  platinum,  a  metal  that  be- 
comes incandescent  at  a  comparatively  low  temperature 
— and  in  the  ingenious  manner  in  which  a  light  benzene 
gas  is  supplied  to  the  heated  point.  As  long  as  the  gas 
is  supplied  the  point  remains  heated,  the  degree  of  heat 
depending  upon  the  quantity  of  gas,  which  is  easily  con- 
trolled by  the  india-rubber  biilb  (Fig.  1197).  Many  other 
cauteries,  based  upon  the  same  principle,  have  been  made, 
but  none  has  hitherto  supplanted  that  of  Paquelin.  The 
electrical  cautery,  however,  is  destined  to  be  the  cautery 
of  the  future,  its  advantages  being  very  marked,  especial- 
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Iv  in  surgery  of  the  cavities  of  the  nose  and  tliroat.  The 
electricity  is  supi)lied  by  wet  or  dry  cell  batteries,  or 
may  be  drawn  directly  from  the  domestic  supply  with 
the  intervention  of  a  transformer.  The  e.xpensiveness  of 
these  instruments  has  been  an  obstacle  to  their  general 
use,  but  this  is  now  no  longer  a  fact,  and  excellent  gal- 
vano-cauteries  are  within  the  roacli  of  all. 

There  is  a  marked  difference  between  the  burners  of  the 
tliermo-cauterics  and  those  of  the  galvano-cauteries.     As 


Fig.  1197.— Mudifii-atiDn  of  PaqueUn's  Thermo-Cautery.  A  metallic  vessel  lined 
with  sponge  receives  the  benzene,  and  is  provided  with  a  stopcocli  to  control  the 
insufflation. 


a  current  of  electricity  requires  to  pass  through  the  burn- 
ers of  the  latter,  they  are  cithei'  in  the  form  of  a  wire  loop, 
or  are  formed  of  porcelain  around  which  the  wire  is 
wound.  In  the  latter  forms  the  porcelain  readily  becomes 
incandescent  when  the  current  is  passed  througli  the  wire. 
The  ease  with  which  the  point  can  be  heated  or  cooled 
is  a  great  advantage  of  the  galvano-cauteries.  Thus,  for 
example,  the  burners  maj'  be  placed  in  position  before 
being  heated  and  not  removed  until  they  become  cool. 

Three  degrees  of  heat  are  found  desirable  in  the  use 
of  the  actual  cautery :  a  white  heat,  a  red  heat,  and  one 
in  whidi  the  metal  has  not  become  candescent.  The 
white  heat  is  the  most  intense  and  the  most  destructive 
of  tissue.  It  is  also  the  least  painful,  as  the  terminals 
of  the  nerves  are  destroyed  too  rapidly  to  allow  them  to 
convey  the  impression  of  pain.  The  black  heat  is  not 
used  for  cauterizing  purposes,  but  almost  solely  for  that  of 
counter-irritation.  As  a  hemostatic  red  heat  is  superior 
to  white. 

The  depth  and  extent  of  tissue  destroyed  depend  upon 
the  degree  of  heat  and  the  length  of  time  during  which 
it  is  applied.  It  chars  and  destroys  all  tissues,  and  leaves 
a  thin,  dry,  hard  eschar,  which  does  not  become  detached 
for  several  days.  Ordinary  hemorrhage  is  immediately 
controlled,  but  in  the  removal  of  pedimculated  tumors, 
when  the  supplying  vessels  are  large,  it  should  not  be 
depended  upon.  The  actual  cautery  is  employed  for  the 
removal  of  small  tumors,  hemorrhoids,  and  superfluous 
hairs,  in  the  destruction  of  cancerous  and  unhealthy  sur- 
faces, in  poisoned  wounds,  and  in  all  conditions  in  which 
a  caustic  is  desired.  In  the  treatment  of  affections  of  the 
nose  and  throat,  and  in  gynaecological  work,  it  is  of  par- 
ticular service. 

As  a  hiumostatic,  the  actual  cautery  has  always  been 
of  much  service.  In  former  times  it  was  the  principal 
means  of  controlling  hemorrhage,  and  at  the  present  day 
all  operating  rooms  are  provided  with  a  cautery  to  check 
the  bleeding  from  vascular  tissues  and  from  oozing  sur- 
faces. 


As  a  counter-irritant  the  actual  cautery  has  occupied  a 
foremost  position  and  has  proved  of  much  service.  (See 
also  Caustics  and  Counter-Irritation.) 

Beavnu>nt  Small. 

CEANOTHUS.— iVew  Jersey  Tea.  Bedroot.  The  root 
of  Ciaiiotlius  Amerieanus  L.  (fam.  Wiamnacea') ,  a  low, 
much  and  densely  branched  shriib  of  Eastern  and  Central 
North  America,  represented  in  the  far  West  by  numerous 
other  species  with  the  same  properties.  Its 
fruits  much  resemble  those  of  the  tea  plant, 
which  fact  is  said  to  have  led  to  the  use 
of  its  leaves  as  a  substitute  for  tea  during 
the  revolutionary  embargo.  The  root  has 
enjoyed  domestic  and  a  slight  professional 
use  as  an  astringent.  It  is  stout,  much  and 
crookedly  branched,  of  a  bright  reddish 
color,  which  soon  fades  on  keeping,  hard 
and  woody.  The  red  color  pervades  the 
wood.  It  contains  six  to  nine  per  cent,  of 
tannin,  the  bark  containing  more  than  the 
wood.  The  leaves  contain  an  equal  amount. 
One-tifth  per  cent,  of  ceanot/rine,  an  alka- 
loid, has  been  reported,  but  nothing  is 
known  of  its  properties.  Owing  to  the 
close  resemblance,  in  appearance  and  prop- 
erties, of  this  root  to  Peruvian  rhatany,  it 
has  been  used  as  a  substitute  and  adulter- 
ant of  the  latter. 

The  dose  of  ceanothus  is  4  gm.  (  3  i) . 

Henry  II.  Knsby. 

CEDAR  KEYS.— A  small  town  of  about 
2,000  inhaliitants,  situated  upon  the  gulf 
side  of  Florida,  155  miles  southwest  from 
Fernandina,  with  which  it  is  connected  by 
railroad.  As  will  be  seen  from  the  accom- 
pan3'ing  climatic  chart,  the  climate  is  a 
mil(l,  equable  marine  one,  with  a  large 
number  of  clear  and  fair  daj's: 

Climate  of  Cedar  Keys,  Fla.    Latitude,  29,8;  Longitude,  83.2; 
Period  of  Observatio.n,  Four  Years. 


Temperature  (Fahr.) — 

Average  or  norma! 

Average  daily  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum  .. . 

Lowest  or  minimum 

Humidity- 
Average  relative 

Precipitation — 
Average    rainfall    in 

inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity 

in  miles 

Weather- 
Average  number  of  clear 

days 

Average  number  of  fair 

days 

Average  number  of  clear 
and  fair  days  . . . 


a  . 

it 

&" 

§ 

•-3 

hg. 

a 

59.5° 

59.8° 

62.0° 

63.9°. 

12.1 

12.1 

12  2 

12.5 

65.6 

64.4 

68.8 

71 

53.5 

,52.3 

56.6 

.58.5 

78 

77 

79 

82 

•» 

32 

35 

40 

80.8* 

«l% 

75.4* 

71.5* 

2.73 

5.31 

2.98 

3.58 

N.E. 

N.E. 

N.E. 

s.w. 

8.5 

9 

9.6 

11.1 

14 

8.5 

13.8 

u 

U.4 

14.7 

9.2 

12.2 

25.4 

23.3 

23 

26.2 

71.3" 


75.4* 


158.4 
149.4 
307.8 


The  winter  climate  is  said  to  be  milder  than  that 
found  upon  the  east,  or  Atlantic,  coast  of  Florida.  The 
facilities  for  bathing,  boating,  fishing,  and  hunting  are 
also  said  to  be  good.  So  far  as  climatic  conditions  are  con- 
cerned, Cedar  Keys  differs  but  little  from  Tampa,  about 
100  miles  farther  south  on  the  same  coast,  but  the  fonner 
has  not  become  a  "  resort "  like  the  latter,  and  has  no 
such  accommodations  as  exist  at  Tampa.  The  drainage 
and  water  supply  are  also  said  to  be  questionable.  Al- 
though Cedar  Keys  is  reputed  to  be  "  extremely  health- 
ful," one  would  hardly  care  to  send  an  invalid  there  un- 
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less  he  were  sure  of  obtaining  adequate  accommodations 
and  favorable  hygienic  conditions.  These  latter  are  quite 
as  essential  as  a  favorable  climate  in  the  selection  of  a 
health  resort.  Edward  0.  Otis. 

CEDAR  SPRINGS.— Preble  County,  Ohio. 

Post-Office. — New  Paris.     Hotel. 

Access. — Take  Pittsburg,  Cincinnati,  and  St.  Louis 
Railroad  to  New  Paris,  35  miles  west  from  Dayton; 
thence  take  carriage  one  mile  to  springs. 

These  springs  are  situated  in  a  rolling  section  of  coun- 
try, about  1,000  feet  above  the  sea  level.  The  surround- 
ings are  very  pleasant  and  attractive.  There  are  said 
to'be  not  less  than  one  hundred  .springs  within  an  area 
of  two  square  miles.  Several  are  used  for  medicinal 
purposes.  We  present  an  analysis  of  one  of  them  by  Dr. 
A.  Fennel; 

Washington  Spring. 

ONE  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  carbonate 2.26 

Magnesium  carbonate 5.83 

Iron  carbonate 1.33 

Calcium  carbonate 3.96 

Calcium  sulphate 1.34 

Sodium  sulphate 18 

Calcium  phosphate 2.13 

Sodium  chloride 98 

Alumina 22 

Total 18.11 

The  waters  resemble  those  of  the  Bethesda  Spring  at 
Waukesha,  Wis.,  but  contain  more  iron.  It  is  claimed 
that  they  are  especially  valuable  in  catarrh  of  the  blad- 
der, in  renal  diseases,  and  in  dyspepsia. 

James  K.  Crook. 

CEDRON  SEEDS.— The  seeds  of  5(m<7j«C<;rfTOn(R.  Br.) 
Planch,  (fam.  .■>/>ii<i>-ubace^) .  The  plant  is  a  small  tree  of 
Northern  South  America,  and  is  considerably  cultivated 
in  the  tropics.  It  j'ields  an  edible  fruit  about  the  size 
of,  and  somewhat  resembling,  a  large  peach.  The  soli- 
tary seed  is  similar  to  a  Brazil  nut  in  both  form  and 
size.  In  their  home,  the  seeds  have  a  high  repute  as 
an  antiperiodic,  and  trials  with  them  here  have  largely 
supported  these  claims.  Their  use  as  an  alternative  of 
the  cinchona  products  appears  well  justitied.  The  white 
or  whitish  crj'stixlline  volatile  amaroid  cedrin  appears  to 
be  the  active  constituent,  though  the  presence  of  an  alka- 
loid has  been  claimed.  Cedrin  is  soluble  in  both  water 
and  alcohol.  Cedron  seed  is  commonly  given  in  the  form 
of  the  fluid  extract,  the  dose  of  which  is  .06  to  .5  c.c.  (mi. 
toviij.).  Henry  H.  Rusby. 

CELANDINE.  CHELIDONIUM.— "The  entire  plant, 
Chelidonium  tiKtjtts  L.  (fam.  Papateracete)"  (U.  S.  P.). 

In    some    phar- 
macopa?ias   the 
root     only     has 
.y;j!»awF~  gyi    11  ^^  been  recognized, 

^,  J' y"3A  /  f  (|<MM  but  the  composi- 

vwt] l/j^V  hH^^^    "'"^    ^"^^    prop- 

erties    are     the 
same   through - 
.  out.     The  drug 

J^  I  is  little  used  and 

ll'^-lioJ  .^rk  dropped    from 

^iTi/(|/>,.;^-Y_  f"    g=^       t  h  e    Pharmaco- 

pa'ia  at  its  next 
revision.  This, 
the  only  species 

FIG.  1198.— Celandine,  Slightly  Reduced.    Seed    '^^  "^"^  genus,  is 
enlarged  about  lour  times.    (BaiUon.)  a  perennial  herb, 

with  slender 
branching  stem,  bright  yellow  delicate  flowers,  and  an 
acrid,  irritating,  disagreeable-smelling  _yellow  juice. 
The  plant  is  sufficiently  described  by  the  Pharmacopoeia 
in  its  description  of  the  dried  herb.  "  Root  several-headed, 
branching,   red-brown;    stem  about  twenty  inches  (50 
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cm.)  long,   light  green,  hairy;  leaves  about  six  inches        _. 
(15  cm.)    long,   petiolate,    the   upper  ones   smaller  and        ■ 
sessile,  light  green,  on  the  lower  side  glaucous,  lyrate-        w 
pinnatifid,    the    pinnfe    ovate-oblong,    obtuse,    coarsely 
crenate  or  incised  and  the  terminal  one  often  three-lobed; 
flowers  in  small,  long-peduncled  umbels  with  two  sepals 
and  four  yellow  petals.     Capsule  linear,  two-valved  and 
many-seeded.     The  fresh  plant  contains  a  saffron-colored 
milk- juice  and  has  an  unpleasiint  odor  and  acrid  taste." 

Celandine  is  a  native  of  Europe,  but  has  been  abun- 
dantly naturalized  iu  the  United  States,  where  it  aft'ects 
rich,  shaded  dooryards.  It  is  an  old  country  medicine,  and 
has  been  used  to  dissipate  warts  and  as  a  dressing  for 
ulcers.  Its  general  composition  is  very  similar  to  "that 
of  bloodroot.  but  the  important  alkaloid  is  c/ieleryt/iriiie, 
associated  with  eheUdonine.  a  and  ,3  homochel idinii nes  and 
protopine.  There  are  also  chttkhin  ic  and  chelidon  ink-  acids.  _ 
Chelerythrine  acts  in  a  markedly  different  way  from  its  ■ 
close  relative,  sanguinarine,  lacking  entirely  the  irritating  I 
properties  of  the  latter  upon  the  motor  centres,  which  it 
depresses  or  paralyzes  from  the  first.  It  also  depresses 
the  muscles.  The  ends  of  the  sensory  nerves  are  tirst 
irritated  and  then  depressed.  Chelidonine  tends  to  coun- 
teract this  primary  sensory  stimulation.  The  homocheli- 
doniues  and  protopine  are  iu  very  small  amounts.  Their 
effects  are  also  in  the  general  direction  of  both  sensory 
and  motor  depression.  Hence  the  effects  of  celandine 
are  not  violently  irritating  like  those  of  bloodroot,  and 
are  finally  soothing  and  depressing.  There  is.  however, 
enough  sanguinarine,  in  connection  with  the  primary 
sensory  irritation  of  the  chelerythrine,  to  make  the  drug 
strongly  irritating  in  the  first  s'tage  of  action.  It  acts  as 
a  laxative  or  a  purgative,  and  has  always  been  regarded 
as  an  active  cholagogue.  Large  doses  may  cause  emesis, 
but  the  tendency  of  this  drug  is  purgative,  as  that  of  san- 
guinarine is  emetic.  There  is  no  official  preparation.  The 
dose  is  1  to  4  gm.  (gr.  xv.  to  Ix.).  The  extract  is  mostly 
used,  in  doses  of  .5  to  1  gm.  (gr.  viij.  to  xv.).  The 
drug  has  been  a  favorite  domestic  basis  for  poultices,  and 
the  juice  is  a  counter-irritant,  similar  to  bloodroot. 

Ilenry  11.  Eusby. 

CELASTRUS.    See  Bittersweet,  False  Climbing. 

CELERY.  —  This  well-known  succulent  vegetable, 
Apium  grareiilens  L.  (fam.  UmbeUiferd),  is  distilled  iu  the 
fresh  state  for  a  delicious  volatile  oil  which  is  used  for 
flavoring.  The  fruit,  however,  is  the  important  part 
from  the  standpoint  of  materia  medica.  It  is  similar  to 
the  other  cremocarps  of  the  family,  but  is  very  small, 
only  one-twenty-fifth  inch  in  length,  broadh'  ovate,  dark 
brown,  hard,  smooth,  and  generally  contains  twelve  oil 
tubes.  It  is  largely  used  in  its  own  form  for  flavoring 
purposes  and  as  a  carminative,  similarly  to  its  relatives, 
and  in  doses  of  grams  ij.  to  iv.  (  3  ss.  to  i.).  Its  volatile 
oil,  containing  limonene,  is  also  largely  used  for  the  same 
purposes.  Henry  H.  Rusby. 

CELL. — A  cell  is  one  of  the  elementary  forms  of  organ- 
ized substances  of  animals  and  plants.  It  is  irreducible 
Into  more  simple  parts  except  by  mechanical  or  chemical 
means;  it  is  therefore  the  histologieal  element. 

Historic Ai. — It  is  to  the  botanists  that  the  credit  of 
the  discovery  of  the  minute  structure  of  living  matter  is 
due.  At  the  end  of  the  seventeenth  century  Malpighi 
and  Grew  demonstrated  the  fact  that  plant  tissue  was 
made  up  of  small  spaces  with  firm  walls,  and  that  these 
spaces  were  filled  with  fluid.  They  called  these  spaces 
cells,  from  the  Latin  "cella,"  a  little  cavity  or  space. 
Further  investigation  showed  that  this  plant  cell  con- 
tained, in  addition  to  the  fluid,  a  somewhat  granular  sub- 
stance and  that  this  granular  mass  contained  a  darker 
spot,  which  spot  we  now  know  to  be  the  nucleus. 

Investigation  of  animal  tissue  by  Purkinje,  Valentin, 
Milller,  and  Henle  (1830^0)  showed  that  it  was  com- 
posed of  elements  similar  to  those  of  plant  tis.sue.  In 
1838  Schwann,  as  the  result  of  his  investigations,  an- 
nounced the  fact  that  animal  and  plant  fissucs  were 
made  up  of  similar  elements,  and  he  defined  these  ele- 
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ments,  the  cells,  as  "small  vesieles,  with  firm  walls,  en- 
closing fluid  contents. " 

As  the  investigation  of  the  plant  cell  advanced  it  was 
found  that  in  many  instances  it  was  completely  filled  by 
this  granular  substance,  and  it  was  named  protoplasm 
by  Mohl.  Further  investigation  of  the  animal  cell 
showed  that  the  cell  wall  was  absent  in  many  cases,  and 
the  question  was  raised  as  to  whether  these  bodies  could 
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Fie.  1199.— Diagram  of  a  Cell.  C,  Centrosome;  F,  foreign  body;  U, 
hyalnplasiii ;  I,  liitnimu-li'ar  network  or  rfticulum ;  A",  karyosome 
IT  fa^f  TiiKi.Mitiis:  _L.  linin;  .1/.  nuclear  membrane  ;  J\',  nucleus: 
All,  iiuclt/ulus;  .S,  spungioplasm  ;  V^  vacuole. 

be  classified  as  cells.  It  was  also  found  that  these  bodies 
were  identical  in  structure  with  the  protoplasm  of  Mohl, 
and  the  term  protoplasmic  bodies  was  applied  to  them 
bj'  Remak. 

In  1860  Ma.\  Schultze  announced  his  protoplasmic 
theory  of  the  structure  of  animal  cells.  He  demonstrated 
that  the  cell  wall  or  membrane  of  the  earlier  investigators 
was  not  an  essential  part  of  either  the  animal  or  the  plant 
cell ;  that,  as  a  general  rule,  the  plant  protoplasm  had  a 
firm  wall,  but  under  certain  conditions  it  became  divested 
of  it  and  then  assumed  the  same  characteristics  as  those 
of  the  animal  protoplasm.  Having  determined  that  the 
element  was  not  a  cell  or  little  space  filled  with  fluid,  but 
a  formed  material,  he  still  retained  the  term  cell  of  the 
earlier  investigators.  "We  still  continue  to  use  the  same 
term,  as  it  has  become  a  fixture  in  biological  nomencla- 
ture. Schultze  defined  a  cell  "as  a  little  mass  of  pro- 
toplasm endowed  w;th  the  attributes  of  life." 

As  tae  investigation  of  the  cell  proceeded  it  was  found 
that  this  mass  of  protoplasm  was  of  a  much  more  intri- 
cate structure  than  was  at  first  supposed,  and  that  the  dark 
spot,  the  nucleus,  was  an  important  part.  This  necessi- 
tated a  revision  of  Jlax  Schultze's  definition,  and  the  fol- 
lowing was  formulated:  "A  cell  is  a  little  mass  of  proto- 
plasm., which  contains  in  its  interior  a  specially  formed 
portion,  the  nucleus." 

During  the  last  decade  a  vast  amount  of  information 
in  regard  to  the  structure  of  the  cell  has  accumulated. 
This  is  especially  so  in  regard  to  the  nucleus  and  the 
part  it  plays  in  the  process  of  cell  division.  These  dis- 
coveries will  be  considered  in  the  discussion  of  the  struc- 
ture of  the  cell. 

Structuee  op  tite  Cell. 
(  Cell  body,  i  a.  Spougioplasm  or  cytoreticulum, 

1 .  -  Protoplasm,  or  ■]  b.  Hyaloplasm. 


Cytoplasm, 

(  Nucleus,  or 
(  Karyoplasm. 


n 


Centrosome. 
Cell  membrane. 


Microsomes. 
fa.  Nuclear  membrane, 
I  b.  Intranuclear   net-  (  a.  Chromatin. 

work,  "/  b.  Linin. 

c.  Karyolymph  or  nuclear  sap, 

d.  Nucleoli. 


Cytoplasm  (cell  body,  protoplasm). — Under  the  ordi- 
nary powers  of  the  microscope  the  cytoplasm  has  a 
granular,  in  some  instances  a  homogeneous  appearance: 
but  upon  analysis  with  the  highest  powers  it  is  found  to 
be  composed  of  two  distinct  substances:  the  sponyiophtsDi 
or  cyPireticulum  (Fig.  1199,  .S').  which  forms  a  network 
or  reticulum  the  spaces  of  which  are  filled  with  what  is 
believed  to  be  a  fluid  substance,  and  the  hj/alvplnsia  (Fig. 
1199,  II).  The  proportion  of  these  two  elements  varies. 
In  young  cells  the  hyaloplasm  prednmiuates,  but  as  the 
cells  grow  it  decreases  relatively,  and  the  spongioplasra 
increases.  The  amount  of  the  spougioplasm,  the  thick- 
ness of  its  threads,  and  the  size  of  its  meshes  also  vary 
in  different  cells.  Embedded  in  the  cytoplasm  are  mi- 
nute granules,  the  microsome.^ ;  these,  together  with  the 
nodal  points  of  the  spougioplasm,  give  the  granular  ap- 
pearance to  the  cell-body.  The  distribution  of  the  mi- 
crosomes is  not  uniform  :  usually  t  lie  periphery  of  the  cell 
is  entirely  free  from  them,  and  then  in  some  cells  they  are 
grouped  in  masses  or  they  may  be  distributed  irregularly. 
If  they  are  numerous  and  coarse  in  character,  the  c_vt"o- 
plasm  has  a  dark  look:  if  they  are  fine  and  less  numer- 
ous it  has  a  lighter  or  nearlj'  clear  appearance.  In  addi- 
tion to  the  microsomes  other  objects  are  sometimes  found 
in  the  cytoplasm,  viz., pigment  or  fat  granules  and  clear, 
splu'i'ical-shaped  cavities — i-iiriitjUs  (Fig.  1199,   T'). 

In  1893  Butschli  published  the  results  of  his  observa- 
tions on  the  minute  structure  of  cytoplasm.  lie  claimed 
that  the  reticular  apjK'arance  was  due  to  the  fact  that  it 
was  a  foam  or  emulsion,  being  made  up  of  numerous 
microscopic  vacuoles,  the  walls  of  which  were  in  clo.se 
apposition,  so  that  the  microscope  showed  them  only  in 
optical  section  and  not  their  surfaces.  In  order  to  con- 
firm this  theory  he  made  numerous  experiments  and 
finall}'  succeeded  in  prodviciug  what  he  called  "artificial 
cytoplasm,"  which  when  \iewed  with  the  microscope 
had  nearly  the  same  appearance  as  the  spougioplasm  of 
a  cell.  This  artificial  cytoplasm  was  made  liy  rubbing 
up  olive  oil  with  cane  sugar  or  potassium  hydrate.  A 
drop  of  this  mixture  was  placed  on  a  slide,  a  small  drop 
of  water  was  added,  and  the  whole  was  covered  with  a 
cover  glass,  the  weight  of  which  spread  it  out  in  a  thin 
layer.  From  these  experiments  he  concluded  that  e^yto- 
plasm  was  a  mixture  of  fluids  of  different  densities,  the 
heavier  forming  the  walls  of  the  vacuoles,  while  the 
lighter  collected  in  their  cavities. 

At  present  we  have  two  theories  as  to  the  structure  of 
cytoplasm:  the  reticular,  which  is  supported  by  the  ma- 
jority of  iuvestigat(U's,  and  the  fnam  or  emn/,tiuii  theory, 
which  is  advocated  by  Butschli  and  his  school. 

jS'iir/i  iii. — The  iiiidcii.i  or  /,iii\//i>jitaKm  (Fig.  1199,  A')  is 
now  known  to  be  the  important  part  of  the  cell,  being 
the  centre  of  all  its  activity.  It  is  generally  embedded 
in  the  C3'toplasm,  but  in  a  few  cells  it  projects  above  the 
surface.  It  stains,  or,  more  jiroperly  speaking,  some  of 
its  elements  stain,  with  certain  dyes,  such  as  carmine, 
hoematoxylin,  etc. 

It  may  be  spherical,  oval,  rod-like,  or  irregular  In  its 
shape,  and  its  size  is  generally  in  proportion  to  the  size 
of  the  cell.  In  a  few  instances  it  is  nearly  as  large  as 
the  cell  itself  (lymphocytes).  Every  cell,  as  a  rule,  has 
at  least  one  nucleus,  sometimes  two  or  more,  and  in  the 
large  giant  cells  one  hundred  or  more  have  been  found. 
A  few  cells— red  blood  cells,  the  surface  cells  of  the  epi- 
dermis, and  the  respiratory  cells  of  the  terminal  air  pas- 
.sages  of  the  lungs — are  without  nuclei. 

These  cells  ilid  at  some  jjrevious  time  have  a  nucleus, 
but  in  the  process  of  differentiation  the  nucleus  disap- 
peared. 

In  the  resting  state  the  nucleus  is  surrounded  by  a 
membrane,  the  nuclear  membrane  (Fig.  1199,  31),  which 
encloses  the  nuclear  contents  or  karyoplasm.  This  mem- 
brane is  divided  into  two  laj'ers,  an  inner  or  chromatic, 
and  an  outer  or  achromatic.  By  some  investigators  it  is 
considered  as  a  special  condensation  of  the  cytoreticulum. 
The  karyoplasm  is  made  up  of  a  formed  material,  the 
intranuclear  netirork  or  reticulum  (Fig.  1199,  /),  and  of 
what  is  believed  to  be  a  fluid  substance,  the  karyolymph  or 
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nuclear  sup.  vrhkh  fills  the  spaces  formed  by  the  reticu- 
lum. The  iutrauuclear  network  is  composed  of  two  ele- 
ments :  chromatin,  which  stains  with  the  nuclear  dyes. 
and  linin  (Fig.  1199.  L).  which  does  not  stain.  The 
chromatin  occurs  in  the  form  of  irregular  anastomosing 
threads,  which  are  supported  by  the  linin.  These  chro- 
matin threads  vary  in  their  thickness  and  arrangement. 
In  some  nuclei  they  appear  in  the  form  of  a  thick  or  thin 
convoluted  thread ;  in  others  as  rounded  or  irregularly 
shaped  granules.  Some  investigators  believe  that  the 
chromatin  occurs  in  the  form  of  short,  rod-like  masses  and 
tliat  these  masses  are  embedded  in  the  linin.  The  linin 
is  a  transparent,  unstainable  substance,  only  to  be  dem- 
onstrated bv  special  methods  of  preparation. 

The  Nucleoli  are  of  two  kinds :  the  true  nucleoli  or  plas- 
mosmnes  (Fig.  1199,  iV'/),  and  the  net  knots  or  karyosomei 
(Fig.  1199,  A').  The  true  nucleoli  are  spherical  in  shape 
and  they  stain  intensely  with  the  nuclear  dyes.  They 
may  lie  "free  in  the  nuclear  sap  or  they  may  be  attached 
to  the  threads  of  the  intranuclear  network.  The  karj'o- 
somes  or  false  nucleoli  are  thickened  nodal  points  of  the 
reticulum.  The  function  of  the  true  nucleoli  is  un- 
known. 

Centrosome. — This  is  a  minute  spherical-shaped  body 
(Fig.  1199,  C)  found  within  the  nucleus  in  the  resting 
state.  It  is  the  special  organ  controlling  the  process  of 
cell  division.  In  the  earlier  stages  of  this  process  it 
passes  into  the  cj-toplasm,  remaining  near  the  nucleus, 
and  is  surrounded  by  a  zone  of  fine,  radiating  librils,  the 
attraction  sphere  or  archoplasm.  In  some  few  cells  no 
centrosome  has  been  discovered  as  yet,  but  this  is  be- 
lieved to  be  on  account  of  its  minute  size  and  difficulty 
of  demonstration. 

Cell  Membrane. — The  cell  membrane  is  now  believed  to 
be  an  imimportant  part  of  the  animal  cell.  It  is  present 
in  but  a  few  instances — fat  cells  and  the  ovum  being 
exceptions.  In  the  ovum  it  is  well  developed  and  has 
structural  differences  :  in  other  cells,  hojvcver,  it  is  gen- 
erally of  a  homogeneous  appearance  and  is  considered  by 
many  to  be  a  condensation  of  the  C3'toplasm. 

Cells  differ  greatly  in  shape.  They  may  be  oval  or 
spherical — the  form  of  all  young  cells;  discoid,  as  in  the 
case  of  the  red  blood  cells;  flat,  as  in  some  forms  of  epi- 
thelium; cylindrical  or  columnar,  as  in  the  epithelium  of 
the  intestine;  or,  finally,  irregular,  as  in  the  connective- 
tissue  cells  and  nerve  cells.  The  element  of  pressure  is 
an  important  factor  in  the  modification  of  the  shape  of 
cells,  and  is  well  exemplified  in  the  various  forms  of 
stratified  e])ithelium. 

ViT.\L  Properties  of  Cells. — Under  this  heading  are 
grouped  the  phenomena  of  movement,  irritability,  metab- 
olism., and  rejyroductioii. 

Cells  exhibit  the  phenomena  of  movement  under  three 
forms:  protoplasmic,  amn'boid.  and  ciliary. 

Protoplasmic  movement  is  difficult  of  observation  on 
account  of  the  slowness  of  the  process.  It  has  been  de- 
monstrated in  a  few  animal  cells,  and  in  plant  cells  it  is 
easily  observed,  the  streaming  of  the  cytoplasm  being  an 
example.  All  animal  cells  are  believed  to  possess  it  to 
a  greater  or  less  degree.  It  is  made  manifest  by  the 
changes  in  the  form  of  the  cytoplasm,  by  the  movements 
of  the  microsomes,  and  by  the  changes  in  the  position  of 
the  nucleus. 

Amoeboid  movement  is  similar  to  that  exhibited  by  the 
imicellular  organism,  the  amoeba.  Nearly  all  aniraarcells 
possess  it  to  some  extent,  it  being  well  marked  in  a  special 
few,  viz. ,  the  leucocytes,  lymph  cells,  and  wandering  con- 
nective-tissue cells,  "if  a  living  leucocyte  be  studied  under 
the  microscope,  it  will  be  seen  to  change  continually  its 
form  (Fig.  1200).  Gradually  a  bud-Hke  mass  of "  the 
cytoplasm  will  push  out  from  some  point,  or  several  may 
start  from  different  points.  These  pseudopodia  may  re- 
tract, or  one  may  be  extended  for  a  considerable"  dis- 
tance, the  remainder  of  the  cytoplasm  flowing  into  it. 
Other  pseudopodia  are  given  off  and  the  above  process 
is  repeated.  By  this  means  the  cell  will  gradually  crawl 
through  the  field  of  the  microscope.  It  is  by  means  of 
this  amoeboid  movement  that  the  leucocytes  pass  through 

T62 


the  walls  of  the  capillaries  and  wander  through  the  spaces 
of  the  tissues  and  organs  or  between  other  cells. 

Ciliary  movement  is  the  jmwer  possessed  by  the  hair- 
like appendages  of  certain  cells  (see  Epithelium). 

Irritability  is  the  ijropertj-  that  cells  have  of  respond- 
ing to  external  stimuli.     These  stimuli,  though  almost 


Fio.  1300.— Amoeboid  Movement.    (After  Verwom.) 

innumerable,  may,  in  a  general  manner,  be  grouped  as  me- 
chanical, electrical,  and  chemical  in  their  nature,  or  as 
due  to  heat  and  light. 

All  cells  do  not  react  in  the  same  manner  to  the  same 
stimulus,  nor  do  all  stimuli  cause  the  same  reaction  in  an 
individual  cell.  The  response  of  a  ceil  to  a  specific 
stimulus  depends  upon  its  structure.  Some,  those  of 
the  organs  of  vision,  for  example,  respond  to  light  only ; 
while  others  may  respond  to  one  or  more  stimuli. 

Under  mechanical  stimuli  are  classed  pressure,  violent 
shaking,  and  crushing,  any  one  of  which  causes  cells  to 
react  in  some  manner. 

While  heat  is  a  necessary  condition  for  the  vital  activ- 
ity of  cells,  it  must  be  confined  within  rather  fixed  limits; 
tliese  varj-ing  considerably,  however,  for  different  cells. 
If  the  temperature  be  raised  to  40°  C.  the  vitality  of  the 
cell  is  destroyed,  but,  on  the  other  hand,  the  temperature 
may  be  lowered  to  a  considerable  extent  without  the 
cell  being  killed.  An  Increase  of  heat  above  that  at 
which  a  cell  normally  exists  causes  a  marked  increase 
in  its  vital  processes,  until  the  heat -rigor  point  (40"  C.)  is 
reached,  when  a  coagulation  takes  place  and  the  cell  is 
killed.  Lowering  of  the  temperature  below  the  normal 
produces  a  gradual  diminution  of  activity  until  the  cold- 
rigor  (0°  C.)  point  is  reached,  when  the  cell  passes  into  a 
"  narcotic  "  state.  Apparently  cells  can  remain  in  this 
state  for  a  considerable  length  of  time  without  their 
vitality  being  destroyed,  for  if  they  be  gradually  warmed 
up  to  their  normal  temperature  their  vital  functions  are 
resumed. 

Light,  in  the  higher  order  of  animals,  is  believed  to  be 
a  stimulus  to  the  cells  of  the  organs  of  vision  onl}'.  In 
some  of  the  lower  animals,  other  tissue  cells,  especially 
those  of  the  skin,  respimd  to  its  stimulation. 

Electrical  stimuli,  when  applied  in  the  form  of  weak 
currents,  cause  an  increase,  strong  currents  a  decrease,  in 
cell  activity.  If  the  latter  are  continued  for  a  consider- 
able length  of  time  they  cause  the  death  of  the  cell. 

Chemical  stimuli  are  almost  niunberless,  and  at 
present  theii'  manner  of  action  is  not  thoroughly  under- 
stood. Some  cause  contraction,  some  increased  move- 
ment, others  increased  secretive  activitj',  etc.  A  strik- 
ing example  of  the  effect  of  chemical  stimuli  is  that 
known  as  chemotaxis.  This  is  the  property  possessed 
by  certain  cells  of  responding  to  the  stimulation  of 
chemical  substances  introduced   into  or  formed  in  the 
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body.  Some  substances  cause  the  cells  to  approach 
them — positire  chenwtaxis  ;  others  repel  them — mgatire 
chemotn.tis.  The  leucocytes  respond  quickly  to  this 
form  of  stimulation. 

Metabolism  is  the  property  -which  cells  possess  of  ab- 
sorbing and  of  giving  off  materials.  The  former  process 
is  termed  constructive  metabolism  or  aTiaboUsm,  the  latter 
destructive  metabolism  or  katabolism.  The  anabolic 
products  are  retained  in  part  by  the  cell  for  its  nutrition 
and  the  remainder  are  given  off  as  its  specific  secretion. 
Katabolic  products  are  mostly  thrown  off  as  excretions. 

Reproduction. — All  of  tlie  multitude  of  cells  entering 
into  the  formation  of  the  various  tissues  and  organs  of  tlie 


adult  animal  body  are  derived  from  one  original  cell,  the 
ovum.  Every  cell  is  the  result  of  the  division  of  a  pre- 
existing cell  (mother  cell)  into  two  cells  (daughter  cells). 
This  process  is  known  as  edl  ilivhioii. 

Two  chief  forms  of  celt  division  are  now  recognized: 
indirect  cell  division  {karj/okincMS,  kiwyomitosis,  or 
mitosia)  and  direct  cell  division  (ami  to  sis). 

Indirect  cell  division,  or  mitosis,  is  the  process  by  which 
the  vast  majority  of  the  cells  of  the  animal  body  divide. 
In  this  form  of  division  the  intranuclear  network  under- 
goes a  series  of  complicated  changes ;  the  nucleus  divides, 
and  finall}'  the  cell  body  itself,  into  two  equal  portions. 

The   process  is  divided   into   four    stages:     the  first 


IIG  1201— Diagram  of  Indireci  Cell  Division  or  Mitosis.  (After  B6hm  and  von  Davidoft.)  A.  Cell  with  resting  nucleus:  B,  prophases; 
nucleus  showinK  thickened  convoluted  thread  of  chromatin,  dauKliler  ccntiosomes,  and  early  stage  of  the  foraiation  of  the  achromatic 
SDlndle-  C  prophases,  formation  of  the  chromosomes  ;  D.  prophases,  iulinMiiatii-  spindle  in  long  axis  of  the  luirleiis,  I'hromosomes  dividing; 
E  anaphases  chromosomes  moving  toward  the  eentrosonics:  ;•',  aiiapliases,  chromosomes  coUected  at  the  pol.-s  of  the  nucleus  forming  the 
diaster-  commencing  cimstriction  of  the  cell  bodv ;  «.  telopliases,  liirihei  c.jiistrietion  of  the  cell  body,  diiiigliler  nuclei  returning  to  the 
.restine'statc  •  H  telophases,  deeper  constriction  of  the  cell  body,  daughter  nuclei  showing  monaster  and  convoluted  thread  of  chromatin : 
I,  telophases,'  complete  division  of  the  cell  body  forming  daughter  cells  the  nuclei  of  which  have  returned  to  the  resting  state. 
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stage,  prophases,  in  which  the  nucleus  uudergoes  a  series 
of  preparatorv  changes;  the  second  stage,  metaphases, 
in  which  the  "first  steps  in  the  division  of  the  nucleus 
take  place;  the  tliinl  stage,  aiuip/inms.  in  which  the 
nuclear  material  is  (listributed  to  the  new-forming  nuclei; 
finally  the  fourth  stage,  teh/p/xixei.  in  which  the  complete 
division  of  the  nucleus  and  cell  body  takes  place,  with 
the  formation  of  daughter  cells. 

Prophases.— The  resting  nucleus  enlarges  and  the  cen- 
trosome  passes  into  the  cytoplasm,  where  it  divides  in 
such  a  manner  as  to  form  daughter  ccutrosomes.  The 
daughter  centrosomes  lie  near  the  nucleus,  separated  by 
quite  an  interval,  each  being  surrounded  by  the  radiating 
fibrils  of  the  archophism,  some  fibrils  of  which,  stretching 
between  the  centrosomes,  form  the  iichromatic  spindle 
(Fig.  1201,  B).  The  intranuclear  network  becomes  con- 
verted into  a  fine  convoluted  thread,  which  in  some 
cases  is  continuous;  in  others  it  is  broken  up  into  sev- 
eral threads.  The  thread  or  threads  next  shorten  and 
become  thicker,  the  convolutions  being  reduced  in  num- 
ber. At  this  stage  the  chromatin  stains  intensely  and 
resists  the  action  of  decolorizing  agents.  Tlie  chromatin 
next  becomes  arranged  in  a  series  of  connecting  loops, 
forming  the  wreaih.  The  nuclear  membrane  and  the 
nucleolus  disajjpear.  In  some  cases  it  appears  that  the 
nucleolus  is  thrown  out  into  the  cytoplasm  and  there 
degenerates.  The  wreath  breaks  up  into  V-shaped  seg- 
ments, the  chromosomes  (Fig.  1201,  C).  These  chromo- 
somes are  always  of  an  equal  number,  varying  from 
two  to  thirty -six,  and  each  species  of  animal  has  a  char- 
acteristic number,  which  in  man  is  sixteen. 

The  centrosomes  migrate  to  the  poles  of  the  nucleus, 
and  the  achromatic  spindle  appears  in  its  long  axis,  being 
formed  by  some  of  the  fibrils  of  the  archoplasm  stretch- 
ing between  them  (Fig.  1201,  D).  The  chromosomes, 
which  have  becon\e  much  shorter  and  thicker,  collect 
around  the  axis  of  the  nucleus  at  its  etiuator,  the  equa- 
ioi-idl  plane,  their  closed  ends  being  directed  toward  the 
centre,  forming  the  WMnaster  (Fig.  1201,  D). 

Metaphases. — This  stage  is  the  commencement  of  the 
actual  division  of  the  nucleus.  The  chromosomes  of  the 
monaster  split  lengthwise  into  halves,  which  at  first  lie 
close  together,  but  gradually  draw  away  from  each  other 
(Fig.  1201,  D)  and  form  daughter  chromosomes,  the 
original  chromatin  being  ilividc'd  into  equal  portions. 

Anaphases. — The  nuclear  material  is,  in  this  stage, 
eciually  distributed  to  the  now  forming  daughter  nuclei. 
The  chromosomes  separate  into  two  equal  groups,  and 
each  group  gradualh'  moves  toward  one  of  the  centro- 
somes (Fig.  1201,  E),  Avhere  they  collect  in  a  form  similar 
to  that  of  the  monaster;  this  is  termed  the  diaster  (Fig. 

1201,  F).  Toward  the  close  of  this  stage  the  cyto- 
plasm becomes  slightly  constricted  at  the  equatorial 
plane. 

Telophases. — The  constriction  of  the  cytoplasm  noticed 
in  the  previous  stage  continues  to  deepen  until  the  cell- 
body  is  divided  into  equal  lialves,  forming  daughter  cells, 
each  of  which  receives  one  of  the  groups  of  chromosomes, 
one-half  of  the  remaining  nuclear  material,  and  one 
centrosome.  The  nuclear  membrane  and  the  nucleolus 
reappear  and  the  daughter  nuclei  return  to  the  resting 
state  (Fig.  1201.  G,  II  I). 

Direct  Cell  Division  or  Amitosis. — This  form  of  cell 
division  is  now  believed  to  be  confined  to  the  lymph 
cells  and  leucocytes.  The  nucleus  in  this  form  of  cell 
division  divides  without  the  intranuclear  network  under- 
going the  same  complicated  changes  as  in  the  indirect 
form. 

The  nucleus  first  becomes  constricted  (Fig.  1202,  ^-1); 
this  constriction  gradually  increases  and  finally  cuts  the 
nucleus  into  two  parts,  forming  daughter  nuclei ;  these 
daughter  nuclei  draw  away  from  each  other  by  amoeboid 
movement  (Fig.  1202,  B). '  At  times  the  complete  divi- 
sion is  delayed  and  the  nuclei  remain  connected,  for  some 
time,  by  a  narrow  thread  of  the  nuclear  material  (Fig. 

1202,  C).  Division  of  the  cytoplasm  take  splace  by  the 
development,  at  first,  of  a  constriction  between  the  nuclei, 
and  then  finally  by  the  entire  separation  of  the  daughter 


cells  thus  formed.  Like  the  nucleus,  the  cytoplasm  may 
in  some  instances  remain  connected  (Fig.  1202,  D),  or 
its  division  may  be  delayed  while  the  nuclei  go  on 
dividing,  the  result  being  an  accumulation  of  nuclei  and 
the  formation  of  multinucleated  cells. 

The  innumerable  cells  found  in  the  adult  organism, 
though  derived  from  a  common  parent,  the  ovum,  lose 


Fig.  1202.— Direct  Cell  Division  or  Amitosis.  (After  Arnold.)  A, 
Constriction  of  the  nucleus;  B,  complete  division  of  the  nucleus, 
commencing  constriction  of  the  cell  body  ;  C,  daughter  nuclei  stiU 
connected  by  a  thread  of  nuclear  material ;  D,  daughter  cells  still 
connected  by  a  narrow  band  of  cytoplasm. 

In  many  respects  all  resemblance  to  that  cell.  They  as- 
sume new  forms  and  functions,  these  being  brought 
about  by  a  process  of  cell  difierentiation. 

After  the  fertilization  of  the  ovum  it  divides  by  mitosis 
and  at  first  the  daughter  cells  resemble  the  mother  cells. 
Soon  changes  make  their  appearance  in  the  cells  and  they 
can  be  grouped  into  two  forms.  These  two  forms  con- 
tinue to  multiply  and  finally  they  become  arranged  into 
three  distinct  layfrrs — the  layers  of  the  blastoderm.  From 
these  layers  of  the  blastoderm  all  of  the  tissues  of  the 
body  are  derived,  each  layer  furnishing  certain  specific 
tissues. 

For  more  minute  details  of  the  structure  and  fimction 
of  cells  consult  "  The  Cell  in  Development  and  Inheii 
tance,"  E.  B.  Wilson,  and  "General  Physiology,"  Max 
Verworn,  translated  from  the  German  by  Frederic  S. 
Lee,  ^LD.  George  C.  Freeborn. 

CENTAURY,  AMERICAN.     See  GeriUanacecB. 

CEPHAELINE.     &tie  Ipecac. 

CEPHALH/EIVIATOIVIA.— The  name  given  by  Nae^ele 
is  from  the  Greek,  neoa'/i/,  the  head,  al/ia,  blood,  and  o/ia, 
morbid  condition.  A  morbid  condition  of  the  head  char- 
acterized by  an  effusion  of  blood.  Latin  C'ranii  tumor 
sanguineus ;  French,  Cephalematome,  or  Tumeur  sanguine 
de  la  tete ;  Italian,  Cefalhcematoma ;  German,  Kephald- 
iiiatom,  or  Kopfblutgeschuulst.  First  described  by  Mi- 
chaelis. 

Synonyms. — Cephalfematoma :  ecchymoma  capitis; 
ecchymoma  capitis  recens  natorum;  thrombus  neona- 
torum ;  abscessus  capitis  sanguineus  neonatorum ;  tumor 
capitis  sanguineus  neonatorum;  cephalophyma ;  cranio- 
ha-matoncus. 

Dkfinition. — An  effusion  of  blood  upon  or  within  the 
crania  of  newly  born  infants. 

V.\nrETiES. — Subaponeurotic,  fhe  simplest,  but  not  tke 
most  comujon  form — a  bloody  effusion  immediately  un- 
derneath the  cranial  muscles. 

Subpericranial,  situated  between  the  pericranium  and 
cranial  bone — the  most  common  form. 

Diploic,  situated  within  the  diploE — a  rare  form,  and 
diifering  from  others  in  that  it  continues  to  bleed  when 
laid  open.  (This  is  explained  by  the  abundant  supply 
of  arteries  and  veins  in  the  reticulated  structure  of  the 
diploe.) 
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Coiilaiiry, 
repliallin'iiiatoiiia. 


Subcranial,  jienerallj-  situated  between  the  skull  and 
dura  mater,  and  sometimes  in  the  cavitj'of  the  arachnoid. 
A  case  of  triple  ceplialli^enuitoma  is  reported  by  Oui;  it 
appeared  after  an  easy  sijontaneous  accouchement ;  spon- 
taneous suppuration  and  opening  of  the  occipital  ttmior; 
puncture  of  the  left  parietal  tumor  (the  larger  one  tif  the 
two  parietal  tvnnors),  followed  by  rapid  recovery;  non- 
intervention with  the  right  parietal  tumor,  which  very 
slowl}'  underwent  resolution. 

Pathological  Anatomy, — The  scalp  generally  retains 
its  natural  aspect.  Exceptionally  its  appearance  be- 
comes red  and  livid.  Its  substance  remains  uninjured, 
and  the  peritfanium  preserves  its  transparency.  The 
effused  blood  is  contained  in  a  sac  of  line  membrane, 
having  all  the  characteristics  of  condensed  cellular  tissue. 
It  rests  on  the  bone,  from  which  it  can  be  easily  detached, 
and  underneath  the  pericranium,  to  which  it  adheres 
more  firndy.  Points  of  ossification  can  be  observed  on 
the  imder  surface  of  this  membrane.  The  earlier  writers 
thought  that  the  outer  table  of  the  skull  was  necrosed, 
carious,  and  destroyed,  and  that  the  ruptured  vessels  of 
the  diploa  gave  rise  to  the  hemorrhage,  A  bony  ring 
forms  in  the  majority  of  cases.  It  begins  as  soon  as  the 
separation  of  the  pericranium  is  arrested,  which  is  about 
the  second  day.  This  has  been  said  to  be  only  a  delusion 
of  the  sense  of  touch,  but  its  presence  has  been  demon- 
strated by  numerous  autopsies.  It  is  not,  however, 
always  present,  being  absent  in  tumors  situated  near  a 
suture.  There  are  many  theories  as  to  its  causation. 
The  following,  by  Virehow,  is  probably  not  only  the 
most  beautiful,  but  also  the  most  plausiljle;  The  healthy 
cranium  grows  by  proliferation  of  the  inner  laj'ers  of  the 
periosteum.  If,  then,  the  pericranium,  through  the  blood 
which  is  poured  out,  is  held  apart  from  the  cranium,  the 
bone-forming  layers  of  the  periosteum  being  still  thrown 
off,  they  cannot  reach  that  part  of  the  bone  for  which 
they  are  intended,  on  accoimt  of  the  presence  of  the 
blood.  Eager,  however,  to  fulfil  their  office,  they  join 
themselves  to  the  bone  at  the  border  of  the  tumor  where 
the  bone  is  still  attached.  Bland  Sutton  reports  a  case 
which  had  occurred  in  a  monkey.  Autopsy  showed  the 
Ijony  ring.  Similar  formations  of  bone  are  observed  in 
rabbits  subjected  to  experimental  elevation  of  the  peri- 
cranium. 

Etiology. — The  etiology  has  occasioned  much  dis- 
cussion. The  reception  of  some  injury  by  the  child  dur- 
ing parturition  was  long  thought  to  be  the  cause.  A 
ninnber  of  observers  failed  to  note  that  it  succeeded  diffi- 
cult labors.  The  tumor  occurred  on  parts  not  liable  to 
pressure.  Cases  are  reported  after  breech  presentations, 
after  Ciesarean  section,  and  after  painless  labor,  and  it 
has  been  observed  that  a  narrow  pelvis  in  the  mother  is 
an  infreciueut  accompaniment.  It  occurs  in  premature 
births.  These  tumors  form  on  children  of  advanced  age 
and  on  adults ;  sixty-six  and  two-thirds  per  cent,  of  the 
cases  are  males.  While  it  is  very  easy  to  imagine  how 
pressin-e  during  parturition  might  cause  the  tumors,  j'et 
it  is  very  evident  that  in  a  large  proportion  this  is  not  "the 
cause  biit  that  it  must  be  some  fault  of  the  blood-vessels. 
Intracranial  hemorrhage  is  in  reality  a  form  of  apoplexy, 
and  it  is  quite  probable  that  the  tendency  is  inherited. 
One  case  is  on  record  in  which  the  same  mother  gave 
birth  to  three  children  successivel}'  who  had  cephal- 
hnematoma.  In  a  case  reported  by  the  author,  the  mother 
said:  "Three  of  my  other  children  died  of  convulsions, 
and  I  gave  this  one  up  as  soon  as  they  came  on,"  These 
other  children,  too,  might  have  had  cephalhfematomas, 
and  there  might  have  been  an  inherited  tendency  ;  or  an 
unusual  friability  or  thinness  of  the  vessels,  or  incom- 
plete development  of  the  outer  layer  of  the  skull,  might 
have  been  the  cause.  If  cephalhiematomas  are  caused 
by  pressure  in  breech  presentations,  this  must  be  due  to 
tlie  action  of  the  cervix  on  the  cord  or  neck  of  the  child. 
Pressure  during  delivery  undoubtedl_y  has  something  to 
do  with  the  causation  of"  a  considerable  number  of  these 
tumors,  yet  there  are  many  others  which  must  result 
from  a  d'iseased  condition  of  the  blood-vessels,  inherited 
or  acquired.     Heydecker  reports  a  case  which  was  due, 


in  his  opinion,  to  imperfect  ossification  of  the  cranial 
bones. 

Frequency. — The  average,  so  far  as  it  can  be  learned 
from  the  statements  of  authors,  is  1  in  every  23.5  children 
born. 

Location. — It  is  most  frequently  situated  on  the  right 
parietal  bone,  then  on  the  left,  occasionally  on  the  frontal, 
more  rarely  on  the  occipital  and  in  the  temporal  regions. 

Di.VGNOSis. — It  is  a  disease  of  the  newly  born.  Ex- 
ceptions; One  case  has  been  reported  in  a  child  of  .six 
months,  another  in  one  of  twelve  months,  a  third  in  a 
man  of  twent3'-six  years,  a  fourth  in  one  of  thirtj-six, 
and  a  fifth  in  a  woman  of  forty-nine.  These,  liowever, 
are  anomalies.  One  notices  a  tumefaction,  usually  one, 
two,  or  three  days  after  birth.  It  develops  gradually ; 
it  is  of  fluid  character.  It  pulsates  forcibly  at  the  begin- 
ning, if  connected  with  an  artery;  it  loses  this  later,  but 
fluctuation  is  always  present.  In  size  tiie  tumor  ranges 
from  that  of  a  hazelnut  to  that  of  a  mass  involving  the 
whole  surface  of  the  parietal  bone.  The  tumor  is  limited 
by  the  sutures  in  the  three  varieties  situated  between  the 
pericranium  and  the  dura  mater;  in  the  subaponeurotic 
and  arachnoid  varieties  this  is  not  so.  The  scalp  is  nat- 
ural in  appearance  in  the  subaponeurotic  variety.  The 
bony  ring  is  almost  pathognomonic  in  the  subpericranial 
varietv,  but  is  not  so  often  present  in  those  situated  be- 
tween the  cranium  and  dura  mater;  in  the  other  varieties 
it  is  absent.  The  diagnosis  of  internal  cephalhiematoma 
must  be  made  from  the  s^Muptonis  of  brain  pressure, 
twitchings,  convulsions,  stupor,  or  paralysis  which  it 
may  produce.  The  caput  succedaneum  occurs  in  the 
first  twelve  to  thirty-six  hours.  Cephalhematoma  is  at 
birth  either  absent  or  scarcely  noticeable,  grows  from  day 
to  dayimtil,  on  the  eighth  day,  it  attains  its  full  size,  and 
then,  perhaps,  the  bony  ring  can  be  felt.  The  caput 
succedaneum  pits  on  pressure,  while  the  cephalha>matoma 
does  not.  From  henna  cerebri  congenita  it  may  be  dis- 
tinguished by  the  fact  that  this  pulsates,  while  cephal- 
hoematoma  simply  fluctuates;  hernia  cerebri,  further- 
more, is  not  found  on  the  parietal  bones,  but  on  the 
sutures  and  fontanels;  it  protrudes  during  the  acts  of 
coughing  and  crjdng,  is  partly  reducible,  and  then  causes 
slight  convulsions.  The  rim  of  bone  resendiles  somewhat 
the  elevated  ring,  but  prcssureof  the  finger  on  thetunior 
does  not  find  a  bony  floor  as  in  cei>halh:ematoma.  The 
skin  over  hernia  cerebri  is  thin  and  hairless,  in  cephal- 
ha?matoma  it  is  normal.  Fungus  of  the  dura  mater  does 
not  contain  fluid,  does  not  fluctiiatc  nor  feel  doughy,  has 
no  bony  ring,  and  the  overlying  skin  is  thick  and  blue. 
This  form  of  tumor  becomes  smaller  under  pressuri'.  and, 
besides,  it  seldom  occurs  in  children.  Atheroma  and 
fatty  tumors  occur  rarely  at  such  a  tender  age.  They 
can  be  differentiated  liy  tiie  trocar,  but  one  must  be  care- 
ful to  exclude  hernia  cerebri  before  using  this  instru- 
ment. There  is  no  danger  of  confounding  cephalha?ma- 
toma  with  h3'drocephalus  exteriras,  and  the  osseous  circle 
will  distinguish  the  former  from  aqueous  cysts.  Telan- 
gioma  occupies  the  favorite  seat  of  hannatoma,  but  is  not 
covered  with  hair,  ]iulsates  weakly,  and  is  somewhat 
diminished  in  size  by  pressure. 

Prognosis. — For  the  extracranial  tumors  the  prognosis 
is  good,  for  the  intracranial  it  is  bad.  Death  takes  place 
mostly  from  exhaustion,  brain  pressure,  and  secondary 
hemorrhage;  from  rupture  of  the  tiunor;  from  necrosis 
or  caries  of  the  bone  leading  to  perforation;  from  throm- 
bosis of  the  cerebral  sinus;  from  extension  of  the  inflam- 
mation into  the  meninges  and  brain  itself ;  from  absorp- 
tion of  ichorous  discharge,  and  from  py,T?mia.  Arthritis, 
phlebitis  umbilicalis,  pleuritis,  scleroderma,  intestinal 
hemorrhage,  caries  of  the  skull,  and,  in  the  internal 
variety,  idiocy  are  among  the  results  which  may  follow 
cephalhai'matoma. 

TREAT.MENT. — Authors  are  divided;  some  follow  the 
expectant,  others  the  active  plan.  Some  of  those  who 
use  the  knife  wait  till  the  eighth  to  twelfth  day;  a  few 
make  the  incision  earlier.  The  artificial  evacuation  of 
the  blood  is  usually  unnecessary,  and  may  do  harm;  as  a 
rule,  non-interference  is  best.     If  pus  forms  it  should  be 
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evacuated.  Patton,  in  tlie  case  of  his  own  son,  aspirated 
on  the  twelfth  day,  removing  twelve  fluidrachms  of  blood. 
Result  was  good  and  Patton  recommends  it  highly.  For 
the  external  varieties,  warm  aromatic  fomentations,  cold 
spirit  lotions,  pressure,  and  setons  have  all  had  their  day. 
As  treatment  in  intracranial  cephalhsematoma  lias  not  yet 
been  attempted ;  as  the  internal  is  almost  always  asso- 
ciated with  the  external  variety,  the  latter  being  situated 
directly  over  the  former,  in  the  writer's  opinion  it  would 
be  advisable  to  trephine  the  skull  to  evacuate  the  tumor. 

Edward  Sydney  McKee. 
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CEPHALOCELE.    See  Brain. 

CEPHALOMETRY  ;  CRANIOMETRY,     ^ee  Skull. 

CEREBELLUM,     ^ee  Brain. 

CEREBRO-SPINAL     INJURIES.      (MEDICO-LEGAL.) 

See  Triniinntic  Ajt'ictii»is.     (Midicii'Ltgiil.) 

CEREBRO-SPINAL  MENINGITIS,  EPIDEMIC— Defi 

NITION. — Cerebro-spinal  meningitis  (lifjvti-^,  a  membrane) 
is  an  acute  infectious  disease,  with  its  main  local  ex- 
pression, as  the  name  indicates,  in  the  membranes  of  the 
brain  and  spinal  cord.  Two  sets  of  symptoms  distin- 
guish this  tiisease:  one  common  to  all  the  acute  infec- 
tions, and  characteristic  of  general  poisoning  of  the 
blood ;  the  other  peculiar  to  the  local  lesion  in  the  cover- 
ings of  the  brain  and  spinal  cord.  The  combination  of 
these  two  sets  of  symptoms  and  lesions  individualizes  the 
disease. 

Synonyms. — No  disease  has  received  so  many  names, 
•while  there  is  not  one  against  which  valid  objection  may 
not  be  raised.  Of  cerebro-spinal  ferer  (Royal  College  of 
Physicians)  it  may  be  said  that  while  it  recognizes  the 
general  infection  it  fails  to  indicate  the  part  of  the  brain 
and  cord  affected.  Cerebro-spinal  fever  is  neither  clear 
nor  classic.  It  is  a  term  "  which  may  be  pardoned  when 
used  by  the  laity,  but  which  educated  physicians  ought 
not  to  tolerate  "  (Stille).     More  glaringly  faulty,  though 


with  abundant  recognition  of  the  brain  symptoms,  are- 
the  designations  of  the  older  French  authors:  Fiewe  cere- 
hrale,  plirenhie,  cipJialalgie  epidemique,  meningite  purxi- 
lenie  ejiid/iuiquc,  with  which  may  be  cited  also  the  Ger- 
man Ilirnseuche,  and  the  old  English  terms  malignant 
meningitis  and  epidemic  nuningitis.  The  early  erroneous 
view  of  the  disease  as  a  variety  of  typhus  fever  is  per- 
petuated in  the  names  cerebro-spinal  typhus,  typlms 
cerebralisapoplecticus,  typhus  syncopalis,  phrenitis  typlwdes,- 
typhoid  meningitis. 

The  appearance  of  an  hemorrhagic  eruption,  which 
characterizes  the  graver  cases  of  nearly  all  the  acute  in- 
fections, has  been  more  distinctly  associated  with  this 
disease  in  the  names  spotted  feeer  (Gallup),  petechial 
fever  (Wood),  malignant  purpura  (McSwinney),  malig- 
nant purpuric  fecer  (Stokes,)  pestilential  purpura  (Banks), 
fehris  nigra  (Lyons),  and  in  its  association  in  this 
"connection  again  with  typhus  as  a  typhus  petechialis 
(North),  and  witli  a  neurosis,  as  neuro-purpuric  fever 
(Mapother).  Moreover,  cerebro-spinal  meningitis,  on 
account  of  its  eruption,  has  not  escaped  inclusion  under 
the  all-embracing  title,  black  death  (A.  Smith).  As  was 
correctly  remarked  by  Minet,  nearly  a  century  ago :  "  It 
is  quite  unfortunate  that  a  single  symptom — petechise — 
and  one  that  is  wanting  in  a  great  majority  of  cases, 
should  have  been  seized  upon  to  give  it  the  odious  and 
deceptive  name  of  spotted  fever,  as  that  name  has  been 
applied  by  European  writers  to  a  very  different  kind  of 
fever." 

The  opisthotonos,  perhaps  the  most  striking  single 
symptom  of  the  disease,  which  is,  however,  by  no  means 
universally  present,  has  been  selected  by  the  Germans 
to  name  tlie  disease  a  Oenickkrampf  Genickstarre,  Naek- 
enstarre  ;  by  the  Swedes  a  JVacA-«;«fAra,  Dragsjueka  ;  and 
by  the  Italians  a  torticollo.  Fancy  has  exercised  Its 
iiigenuity  in  the  title  cerebro-spinal  arachnitis  (Mayne), 
a  retinement  totally  un.iustified  in  the  morbid  anatomy 
of  the  disease ;  and"  the  limits  of  frenzy  have  been  almost 
attained  by  the  frantic  efforts  of  Italian  writers  to  cover 
the  entire "  field  of  the  disease  with  the  names  tifo-apo- 
plettico  tetanico  and  febbre-soporoso-conindsieo.  Terms  as 
delusive  and  diffuse  as  spotted  fever  are  the  popular 
names  ceinge.'itire  ferer,  winter  epidemic,  and  culd  plagve.  ■ 

From  tills  array  of  titles,  which  is  by  no  means  ex- 
hausted, may  be  appreciated  the  difficulty  of  securing  a 
proper  name  for  a  disease  from  its  .symptomsitology  or 
pathology.  The  name  cerebro-spinal  meningitis  (Hughes, 
Law,  Hanks.  Moore,  and  others)  is  at  present  the  least 
of  all  obiectiouable,  and  has  hence,  in  the  course  of  time, 
come  into  common  use,  though  it  gives  undue  promi- 
nence to  the  local  lesion  to  the  exclusion  of  the  infectious 
character  of  the  disease.  As  was  observed  by  Valleix,  it 
is  "begotten  of  anatomical  bias  and  an  incomplete  ap- 
preciation of  the  facts."  Gordon  attempted  to  cut  the 
knot  of  difficulty  by  calling  the  disease  cerebro-spinal 
fever,  with  cerebro-spinal  meningitis,  a  combination  too 
bulky  for  practical  use. 

History. — Epidemic  cerebro-spinal  meningitis  is  a  dis- 
ease of  modern  origin ;  perhaps  it  would  be  more  strictly- 
true  to  say  of  modern  recognition,  for  previous  to  the  nine- 
teenth centurv  there  was  no  possible  differentiation  of  this 
disease  and  forms  of  typhus  fever,  pernicious  malarial 
fever,  tetanus,  and  the  various  inflammations  of  the  brain 
and  cord,  diseases  known  to  be  as  old  as  the  history  of 
medicine.  More  recently  Davis  was  justified  in  tlie  state- 
ment that  "in  regard  to" the  disease  promiscuously  styled 
'  spotted  fever '  and  '  cerebro-spinal  meningitis, '  as  re- 
ported iu  our  literature,  no  less  than  thiee  or  four  dis- 
eases have  been  confounded  together"  (Trans.  Amer. 
Med.  Assn.,  xvii.,  1866).  Hence  the  possibility  is  not  to 
be  excluded  that  cases,  or  even  epidemics,  of  cerebro- 
spinal meningitis  occurred  in  ancient  times.  Medical 
historians  (Ozanani.  Alpin)  have  made  repeated  endeavors 
to  identify  this  disease  with  the  phrenitis  of  Hippocrates, 
and  with  certain  epidemics  of  ancient  Egypt,  or  (Tourdes. 
Boudiu)  at  least  to  find  its  most  essential  features  in  the 
later  writings  of  Forestus,  Ignassias,  Felix  Plater,  and 
Saalman;  but  the  references  cited  go  further  to  show  In- 
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terest  and  assiduity  in  antiquarian  researcli  than  to  con- 
firm their  views. 

It  is,  however,  not  just  to  claim  that  there  could  have 
been  no  possible  recognition  of  this  disease  before  the 
fifteenth  century,  when  the  first  dissections  were  made 
of  the  spinal  cord,  for  diagnoses  in  ancient  times  were 
wholly  based  on  symptoms;  but  it  is  unreasonable  to 
assume  the  distinct  recognition  of  a  disease  whose  S}'mp- 
toms  were  not  separated  from  otlier  acute  infections  or 
from  purely  local  lesions. 

It  is  generally  conceded  of  cerebrospinal  meningitis 
that  it  first  attracted  notice  as  a  separate  disease  in 
Geneva,  February,  1805.  Perhaps  this  first  notice  is  due 
to  the  fact  that  the  cases  occurred  in  the  practice  of 
Vieusseux,  an  observer  as  keen  as  he  was  frank.  He 
called  the  malady  a. /rtave  cerebniU  ataxique,  and  admitted 
that  neither  he  nor  his  colleagues  had  ever  seen  a  similar 
disease.  These  first  victims  were  a  woman  and  three  chil- 
dren, two  of  whom  died  within  twenty-four  hours.  The 
disease  extcmled  gradually  to  neighboring  houses,  in  one 
of  which  four  out  of  five  children  were  attacked,  and 
died  within  fifteen  hours.  It  was  characterized  by  sud- 
denness of  attack,  vomiting,  excruciating  headache,  stiff- 
ness in  the  back  of  the  neck,  dysphagia,  and  convulsions 
(Laveran,  "Diet,  encyclop.  des  sc.  med.,"  2d  ser.,  5  to 
6,  p.  64S).  A  young  man  in  an  adjoining  house  died  on 
the  same  night  of  the  attack,  showing  a  violent  discolora- 
tion of  the  whole  bodj'.  Thirty-three  persons  fell  vic- 
tims to  this  first  outbreak  of  the  disease,  which  lasted 
until  May.  The  post-mortem  examinations  made  by 
Mathey  upon  some  of  these  cases  revealed  gelatinous 
exudation  covering  the  convex  surface  of  the  brain,  yel- 
low pus  posteriorly  and  about  the  optic  commissure, 
cerebellum,  and  medulla  oblongata.  It  is  remarked  of 
this  first  attack  that  it  remained  quite  strictly  localized. 

The  next  outbreak  of  the  disease,  with  unmistakable 
signs,  occurred  in  our  own  country,  with  the  first  cases 
at  Medficld,  JIass.,  March  1806.  These  cases  formed  the 
preface  to  a  long  chapter  in  the  history  of  the  disease, 
known  then  as  '"sinking  typhus,"  ten  years  in  duration, 
during  which  time  it  extended  over,  but  remained  con- 
fined to,  the  New  England  States.  Meanwhile  the  dis- 
ease made  its  first  appearance  in  France,  at  Grenoble, 
where  it  prevailed  during  the  months  of  the  spring  of 
1814,  remaining  confined  to  the  soldiers  lately  arrived 
from  the  army  of  Mont  Blanc.  Comte  describes  it  as  a 
maladj-  characterized  by  stifl'ness  of  the  neck,  with  head- 
ache and  delirium  among  its  prominent  symptoms,  with 
traces  of  inflammation  in  the  brain  and  cord  observed  on 
autops_y  among  its  lesions.  During  the  next  j'car,  Ram- 
pont  described  four  cases  at  Metz.  distinguished  by  the 
same  array  of  symptoms  and  lesions.  With  the  excep- 
tion of  an  extensive  endemic  in  Vesoul,  in  1822,  which 
differed  from  previous  attacks  in  its  preference  for  the 
civil  population,  the  disease  did  not  show  itself  again  in 
France  until  January,  1837,  when  it  broke  out  with  great 
virulence  in  the  garrison  at  Bayonne,  and  rapidly  ex- 
tended to  invade  the  neighboring  barracks  at  Dax, 
Meignon,  and  Tartos,  and  to  assume,  later  in  the  course 
of  the  year,  epidemic  proportions,  reaching  Bordeaux  by 
December  of  the  same  year;  Roehefort,  January,  1838; 
and  Nimes  and  Avignon,  in  the  interior,  by  the  end  of 
the  year.  It  is  remarked  of  this  outbreak,  at  a  place  ap- 
propriately named  Aigues-Mortes,  where  it  firstappeared 
in  Novemijer,  1841,  remaining  confined  to  the  civil  popu- 
lation, and  continuing  until  March,  1842,  that  it  attacked 
160  persons  of  whom  120  died. 

The  same  regiment  of  light  infantry  which  transported 
the  disease  from  Bayonne  to  Roehefort  conveyed  it  also 
to  Versailles,  where  it  appeared  in  February,  1839,  six 
men  inhabiting  the  same  room  being  attacked  within  a 
period  of  a  few  days.  Paris  made  its  first  acquaintance 
with  the  disea.se,  after  the  lapse  of  several  years,  in  De- 
cember. 1847.  It  continued  to  prevail  in  Paris  up  to 
May,  1849,  confined  exclusively  to  the  inmates  of  the 
garrison  and  the  prisoners  at  La  Force,  in  which  latter 
place  ten  of  the  twelve  persons  attacked  fell  victims  to 
the  disease. 


After  Prance,  Italy  was  invaded,  the  disease  first  ap- 
pearing in  the  kingdom  of  Naples,  in  the  winter  of  1839- 
40,  and  spreading  thence,  in  the  following  winter,  to  th& 
lands  of  the  church.  In  the  same  year  (1839),  the  most 
eventful  in  the  history  of  tlie  disease,  as  that  from  which 
dates  any  exact  knowledge  concerning  its  nature  and 
individuality,  cerebro-spinal  meningitis  first  showed  itself 
in  Algiers,  where  it  continued  to  number  victims  with 
annual  recurrence  in  various  parts  of  the  land  up  to  1847. 

After  the  first  recognized  apjjearance  of  the  disease, 
from  180.5  to  1816,  accounts  of  it  cease  for  six  years, 
when,  in  1822,  it  reappeared  at  Vesoul,  in  France,  and  at 
Sliddletown,  Conn.,  to  which  remotely  separated  places 
it  remained  (luite  strictly  confined.  Then,  after  an  ad- 
ditional five  years,  it  again  showed  itself,  in  1828,  in 
Trumbull  County,  Ohio;  in  1830  in  Sunderland,  England, 
and  in  1833  at  Naples.  In  1843.  when  the  disease  again 
visited  the  United  States,  it  appeared  almost  at  the  same 
time  in  Louisville,  Ivy. ;  Rutherford  County,  Tenn. ; 
and  ilontgomery  County,  Ala. 

Sweden  was  not  reached  by  the  disease  until  1854, 
when  it  suddenly  appeared  in  Gothenburg,  extending 
thence  in  the  course  of  the  following  year  as  far  north  as 
the  city  of  Kalmar.  Then,  after  a  complete  cessation  of 
six  months,  it  showed  itself  in  a  series  of  small  epidemica 
extending  a  degree  and  a  half  farther  north,  and  with 
this  fitful,  almost  freakish  appearance  and  disappearance, 
it  hovered  about  that  country  for  seven  years,  striking 
lightly  in  one  place  and  like  lightning  in  another,  until  it 
had  killed  in  all  4, 138  of  its  inhabitants.  It  was  only 
during  the  last  two  years  of  (his  visitation  of  Sweden 
that  the  disease  first  showed  itself  in  Norway  (March, 
1859),  in  very  limited  extent,  but  in  such  severe  degree- 
as  to  have  carried  off  in  the  county  of  Opdal  14  of  the 
39  persons  attacked. 

Strange  to  relate,  the  first  invasion  of  Germany  did  not 
occur  until  very  late  in  the  history  of  the  disease.  Dis- 
regarding as  unauthentic  the  earlier  communications  of 
Wurtemberg  physicians,  Hirsch  feels  compelled  to  accept 
the  statements  of  Rinecker,  who  reports  with  due  detail 
ca.ses  occurring  in  Wiirzburg,  June,  1851,  both  in  hospital 
and  in  private  practice.  But  the  first  attack  of  any 
severity  or  extent  was  reserved  for  a  later  date  and 
place,  namely,  for  Silesia,  Posen,  and  Pomerania,  in  1864. 
Excepting  Bamberg,  anything  like  alarming  proportions 
were  not  reached  anywhere  in  Germany,  though  the  dis- 
ease prevailed  with  some  severity  at  Erlangen,  in  July, 
1864. 

The  comparative  exemption  of  certain  countries  is  an- 
other, and  as  yet  inexplicable,  feature  of  the  disease, 
more  especially  of  countries  contiguous  to  and  under  the 
same  general  conditions  as  those  severely  visited.  Thus 
while  Ireland  has  suffered  repeated  attacks — a  severe 
epidemic  having  occurred  in  Dublin,  in  1866.  wherein 
"the  British  forces  suffered  much  in  proportion  to  their 
average  strength" — England  has  never  had  anything 
more  than  isolated  cases,  and  Scotland,  where  the  ele- 
ments of  crowd-poisoning  are  greatest,  has  never  experi- 
enced an  epidemic  of  the  disease.  And  while  epidemic 
proportions  have  been  reached  in  Germany  on  the  north, 
and  in  Italy  on  the  south,  Austria  has  remained  almost 
entirely  free  from  attack. 

Our  own  country  seems  to  have  offered  from  the 
start  a  fertile  soil  for  the  development  and  spread  of 
cerebro-spinal  meningitis,  and  since  the  j'car  1842,  when 
the  disease  began  to  make  excursions  over  the  various 
lands  of  Europe,  it  has  become  almost  indigenous  with 
us.  Mention  has  been  made  already  of  tlie  simultaneous 
occurrence  of  the  disease  in  Alabama  and  Pennsylvania, 
in  1848.  In  the  following  year  it  made  its  first  appear- 
ance iu  New  Orleans,  and  during  the  following  decade 
sporadic  cases  occurred  over  various  parts  of  the  country, 
as  in  North  Carolina,  in  1856,  and  Massachusetts,  in  1857. 
Four  years  later  (1861).  more  and  more  frequent  cases  are 
reported,  from  Connecticut,  Indiana,  Kentucky,  and 
Slissouri.  Three  years  later  still  (1864).  the  disease 
again  appeared  in  Pennsylvania,  carrying  off  400  children 
of  the  6,000  inhabitants  of  Carbondiile.     It  was  during^ 
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the  winter  of  these  early  sixties  that  the  disease  began  to 
prevail  in  both  armies  "of  the  rebellion,  assuming  a  very 
malignant  type  in  North  Carolina,  -where  it  affected 
citizens  and  soldiers  equally  in  the  Union  and  Confeder- 
ate armies  alike  (Stille). 

Epidemic  recrudescences  were  observed  in  New  York, 
1873;  Boston,  1874.  and  again  in  1896-97;  Cologne.  1885; 
Vienna,  1886  and  1897,  and  in  Berlin,  1896. 

The  view  that  cerebro-spinal  meningitis  did  not  extend 
to  or  prevail  in  other  continents  than  "North  America 
and  Europe,  and  the  vicinity  of  the  latter."  has  been 
quite  abandoned,  as  epidemics  have  been  authentically 
reported  by  Kotsouopulos,  at  Nauplia,  in  Greece,  in  1868 ; 
by  Hoschclman,  in  the  Crimea,  in  1868;  by  Diamanto- 
pulos,  in  ilagnesia  and  Smyrna,  in  1869-70;  and  by 
Sandreczky,  in  Jerusalem,  iu  1872. 

Without  attempting  even  to  mention  all  the  epidemics 
that  have  prevailed  in  various  parts  of  the  world,  it  may 
be  stated  that,  though  doubtful  cases  prevailed  before 
this  time,  cerebro-spinal  meningitis  belongs  to  the  nine- 
teenth century,  and  that  its  history  naturally  falls  into 
three  periods," quite  distinct:  the  first  embracing  the  first 
cases  of  "ataxic  cerebral  fever."  observed  at  Geneva,  in 
1805,  and  of  "spotted  fever,"  in  Massachusetts,  in  1806; 
the  second  commencing  with  the  outbreak  at  Bayonne. 
in  1837,  and  extending  over  various  parts  of  Europe  and 
America  up  to  the  year  1866,  gradually  merging  into  the 
third  or  present  period,  when  the  disease  has  become 
more  or  less  universal.  Thus  it  may  be  said  of  this  dis- 
ease that  it  began  in  sporadic  form,  to  become  endemic 
in  the  course  of  the  first  observations;  that  on  its  second 
appearance  it  assumed  the  proportions  of  an  ejiidemic  in 
various  lands,  to  finally  overleap  all  baniers  as  a  true 
pandemic  disease. 

General  Remarks. — Cerebro-spinal  meningitis  be- 
longs among  the  rarest  of  epidemic  diseases.  Since  the 
establishment  of  the  disease  as  a  pandemic  affection, 
sporadic  cases  are  of  continual  recurrence,  but  these  cases 
remain  isolated  as  a  rule.  The  practitioner  is  often  sur- 
prised at  being  confronted  with  a  pronounced  case  of  this 
disease  in  a  crowded  tenement  house,  in  a  palatial  sub- 
urban residence,  in  a  banack  or  jail,  in  the  ward  of  a 
hospital,  in  a  distant  farmhouse,  when  no  similar  case 
may  have  been  reported,  and  probably  no  other  case 
ma_y  show  itself  for  years.  So  that  individual  cases,  not 
distinctly  marked,  are  apt  to  be  overlooked  for  a  time, 
or  erroneously  diagnosticated,  and  numerous  instances 
are  recorded  in  which  the  diagnosis  has  been  fully  estab- 
lished only  upon  autopsy. 

Now  that  the  disease  has  made  itself  more  familiar  by 
freq\ient  or  constant  appearance,  much  of  the  obscurity 
surrounding  it  is  being  dissipated,  and  cerebro-spinal 
meningitis  is  seen  to  take  its  orderly  place  among  the 
acute  infections,  with  its  own  specific  cause,  characteristic 
signs,  and  peculiar  lesions.  It  has  been  stated  already 
that  two  sets  of  symptoms  distinguish  this  affection; 
one  common  to  all  the  acute  infections,  and  the  other 
peculiar  to  the  anatomical  lesions  of  this  particular  dis- 
ease. But,  as  in  all  the  acute  infections,  either  set  of 
symptoms  may  assume  prominence  in  an  individual  case. 
Niemeyer's  statement,  "I  must  again  repeat  that  the 
symptoms  and  course  of  epidemic  cerebro-spinal  menin- 
gitis may  be  fully  explained  by  the  changes  in  the  me- 
ninges of  the  brain  and  spine,"  covers  only  the  cases  of 
normal  or  protracted  course,  and  will  not  apply  to  the 
foudroyant  forms  of  "a  disease  in  which,"  as  Stille  re- 
marks, "the  septic  element  sometimes  so  far  overrides 
the  iutlanimatory  as  to  destroy  life  before  the  latter  has 
developed  characteristic  change."  If  this  explanation  is 
borne  in  mind  it  is  seen  that  cerebro-spinal  meningitis  does 
not  differ  more  widely  from  other  acute  infections  than 
they  do  from  each  otlier. 

The  view  that  cerebro-spinal  meningitis  is  a  cerebral 
variety  or  form  of  typhus  fever  had  advocacy  enough  in 
the  earlier  history  of  the  disease  to  have  fixed  the  name 
of  typhus  iu  connection  with  It.  This  view,  which  was 
ably  supported  by  Boudin,  JIurchison.  Upham.  Baltzell, 
and  others,  was  based  upon  a  seeming  analogy  of  sj'mp- 


toms — suddenness  of  attack,  petechial  eruption,  brain 
symptoms — in  the  two  diseases,  and  an  occasional  coin- 
cident prevalence.  But  more  extensive  observation  has 
pioven  beyond  doubt  that  there  is  nothing  more  in  com- 
mon between  these  diseases,  to  use  the  language  of  Bur- 
don  Sanderson,  "except  so  far  as  each  was  due  to  a 
specific  poison."  Holmes  writes  graphically  upon  this 
question:  "That  a  disease  which  is  sometimes  almost  as 
sudden  in  its  invasion  as  a  stroke  of  lightning;  which  is 
rarely  suspected  of  being  contagious ;  which  gives  us  a 
solitary  case  in  a  ship  of  war,  a  single  case  iu  a  boarding- 
school,  two  cases  only  in  an  almshouse;  which  in  civil 
practice  affects  the  villages  and  isolated  farmhouses  of 
the  interior  (where  typhus  running  the  ordinary  course 
is  unknown)  as  much  at  least  as  tiie  larger  cities";  which 
in  a  great  majority  of  cases  is  fatal  in  a  few  days,  or  even 
hours;  the  mortality  of  which  is  very  variable — such  a 
disease  presents  so  many  points  of  ditierence,  when  com- 
pared with  British  typhus,  that  we  should  hesitate  before 
pronouncing  the  two  identical. "  Clymer  quotes  Tourdes, 
Levy,  Lebert,  Niemeyer,  Stokes,  Gordon,  and  Hirsch,  in 
protest  against  this  view,  citing  from  Hirsch  the  state- 
ment :  "  Apart  from  its  ver}-  obscure  pathological  essence 
there  is  hardlj- anything  in  its  symptoms  or  lesions  which 
brings  epidemic  meningitis  within  that  comprehen.sive 
and  elastic  term — typhus."  Differing  as  they  do  in  all 
essential  particulars,  Radcliffe  says,  "  doubt  can  onlj-  arise 
W'hen  the  two  diseases  prevail  together." 

Any  connection  of  this  disease  with  malaiia  has  been 
disproved  in  the  same  way.  Such  fluctuations  occur  iu 
the  course  of  certain  cases  of  cerebro-spinal  meningitis  as 
to  simulate  to  some  extent  the  periodicities  of  malaria, 
and  the  " intermittent "  is  recognized  as  one  of  the  foinis 
of  the  disease.  But  the  geographical  study  of  the  two 
affections  reveals  the  fact  that  cerebro-spinal  meningitis 
does  not  visit  malarious  countries  with  special  frequency 
or  virulence;  that  it  attacks  regions  entirely  exempt 
from  malaria — the  high,  dry,  and  sandy  plateaus  of  Cen- 
tral Franconia.  for  instance;  that  it  shows  preference  for 
the  winter  rather  than  for  the  autumnal  season;  that  the 
two  diseases  have,  in  short,  different  si^atialand  temporal 
relations,  or,  if  theyshould  coincide,  the  symptoms  of  men- 
ingitis do  not  show  increased  virulence.  Ziemssen  quotes 
in  this  connection  from  Bonsjiing,  who  noticed  that  the  ' 
epidemic  of  meningitis  at  Pola  "did  not  seek  out  the 
notoriously  malarious  parts  of  the  city  " ;  and  that  "  dur- 
ing the  epidemic,  and  after  its  disappearance,  malarial 
fevers  were  almost  entirely  absent."  If  further  proof 
were  wanting  to  establish  the  non-identity  of  these  affec- 
tions it  could  be  fomid  in  the  absence  in  meningitis  of 
enlargement  of  the  spleen  and  liver,  and  of  the  melan;emia, 
so  characteristic  of  malarial  affections,  in  the  age  of  the 
victims  of  the  two  diseases,  in  the  total  ineiflcacy  of 
quinine  in  controlling  the  disease,  and  above  all  in  the 
examination  of  the  blood  for  the  Plasmodium  malari;e, 
the  specific  cause  of  malaria,  which  is  never  found  in 
pure  cases  of  cerebro-spinal  meningitis.  These  observa- 
tions, which  establish  the  independence  of  cerebro-spinal 
meningitis,  meet  with  striking  confirmation  at  the  hands 
of  Diamantopulos,  iu  his  account  of  the  epidemic  in  Asia 
Minor  in  September.  1870.  Any  connection  with  typhus 
or  malaria  is,  this  author  states,  "  positivel}'  to  be  lienied, 
as  during  the  entire  prevalence  of  meningitis  in  Magnesia, 
no  case  of  either  of  these  diseases  occurred  "  {Sc/iitu\lt's 
JfihrhiklKr,  196,  p.  239,  1882).  However,  typhus  fever 
or  malaria  may  coexist  with  cerebro-spinal  meningitis. 

Lastly,  it  is  claimed  that  cerebro-spinal  meningitis  is 
not  confined  to  man,  but  that  characterstic  symptoms 
and  lesions  have  been  observed  in  some  of  the  lower  ani- 
mals. Gallup  observed  of  the  epidemic  in  Vermont  in 
1811  that  "even  the  foxes  seemed  to  be  affected,  so  that 
they  were  killed  in  numbers  near  the  dwellings  of  the 
inhabitants  " ;  and  Smith  remarks  of  the  outbreak  in  New 
York,  in  1871,  that  "it  was  common  and  fatal  in  the  large 
stables  of  the  city  car  and  stage  lines,  while  among  the 
people  the  epidemic  did  not  properly  connnence  until 
January.  1872 "  (Stille).  Clymer  quotes  from  Law,  of 
Dublin,  who  writes,  in  reporting  several  sporadic  cases 
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of  the  disease  in  1865;  '"It  is  a  fact  worthy  of  recording 
that  at  the  time  we  were  attending  this  !ad}'.  nine  rabbits 
out  of  eleven,  which  her  son  had,  died  all  in  the  same 
wa}';  their  limbs  seemed  to  fail  them,  they  fell  on  their 
sides,  anil  then  worked  in  convulsions,  and  died.  Two 
hens  fell  lifeless  from  their  roost. "  Statements  of  this 
kind  must,  however,  be  taken  with  much  allowance,  as 
the  symptoms  cited  by  no  means  identify  the  disease,  and 
the  lesions  found  upon  the  bodies  of  three  of  the  rabbits 
examined — "  congestion  of  the  vessels  at  the  base  of  the 
brain  "  in  two,  and  in  the  other  "  vascularity  of  the  mem- 
branes of  the  spinal  marrow  " — are  too  vague  and  indefi- 
nite for  a  diagnosis.  The  same  reservations  nmst  also 
be  made  in  the  case  of  the  so-called  epizootic  of  meningitis 
among  the  domestic  fowl  in  Algeria  in  1846,  among  the 
dogs  and  hogs  preceding  the  epidemic  in  Ireland  in  1868 
(Collins  and  Ferguson),  and  more  markedly  still  of  tlie 
disease  among  the  artillery  liorscs  in  Grenoble,  1814,  and 
the  livery-stable  horses  in  Paris,  1844  (Villatte),  where 
post-mortem  examinations  were  not  made  at  all. 

Etiology. — Every  attempt  to  connect  cerebro-spinal 
meningitis  with  any  special  climate  has  turned  out  a 
signalfailure.  The  disease  has  ranged,  almost  at  will, 
from  Gibraltar  in  the  south  of  Spain,  and  from  Algiers 
in  Africa,  to  the  most  northerly  towns  and  villages  in 
Norway  and  Sweden.  And  in  our  own  country  cases 
have  been  reported  from  Maine  to  Mexico.  The  inter- 
tropical regions  proper  have  as  .yet  remained  exempt 
from  the  disease,  but  the  prevalence  of  it  elsewhere,  in 
seasons  of  extreme  heat  and  humidity,  would  indicate 
this  exemption  to  be  an  accident  of  time  rather  than  of 
space. 

Equally  futile  has  been  the  endeavor  to  fix  the  disease 
in  connection  with  any  special  soil.  The  coast  of  France, 
the  valley  of  the  Khiue,  the  hills  and  mountains  of  Cala- 
bria and  Algiers,  up  to  an  elevation  of  a  thousand  feet 
and  more,  the  marsliy  banks  of  the  Garonne  at  Bordeaux, 
the  recently  inundated  fields  at  Avignon  and  Aigues- 
Mortes,  thewet  camping-grounds  at  Newborn,  N.  C,  the 
rocky  sides  of  Gibraltar,  and  the  dry,  sandy  plateaus  of 
Franconia,  have  all  offered  equally  fertile  soil  for  the 
development  and  dissemination  of  the  disease.  Subse- 
quent writers  subscribe  with  unanimity  to  the  statement 
of  Hirseh  that  "conditions of  the  soil  seem  to  be  in  every 
respect  irrelevant  to  the  occurrence  of  the  disease." 

But  the  seiison  of  the  year  has  moi'C  to  do  with  the  dis- 
semination of  this  disease.  Perhaps  the  most  striking 
fact  apparent  in  the  study  of  the  etiology  of  this  affection 
is  the  frequency  of  it.s"  occurrence  during  the  colder 
months  of  the  year.  Thus,  of  52  epidemics  in  France 
and  Switzerland,  23  occurred  in  winter.  13  in  winter  and 
spring,  and  but  2  in  the  midst  of  summer;  while  of  16 
epidemics  in  our  own  country,  6  occurred  in  winter  and 
5  in  winter  and  spring.  The  epidemics  of  Sweden  and 
Norway,  Denmark,  Spain,  and  the  Netherlands  all  oc- 
curred in  winter.  Various  explanations  have  been  offered 
to  account  for  this  preference  of  the  colder  season.  That 
cold  alone,  or  mere  reduction  of  temperature,  will  not 
account  for  the  genesis  of  the  disease  is  proven  by  the 
fact  that  epidemics  have  occurred  in  the  midst  of  summer, 
even  in  hot  countries,  as  in  Italy,  the  South  of  France, 
and  the  Southern  States  of  our  own  country.  Moreover, 
many  cold  coim tries— North  Russia,  Siberia — have  never 
known  the  disease  at  all.  Obernier attributes  the  jirefer- 
ence  for  the  colder  months  of  the  year  to  the  fact  that 
people  are  more  confined  to  houses  at  this  season,  are 
subjected  longer  to  the  evils  pertaining  to  the  "house 
climate." 

Leaving  for  the  present  extrinsic  considerations,  some 
attention  must  now  be  paid  to  those  that  are  intrinsic; 
and  first,  concerning  aeje. 

"While  it  is  acknowledged  of  cerebrospinal  meningitis 
that  an  almost  freakish  variation  has  occurred  in  its  at- 
tack of  individuals,  it  is  generally  conceded  that  if  shows 
predilection  for  the  period  of  youth.  Thus,  it  is  stated 
by  Hirseh  that  of  1,267  fatal  cases  in  Sweden  in  the  years 
1855-60,  where  the  age  was  stated,  889  were  under  fifteen 
■  years,  328  from  sixteen  to  forty  years,  and  50  over  forty 
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years  of  age.  ■  But  some  qualification  must  be  made  of 
these  statistics,  from  the  fact  that  cerebro-spinal  menin- 
gitis is  notoriously  much  more  fatal  in  the  early  years  of 
life.  Stille  quotes  from  Schweitzer  to  the  effect  that  in 
1866,  in  the  Kronach  district  (Germany),  of  115  cases,  75 
occurred  under  the  seventh  year,  22  between  the  seventh 
and  twelfth  years,  and  10  between  the  thirteenth  and 
twentieth  years;  and  from  J.  L.  Smith,  from  the  "Re- 
ports of  the  Board  of  Health  of  the  City  of  New  York," 
who  found  that  of  975  cases,  771  occurred  in  persons 
under  fifteen  j-ears  of  age,  and  336  in  children  under  five 
years  of  age.  In  some  epidemics  children  have  been  the 
only  victims  of  the  disease.  This  was  the  case  at  Con- 
shohocken,  1863  (Reid);  Neustettin,  1865  (Litten);  West- 
chester, N.  Y.,  1872  (Roden.stein);  and  at  the  Petitburg 
Colony,  1848  (Ferrus).  In  other  cases  the  disease  at- 
tacked children  first  and  adults  later,  as  at  Polzin,  1864 
(Lehmann);  Forchheim,  1864-65  (Seggel);  Hanover,  1865 
(Neynaber),  and  Jerusalem,  1872  (Sandrecky).  Emraing- 
liaus,  who  reports  these  data  in  his  article  on  this  disease 
("Handbuch  der  Kinderkrankheiten,"  2,  483)  makes  the 
collective  statement,  from  over  fifty  extensive  observers, 
that  of  1,435  cases,  1,133  were  under  fifteen  years  of  age. 
All  authors  agree  concerning  this,  as  of  all  the  acute 
affections,  that  the  period  of  earliest  childhood  (suckling) 
is  not  affected  in  like  degree.  Smith  found  the  propor- 
tion of  liability  to  attack  at  the  ages  of  under  five  years 
as  461;  five  to  ten,  204;  ten  to  fifteen,  106.  Niemeyer's 
figures  for  the  first  two  (juinquennial  periods  are  as  54 
and  40.  and  Mende's  as  47  and  29.  On  the  other  hand, 
in  Berlin,  the  disease  was  wholly  confined  to  adults. 

It  is  definitely  ascertained,  regarding  the  period  of 
childhood,  that  sex  makes  no  difference  whatever,  and 
though  different  results  have  lieen  i-eported  in  different 
epidemics  affecting  adults,  it  is  probable  that  the  aver- 
age number  of  each  sexattadvcd  remainsabout  the  same. 

It  is  commonly  stated  that  individuals  of  roliust,  vigor- 
ous constitution  furnish  the  greatest  contingent  (jf  cases. 
Ilirsch  remarks  that  statements  to  this  effect  were  made 
to  him  by  relatives  and  medical  men.  and  Pfeiffer  and 
Heiberg  corroborate  these  statements  from  their  own  ob- 
servations. Yet  all  siich  statements  of  individual  obser- 
vations must  be  taken  with  some  allowance.  We  may 
recall  how  universally  prevalent  was  this  same  idea  re- 
garding pneumonia  but  a  few  years  ago,  whereas  it  is 
now  conceded  that  the  very  reverse  is  true.  At  any  rate 
it  has  been  remarked  by  Leydeu,  of  cerebro-spinal  men- 
ingitis, how  often  weakly  children  are  attacked,  and  by 
Ziemssen  how  frequently  the  victims  of  this  disease  were 
subjects  of  chronic  brain  affections. 

Individual  epidemics  have  been  fi-ec[uently  noticed  to 
have  been  distinctlj^  connected  with  different  social  states. 
The  selection  of  soldiers  as  exclusive  victims  has  made 
this  disease  a  familiar  guest  in  army  life.  The  recent 
conscripts  and  new  recruits  liave  been  often  the  sole  vic- 
tims of  the  disease.  Pfeiffer  saj's  the  disease  "  prefers 
winter,  soldiers,  and  children."  At  times  the  disease  has 
remained  strictly  confined  to  certain  corps  or  companies. 
On  the  other  hand,  other  epidemics  have  spared  the  gar- 
risons and  camps  to  attack,  as  at  Leipsic,  the  civil  popula- 
tion. During  the  War  of  the  Rebellion  citizens  and  .sol- 
diers suffered  alike,  and  the  colored  race  was  not  spared, 
whereas  during  the  outbreak  in  Texas  there  was  not  an 
instance  of  the  disease  occurring  among  negroes. 

The  same  caprice  has  been  exhibited  in  difl'ei'cut  epi- 
demics with  regard  to  the  inhabitants  of  cities  and  towns. 
As  a  rule  the  rural  population  has  suffered  most.  In  this 
connection  Stille  says  of  the  disease :  "  It  has  passed  by 
large  cities  reeking  with  all  the  corruptions  of  a  soil  sat- 
urated with  ordure  and  populations  begrimed  with  filth, 
as  Vienna,  Berlin,  Paris,  London,  and  New  York,  to  dev- 
astate clean  and  salubrious  villages  and  the  families  of 
substantial  farmers  inhabiting  isolated  spots."  Roth 
remarks  of  the  42  deaf-mutes  attacked  at  Bamberg  that 
38  were  from  rural  districts,  while  only  4  were  from  the 
city  itself.  What  made  this  circumstance  the  more  re- 
markable was  the  fact  that  the  disease  prevailed  in  Bam- 
berg in  unusual  severity. 
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A  strict  localization  of  the  disease  to  certain  houses, 
flats,  or  stories  has  often  been  observed.  Prisons,  work- 
houses, orphan  asylums,  constitute  at  times  breeding- 
places  of  cerebro-spinal  meningitis.  The  epidemic  in 
Ireland,  1846,  was  strictly  contined  to  the  ])risons,  and 
the  disease  broke  out  with  the  same  seclusion  in  the 
orphan  asylums  in  Philadeljihia  and  Vienna  in  1863, 
Washington  in  1869.  and  Jerusalem  in  1872.  Keene  re- 
ports a  similar  outbreak  in  the  Naval  School  at  Newport 
in  1863. 

Fatigue  of  the  body  (Bollet),  exposure  to  cold  and  rain 
(Mannkopf),  traumata  (Leyden),  sunstroke  (Schweitzer), 
the  pre-e.xistence  of  other  acute  infectious  disease  (Im- 
nierman  and  Heller)  have  all  been  cited  as  accidental  pre- 
disposing causes  in  individual  cases,  but  no  one  now 
would  cfaim  that  any  of  these  factors  stands  in  any  direct 
relation  to  tlie  disease.  The  same  remarks  apply  to  the 
alleged  psychical  causes  of  the  disease,  as  fright  from 
a  peal  of  thunder  (Ziemssen),  mental  strain,  etc.  The 
frequency  with  which  the  disease  has  broken  out  in  school 
has  the  same  significance  as  attacks  at  night  in  bed. 

The  preference  for  the  colder  season  and  the  predilec- 
tion for  the  age  of  childhood  are  factors  which  are  uni- 
versall}'  acknowledged,  but  so  many  exceptions  have 
been  noticed  to  these  rules  as  to  deprive  them  of  the  force 
of  laws  governing  the  disease. 

The  mode  of  onset  of  the  disease,  the  symptoms  pre- 
sented during  its  course,  and  the  characteristic  lesions  en- 
countered in  the  internal  organs,  assign  the  disease  un- 
mistakably, in  its  nosological  relations,  with  the  acute 
infections!  Examples  of  infection  by  contagion  liave 
been  reported  by  Ziemssen,  Frew,  Neynaber,  and  others, 
and  instances  have  been  reported  by  Niemeyer  and 
Fraentzel  of  transportation  of  the  disease  by  detached 
,  troops.  Hence  search  was  made  for  something  charac- 
teristic in  the  way  of  niicro-organisms.  Schweninger 
(Schmidt's  .lahrbiicher,  cxcvi.,  p.  130,  1882)  speaks  of 
having  found  enormous  accumulations  of  germs  (mam- 
enhiifte  Pihr)  in  the  brain  in  cerebro-spinal  meningitis. 
Leyden  (1883)  found  in  the  exudation  and  in  the  tissue 
of  the  pia  mater  of  a  sporadic  case  the  diplococci,  for- 
merly described  by  Eberthand  Klebs,  of  oval  form,  united 
in  short  chains  of  two  or  three  members,  and  assuming 
color  with  fuehsin  and  methylene  blvie.  Marchiafava 
and  Celli  (G<iz.  degli  Ospitnli,  8,  1884)  made  the  same  ex- 
amination in  two  cases  of  epidemic  meningitis,  discov- 
ering constantly  in  preparations  colored  with  a  weak 
alcoholic  solution  of  methylene  blue,  oval  micrococci 
isolated  or  united  as  in  diplococci.  The  micrococci  were 
partly  free  and  partly  embedded  in  the  protoplasm  of 
the  white  blood  corpuscles,  rarely  in  the  endothelial  cells. 
Anything  ajiproaching  chain-like  formations  were  not 
observed.  The  tissue  of  the  pia  mater  contained  the 
same  structures  as  the  exudation,  but  blood  from  the  right 
heart  and  splenic  pulp  proved  entirely  free.  L'ghetti 
{Deutsche  med.  Wochenschrift.  June  19th,  1884)  reports, 
also,  of  examinations  made  in  one  of  twenty -one  cases  of 
the  disease,  at  Ulsterbianco  (Italy),  the  presence  of  numer- 
ous sphei'ical  micrococci,  partly  isolated  and  partly 
grouped  in  pairs,  in  the  sero  purulent  fluid  from  the 
ventricles  of  the  brain.  The  author  injected  a  syringe- 
ful  of  this  fluid  under  the  skin  of  the  back  or  abdomen 
in  four  rabbits,  with  entirely  negative  results.  In  an- 
other case  the  blood  drawn  by  cups  along  the  spinal 
column  contained  "  innumerable  micrococci  "  of  exactly 
the  same  appearance  as  those  from  the  ventricular  fluid. 
This  blood  injected  into  three  rabbits  by  the  hypoder- 
matic method  produced  likewise  no  symptoms  worthy 
of  note.  Aufrecht  (Deutsche  med.  ]ynche)ischiift.  vi.,  4, 
January  24th,  188.'))  found  micrococci  floating  free  in  the 
serum,  and  embedded  in  the  pus  corpuscles;  further,  in 
miliary  deposits  in  the  liver,  lung,  and  kidney,  as  well  as 
in  the  splenic  pulji  and  blood  from  the  heart.  They 
could  be  colored  with  fuehsin,  and  were  endowed  with 
active  motion.  Man}'  other  observers,  among  them 
Leichtenstern  (188.5)  and  Rovsing  (1886)  reported  finding 
bacteria  in  meningitis. 

Natter,  Frankel,  and  Foa  and  Uffreduzzi  (1886),  study- 


ing independently  cases  of  cerebro-spinal  meningitis,  re- 
ported finding  an  encapsulated  coccus  resembling  the 
Micrococcus  pneumoni*  crouposic  of  Sternberg  (pneu- 
mococcus).  The  micro-organism  was  found  in  the  cere- 
bro-spinal fluid  in  cases  of  meningitis  independent  of 
pneumonia.  The  same  micro-organism  was  found  dur- 
ing the  following  year,  by  'Weichselbaum  and  a  number 
of  other  observers,  in  cases  of  meningitis  secondarj'  to 
pneumonia.  Both  Netter  and  Weichselbaum  observed 
that  the  injection  of  the  pneumococcus  into  the  cranial 
cavity  would  produce  meningitis. 

Weichselbaum  (1887)  isolated  from  six  cases  of  cerebro- 
spinal meningitis  a  micro-organism  which  he  called  the 
Diplococcus  intracellularis  meningitidis.  The  presence 
of  this  diplococcus,  which  is  also  known  as  the  meningo- 
coccus, in  cerebrospinal  meningitis  has  been  conflrnicd 
hy  many  investigators.  Netter  believes  that  the  menin- 
gococcus ma_v  be  a  degenerated  form  of  the  pneumococ- 
cus. but  this  opinion  is  not  generally  accepted.  Osier 
would  give  to  the  cases  caused  by  the  pneumococcus 
the  dignity  of  a  special  place  in  nosology  as  a  pneumo- 
coccic  meningitis,  and  would  ascribe  cerebro-spinal  men- 
ingitis, both  sporadic  and  epidemic,  to  infection  by  the 
Diplococcus  intracellularis  meningitidis. 

Bonome  (1889),  in  six  cases  of  cerebro-spinal  meningitis, 
found  a  micro-organism  which  he  named  the  Streptococ- 
cus capsulatus meningitidis.  Netter  regards  this  organ- 
ism as  a  variety  of  the  pneumococcus,  a  view  which  is 
shared  by  Foa  and  Uffreduzzi  but  opposed  liy  Bonome. 

To  account  for  the  ingress  of  micro-organisms  into  the 
recesses  of  the  brain  and  spinal  cord  Eichhorst  invokes- 
the  action  of  the  lymph  vessels  in  conveying  the  excit- 
ants of  inflammation  from  neighboring  structures,  and 
Weigert  calls  attention  to  the  destructive  suppurative 
changes  which  he  has  encountered  in  the  upper  cavities 
of  the  nose.  In  this  connection  Striimpell  calls  attention 
to  the  remarkable  loss  of  the  sense  of  smell,  and  to  the 
prefatory  coryza  or  nassil  catarrh  which  he  has  repeatedly 
seen  in  this  disease.  Sears  (Boston  Medical  and  Surgical 
Journal,  August  9th,  1888)  noted  the  frequency  of  pharj-n- 
gitis  during  epidemics  of  cerebro-spinal  meningitis. 

A  case  of  intrauterine  meningitis  has  been  reported  by 
Gradwohl  (Phil.  Med.  Jour.,  vol.  iv.,  p.  44.5).  The  mother 
died  at  the  seventh  month  of  pregnancy,  without  abort- 
ing. Cultures  of  the  diplococcus  intracellularis  menin- 
gitidis were  obtained  from  the  meninges  of  both  mother 
and  fcetus.  and  both  showed  the  meningeal  lesions  of 
meningitis. 

One  attack  of  cerebro-spinal  meningitis  confers  the 
immunity  common  to  most  of  the  acute  infections. 
Second  attjicks  are  rare.  One  such  case  is  reported  to 
have  occurred  in  an  individual  named  Lacon,  who  left 
the  hospital  cured,  February,  1841,  to  return  February 
4th,  1842,  atfected  with  the  same  disease,  which  proved 
fatal  on  the  following  day  (Companyo:  "Essai  sur  la 
men.  cerebro-spinale."  p.  76.  Paris,  1847). 

Pathology. — The  disease  begins  with  the  aspect  of 
an  acute  infectious  malady,  and  maintains  it  throughout 
its  course.  As  a  rule  the  onset  is  sudden,  with  the  im- 
press of  profound  toxamia.  A  chill  comes  on  in  the 
midst  of  apparent  health,  with  vomiting,  excruciating 
headache,  and  rapid  prostration.  Tenderness  and  stifi'- 
ness  in  the  back  of  the  neck  supervene  in  the  course  of  a 
few  hours.  The  face  is  pale,  the  expression  anxious  and 
strange,  the  extremities  are  stiff  and  tremulous.  The 
slightest  motion  intensifies  the  pain  in  the  whole  body, 
the  act  of  vomiting  makes  it  atrocious.  A  sense  of 
formication  with  hyperesthesia  is  felt  first,  as  a  rule,  in 
the  lower  extremities,  to  which  it  may  remain  confined, 
or  it  may  extend  over  the  whole  body.  The  special 
senses  of  sight  and  hearing  become  likewise  supersensi- 
tive. A  flare  of  light,  the  slam  of  a  door,  the  rumble  of 
wheels  in  the  street,  a  touch  of  the  bed,  produce  a  con- 
dition of  agony.  Even  the  approach  of  an  attendant 
with  the  gentlest  ministrations  is  watched  with  appre- 
hension. Temporary  relief  of  this  distress  is  secured, 
during  a  state  of  sopor  or  stupor  which  may  occur,  from 
which  the  patient  awakens  or  is  aroused — children  often.- 
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with  a  cri  hridrocfphnUquc, — with  a  renewal  of  the  same 
s.ynjptoms  in  greater  or  less  degree. 

Ill  the  course  of  a  few  days,  often  during  the  same  day 
of  attack,  the  stiffness  of  the  neclv  increases  to  rigidity, 
or  extends  to  constitute  the  characteristic  opisthotonos. 
Convulsive  twilchings  of  the  face,  or  clonic  spasms  in 
the  muscles  of  the  extremities,  may  now  occur,  with  deli- 
rium or  outbursts  of  maniacal  excitement  under  the 
slightest  provocation. 

Soon  various  eruptions,  especially  herpes  and  petechia, 
more  rarely  erythema  nodosum,  ecthyma,  and  pem- 
phigus, begin  to  make  their  appearance,  at  first,  as  a 
rule,  on  the  face,  to  extend  later  over  large  tracts  of  the 
body,  or  over  the  wliole  body  (spotted  fever). 

The  temperature  curve  of  the  disease  distinguishes 
itself  by  its  irregularity.  As  a  rule,  it  rises  quicklv  at 
'first  to  i02°  F.,  or  even  104°  F.,  to  fall  in  the  course  of  a 
few  days,  or  to  undergo  fluctuations  in  extreme  degree, 
sinking  at  times  below  the  normal  (Laveran).  An  ex- 
treme hyperpyrexia  not  infrequently  precedes  a  fatal 
termination,  which  is  usually  attended,  however,  with  a 
reduction  to  correspond  with  the  marble  coldness  of  the 
skin. 

The  pulse  increases  out  of  all  proportion  to  the  tem- 
perature, to  experience,  later  on  in  the  attack,  greater 
fluctuation  in  frequency,  volume,  and  tone  (Jiau  in  al- 
most any  other  disease.  The  same  variations  are  noticed 
also  in  the  acts  of  respiration,  which  are  often  cjuick  and 
slow  in  the  course  of  the  .same  hour  of  the  day. 

The  tongue  is  usually  dry  and  red,  in  bad  cases  fissured 
and  fuliginous,  and  sordes  in  these  cases  cover  the  teeth 
and  gums. 

The  abdomen  is  sunken  and  retracted,  often  to  such  a 
degree  as  to  show  the  outlines  of  the  bodies  of  the  verte- 
brae, or  make  distinctly  apparent  the  crests  and  promi- 
nences of  the  iliac  bones.  Constipation  is  present,  as  a 
rule.  The  urine  flows  .scantily  and  slowly  from  a  paretic 
bladder,  or  in  the  worst  cases  is  voided  unconsciously 
in  bed.  Trismus,  singultus,  delirium,  and  coma,  with 
ecchymoses  and  meteorism  of  the  abdomen,  mark  the 
speedy  advent  of  the  close  of  the  disease ;  or  relaxation 
of  the  opisthotonos,  relief  of  the  pain  in  the  head,  with 
critical  sweats  or  enuresis,  indicate  a  favorable  reso- 
lution. 

Although  different  epidemics  exhibit  great  variations 
in  the  degree  and  number  of  the  .symptoms  cited,  cerebro- 
spinal meningitis  usually  shows  itself  besides,  in  the  typ- 
ical cases  mentioned,  in  one  of  three  distinct  forms  or 
types,  namely :  the  abortive,  the  intermittent,  and  the 
siderant  or  foudroyant. 

The  abortive  form  exhibits  all  its  symptoms  in  the 
lightest  grade.  The  headache  is  slight,  the  stiffness  of 
the  neck  trivial  or  temporary,  and  vomiting  may  not 
occur,  or  may  not  recur  after  the  first  attack.  Such 
cases  often  entirely  escape  recognition,  or  are  diagnosti- 
cated only  because  of  the  prevalence  of  an  epidemic  of 
the  disease. 

The  intermittent  form  is  noticed  more  especially  in 
certain  epidemics,  though  such  cases  are  wont  to  occur 
in  any  extensive  outbreak  of  the  disease.  Not  infre- 
quently isolated  sporadic  cases  assume  this  form,  to  tlie 
great  embarrassment  of  the  practitioner.  Quotidian  and 
tertian  intermissions  or  remissions  occur  in  all  the  symp- 
toms of  the  disease,  leading  often  for  a  time  to  errone- 
ous prognostications.  The  intermissions  are  by  no 
means  as  distinct,  as  a  rule,  as  the  periodicities  of  ma- 
larial disease,  yet  thej'  prove  exceedingly  deceptive  to 
superficial  observation.  The  exacerbations  correspond 
undoubtedly  to  the  irregular  invasions  or  advances  of 
the  disease. 

The  foudroyant  is  the  fulminant  form,  in  which  the 
patient  is  often  killed  by  the  force  of  the  poison  before 
permanent  local  lesions  have  time  to  develop.  These  are 
the  cases  which  destroy  life  in  the  course  of  from  si.x  to 
thirty-six  hours.  The  patients  in  these  cases  are  often 
suddenly  stricken  with  unconsciousness  and  convulsions, 
sometimes  preceded  for  an  hour  or  two  with  vomiting 
and  pain  in  the  head,  in  which  condition  they  are  carried 


home,  pallid,  cold,  or  lightly  cyanotic,  showing  no  reac- 
tion to  the  most  powerful  stimulants,  to  sink  into  coma 
and  speedily  succumb. 

Cerebrospinal  meningitis  is  particularly  prone  to  a 
nuinber  of  grave  comiilications  and  sequeia>.  prominent 
among  which  may  be  mentioned  paralyses  and  paresis  of 
various  organs  and  members,  and  profound,  often  per- 
manent, lesions  of  the  eye  and  ear. 

Morbid  Anatomy. — The  external  appearance  of  the 
body  in  cerebro-spinal  meningitis  varies  with  the  dura- 
tion of  the  disease.  Rapid  or  foudro_yant  cases  exhibit 
no  change,  but  cases  of  longer  duration  show  an  emacia- 
tion which  in  protracted  illness  simulates  tliat  of  cancer 
and  tuberculosis.  No  trace  of  eruption  is  discoverable, 
as  a  rule,  though  occasionally  the  surface  I'emains  covered 
with  petechise.  Suggillations  form  quickly  and  in  quan 
tity  over  the  body,  and  post-mortem  rigidity  sets  in  soon. 
Moreover,  decomposition  begins  unusually  early  in  rapid 
eases,  as  in  other  acute  infections.  In  the  most  chronic 
forms,  with  extreme  emaciation,  bed-sores  are  common 
and  extensive. 

The  muscular  tissue  is,  in  the  foudroyant  cases,  brown 
and  fragile,  in  cases  of  average  duration  more  pale  from 
loss  of  blood.  The  molecular  change  of  fatty  degenera- 
tion invades  its  structure,  and  gives  it  the  appearance, 
which  is  especiallj' remarked  of  the  heart,  of  being  strewn 
with  sand. 

The  condition  of  the  spleen  varies  greatly.  It  is  usu- 
ally found  swollen,  in  fulminant  forms,  with  deeply 
darkened  pul]3,  but  not  infrequently  it  is  shrunk  to  such 
degree  as  to  show  a  wrinkled  capsule.  In  average  cases 
it  is  rather  the  rule  to  find  this  organ  of  diminished  .size. 
As  might  have  been  expected,  the  intermittent  forms 
show  no  enlargement  of  the  spleen.  The  cloudy  swell- 
ing, fatty  and  granular  degeneration  of  the  kidney  and 
liver,  eecliymotic  state  of  the  mucosie,  ffdema  of  the 
lungs,  effusions  in  tlie  serous  sacs,  ])ost-mortem  soften- 
ing of  the  stomach,  swollen  condition  of  the  mesenteric 
glands,  dark  color  and  altered  consistence  of  the  blood, 
are  changes  which  belong  to  all  the  acute  infections,  and 
are  especially  marked  in  this  disease. 

The  characteristic  lesions  are  encountered  at  the  ana- 
tomical seat  of  the  disease,  in  the  membranes  of  the  brain 
and  cord.  But,  as  already  stated,  iu  the  fulminant  forms 
these  changes  may  be  absent  altogether,  and  Woodward 
claims  that  cases  of  even  more  protracted  course  may  be 
marked  in  thi.s  way.  There  were  two  classes  of  cases 
observed,  he  says,  in  the  War  of  the  Rebellion.  "  In  the 
first  the  autopsy  disclosed  grave  anatomical  lesions  of 
the  cerebro-spinal  axis,  accumulations  of  serum,  sero-pus, 
pus,  or  tough  yellow  lymph,  especially  in  the  ventricles 
about  the  base  of  the  brain  and  in  the  upper  part  of  the 
spinal  canal.  In  the  second  class  of  cases  no  perceptible 
anatomical  lesion  in  the  cerebro-spinal  axis  was  observ- 
able." The  author  further  observes:  "These  two  classes 
of  cases  rest  upon  equally  reliable  evidence,  and  are  not 
to  be  disposed  of  on  the  supposition  that  the  latter  repre- 
sent merely  an  early  stage  of  the  fcu'mer,  since  it  is  to  be 
remarked  that  both  anatomical  conditions  appear  to  have 
been  found  indifferently  in  protracted  cases  as  well  as  in 
those  which  proved  suddenly  fatal"  (Clymer,  Aitkens: 
"  Sc.  and  Pract. , "  1873).  Considering  the  ditlieulty  of  mak- 
ing sections  of  the  vertebral  column  and  of  establishing 
an  accurate  diagnosis  between  this  disease  and  pernicious 
malaria  ^vithout  it,  we  may  still  look  with  some  degree 
of  scepticism  upon  the  protracted  cases  without  lesions. 
^lost  of  us  who  form  our  own  observations  in  civil  prac- 
tice with  the  greater  leisure  for  investigation,  will  still 
agree  with  Valleix,  who  remarked,  long  ago.  "that  when 
there  is  more  or  less  absence  of  the  meningeal  changes, 
it  is  among  those  who  have  been  struck  down  by  the 
disease  as  by  a  thunderbolt."  Light  lesions  are  easily 
overlooked.  Thus  in  the  two  rapid  cases  reported  by 
Levick,  with  unappreciable  change,  Parkes  calls  attention! 
to  the  omission  of  stating  whether  or  not  there  was  opal- 
escence or  unnatural  dryness  of  the  membranes.  We 
are  not  to  forget,  also,  how  quickly  even  intense  hy- 
persemias  fade  away  entirely  in   the  short  interval  be- 
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tween  death  and  the  autops.v.  Leyden  reports  a  ease 
of  this  kind  in  whicli  Recl\linghausen  made  the  exam- 
ination. 

On  opening  the  sliull  tlie  membranes  of  the  brain  are 
revealed  in  a  state  of  intense  hypera;mia.  Tlie  sinus 
longitudinalis  is  distended  to  tension  of  its  walls,  and  all 
visible  vessels  are  tilled  to  their  utmost  capacity.  In 
fulminant  cases  there  may  be  no  trace  of  exudation,  but 
the  pia  mater  is  already  opaque  and  lustreless,  sometimes 
ecehymotic,  from  infiltration  into  its  texture.  The  sub- 
stance of  the  brain  and  cord  is  oedematous  and  softened 
in  the  most  superficial  layers. 

In  cases  of  longer  duration  the  dura  mater  is  stretched 
tense  by  the  effusion  beneath  it,  punctate  hemorrhages 
are  diiTiised  over  its  surface,  and  the  byperiemia  involves 
the  porous  substance  of  the  bones  of  the  spinal  column, 
whose  spongy  structure  appears  saturated  with  blood. 
The  pia  mater  is  reddened  with  distended  vessels,  is 
opaque  in  some  places,  ecehymotic  in  others,  and  is  soft- 
ened in  spots  or  more  extensive  surfaces.  The  first  exu- 
dation is  a  light,  clear  or  amber-colored  serum,  which 
soon  becomes  an  opaque  milky  fluid  of  semi-gelatinous 
or  mucilaginous  consistence,  sticky,  "drawing  to  a 
thread,"  which  later  becomes  greenish,  "leek-green,"  or 
yellowish  with  pus.  The  viscosity  of  the  exudate  is  due 
to  the  presence  of  mucin  (Klebs).  The  effusion  occurs 
first  in  the  subarachnoid  sjiaces  and  along  the  course  of 
the  vessels  of  the  pia  mater  at  the  base  and  sides  of  the 
cerebrum,  in  the  fissure  of  Sylvius  and  between  the  cere- 
brum and  cerebellum,  or  extends  over  the  whole  surface 
of  the  brain  to  form  a  veritable  cap.  Or  the  exudation, 
more  limited  to  the  base,  surrounds  the  emerging  nerves, 
dissecting  up  their  investing  sheaths  and  following  them 
out  in  their  course.  Both  Tourdes  and  Net'cer  have  ob- 
served purulent  flocculi  in  the  fluid  that  is  usually  found 
in  small  quantities  in  the  cavity  of  the  arachnoid.  In 
the  spinal  column  the  exudation  is  deposited  first  along 
the  posterior  aspect  of  the  cord,  as  determined  by  gravity, 
but  soon  extends  to  its  lateral  surface  and  to  affect  or 
follow  out  the  spinal  nerves  in  the  .same  manner  as  in  the 
brain.  However,  Tourdes  and  Netter  have  each  reported 
a  case  in  which  tlie  false  membrane  was  confined  to  the 
anterior  surface  of  the  cord.  The  thickest  masses  of  exu- 
dation are  found  in  the  cervical  and  lumbar  regions  of 
the  cord,  though  effusion  in  spots,  bands,  or  islands  oc- 
curs irregularly  throughout  its  course.  In  its  advance 
the  suppurative  process  invades  the  sheath  of  the  optic 
nerve  to  travel  along  its  course,  infiltrate  the  orbital  fat, 
to  account  in  life  for  an  iritis,  choroiditis,  or  an  all-de- 
structive panophthalmitis.  So,  also,  implication  of  and 
transit  along  the  facial  and  auditory  nerves  lead  to  de- 
structive changes  in  the  ear. 

As  a  rule  there  is  no  change  in  the  arachnoid.  Even 
the  visceral  layer  of  the  arachnoid  is  not  adherent  to  the 
false  membrane  beneath  it  but  may  be  readilj'  separated 
from  the  underlying  ptirulent  effusion  by  simple  inflation. 
Sometimes  parts  of  the  arachnoid  appear  whitish  or 
opaque,  especially  in  old  cases. 

But  the  ravages  of  cerebro-spinal  meningitis  do  not  re- 
main confined  to  the  membranes  of  the  brain.  Mention 
has  been  made  already  of  wdema  of  the  substance  of  the 
brain  and  cord  in  rapid  cases,  and  more  profound  lesions 
are  to  be  observed  in  cases  of  longer  duration.  Strumpell 
{DeNf,teh.  Arch,  fiir  kliii.  Med.,  xxx.,  5  and  6,  p.  505,  1882) 
described  in  detail  these  conditions.  His  autopsies  re- 
vealed in  nearly  all  the  cases  such  participation  of  the 
brain  and  cord  as  to  justify  him  in  naming  the  disease  a 
meningo  enceplialitis  and  meningo-myelitis  rather  than 
meningitis  alone.  Beneath  the  inflamed  membranes  lies 
a  border  zone  of  hyperoemia  and  infiltration,  composed 
of  distended  vessels,  perivascular  accumulations  of  round 
cells  which  dip  deep  into  the  substance  of  the  brain,  or 
more  especially  the  spinal  cord,  with  occasional  punctate 
hemorrhages  up  to  the  size  of  a  millet  seed.  Disseminated 
depots  of  pus  of  various  size,  with  even  larger  abscesses, 
more  especiall)'  in  the  substance  of  the  brain  (four  cases), 
were  noticed  as  a  rule.  But,  aside  from  the  effects  of 
direct  mechanical  disturbance,   there  were  few  visible 


histological  changes  in  the  ganglion  cells  and  fibres  of 
issuing  nerves. 

Although  these  exudative  changes  belong  more  espe- 
cially to  the  average  or  more  protracted  cases,  they  have 
been  noticed  also  in  the  cases  of  short  duration.  "  Thus 
Fronmuller  reports  the  case  of  a  girl,  aged  fourteen,  who 
died  in  four  days,  when  the  central  canal  of  the  cord  was 
found  dilated  and  "filled  with  pure  pus";  and  Gordon 
speaks  of  a  case  in  which  "  purulent  effusion  was  found, 
although  the  whole  duration  of  the  attack  was  under 
flfe  hours"  (Hartshorne's  "Reynolds,"  p.  306.)  More 
credible  is  the  report  by  Ziemssen,  of  an  "exquisite  case," 
in  which  the  cord  was  wholly  embedded  in  pus  at  the  end 
of  eleven  days. 

The  changes  in  the  ear  have  been  studied  especially  by 
Heller,  who  found  the  tympanum,  vestibule,  and  the 
semicircular  canals  of  both  sides  containing  pus,  which 
bathed  the  facial  and  optic  nerves.  The  purulent  fluid 
may  be  confined  to  either  the  middle  or  the  internal  ear,  but 
usually  is  present  in  both.  Acute  otitis  has  been  fre- 
quently observed  preceding  an  attack  of  cerebro-spinal 
meningitis.  In  such  cases  the  affection  of  the  ear  would 
seem  to  be  primary  and  the  meningitis  due  to  an  exten- 
sion of  the  inflammation.  Heller,  on  the  other  hand, 
would  attribute  the  affection  of  the  ear  to  the  propaga- 
tion of  the  inflammation  from  the  meninges  along  the 
nerves  to  the  ear:  and  Moos  believes  that  the  inflamma- 
tion of  the  ear  and  meninges  occurs  simultaneously. 

A  microscopic  examination  reveals  the  fact  that  the 
inflammation  affects  the  tissues  through  the  blood-vessels. 
Numberless  round  cells  infiltrate  the  intima  and  adven- 
titia  to  collect  on  the  external  stirface  and  form  the  lines 
and  layers  of  pus  cells  along  their  course.  In  the  sub- 
stance of  the  brain  and  cord  beneath  and  about  the  ves- 
sels "  proliferation  of  the  nuclei  in  the  neuroglia  takes 
place,  with  swelling  of  the  ganglion  cells  and  granulo- 
fatty  degeneration  of  the  nerve  fibres  "  (Eichhorst).  Ex- 
amination of  the  blood  reveals  the  presence  of  hyperleu- 
cocj'tosis  varying  from  12,000  to  32,000  per  cubic  milli- 
metre (Flexner  and  Barker).  The  polynuclear  and 
neutrophile  cells  are  the  ones  most  increased ;  the  number 
of  eosinophile  cells  remains  practically  normal.  Netter 
calls  attention  to  the  resemblance  between  the  leucocj'tosis 
of  cerebro-spinal  tneningitis  and  that  of  pneumonia,  and 
suggests  that  the  fact  that  the  leucocj'tosis  in  cerebro- 
spinal meningitis  is  without  prognostic  value,  such  as  it 
has  in  pneumonia,  is  probably  to  be  explained  by  the 
fatal  issue  in  cerebro-spinal  meningitis  being  due  to  the 
organic  changes  in  the  nerve  centres  rather  than  to  the 
infection  itself.  The  presence  of  micrococci  in  the  exu- 
dation has  been  mentioned  already. 

Symptomatology. — The  symptoms  of  cerebro-spinal 
meningitis  naturally  fall  into  two  groups,  those  belong- 
ing to  the  general  infection,  and  those  belonging  to  the 
local  lesion. 

The  period  of  incubation  lasts  from  eight  to  ten  days 
(Latimer).  The  period  of  invasion  is  very  short.  The  onset 
of  the  disease  is  in  the  majority  of  cases  sudden,  with  the 
impress  of  profound  toxa;mia.  Prodromal  symptoms 
exist  in  but  five  per  cent,  of  cases  (Ziemssen),  and  the 
symptoms  of  this  period  are  too  vague,  in  the  absence  of 
an  epidemic,  to  establish  a  diagnosis.  Slalaise,  headache, 
anorexia,  nausea,  chilliness,  wandering  pains  precede  the 
outbreak  of  the  disease  in  a  few  cases.  These  are  symp- 
toms which  may  mean  nothing  or  may  serve  as  forerun- 
ners of  any  one  of  the  acute  infections.  The  disease  dates 
from  the  initial  chill  or  chilliness,  and  subsequent  fever, 
with  vomiting,  headache,  and  stiffness  of  the  neck.  This 
chill  may  repeat  itself  several  times  in  the  coiu-se  of  the 
disease,  more  especially  in  the  intermittent  forms,  and  it 
signifies  always  a  new  invasion  or  advance  of  the  disease. 
During  and  subsequent  to  the  chill  the  temperature  begins 
to  riseT  reaching  100°  to  102'  F.,  as  a  rule,  b.y  the  second  or 
third  day  of  the  disease.  In  foudroyant  cases  it  may  run 
up  rapidly  from  the  beginning  of  the  disease,  reaching 
a  pre-agonal  acme  at  even  108°  F.  (Wunderlich).  Post- 
mortem elevations  are  not  uncommon  in  bad  cases.  But 
even  excessive  elevation  of  temperature  in  cerebro-spinal 
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meningitis  may  be  followed  bj'  recovery.  A  remarkable 
case  is  leported  by  Christian  (Medical Record,  vol.  Ivi.,  No. 
10),  in  which  the  teinijerature  reached  118°  F.  on  successive 
daj's.  The  patient  recovered.  On  tlie  other  hand,  some 
of  the  worst  cases  show  little  or  no  elevation  of  tempera- 
ture at  all  (Hirsch  and  Ziemssen).  In  one  case  reported 
by  Stokes  the  highest  temperature  recorded  was  98.8°  F. 
The  characteristic  of  the  temperature  in  this  disease  is 
irregularity.  Cerebrospinal  meningitis  shows  an  atyp- 
ical temperature  curve,  a  fact  which  distinguishes  it 
at  once  from  typhoid  fever.  Exacerbations  and  remis- 
sions occur  so  frequently  in  the  course  of  the  disease,  even 
in  the  same  day.  as  to  liaftle  the  most  patient  investi- 
gators. Ziem.ssen  declui-es  tliat  few  (if  tlic  curves  re- 
semble each  other,  antl  IJaumler  contirms  this  statement 
from  his  own  observations.  Wunderlich  attempts  to  ac- 
count for  this  irregularity  by  the  successive  complica- 
tions on  the  part  of  the  bronchi,  lungs,  intestines,  serous 
membranes,  etc..  and  Enmiinghaus  appeals  in  explana- 
tion of  it  to  the  influence  of  a'dema  of  the  brain,  basal 
lesions,  affections  of  the  cord,  perhaps  of  a  heat-regulat- 
ing centre. 

The  pulse  is  increased  in  frequency  as  a  rule.  It  is 
usually  more  full  and  strong  at  the  beginning  of  the  dis- 
ease, and  may  number  not  more  than  80  to  100 
beats  to  the  minute  throughout  its  course.  But  the 
pulse  is  subject  to  the  same  deviations  as  the  tempera- 
ture, to  which  at  times  it  seems  to  bear  no  relation. 
Tourdes  and  Ziemssen  mention  variations  of  30  to 
40  beats  between  observations  at  different  times  of  tlie 
day,  and  every  practitioner  of  experience  has  noticed 
fluctuations  in  the  course  of  the  same  observation.  In 
foudroyant  cases  the  pulse  may  be  increased  to  from  140 
to  160  per  minute,  to  become  thready  and  imperceptible 
before  the  end  of  the  disease.  Abnormal  slowness,  it 
may  be  stated  here,  is  much  less  frequent  than  in  basilar 
meningitis.  The  irritation  of  the  pulse-regulating  centres 
in  the  brain,  the  changes  in  the  substance  of  the  heait, 
the  poisoning  of  the  blood,  as  well  as  the  various  com- 
plications of  the  disease,  have  all  been  invoked  to  account 
for  the  varying  conditions  of  the  pulse. 

The  respiration  is  affected  in  the  same  way.  Many 
cases  show  no  especial  distiu'bance  in  frequency  or 
rhythm,  while  others  are  characterized  by  extreme 
irregidarity.  Sighing  respiration  is  very  frequent  in 
cliildhood,  and  arhythmia  with  dyspncea  is  not  uncommon 
at  all  ages.  Leydeu  accounts  for  the  Chej'ne-Stokes 
respiration,  sometimes  observed  in  the  later  stages  of  the 
disease,  b.y  pressure  on  the  medulla  occasioned  by  oedema. 
This  explanation  is  based  upon  the  observation  of  this 
symptom  in  animals  by  Schill,  after  the  artificial  induc- 
tion of  hemorrhage  in  the  vicinity  of  the  medulla. 
Reference  has  already  been  made  to  a  preparatory  nasal 
catarrh  in  this  disease,  and  in  this  connection  may  be 
mentioned  the  arrest  of  the  nasal  secretion,  catarrhns 
sicca,  noticed  among  the  prodromal  manifestations  by 
Summerell  and  Schuchardt. 

The  symptoms  on  the  part  of  the  digestive  system 
belong  among  the  cardinal  manifestations  of  the  disease, 
as  vomiting  ranks  in  significance  along  with  the  chill, 
headache,  and  opisthotonos.  It  is  only  the  mildest  cases 
which  show  no  disturbance  of  the  stomach.  It  ceases 
frequently  in  a  few  days,  to  reappear  in  bad  cases,  and 
to  remain,  at  times,  a  more  or  less  constant  attendant  of 
the  disease.  It  is  especially  provoked  by  the  ingestion 
of  food,  sometimes  even  of  water  (Schilizzi),  or  by  rising 
in  bed.  The  contents  of  the  stomach,  then  mucus  in 
quantity,  are  rejected,  and  later  a  yellowish-green  flviid 
is  regurgitated  from  the  duodenum  through  an  inconti- 
nent pylorus.  Hart  says  of  his  cases  (St.  Barthol.  Hosp. 
Rep.,  xii.,  p.  105,  1876)  that  vomiting  occurred  without 
retching,  was  constant  in  bad  cases,  in  which  it  was  al- 
ways an  ominous  manifestation.  As  a  rule,  however,  it 
is  preceded  or  attended  by  great  effort,  with  such  ener- 
getic contraction  of  the  abdominal  muscles  at  times  as  to 
eject  wonns  from  the  intestinal  canal.  Loss  of  appetite 
is  characteristic  of  the  disease,  even  in  the  absence  of 
fever,  when  it  is  dependent  probably  upon  irritation  of 


the  vagus  (Eulenberg).  Yet  the  very  opposite  condition, 
boulimia,  has  been  noticed.  Reich  speaks  of  a  case  of 
progressive  emaciation,  notwithstanding  a  "voracious 
appetite "  throughout,  and  Stille  observes  that  "in  no 
other  disease  is  the  return  of  a  good  appetite  and  diges- 
tion so  prompt  and  complete."  Constipation  is  the  rule 
in  this  disease,  from  inhiliition  of  peristalsis  througli  the 
influence  of  the  sympathetic,  and  is  obstinate  to  the  ac- 
tion of  laxatives ;  yet  diarrhoea  from  gastric  catarrh,  or 
dysentery  from  catarrh  of  the  colon,  occurs  exceptionally 
in  the  later  course  of  the  disease.  In  the  worst  cases 
stools  are  voided  continuously  from  a  paral_yzed  sphincter, 
while  the  abdomen  loses  its  sunken  shape  to  become 
tympanitic. 

Ordinarily  the  urine  is  passed  freely,  and  in  normal 
quantity  and  character;  exceptionally  there  is  difficulty 
in  its  discharge  and  alteration  in  its  composition.  Thus, 
pain  may  be  experienced  in  evacuating  the  bladder,  or 
there  may  be  anesthesia  to  such  degree  as  to  permit 
great  distention  of  this  organ.  Emminghaus  speaks  of 
pear-shaped  tumors  above  the  symphysis,  and  Reeve 
mentions  the  case  of  a  woman  who  passed  her  urine  "  by 
time,"  having  lost  all  sensation  in  the  bladder.  Any 
neglect  on  the  part  of  the  practitioner  may  lead  thus  to 
a  troublesome  cystitis.  In  the  last  stages  of  the  disease 
there  may  be  incontinence  of  urine  as  well  as  of  faces. 
With  any  redtiction  in  the  quantity,  the  color  and  specific 
gravity  are  naturally  increased,  but  the  most  curious 
anomaly  of  the  urine  in  this  disease  is  an  increased 
quantity  in  the  face  of  fever.  This  paradoxical  condi- 
tion is  accounted  for  by  the  pressure  and  destruction, 
from  the  exudation,  of  parts  of  the  medulla.  Resorption 
of  these  products  during  the  stage  of  resolution  may  lead 
to  irritation  of  the  medulla,  with  polyuria  or  glycosuria. 
Albumin,  usually  in  small  <iuantity,  is  present  in  about 
on.'-third  of  the  cases.  As  a  rule  the  albuminuria  is 
fel)rile  in  origin;  acute  nephritis  was  found  by  Friis  in 
only  three  out  of  ninety-seven  cases. 

The  skin  shows  the  greatest  variety  of  eruption  of  any 
one  of  the  acute  infections,  with  nothing  peculiar  or 
pathognomonic  in  any.  A  scarlatinous  blush,  more 
especially  of  the  face,  is  verj'  frequent  in  the  first  days 
of  the  disease,  and  a  roseolar  exanthem,  more  especially 
upon  the  trunk  and  extremities,  frequently  follows  later. 
Hirsch  speaks  of  siiots  resembling  measles,  Ziemssen 
mentions  urticaria,  Kaniph  erysipelatous  maculiie,  Grim- 
shaw  pemphigus,  and  Jenks  bullw,  in  individual  cases, 
j^s  to  the  petechise  which  have  falsely  named  the  disease, 
tliey  are  most  frequently  distinguished  by  their  absence. 
Davis  states  that  they  were  present  in  but  one-third  of 
the  cases  seen  by  him;  Tourdes  saw  only  three  cases  in 
tlie  epidemic  at  Strasburg,  and  Stille  observed  no  erup- 
tiim  whatever  in  thirty -seven  out  of  ninety-eight  cases, 
in  the  epidemic  at  Philadelphia.  "  Neither  Burdou  San- 
derson nor  Wunderlich  mentions  petechia  or  vibices  as 
occurring  during  life;  and  Hirsch,  after  noting  their  oc- 
casional, presence,  is  obliged  to  draw  upon  American 
authors  for  an  account  of  them  "  (Stille).  Yet  bloody 
eruptions  or  extravasations  do  occur  in  this  disease  as 
frequently,  but  not  more  so,  as  in  any  acute  infectious 
malady  of  equal  gravity.  Thus,  in  the  first  New  Eng- 
land epidemic,  and  later  in  the  outbreaks  at  Geneva, 
Dublin,  and  Naples,  they  were  frequently  present. 
Stiikes  and  Banas  speak  of  spots  which  coalesced  over 
some  portions  of  the  body,  "  so  as  to  cover  a  large  extent 
of  the  skin,  and  render  it  completely  black,  as  though  it 
were  wrapped  in  some  dark  shroud  "  (Stille).  Not  infre- 
quently the  petechia  or  ecchymoses  appear  only  post 
mortem  (Day). 

The  only  eruption  which  has  any  real  significance  in 
this  disease  is  herpes.  It  begins  usually  as  early  as  the 
third  day  of  the  disease,  and  may  continue  in  renewed 
eruption  throughout  its  course,  or,  as  Hirsch  remarks, 
weeks  after  full  recovery.  It  shows  itself  first,  as  a  rule, 
about  the  face,  on  the  lips,  nose,  forehead,  and  neck,  or 
may  extend  to  the  chest,  abdomen,  back,  nates,  and  even 
the  extremities.  Pneumonia  is,  perhaps,  the  only  disease 
which  shows  herpes  in  equal  frequency,  but  the  herpes 


Y73 


Cerebro-Splnal  Men- 
ingitis. 


REFERENCE   HANDBOOK   OF   THE  MEDICAL  SCIENCES. 


of  meningitis  differs  from  that  of  pneumonia  in  having 
no  prognostic  value.  In  faet,  Hirsch  claims  that  a  re- 
newed outbreak  rather  signifies  an  exacerbation  of  the 
disease.  Ziemssen  is  inclined  to  regard  it  as  of  tropho- 
neurotic origin. 

As  in  all  the  grave  acute  infections  or  septic  maladies, 
terebro-spinal  meningitis  is  sometimes  associated  with 
affection  of  the  joints.  Jackson  likens  the  articular 
swellings  to  attacks  of  gout,  and  Collins  speaks  of  the 
swollen,  red,  and  tender  state  of  various  joints,  espe- 
cially the  knee,  elbow,  and  wrist,  and  often  alsothe  smaller 
joints  of  the  lingers  and  toes.  Rineckerand  Wunderlich 
observed  this  complication  early  in  tlie  disease,  Salomon 
and  Litten  duiing  its  course,  and  Pfeiffer  in  the  period 
of  convalescence.  While  articular  affections  are  rather 
rare  in  this  disease,  some  epidemics,  notably  that  in 
Oreece,  1869.  have  been  distinguished  by  their  frequency. 

Of  the  symptoms  produced  by  the  local  leisions,  pain 
in  the  head  is  among  the  most  prominent.  Headache, 
crushing  as  if  produc'ed  by  a  vice,  or  boring  as  from  the 
penetration  of  nails  or  screws,  is,  as  has  been  stated,  one 
of  the  initial  signs,  and  it  constitutes  always  one  of  the 
most  obstinate  and  distressing  features  of  the  disease. 
Strong  men  cry  aloud  in  the  agony  of  headache,  and 
young  cliildrenshow,  on  account  of  it,  the  pecuhar  wild, 
strange  look  attending  excruciating  pain,  which  finds 
utterance  at  times  in  the  cvi.  hyd rocephnlique.  But 
the  localization  of  the  pain  does  not  of  necessity  localize 
the  seat  of  the  disease,  nor  docs  its  intensity  bespeak  its 
gravity,  signs  which  prove  it  to  be  partly  due  to  the 
septic  element.  Fortunately,  it  is  subject  to  intermissions 
or  remissions  in  the  course  of  the  disease,  and  not  infre- 
qtiently  it  disappears  altogether.  The  other  signs  of 
the  disease  may  then  still  remain  in  force,  though  cessa- 
tion of  headache  may  be  usually  regarded  as  one  of  the 
most  favorable  signs  in  prognosis.  Warning  should  be 
entered  here,  however,  against  that  ondnous  arrest  of 
headache,  along  with  a  general  euphora.  which  some- 
times innnediately  precedes  the  end.  Vertigo  may  be 
associated  with  the  headache,  to  greatly  aggravate  the 
sufferings  of  the  patient  by  compelling  the  continued 
observance  of  the  recumbent  posture.  Tourdes  speaks 
■of  cases  in  which  the  giddiness  was  so  intense  as  to  cause 
patients  to  whirl  and  fall,  unable  to  rise  again.  Such 
■cases  excite  suspicion  of  implication  of  the  semicircular 
canals. 

Pain  of  a  similar  character,  indescribable  in  its  intensity, 
is  also  felt  in  other  parts  of  the  body,  in  the  spinal  col- 
umn (rachialgia),  in  the  extremities,  or  anywhere  upon 
the  siu'face  in  the  course  of  the  spinal  nerves.  Usually 
such  pain  is  paroxysmal,  stabbing,  fulgurant,  agonizing. 
It  shoots  out  from  the  posterior  nerve  roots  of  the  spinal 
cord,  where  the  local  lesion,  as  determined  by  gravity, 
is  most  intense,  and  carries  with  it  sickening  sensations 
of  precordial  depression. 

A  more  characteristic,  though  less  frequent,  sign  of 
■cerebrospinal  meningitis  is  hypera?sthesiaof  the  surface. 
It  is  commonly  absent  altogether  in  the  lighter  or  abor- 
tive forms,  and  may  not  show  itself  throughout  the  .short 
course  of  the  foudroyant  forms,  but  it  is  (unte  constant, 
at  least  in  the  earlier  days  of  the  disease,  in  cases  of  aver- 
age intensity.  It  is  first  seen,  as  a  rule,  in  the  lower  ex- 
tremities, to  which  it  may  remain  confined :  next  in  the 
upper  extremities,  and  lastly  in  the  face  and  head.  Like 
the  pain  described  it  may  undergo  remissions  and  exacer- 
bations, may  disappear  to  recur  later,  or  may  last  over, 
in  regions,  to  the  period  of  convalescence.  When  pres- 
ent it  adds  a  peculiar  poignancy  to  the  suffei'ing  of  the 
patient,  who  watches  with  anxious  eyes  everj'  movement 
about  the  room.  In  aggravated  cases  it  is  manifest  also 
during  sleep,  and  even  the  stupor  of  coma  does  not  en- 
tirely annul  it.  In  such  cases  it  interferes  with,  or  even 
■entirely  prevents,  an  examination  of  tlie  ijatient,  which, 
however,  may  be  tmnecessary,  as  with  the  history  and 
superficial  inspection  it  frequently  declares  the  disease. 
Hirsch,  Fraentzel,  and  Ziemssen  unite  in  saying  that  it 
is  often  absent  throughout  the  whole  course  of  the  malady. 

Opisthotonos  stands  in  the  foreground  in  the  semeiology 
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of  this  disease.  It  is  rare  that  some  degree  of  rigidity  in 
the  back  of  the  neck  is  not  present,  though  Burilon  San- 
derson declares  that  in  the  Prussian  epidemic,  1864-65, 
tliere  were  many  cases  in  which  there  was  no  stiffness  or 
retraction  of  the  muscles.  In  the  lightest  cases  there  is 
simply  a  sense  of  increased  resistance  on  attempts  at 
flexion  of  the  head  upon  the  chest — a  valuable  point  in 
differential  diagnosis — or  a  slight  degree  of  tenderness  to 
pressure  upon  the  cervical  vertebrae.  In  most  severe 
cases  rigidity  is  marked,  with  retraction  of  the  entire 
head,  to  such  degree  at  times  as  to  give  rise  to  extreme 
mechanical  dysphagia.  Leyden  speaks  of  cases  in  which 
the  head  was  bent  back  at  a  right  angle  to  the  spine,  and 
Gordon  mentions  an  instance  in  which,  in  addition  to  this 
deformity,  the  spine  presented  "a  most  wonderful  uni- 
form curve  concave  backward."  The  most  striking 
illustration  of  the  degree  to  which  this  extension  may 
occur  was  reported  by  Neville  Hart  (St.  Barthol.  Hosp. 
Reports,  xii.,  p.  10.5,  1876),  in  a  case  in  which  the  press- 
ure of  the  occiput  caused  a  slough  between  the  scapulse. 
In  the  experience  of  this  author  the  degree  of  opisthot- 
onos corresponded  with  the  gravity  of  the  disease.  Not 
infrequentlj'  the  rigidity  extends  lower  in  the  vertebral 
column,  as  in  Gordon's  case  just  mentioned.  Thus 
Jansen  mentions  an  instance  where  the  whole  body  could 
be  lifted  rigid  with  the  hand  behind  the  occiput,  and 
Ziemssen  and  Merkel  report  cases  of  "  orthotonos "  in 
which  attempts  to  flex  the  head  pushed  the  body  like  a 
statue  to  the  foot  of  the  bed.  With  the  other  symptoms 
mentioned  this  condition  may  disappear,  to  reappear  in 
greater  or  less  degree,  undergo  fluctuations  throughout 
the  disease,  continue  to  the  fatal  end — as  long  in  one  case 
as  forty-nine  days, — or  remain  in  some  degree  until  full 
recovery.  Ziemssen  speaks  of  convalescents  going  about 
with  rigid  spines,  and  cases  are  reported  in  which  the 
condition  lasted  throughout  life.  Usually  the  retraction 
is  symmetrical,  as  pleurosthotonos  is  very  rare.  The 
rigidity  is  due  to  tonic  contraction  of  the  deep  muscles  of 
the  neck,  the  splenii ;  the  superficial  muscles,  the  trapezii, 
remaining  unaffected.  It  is  easy  to  understand  it  in  the 
presence  oi  the  abundant  exudation  about  the  medulla 
oblongata,  but  the  absence  of  it  in  the  presence  of  the 
same  conditions  remains  as  yet  inexplicable. 

Besides  these  tonic,  clonic  spasms  may  occur  in  the 
muscles  of  the  face,  trunk,  or  extremities,  as  mere  fibril- 
lar twitchiugs  or  veritable  convulsions.  Children  are 
much  more  frequently  affected  in  this  way  tlian  adults, 
and  the  spasms  occur  more  often  in  the  graver  than  in 
the  lighter  cases.  Sometimes  the  case  begins  with  a 
well-marked  epileptiform  convulsion,  and  cases,  as  in 
the  epidemic  at  Dublin,  have  been  characterized  b}'  their 
persistence  throughout  the  disease.  The  convulsions 
may  be  limited  to  one  side  of  the  bod_y.  and  Netter  re- 
ports a  case  in  which  the  convulsive  paroxysms  were 
confined  to  one  side  of  the  face.  Attempts  at  changing 
the  posture,  or  agitation  of  the  patient  in  any  way,  as 
by  sounds  or  the  approach  of  light,  are  often  the  excit- 
ing causes.  Yet  grave  as  is  this  complication  in  adults, 
it  is  by  no  means  fatal  of  necessity.  Thus  Stille  records 
a  case,  cited  from  Vienna,  in  which  "convulsions occurred 
repeatedly  during  the  first  two  days,  and  less  frequently 
during  the  two  following  days,  but  the  patient  ultimately 
recovered."  In  the  case  of  a  young  lady  under  the  ob- 
.servation  of  Whittaker,  clonic  convulsions  of  the  upper 
extremities  existed  continuously  for  three  days  and 
nights,  and  were  only  stilled  finally  by  narcotic  doses  of 
opium.  This  patient  escaped  with  life,  but  with  lesions 
that  left  it  of  little  value.  As  a  sub- variety  of  convul- 
sions may  be  mentioned  tremor,  which  occurs  exception- 
ally, more  especially  in  children,  and  jactitation,  which 
may  occur  at  any  time,  more  especially  in  the  graver 
cases,  and  more  frequently  toward  the  end.  The  tonic 
and  clonic  spasms,  expressions  of  the  stage  of  irritation, 
give  place  in  time  to  paralyses  as  evidence  of  destructive 
change.  Ptosis,  paralytic  .strabismus,  and  paralysis  of 
the  facial  nerve  may  be  thus  manifestations  of  the  later 
peiiod  of  the  disease,  or  may  be  associated  with  hemi- 
plegia as  evidence  of  central  lesion.     Emminghaus  quotes 
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in  this  connection  from  Leyden,  wiio  saw  in  several  cases 
paralysis  supervene  in  the  contracted  muscles  of  the 
neck.  Thus  also  hyperesthesia  may  eventuate  in  anaes- 
thesia to  such  degree  as  to  permit  "the  i)enetration  of  a 
pin.     Aphasia  has  been  observed  by  Leyden  and  Netter. 

Of  the  special  senses,  besides  that  of  "toucli,  the  senses 
■of  vision  and  hearing  suifer  most.  Corresponding  to  the 
hypenesthesia  or  hyperalgesia  of  the  surface  of  the  bodj' 
is  photophobia,  to  such  degree,  as  a  rule,  as  to  necessitate 
the  darkening  of  the  chamber  and  the  avoidance  of  arti- 
ficial light.  Graver  lesions  than  this  functional  disturb- 
ance, conjunctivitis,  iritis,  irido-choroiditis,  neuritis,  atro- 
phy of  the  optic  nerve,  even  panophthalmitis,  may  occur 
in  the  course  of  the  disease.  The  .same  exaltation  of  sen- 
sibility affects  the  ear  with  even  greater  distress,  because 
offence  in  this  regard  is  less  preventable.  Tinnitus 
aurium  is  frequent.  Suppurative  processes  in  the  middle 
and  internal  ear,  perforation  of  the  membranes,  atrophic 
changes,  are  among  the  graver  affections  of  this  organ, 
to  be  mentioned  later  among  tlie  complications  and 
sequeliB.  Loss  of  the  sense  of  smell  on  one  side  was  first 
observed  by  Ames.  Alteration  of  the  sense  of  taste  has 
been  reported  by  Corbin. 

Delirium  is  quite  uniformly  present  at  some  stage  of 
this  disease.  It  sets  in,  as  a  rule,  on  the  second  or  third 
day.  to  vary  in  degree,  coinciding  often  with  the  fever 
or  the  headache,  or  to  be  replaced  by  stupor,  apathy,  or 
coma  at  various  pei'iods  of  the  disease.  Low  forms  of 
delirium  are  constantly  as.sociated  with  sleeplessness,  or 
incessant  mutterings,  the  so-called  coma  vigil,  alternate 
with  outbreaks  of  maniacal  excitement.  Illusions  and 
hallucinations  are,  though  rare,  sometimes  encountered, 
and  permanent  impairment  of  the  intellect  may  result. 
Yet  long-continued  stupor  is  quite  exceptional  in  menin- 
gitis, though  complete  oblivion  of  every  incident  of  the 
attack  has  been  noticed  not  infrequently,  even  when 
the  symptotus  on  the  part  of  the  nervous  system  have 
been  of  light  degree. 

Complications  .\nd  Sequel.^.— With  the  elements  of 
a  general  inflammation  of  the  membranes  of  the  brain 
and  spinal  cord,  and  the  implication  of  the  nerves  irradi- 
ating thence  over  the  body,  together  with  affection  also 
of  tlie  substance  of  these  organs,  superadded  to  a  gen- 
eral poisoning  of  the  blood,  it  is  not  to  be  wondered  at 
that  complications  and  sequehc  of  various  kinds  occur  in 
this  disease.  Among  the  most  frequent  and  serious  of 
these  complications  are  entarrhdl  pnciimoiiin  and  croupous 
pnevmonia.  Of  these  affections  catarrhal  pneumonia,  or 
broncho-pneumonia,  is  most  frc(|uently  encountered  in 
children,  and,  if  developed  as  a  secondary  affection,  read- 
ily undergoes,  according  to  Ziemssen,  favorable  resolu- 
tion. But  croupous  pneumonia  has  a  much  more  serious 
prognosis.  It  occurs  more  frequently  in  certain  epidemics 
— fifteen  times  in  the  Erlangen  epidemic  of  1806  to  18T".3 — 
.and  develops  by  predilection  in  the  later  periods  of  the  out- 
break of  the  disease.  But  Jurgenseu  reports  of  liis  cases 
that  the  relation  of  the  two  diseases  was  in  three  cases 
just  the  reverse,  as  the  meningitis  supervened  upon  or 
followed  the  pneumonia.  This  author  calls  attention  to 
the  great  difficulty  of  diagnosis  in  these  cases  when 
opisthotonos  happens  to  be  absent.  In  this  connection 
Maurer  points  to  the  arching  of  the  fontanels  in  young 
infants  as  indicative  of  increased  intracranial  pressure, 
a  sign  of  great  value  in  a  doubtful  case.  Schilizzi 
at  Aigues-Mortes,  Tourdes  at  Strasburg,  Levy  at 
Paris,  and  Laveran  at  Mctz,  have  all  found  serous  and 
sero-purulent  exudations  in  the  pleural  cavity  as  com- 
plications of  this  disease.  Eichhorst  emphasizes  the 
freipiency  with  which  affections  of  the  throat  occur  as 
not  sufticiently  remarked  bitlierto,  and  Pfeiffer  found 
parotitis  present  in  a  number  of  his  cases  at  Thilringen. 

Peripheral  or  multiple  neuritis  has  been  observed  in 
some  cases  (C.  K.  :\Iills.  MeiJieal  Seirs,  March  3d,  1888). 
In  the  retrogressive  changes  which  occur  during  and 
after  the  period  of  resolution,  various  thickenings,  throm- 
botic occlusions,  or  permanent  Iivperre-mias  may  be  left 
behind.  Thus  it  is  not  surprising  to  learn  that  headaches 
sometimes  remain  for  years,  or  for  life,  or  that  paralysis 


of  various  muscles,  especially  those  supplied  by  cranial 
nerves,  the  abducens,  oculomotor,  and  facial,  develop 
during  the  disease  or  after  it  has  run  its  course.  Per- 
haps tlie  most  deplorable,  if  not  the  most  dangerous, 
damage  is  done  in  this  way  to  the  organs  of  sight  and 
hearing.  Hypeniemia  of  the  conjunctiva",  "redness  of 
the  eyes,"  with  irregularity  of  the  pupils,  and  photopho- 
bia are  to  \w  noticed,  as  a  rule,  at  the  onset  of  the  dis- 
ease, and  affections  of  the  cornea,  synechia',  opacities  of 
the  lens,  iriditis,  etc.,  have  been  mentioned  in  its  course. 
Fish  spoke  of  cases  announced  by  blindness,  to  be  fol- 
lowed later  by  symptoms  on  the  part  of  the  spine,  and 
though  the  amaurosis  was  in  his  cases  always  temporary, 
examples  of  permanent  loss  of  sight  are  abundantly  re- 
corded. Rudnew  claims  that  a  microscopic  examination 
reveals  suppurative  inflammation  of  the  uveal  tract,  as  a 
rule,  in  this  disease.  The  affection  begins  in  the  capil- 
laries of  the  choroid  and  proceeds  to  invade  its  entire 
structure. 

The  ear  is  affected,  as  stated,  in  both  its  middle  and  in- 
ternal parts.  In  a  case  reported  by  Ziemssen  the  pain  of 
an  otitis  media  began  as  late  as  the  twenty-fifth  day  of 
the  disease,  and  perforation  witli  the  discharge  of  pus 
did  not  occur  until  the  thirty -sixth  day.  Heller  andLucse 
and  iloos  describe  cases  in  which  the  trunk  of  the  audi- 
tory nerve  was  embedded  in  pus,  with  hypera?mia  of  the 
neurilemma,  suppurative  inflammation  of  the  cavity  of 
the  drum,  hemori'hage  and  pus  in  the  membranous  lab}'- 
riuth.  Per  contra,  Ziemssen  has  seen  cases  in  which  the 
floor  of  the  fourth  ventricle  was  "macerated  by  pus,  and 
the  auditory  nerve,  together  with  the  facial  nerves,  com- 
pletely surrounded  by  the  purulent  exudation,  without 
the  occurrence  of  deafness  during  life."  But  cerebro- 
spinal meningitis  is  one  of  the  most  common  causes  of 
deafness,  perhaps  the  niost  common  cause  of  all  diseases 
affecting  the  internal  ear.  For  in  the  vast  majority  of 
cases  the  affection  is  bilateral  and  permanent.  Knapp 
states  that  in  every  one  of  thirty-nine  cases  the  deafness 
was  bilateral,  and.  "with  the  exception  of  two  cases  of 
faint  perception  of  sound,  complete. "  Should  this  com- 
plication occur  in  the  earliest  years  of  life  the  patient  is 
not  only  deaf  but  also  dumb.  The  Bamberg  Deaf  and 
Dumb  Asylum  contained,  April,  18T4,  forty -two  pupils 
— deaf-mutes,  without  exception,  from  cerebro-spinal 
meningitis;  and  of  the  thirty-two  inmates  of  a  similar 
institution  at  Nuremberg,  twenty-two  were  victims  of 
this  disease.  Moos  mentions  further  that  one-half  of  his 
cases  that  recovered  from  tlie  disease  with  some  impair- 
ment of  hearing  showed  also  disorder  in  maintaining 
their  eijuilibrium. 

That  processes  of  cicatricial  contraction,  by  thickening 
and  shrivelling  the  pia  and  obliterating  its  plexuses  of 
vessels,  may  lead  eventually  to  chronic  hydrocephalus, 
or  that  these  accidents  witli  the  deeper  lesions  in  the  sub- 
stance of  the  brain  and  cord  mav  beget  aphasia,  anarthria, 
impairment  of  memory  or  other  faculties  of  the  intellect 
up  to  comjilete  imbecility,  may  readily  be  inferred.  One 
case  illustrative  of  the  extent  of  damage  that  may  be  in- 
flicted by  this  disease  upon  a  patient  who  barely  escaped 
with  life  may  be  cited  from  the  graiihic  descriptions  of 
Gordon.  This  was  a  case  in  which  the  patient  recovered 
fnmiall  the  acute  s.ymptoins,  but  gradually,  in  fifty-eight 
days  after  the  invasion  of  the  disease,  passed  into  a  state 
of  almost  organic  life.  "  He  ate,  drank,  and  slept  well ; 
he  passed  solid  fffces  and  urine  without  giving  any  notice, 
yet  evident!}'  not  unconsciously;  he  was  excessively 
emaciated,  and  there  was  a  peculiar  mouse-like  smell  from 
him ;  he  seemed  to  understand  what  was  said  to  liim,  but 
he  could  not  answer;  he  never  called  for  anything;  his 
breathing  was  rather  .slow:  his  pulse  12(1;  his  heart  act- 
ing with  a  peculiar  strong  jerking  motion  ;  his  eye  was 
quite  well  as  also  his  knee  (he  bad  suffered  from  ulcera- 
tion of  the  right  cornea  and  immense  effusion  into  the 
right  knee-joint);  he  could  draw  his  legs  and  arms  up  to 
him;  but  he  could  not  use  his  hands  at  all." 

DrR-\Tiox. — Cerebrospinal  meningitis  has  no  definite 
duration.  Hirscli  says  of  it  that  it  may  last  from  a  few 
hours  to  several  months.     The  first  period  applies  to  the 
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foudroyant  cases,  In  which  patients  are  killed  as  by  a 
stroke,  the  last  to  the  cases  with  complications  or  se- 
quelre,  which  may  indeed  prolong  the  disease  indefi- 
nitely. Gordon's  shortest  case  was  one  of  five  hours'  du- 
ration, and  Jewell  records  a  case  of  death  in  three  hours 
and  a  half  after  seizure.  These  are,  of  course,  most  ex- 
treme and  exceptional  cases.  Clymer  states  that  moi-e 
than  one-half  the  deaths  happen  as  early  as  from  the 
second  to  the  fifth  day.  This  author  quotes  also  from 
Parkes.  who  found  the"  duration  of  the  disease  in  66  of  9.5 
cases,  five  days  or  less;  in  1,  eight  days;  in  38,  eight  days 
or  over.  Abortive  forms  terminate  in  resolution  in  from 
three  to  five  days,  foudroyant  forms,  with  rare  excep- 
tions, in  death  within  three  days,  and  intermittent  and 
average  forms  in  one  or  the  other  waj',  barring  complica- 
tions and  sequeliE,  in  from  one  to  three  weeks.  Relap.ses 
are  not  common.  Second  attacks  are  rare,  but  such  cases 
have  been  reported  by  Boudin,  North,  Warschauer,  Her- 
mann, and  Kober. 

Diagnosis. — In  the  presence  of  an  epidemic  of  the  dis- 
ease the  diagnosis  of  cerebro-spinal  meningitis  is  sulfi- 
ciently  easy.  The  existence  of  cases  in  the  vicinity  pre- 
paresthe  practitioner  for  new  attacks.  Cases  which  are 
affected  with,  or  more  especially  quickly  succumb  to, 
any  di.sea.se  with  predominant  nervous  symptoms  should 
excite  the  suspicion  of  the  physician  in  this  direction. 
Sporadic  cases,  however  isolated  in  space  or  time,  are 
likewise  readily  recognized  in  the  presence,  in  sufficient 
nimiber,  of  the  symptoms  peculiar  to  the  disease.  The 
sudden  seizure,  often  in  the  midst  of  health,  with  chill, 
vomiting,  and  prostration,  followed  by  opisthotonos, 
hypera'sthesia,  herpes,  irregular  pulse,  constipation, 
constitutes  an  array  of  symptoms  that  belong  to  no  other 
disease.  Unfortunately  for  the  diagnosis  many  cases 
deviate  from  the  regular  type  in  essential  particulars, 
more  especially  in  the  absence  of  cliaracteristic  signs,  to 
such  degree  as  to  make  the  diagnosis  difficult  or  at  times 
Impossible.  Foudroyant  cases  differ  most  widely  by  the 
predominance  of  the  symptoms  of  blood  poisoning  which 
are  common  to  all  the  grave  acute  affections.  Light  is 
sometimes  thrown  upon  these  cases  bv  the  consideration 
of  the  season  of  the  year,  the  age  of  the  patient,  the  ex- 
istence of  other  cases  more  pronounced,  or.  if  equally 
obscure,  by  the  exclusion  of  simulating  maladies  or  ac- 
cidents. Thus  a  meningitis  from  trauma,  insolation,  or 
otitis  should  be  discovered  by  the  history  and  inspection 
of  a  case;  or  occurring  in  the  course  of  .scarlatina,  pneu- 
monia, septica-mia,  it  should  be  eliminated  by  the  pres- 
ence of  signs  characteristic  of  these  affections. 

The  Kernig  Sign. — Kernig,  of  St.  Petersburg  (1882), 
reported  as  characteristic  of  meningitis  that  when  the 
hip  is  flexed,  as  when  the  patient  is  in  the  sitting  posture, 
contraction  of  the  flexors  of  the  leg  prevents  full  exten- 
sion of  the  knee  without  imdue  force,  so  that  as  a  rule 
the  limb  may  not  be  extended  beyond  135°  and  sometimes 
not  bej'ond  a  right  angle.  With  the  hip  extended,  as 
when  the  patient  is  lying  down  or  standing  upright,  ex- 
tension of  the  knee  readily  occurs.  Kernig's  observation 
has  been  confirmed  by  numerous  observers,  among  them 
Bull,  Henoch,  Bliinim,  Friis,  Netter,  Osier,  and  the 
writers.  It  has  been  suggested  that  an  explanation  of 
the  phenomena  may  be  found  in  a  peculiar  irritability  of 
the  roots  of  the  nerves,  in  consequence  of  inflammation 
of  the  meninges,  and  that  the  irritability  of  the  sacral 
roots  is  increased  when  these  nerves  are  put  upon  the 
stretch  by  flexion  of  the  hip,  so  that  there  occurs  reflex 
contraction  of  the  flexors  upon  attempting  to  extend  the 
knee  with  the  hip  flexed.  But  such  reflex  contraction  of 
the  flexors  does  not  take  place  with  the  hi]-)  in  extension. 
For  the  production  of  the  Kernig  sign,  it  is  necessary 
that  the  meningitis  involve  the  spinal  membranes.  Thus 
the  sign  is  found  in  tuberculous  and  simple  meningitis  as 
well  as  in  cerebro-spinal  meningitis.  Kernig  reported 
finding  the  sign  present  in  1.5  cases  of  acute  menin- 
gitis, which  included  13  cases  of  epidemic  cerebro- 
spinal meningitis,  1  of  tuberculous  meningitis,  and  1 
of  suppurative  meningitis.  The  diagnosis  was  confirmed 
by  autopsy  in  8  cases.     Netter  found  the  sign  present 


in  45  cases  of  meningitis.  But  the  Kernig  sign  is 
not  always  present  in  meningitis.  Thus,  Henoch,  Friis, 
and  Netter  have  observed  cases  of  meningitis  in  which 
the  Kernig  sign  was  absent.  In  generaT,  the  sign  is 
found  in  about  90  per  cent,  of  cases.  Netter  found  the 
sign  in  45  out  of  50  cases ;  Friis  in  53  out  of  60  cases.  It 
has  generally  been  held  that  the  sign  is  present  only  in 
meningitis,  but  one  of  the  writers  found  the  sign  well 
marked  in  a  case  of  scarlet  fever,  during  the  period  of 
invasion,  without  other  evidence  of  meningitis. 

The  lumbar  puncture  (Quincke)  often  furnishes  much 
more  exact  information,  in  tliat  it  may  reveal  the  specific 
infectious  agent  causing  the  meningitis.  The  pimcfure 
is  made  between  the  spinous  processes  of  the  third  and 
fourth  lumbar  vertebra'  (Quincke)  or  between  the  fifth 
lumbar  and  the  first  sacral  vertebra  (Chipault,  Netter),  so 
as  to  withdraw  the  cerebro-spinal  fluid  from  the  lower  cul- 
de-sac  of  the  dura  mater  surrounding  the  Cauda  equina. 
The  patient  is  placed  upon  the  side,  with  the  legs  flexed 
upon  the  body  and  the  body  inclined  well  forward 
(Quincke),  or  in  the  sitting  posture  inclined  forward 
(Filrbiinger,  Netter).  The  fluid  may  be  withdrawn 
through  a  fine  trocar,  aspirating  needle,  or  an  ordinary 
hj'podermatic  needle.  The  puncture  is  made  in  children 
in  the  median  line  immediateh'  above  the  spinous  proc- 
ess, to  a  depth  of  about  2  cm.  In  adults  the  puncture 
is  better  made  at  the  level  of  the  lower  border  of  the 
spinous  process  and  5  to  10  mm.  outside  of  the  median 
line,  to  avoid  the  thick  ligaments,  in  a  direction  from 
above  downward,  so  as  to  puncture  the  membranes  in 
the  median  line,  and  to  a  depth  of  5  to  7  cm.  The  punc- 
ture should  be  made  under  strict  aseptic  precautions,  and 
the  fluid  should  be  removed  slowly.  When  properly 
made,  the  operation  is  practically  without  danger,  and 
is  of  great  diagnostic  importance  since  it  will  in  very 
many  cases  reveal  the  specific  infectious  agent.  The 
cerebro-spinal  fluid  is  cloudy  and  purulent  and  contains 
micro-organisms  both  intra-  and  extra-cellular.  Albumin 
is  usually  present  in  the  cerebro-spinal  fluid  in  a  projjor- 
tion  varying  from  .1  per  cent,  to  .4  per  cent.  Some- 
times no  fluid  ma.v  be  obtained  upon  puncture,  and 
sometimes  the  fluid  that  is  obtained  is  perfectly  clear  and 
sterile,  even  in  the  presence  of  meningitis,  especially  in 
cases  that  have  lasted  for  some  days.  A  case  of  tuber- 
culous meningitis  may  no  longer  present  tubercle  bacilli, 
or  only  in  such  small  numbers  as  to  be  detected  with 
difficulty.  Again,  such  cases  may  present  the  meningo- 
coccus as  the  result  of  a  mixed  infection.  Thus  the 
lumbar  puncture  is  not  an  absolute  criterion  in  the  dif- 
ferentiation between  tuberculous  and  other  forms  of 
meningitis. 

Examination  of  the  blood  has  revealed  the  meningo- 
coccus (Netter),  and  thepneumococcus(Bozzolo,  Netter). 
In  making  such  examinations,  .2.5-..50  c.c.  of  blood 
should  be  used.  Rarely  the  specific  infectious  agent 
may  be  obtained  from  the  urine  or  sputum. 

Of  more  value  is  the  bacteriological  examination  of  the 
nasal  secretion.  Thus  Scherer  found  the  Diplococcus  in- 
tracellularis  in  eighteen  cases  of  cerebro-spinal  meningitis, 
while  in  fifty  other  cases  this  organism  was  found  only 
two  times.  One  of  these  lattercaseshad  a  coryza  follow- 
ing the  disinfection  of  a  room  in  which  a  patient  died  of 
meningitis;  and  there  was  some  doubt  about  the  diag- 
nosis of  the  second  case,  which  may  have  been  one  of 
meningitis  but  had  been  treated  for  typhoid  fever  com- 
plicated liy  ocular  paralysis.  However,  too  much  im 
portance  should  not  be  ascribed  to  the  result  of  the  ex- 
amination of  the  nasal  secretion,  since  the  meningococcus 
has  been  found  in  the  nasal  secretion  of  healthy  indi- 
viduals by  Heubner,  and  the  pneumococcus  by  Netter 
and  many  other  observers. 

Typhoid  fever  distinguishes  itself  by  the  fact  that  it 
usually  spares  the  period  of  earliest  youth,  that  its  onset 
is  insidious,  that  it  is  attended  with  diarrhoea  and  disten- 
tion of  the  abdomen,  tiiat  it  often  shows  a  rose-colored 
eniption.  has  a  constant  high  pulse,  a  typical  tempera- 
ture curve,  and  a  definite  duration.  Moreover,  typhoid 
fever  almost  never  shows  herpes,  and  almost  always 
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shows  enlargement  of  the  spleen.  The  diazo  reaction, 
eominonly  present  in  typhoid  fever,  is  absent  in  menin- 
gitis. The  presence  of  the  reaction  in  meningitis  indi- 
cates an  unfavorable  prognosis.  The  Widal  test  is  posi- 
tive in  typhoid  fever,  and  negative  in  meningitis,  except 
when  the  meningitis  is  due  to  infection  by  the  typhoid 
bacillus.  Further  evidence  would  be  furnished  "by  the 
Kernig  sign,  which  is  present  in  meningitis  and  absent 
in  typhoid  fever,  and  by  lumbar  puncture.  Malarial 
fever  is  marked  by  its  preference  for  certain  regions  and 
certain  seasons  of  the  year.  Periodicity  is  the  criterion 
of  malaria,  and  though  this  factor  is  simulated  in  the  in- 
termittent cases  of  meningitis  it  is  never  so  precise. 
Reeve  saj's  the  early  vomiting  was  the  key  to  the  diag- 
nosis of  his  flrst  cases  of  meningitis.  Wiiatever  doubt 
may  exist  at  first  is  (|uiclvly  dis.sipatcd  by  finding  the 
Plasmodium  malaria'  in  the  blood  or  by  the  administra- 
tion of  quinine  in  sulfleient  do.se.  Tetanus  is  eliminated 
by  its  trismus,  nud  h_vdrophobia  by  its  characteristic 
paroxysms  of  inspirator}'  spasm.  Tuberculous  meningitis 
rarely  shows  symptoms  on  tlie  part  of  the  spinal  cord, 
though  opisthotonos  and  hypersesthesia  are  not  uncom- 
mon in  this  disease.  Tuberculous  meningitis  is  nearly 
confined  to  childhood.  In  the  great  majority  of  cases 
its  victims  are  of  tuberculous  parentage  or  stock.  It  is 
not  affected  by  the  sea.son  of  the  year.  It  distinguishes 
itself  especially  by  its  long  prodromal  stage, "by  its 
periods  of  reduction  of  temperature  and  retardation 
of  pulse,  by  the  occasional  signs  of  tuberculosis  else- 
where, in  the  lungs  or  intesHnes,  externally  (scrofu- 
losis)  upon  the  skin,  or  possibly  in  the  bottom  of  the 
e\'e.  Netter  believes  that  confusion  has  often  arisen 
in  the  diilerentiation  from  influenza,  and  that  many 
cases  of  "grippal  meningitis"  are  really  cases  of  cere- 
brospinal meningitis. 

PnoGNOsis  AND  MORTALITY. — The  prognosis  of  this 
disease  is  alwa3's  grave.  The  factor  of  most  importance 
in  its  determination  is  the  type  of  the  disease.  Foudro_y- 
ant  cases  perish  with  very  rare  exceptions;  abortive 
forms  recover  with  few  exceiitions,  and  average  cases 
survive  and  succumb  in  about  etpial  number.  The 
character  of  the  epidemic  is  the  next  consideration.  Cer- 
tain outbreaks  are  distinguished  by  their  mildness,  as  are 
others  by  malignanc}'.  Thus  Lowe  and  Wooley  (London 
Lancet.  June  2t!th  and  August  3d,  1867)  report  that  not  a 
single  case  died  in  the  outbreak  at  Bardney,  in  Lincoln- 
shire, England,  in  January  anil  February,  18G~,  though 
the  disease  was  characterized  by  "severe  rigors,  tetanic 
convulsions,  intense  neuralgic  pain  in  the  head  and  upper 
part  of  the  trunk,  increased  sensitiveness  of  the  surface, 
obstinate  vomiting,  restlessness,  and  in  one  instance,  at 
least,  b_y  a  dark  purple  eruption  "  (Hartshorne's  "Rey- 
nolds," vol.  i.,  p,  3U8).  On  tlic  other  hand,  Wunderlich, 
Stouone,  and  others,  give  instances  in  which  not  a  single 
case  recovered.  Young  reports  of  the  attack  at  Granada, 
Miss, ,  that  every  one  of  the  35  cases  perished,  and  the 
same  fatality  attended  the  first  outbreak  of  the  disease  at 
Memphis,  Tenn.  Between  these  extremes  is  every  grade 
of  gravity  in  different  attacks.  It  is  also  true  of  this,  as 
of  most  of  the  acute  affections,  that  the  first  cases  are 
most  severe.  The  epidemic  grows  feebler,  as  a  rule, 
with  the  gradual  exhaustion  of  its  most  fertile  soil.  In- 
dividual considerations  follow  next.  The  prognosis  is 
more  grave  in  infanc_y  and  childhood  than  in  adolescence 
and  matui'itv.  The  ratio  of  mortalitj-  falls  from  75  per 
cent,  in  children  under  one  _year  of  a.ge  to  53.5  per  cent. 
in  later  childhood,  and  35  per  cent,  in  adolescence.  Not 
to  burden  this  section  with  a  useless  array  of  figures 
from  different  epidemics — useless  because  inapplicable  to 
individual  cases — the  general  statement  of  Hirsch  may  be 
given  as  indicating  the  average  mortality  of  this  disease. 
Of  15, 632  cases  analyzed  by  this  indefatigable  statistician, 
5,734  terminated  fatally."  Thus  the  average  ratio  of 
mortality  of  this  disease,  under  all  conditions,  is  given 
at  37  per  cent.  The  influence  of  "bad  hygiene"  in  ag- 
gravating the  prognosis  is  too  patent  to  require  mention. 
Of  more  importance  are  the  signs  which  prognosticate 
the  result  in  individual  cases.     It  may  be  stated,  as  a 


rule  of  this,  as  of  all  the  acute  infections,  that  a  severe 
onset  indicates  a  grave  case.  Thus  a  high  fever  at  the 
start,  obstinate  vomiting,  marked  opisthotonos,  early 
convulsions,  are  .signs  of  ominous  import.  As  one-half 
the  deaths  happen  before  the  tifth  day  (Clymer),  a  case 
which  sui-vives  the  fii'st  week  has  a  more  favorable  out- 
look. The  first  three  or  four  days  are  attended  with  the 
greatest  anxiety.  "Every  day  passed  after  the  seventh 
day  renders  recovery  more  and  more  probable  "  (Loomis). 
Typhoid  symptoms  at  any  stage  of  the  disease  imprint 
upon  it  an  unfavorable  prognosis.  Arching  of  the  great 
fontanel,  as  indicative  of  intracranial  wdema  and  exu- 
dation, is  a  very  bad  sign.  Almost  all  such  cases  end 
fatally  (]Maurcr)".  A  return  of  hea<lache  and  vertigo 
which  has  disappeared,  especially  if  associated  with 
vomiting  and  convulsions,  evidences  of  consecutive 
hydroceiihalus,  is  likewise  ominous  (Ziemsseu).  Yet 
secondary  hydrocephalus  is  not  ab.solutely  hopeless,  as 
Ziemssen  saw  "  some  cases  in  which  a  complete,  and 
others  in  which  an  inccmiplete,  recovery  took  place." 
Profuse  sweats,  with  cold  surface,  are  cliaracteristic 
of  a  fatal  issue  (Hirsch).  The  persistence,  after  re- 
cover^'from  the  disease,  of  anorexia,  debility,  and  ema- 
ciation, perhaps  with  diarrhoea,  gives  a  poor  outlook, 
especially  for  cliildren  (Emminghaus).  A  sudden  high 
elevation  of  temperature,  or  liyperpyrexia,  after  a 
chill  in  a  previously  apyretic  case,  means  a  complica- 
tion, and  not  a  fatal  issue,  but  a  hyperpyrexia  without 
chill,  and  with  a  profuse  sweat,  is  preagonic  (Immer- 
mann.) 

Prophylaxis. — Occasional  instances  are  reported 
wbicli  would  seem  to  prove  tlie  possibility  of  eerebro- 
sjiinal  meningitis  being  a  contagious  infection,  as  by 
Niemeyer,  Fracntzel,  Hirsch,  Stokes,  Simon,  and  Ziems- 
sen. Cases  should  be  treated  as  if  contagion  were  possi- 
ble. Flint  suggests  that  the  "  removal  of  persons  from 
without  the  area  in  which  the  disease  prevails  is  desir- 
able. "  Inasmuch  as  certain  barracks,  asylums,  tenement- 
houses,  schools,  etc. .  become  at  times  centres  or  depots 
of  the  disease,  these  institutions  should  be  tlun-onghly 
cleansed  and  ventilated,  or,  what  is  better  still,  vacated 
or  closed.  For  while  it  is  admitted  that  "crowd-poison- 
ing," with  all  the  defective  hygiene  the  term  implies, 
cannot  develop  the  disease,  it  is  as  fully  acknowledged 
that  these  circumstances  eminently  favor  its  spread.  At 
least  this  was  the  condition,  in  aggravated  degree,  which 
attended  its  most  extensive  outbreak  in  Dantzic  in  1865, 
when  the  disease  prevailed,  according  to  Hirsch,  "  exactly 
in  that  season  of  the  year  in  which,  on  account  of  incle- 
ment weather,  many  individuals  were  crowded  together 
into  small  and  dirty  rooms,  kept  constantly  closed  by 
their  occupants,  and  from  which  all  ventilation  was  ex- 
cluded, and  in  which  the  before-mentioned  unfavorable 
hygienic  conditions  (dampness,  great  filth,  and  an  at- 
mosphere loaded  with  ]3utrid  emanations)  were  extremely 
perceptible."  While  it  is  not  necessary  that  the  physi- 
cians and  attendants  shall  take  the  same  precautions  with 
their  own  perxomni  as  in  many  of  the  contagious  dis- 
eases, yet  in  the  light  of  existing  knowledge  full  dis- 
infection should  follow  post-nun'tem  examinations,  and 
short  and  limited  contact  should  be  had  with  the  bodies 
of  the  dead.  During  the  prevalence  of  an  epidemic 
caution  should  be  enjoined  against  excessive  mu.scular 
effort,  the  unrestrained  excesses  of  childhood,  for  ex- 
ample, against  exposure  to  cold  and  wet,  or  excessive 
mental  labor. 

Therapy. — A  patient  affected  with  this  disease  should 
lie  upon  a  comfortable  bed,  not  too  hot,  in  a  spacious,  con- 
tinuously ventilated  room,  the  windows  of  which  can  be 
darkened  if  necessary  while  they  still  admit  the  air,  as  re- 
mote from  the  street  with  its  offensive  sounds  as  may  l)e. 
The  temperature  of  the  room  should  be  regulated,  with  a 
thermometer  near  the  head  of  the  bed.  at  65"  F.,  by  an 
open  fire,  preferably  in  a  grate.  The  phA-sician  and  the 
necessary  attendants  should  be  the  sole  visitors.  Quiet 
should  reign  supreme.  In  no  other  disease  is  continuous 
or  officious  ministration  so  meddlesome  and  mischievous. 
Even  cleanliness  or  a  more   comfortable   posture   must 
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be  sacrificed  at  times  to  peace  of  mind.  The  diet  is  to 
■be  simple  and  light  at  first,  but  as  nutritious  as  possible 
with  returning  health:  beef -tea  palatably  made,  soups 
of  any  kind,  milk  if  it  does  not  increase  constipation, 
scraped  raw  meat,  with  a  little  salt,  and  gruels,  if 
not  distasteful.  Plain  water,  seltzer  water,  Apolli- 
naris,  or  any  simple  carbonated  drink,  should  be  prof- 
fered at  proper  intervals,  without  over-solicitation  or 
any  an.xiety  shoidd  everything  be  refused.  With  the 
beginning  subsidence  of  the  disease  an  egg  may  be 
dropped  into  the  soup,  or  sweetbreads,  fish,  the  white 
meat  of  fowl  may  for  a  few  days  preface  the  more  solid 
meats. 

Especial  attention  is  to  be  paid  to  the  bladder.  The 
soft  catheter,  thoroughly  cleansed,  warmed  above  the 
heat  of  the  body,  and  greased  with  pure  vaseline,  brings 
this  organ,  when  refractory,  under  control.  Constipa- 
tion is  overcome  with  calomel,  two  to  ten  grains,  or 
castor  oil,  in  preference  to  an  enema,  which  causes  too 
much  disturbance. 

The  treatment  proper  is  purely  symptomatic,  and  has 
reference  to  the  two  sets  of  symptoms,  general  and  local. 
Of  these  the  symptoms  produced  by  the  local  lesions — 
pain,  opisthotonos,  hyperiesthesia — assume  prominence  in 
the  great  majority  of  cases.  For  the  relief  of  these 
symptoms  no  remedy  equals  in  value  opium.  Opium  is 
the  "sheet-anchor"  in  the  treatment  of  cerebro-spinal 
meningitis.  It  acts  solely  by  its  anodyne  influence. 
It  protects,  by  obtunding.  the  nervous  system  until  the 
force  of  the  poison  is  spent.  Surprising  amounts  of  the 
drug  may  be  given  in  this  disease  without  narcotic  effects. 
Thus  Steiner  often  gave  ten  grains  at  a  dose  in  cases  of 
severe  convulsions  without  iiroducing  stupor ;  Chauffard, 
three  to  fifteen  grains;  and  Boudin,  seven  to  fifteen  grains 
at  first,  and  later,  one  to  two  grains  every  hour  before 
soporific  effects  were  produced.  Stille  was  in  the  habit, 
he  says,  of  prescribing  one  grain  every  hour  in  very 
severe,  and  every  two  hours  in  moderately  severe  cases, 
without  inducing  even  an  approach  to  narcotism  in  any 
case.  "Under  the  influence  of  the  medicine  the  pain  and 
spasms  subsided,  the  skin  grew  warmer  and  the  pulse 
fuller,  and  the  entire  condition  of  the  patient  more  hope- 
ful." When  quick  effects  are  to  be  had,  or  when  the 
drug  is  rejected  by  the  stomach,  resort  will  be  liad,  of 
course,  to  the  hypodermatic  use  of  morphine.  Ziemssen 
gives  expression  to  an  experience  made  by  every  prac- 
titioner with  this  disease  when  he  says  that  morphine  is, 
without  doubt,  "indispensiible "  in  its  treatment.  But 
"  medii'iin  si/steiiiiiticiis  periciiloitisximi/s  rir"  ;  that  would 
be  indeed  a  routinephysician  who  would  prescribe  opium 
indiscriminately  in  every  rase. 

The  use  of  the  warm  "bath  in  cerebro-spinal  meningitis 
was  introduced  by  Aufrecht,  of  Ma,gdeburg  (1894),  with 
the  report  of  a  single  case  cured  by  daily  warm  liaths. 
Voroshilsky,  of  Odessa  (189.5),  employed  the  warm  baths 
three  times  a  day  in  sessions  of  ten  minutes  at  a  tempera- 
ture of  104°  F.  with  good  results  in  two  cases.  These 
observations  were  confirmed  by  Borling  and  Kellmeyer, 
of  St.  Petersburg,  and  Steckel,  of  Vienna,  and  more 
recently  by  Netter,  wlio  reports  six  cases  treated  with 
warm  batlis  repeated  every  three  or  four  hovn-s,  with  no 
mortality.  This  experience  leads  Netter  to  declare  that 
the  warm  bath  is  "a  specific  method  of  treatment  of 
cerebro-spinal  meningitis." 

Venesection  in  this  disease  belongs  to  history,  or  is 
only  at  most  to  be  practised  in  relief  of  intracranial 
pressure,  as  in  apoplex)',  in  the  most  sthenic  cases,  and 
in  these  cases  the  same  results  may  often  be  effected  by 
milder  means,  as  by  purgatives,  calomel,  and  jalap.  But 
local  blood-letting  bj'cups  along  the  spine,  or  by  leeches 
behind  the  ears,  maj'  often  relieve  the  headache  and  un- 
rest. Cold  in  the  form  of  bags  of  ice  to  the  head  or 
along  the  spine  is  of  great  value  when  the  period  of  ex- 
citability, hyperaisthesia,  and  jactitation  may  have  given 
place  to  the  state  of  sopor  and  indifference.  Radcliffe 
claims  that  "the  application  of  cold  to  the  head  and 
spine  either  by  means  of  ice  or  a  freezing  mixture  in 
Esmarch's  (or  Chapman's)  india-rubber  bags,  has  fur- 


nished by  far  the  most  satisfactory  results  of  all  direct 
treatment." 

Vomiting  is  best  relieved  by  ice,  champagne,  efferves- 
cent drinks,  milk  and  lime  water,  bismuth,  soda,  carbolic 
acid,  or  creosote.  No  drug  equals  in  efficacy  sips  of 
water  excessively  hot. 

•Hiccough  is  often  brought  under  control  by  the  same 
means  prescribed  for  vomiting,  by  the  administration  of 
a  few  drops  of  the  oil  of  cajeput,  or  by  clysters  of  sodium 
bromide.  More  obstinate  cases  of  either  vomiting  or 
singultus  call  for  the  subcutaneous  use  of  morphine. 

The  hypodermatic  injection  of  an  aqueous  solution  of 
corrosive  sublimate  along  the  spinal  column  has  been 
recommended  by  Angyan  in  daily  doses  of  1,  cgm.  for 
adults  and  .5  cgm.  for  children,  continued  until  the  rigid- 
ity disappears.  Angyan  reports  thirty  cases  treated  in 
this  way  with  twenty-one  recoveries. 

Kay  lauds  the  virtue  of  permanganate  of  potassium  in 
grain-to-the-ounce  solution,  a  tablespoonful  every  hour, 
and  reports  four  cases  with  three  recoveries. 

It  is  useless  to  encumber  space  in  a  work  of  this  kind 
with  more  than  a  mention  of  other  remedies  lauded  in 
the  treatment  of  this  disease.  As  to  quinine,  which  was 
recommended  by  the  committee  of  the  American  Jledical 
Association,  it  is  now  admitted  to  be  of  no  avail  what- 
ever, except  in  antipyresis,  a  call  which  is  seldom  made 
in  this  disease.  But  in  the  exceptional  cases,  in  which 
high  fever  does  occur,  quinine  in  scruple  dose,  salicylic 
acid  or  antipyrin  in  double  the  quantity,  are  more  valu- 
able than  the  cold  bath,  because  of  the  commotion  created 
by  the  bath.  Blisters,  moxa,  ferrum  candens.  are  brutal 
assaults  in  the  height  of  the  disease,  but  may  be  justifi- 
able in  the  treatment  of  sequela".  The  same  remarks 
apply  to  the  use  of  electricity.  Ergot,  iodine,  physos- 
tigma,  mercury,  the  benzoates,  the  bromides  (which 
may  be  sulistituted  for  opium  in  a  very  mild  case),  other 
anodynes,  belladonna,  with  a  host  of  other  remedies,  liave 
been  recommended  on  theoretical  groimds,  or  praised  as 
specifics  by  practitioners  of  the  "experience  "  school,  who 
for  the  most  part  remain  untrained  to  eliminate  "  the 
personal  equation,"  but  none  of  them  stands  the  test  of 
time. 

Lumbar  pimcture  has  been  recommended  in  treatment, 
but  is  not  at  the  present  time  believed  to  be  curative,  al- 
though after  the  withdrawal  of  a  small  amount  of  fluid 
there  is  often  marked  improvement  of  the  symptoms. 

The  various  symptoms  presented  in  the  course  of  the 
disease  arc  treated  precisely  as  are  the  same  symptoms  in 
any  acute  infection,  after  methods  mentioned  in  detail  in 
this  work  in  the  histor\-  of  diseases  in  which  these  symp- 
toms assume  especial  prominence. 

Jameg  T.  Whittaker. 
George  E.  Mahbnry. 

CERIUM. — A  single  salt,  onlj',  of  cerium  is  official  in 
the  United  States  Pharmacopoeia,  namely,  eeroiis  oxalate, 
entitled  Cerii  Oj-alas,  Cerium  Oxalate:  formula.  Ccj- 
(CiOjjs,  9H3O.  This  salt  is  "a  white,  granular  powder, 
without  odor  or  taste,  and  jjermanent  in  the  air.  Insoluble 
in  water,  alcohol,  ether,  or  in  solutions  of  potassium  or 
sodium  hydrate;  soluble  in  diluted  sulphuric  or  hydro- 
chloric acid  "  (U.  S.  P. ).  In  effect  cerous  oxalate  most 
nearly  resembles  the  insoluble  bismuth  compounds,  being, 
from  its  insolubility,  devoid  of  active  properties,  but  yet 
like  many  other  insoluble  metallic  powders,  having  a 
power  to  allay  local  nervous  irritability.  This  influence 
is  utilized  to  combat  reflex  nausea  and  vomiting,  especially 
the  vomiting  of  pregnancy,  and  also  to  repress  irritative 
dry  coughs.  In  this  latter  application,  when  successful, 
the  present  drug  has  the  advantage  over  the  ordinary  rim 
of  cough  medicines  of  not  disordering  the  stomach,  but, 
on  the  contrary,  of  tending  to  quell  any  irritation  of  that 
organ.  The  oxalate  may  be  given  in  doses  of  from  .30 
to  .6.5  gm.  (gr.  V.  to  X.)  several  times  a  day.  best  taken 
dry  upon  the  tongue.  Such  doses  may  be  kept  up  for 
a  number  of  days  in  succession  with  no  other  effect  than 
causing,  at  first,  a  little  dryness  of  the  mouth.  For 
cough,  the  medicine  should  be  persisted  in  even  if,  as 
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maj'  happen,  there  be  no  benelit  for  the  first  two  or  three 
days;  and  especially  should  doses  be  given  on  tlie  empty 
stomach  early  in  the  morning  and  late  at  night.* 

Edward  Curtis. 

CERVICAL  FISTULA.     See  Teratology. 

CERVICO-BRACHIAL  NEURALGIA.     'Se.v.  Xcuralgia. 

CERVICO-OCCIPITAL  NEURALGIA.     See  Neuralgia. 

CESTODA.f— The  branch  or  Pliylum  Platyhelminthos. 
coniniiinly  known  as  the  P^lat  Worms,  is  characterized 
by  a  bilaterall}'  symmetrical  body  somewhat  Hatteued 
dorso-ventrally  and  usually  elongate,  by 
the  mass  of  parench\-matous  tissue  which 
fills  all  the  spaces  of  the  body,  by  the  ab- 
sence of  any  true  body  cavity,  by  a  ])ro- 
tonephridial  excretory  system,  and  b_v 
the  complicated  se.xual  apparatus  whicli 
with  rare  exceptions  is  hermaphroditic,  and 
which  produces  so  called  compound  eggs. 
Among  the  most  prominent  orders  of  the 
branch  are  the  Treniatoda  or  Flukes  (q.  r.) 
and  the  Cestoda  or  Tapeworms  to  be  con- 
sidered heie. 

The  order  Cestoda  includes  a  large  num- 
ber of  forms  which  manifest  con.siderable 
differences  in  anatomical  detail,  but  are 
comparatively  uniforni  in  general  appear- 
ance and  structure.  The  small  grouj)  of 
Cestoilaria,  or  ilonozoa,  which  differ  from  all  others  in 
possessing  but  a  single  set  of  reproductive  organs,  and 
consequently  but  a  single  segment  in  the  body,  is  in- 
cluded by  some  investigators  in  the  order  imder  con- 
sideration, but  by  others  placed  intermediate  between 
the  trematodesand  the  cestodes,  forming  as  it  undoubt- 
edly does  a  group  transitional  from  the  one  order  to  the 
other.  The  S]iecies  of  Cestodaria  arc,  however,  rare  and 
infest  the  lower  animals,  so  that  they  will  not  be  dis- 
cussed here. 

In  the  Cestoda  s.  str.  the  body  is  characteristically  rib- 
bon-like and  divided  into  "links,"  segments,  or  proglot- 
tides. In  most  cases,  including  all  the  tapeworms  of  man, 
the  segraeutation  is  evident 
externally.  At  the  posterior 
end  of  the  chain  the  proglot- 
tides are  larger  and  more  dis- 
tinct, and  often  so  loosely 
attached  as  to  separate  from 
the  series  under  the  slightest 
disturbance.  In  fact  such 
separation  takes  place  nor- 
mally as  the  segments  become 
ripe.  Toward  the  other  end 
of  the  chain  the  proglottides 
grow  gradually  smaller  and 
less  distinct  until  near  the  an- 
terior end  it  is  usual  to  find  a 
short  region,  the  neck,  in 
which  no  trace  of  segmenta- 
tion is  vi-sible.  The  anterior 
end  has  the  form  of  a  bul- 
bous swelling,  known  as  the 
head  or  scolex  (Pig.  1303),  on 
which  are  borne  the  organs  of 
fixation.  The  latter  are  either 
suckers,  hooks,  or  both,  and 
the  suckers  may  be  either 
elongate  grooves  or  bothridia, 
cup-shaped  hollows  or  aceta- 
bula,  or,  as  in  some  marine  tapeworms,  of  a  folded  form 
which  is  much  m.ore  complicated. 
At  the  apex  of  the  head  is  found  in  the  TieniadiE  a 

*  Report  t<i  New  York  Therapeutical  Society ;  the  Medical  Record, 
June  12th,  1880. 

+A  general  discussion  of  parasitism  and  Its  effects  will  be  found 
binder  the  heading  Parasites. 


muscular  organ,  the  rostellum  whicli  bears  the  hooks, 
usually  in  one  or  more  annular  rows.  In  form  and  de- 
gi'ee  of  development  tl\e  rostellum  is  a  very  variable 
organ ;  at  the  one  extreme  in  Tamia  sagiuata  itis  reduced 
to  a  small  muscular  sucking  apparati'is,  often  spoken  of 
as  the  apical  or  fifth  sucker  of  that  species,  while  in  other 
forms  it  is  powerfully'  developed  and  capable  of  exten- 
sion or  retraction  into  a  pocket  at  the  apex  of  the  scolex. 
It  is  a  valuable  feature  in  the  distinction  of  various  species. 
In  (he  liead  one  finds  tlii'  central  nervous  system  in  the 
form  of  a  liilateral  ganglionic  mass  with  one  or  two  ring- 
like  commissures  from  which  nerves  are  given  off  directly 
to  the  suckers  and  rostellum,  and  from  which  the  longi- 
tudinal   nerve   trunks  pa.ss    backward   throughout   the 


Fig.  121):!.  —  .interior  End  of 
Tania  mVwim,  Shmvins 
Scolex,  Suckers,  Rostellum 
with  Hooks,  and  Neck.    X  l.'i. 


Fig.  12IU.— Transection  of  Proglottis  of  T<i:i\U>  xnlinm,  Somewhat  Dlacrammatlc.  In, 
Main  laienil  nerve;  f»', accessory  liiti'nil  nerve;  (/r,ventnil  lonjrUuiliriul  nerve;  lex, 
lon^'ltll■lin;ll  excretory  canal ;  ml.  Lmuiuidinal  body  muscles;  inc.  transverse  body 
niusclps.  The  section  is  represented  as  having  cut  one  of  the  ring  commissures 
thri>ughout  nearly  Its  entire  extent.     (Original.) 


length  of  the  chain.  Three  of  these  trunks,  the  main 
lateral  nerve  (Fig.  1304,  In)  and  two  minor  (?«')  are 
grouped  together  on  each  side  of  the  proglottis,  while  the 
two  dorsal  and  the  two  ventral  longitudinal  nerves  (lit") 
are  located  nearer  the  median  line.  The  various  longitud- 
inal trunks  are  connected  bj'  commissures  which  at  stated 
intervals  pass  around  the  proglottis ;  the_y  also  give  oflf 
branches  by  whicli  the  various  organs  are  innervated. 

Near  the  lateral  nerve  trunks  are  located  the  main 
longitudinal  canals  (li'.r)  of  the  excretory  system  which 
originate  in  an  iri-egvilar  network  in  the  head  and  from 
which  are  given  off  numerous  bianchesoften  in  the  form 
of  a  network  of  fine  vessels  in  each  proglottis.  In  many 
forms  a  prominent  transverse  canal  near  the  jiosterior 
margin  of  each  proglottis  joins  the  longitudinal  canals 
((/.  Fig.  1305,  C).  Terminating  the  finer  canals  of  this 
sj'Stem  are  found  the  characteiistic  flame  cells  which  are 
peculiar  to  this  type  of  excretory  system. 

A  cross  section  of  a  proglottis  (Fig.  1304)  shows  the 
various  layers  of  which  it  is  composed.  Externally  the 
cuticula,  a  resistant,  elastic  membrane,  covers  the  body 
and  is  reflected  a  short  distance  inward  at  the  various 
external  orifices.  The  older  view,  by  virtue  of  which  an 
epithelium  is  wanting  in  cestodes  and  the  outer  layer 
represents  a  basement  membrane,  has  been  definitely  set 
aside  by  the  recent  investigations  of  Blochmann ;  the 
cuticula  is  really  the  product  of  the  subcuticular  cells, 
though  they  are  apparently  separated  from  it  b_v  a  con- 
siderable interval.  Immediately  beneath  it  occurs  a  deli- 
cate double  layer  of  dermal  muscles,  having  externally 
circular,  and  internally  longitudinal  fibres,  the  myoblasts 
of  which  lie  deeper  in  the  body.  Between  these  fibres 
the  bases  of  the  subcuticular  cells  extend  from  the  cutic- 
ida  to  the  deeper  lying  bodies  of  the  cells;  the  remain- 
ing space  of  the  body  between  the  various  organs  is  filled 
with  parenchymatous  tissue.  Witliin  the  jiarenchyma 
occur  usually  large  numbers  of  calcareous  bodies,  highly 
refractive  spherical  or  oval  masses  of  small  size,  the 
function  of  which  is  yet  uncertain.  They  are,  however, 
characteristic  features  of  cestode  structure. 

The  cross  section  is  divided  by  the  parenchyme  or  body 
musculature  into  two  regions,  an  external  cortical  layer 
and  the  median  area  or  medullary  region.  In  the  latter 
are  found  most  of  the  reproductive  organs,  although  in 
the  Bothriocephalidti?  the  vitellaria  lie  in  the  cortical 
layer.  The  body  muscles  are  of  three  sets,  longitudinal, 
transverse,  and  dorso- ventral  or  sagittal.  The  longitudinal 
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muscles  (Fig.  1204,  ml)  form  the  outer  layer  of  the  mus- 
cular mass  brokeu  only  at  the  sexual  pore,  and  though 
variable  in  amount  are  alwaj's  numerous.  The  transverse 
muscles  (»ic),  often  called  circular,  constitute  a  plate  just 
within  the  longitudinal  fibres ;  at  the  side  these  fibres  in- 
tersect and  spread  through  the  longitudinal  muscles  like 


Fig.  1205.— Sexually  Mature  Proglottis  of  Taenia  mginata.  C, 
Transverse  commissure  of  excretory  canals;  Ch  genital  cloaca; 
Dst..  vitellarium ;  H,  testicular  follicles :  JN^  lateral  nerve  trunk ; 
Or,  ovary;  [f(,  uterus;  ir,  longitudinal  excretory  canal.    X  10. 

the  rays  of  a  fan.  The  sagittal  fibres  extend  singly  or  In 
small  bundles  from  dorsal  to  ventral  surfaces  directly 
through  the  proglottid;  thej'  are  scattered  and  not  so 
numerous  as  the  other  systems  of  fibres. 

Absolutely  no  trace  of  an  alimentary  tract  has  yet  been 
discovered  in  the  cestodes.  Imbibition  is  the  only  known 
method  of  taking  food,  and  the  adult  tapeworms  are  ac- 


I'if.d.        sh.tjl.    uvd. 


OB. 


FIG.  1206.— Central  Portion  of  the  Sexually  Mature  Proglottis  of 
lyihothrioet'iihttius  Ifitus  fron\  the  Ventral  Surface,  cj'r.  Cirrus  sac; 
or.. ovary:  or''.,  oviduct:  .s/j.j/?..  shell  gland:  i(f ..  loop  of  uterus; 
roi/.,  vagina  :  ri/.,  coil  of  dorsal  vas  deferens;  rif..  vitellaria ;  rft.rf.. 
yoik  duct.  The  numerous  follicular  testes  lie  lieneath,  i.e.,  dorsal 
to  the  vitellaria  shown  here.    (After  Sommer  and  Landois.) 

cordingly  limited  to  those  organs,  alimentary  canal  and 
serous  cavities,  in  wliicli  the  parasite  is  bathed  in  a  nutri- 
ent rtuid. 

The  organs  of  the  reproductive  system  are  grouped  so 
that  each  proglottis  contains  a  complete  .set,  and  even 
when  the  body  is  not  segmented  externally,  examination 
of  the  internal  structure  shows  them  to  be  repeated. 
Each  proglottis  contains  all   the  organs  of  both  sexes 


FIG.  1207. —  Ripe 
Proglottis  of 
Ta'nin  sauinata 
with  branched 
uterus.  X2. 
(After  Braun.) 


(Fig.  1309)  and  appears  in  this  respect  a  complete  her- 
maphroditic individual.  The  organs  first  make  their  ap- 
pearance in  the  anterior  proglottides  as  indistinct  cords 
of  cells  which  gradually  assume  the  character  of  the 
sexually  mature  condition.  In  general  tlie  male  organs 
reach  maturity  a  little  in  advance  of  the  female,  and 
copulation  with  an  older  proglottis  of  the  same  or  of  a 
different  chain  may  hence  be  inferred.  The  male  system 
consist  of  numerous  small  testes,  the  vasa  etfei'entia  of 
which  unite  near  the  centre  of  the  segment  to  a  common 
vas  deferens,  and  the  latter,  which  is  commonly  provided 
with  an  enlargement,  the  vesicula  seminalis.  and  which 
terminates  in  a  copulatory  organ,  the  cirrus,  opens  with 
the  vagina  into  a  genital  cloaca  (cl)  at  the  common  genital 
pore,  located  either  at  the  margin  or  on  the  surface  of 
the  segment.  The  female  organs  may 
be  said  to  take  their  origin  from  the 
genital  pore  with  the  vagina  which 
leads  inward,  furnished  at  some  point 
with  an  enlargement,  the  receptaculum 
seminis,  in  which  the  supply  of  sperm 
is  stored  up.  The  ovary,  either  single 
or  paired,  empties  by  an  oviduct  which 
joins  the  vagina  near  the  shell  gland 
!ind  which  often  has  near  its  origin  a 
muscular  organ,  the  oocapt,  by  which 
the  eggs  are  taken  from  the  ovary  and 
forced  onward  to  the  vagina.  The 
vitellarium  is  a  single,  large  racemose 
gland  (D.st.,  Fig.  1205).  or  a  multitude 
of  small  follicles  {ril..  Fig.  1206)  in 
which  are  produced  the  masses  of  yolk 
material  to  be  included  in  the  eggs. 
Vitelline  duct  and  oviduct  join  the  con- 
tinuation of  the  vaginal  canal  in  the 
shell  gland,  and  to  this  portion  of  the  duct  the  name 
ootj-pe  has  been  given.  Here  the  ovum  coming  from 
the  ovary  is  fertilized  by  the  spermatazoon  from  the 
seminal  receptacle,  is  surrounded  by  a  mass  of  yolk 
material  from  the  vitellarium.  and  the  whole  encased  in 
a  capsule  formed  by  the  secretion  of  the  shell  gland, 
which  rapidly  hardens  into  a  thick  chitinous  shell.  The 
completed  eggs  are  then  forced  onward  into  the  uterus. 
Since  the)'  consist  not  only  of  a  fertilized  ovum  but  also 
of  a  mass  of  disintegrated  3'olk  cells,  the  name  com- 
pound egg  has  been  applied  to  them.  Such  eggs  occur 
only  in  the  flat  worms. 

The  uterus  may  possess  a  special  external  opening  or 
may  be  without  such.  In  the  latter  case  It  is  small  at 
first,  but  with  the  accumulation  of  eggs  it  becomes  irregu- 
larly enlarged  by  the  formation  of  lateral  outpocketings 
so  as  to  occupy  with  its  branches  almost  the  entire  space 
of  the  proglottis  (Fig.  1207).  In  the  course  of  this  trans- 
formation other  organs  gradually  disappear  until  the  ripe 
segment  is  little  more  than  a  muscular  sac  which  encloses 
the  branching  uterus  crowded  with  eggs.  The  manner 
of  branching  is  characteristic  of  the  species,  as  is  also  the 
way  in  which  ripe  proglottides  are  detached  either  singly 
or  in  groups,  and  both  features  together  with  other  de- 
tails in  the  structure  of  the  reproduct- 
ive system  are  discussed  in  connection 
with  the  individual  species. 

The  eggs  of  the  cestodes  are  oval 
and  provided  with  a  thin  shell  which 
is  often  supplied  with  a  lid.  Within 
this  occurs  in  many  eggs  (Fig.  1208) 
a  thicker  second  shell,  so-called,  of  a 
structure  characteristic  for  the  family 
in  which  it  occurs.  In  reality  this  in- 
ner structure  is  not  a  shell  but  an  embryonic  membrane, 
and  takes  its  origin  during  the  early  growth  of  the  germ 
cell,  which  occurs  in  most  cases  while  the  egg  is  stiU 
retained  in  the  uterus  of  the  adult  cestode.  When  the 
uterine  egg  is  examined  soon  after  its  formation,  the 
shell  is  seen  to  contain  a  single  germ  cell  surrounded 
by  a  number  of  yolk  cells  which,  in  some  cases,  have 
lost  their  cellular  identity  and  constitute  merely  a  mass 
of  granular  yolk  substance. 


FIG.  1208.  — Egg  of 
Tcrnia  solium. 
X  380.  (After 
Leuckart.) 
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Fig.  1209.— Free  Swimming  Onchosphere  of 
Dihiithriocephnlus  latiift  in  ciliated 
mantle.    X  SOO.     (Alter  Schauinsland.) 


The  embryo  originates  from  the  development  of  the 
egg  cell  alone  while  the  yolk  cells  serve  as  nutriment 
during  its  early  growth.     From  the  division  of  the  egg 

cell,  which  under- 
goes total  cleavage, 
there  arises  a  spheri- 
cal embryo  sur- 
rounded by  one  or 
more  e  m  b  r  y  o  n  i  c 
membranes.  Prom 
the  latter  majf  or- 
iginate an  inner 
shell,  as  is  the  case 
in  TiBuiadae  (Fig. 
1208),  or  a  ciliat- 
ed mantle,  as  in 
BothriocephalidiC 
(Fig.  12(»!»).  The 
spherical  embryo 
(Fig.  1210),  which 
is  known  as  the 
onchosphere,  is  uni- 
f  o  r  in  1 3'  character- 
ized by  the  presence 
of  three  pairs  of  hooks  of  variable  shape  and  by  great 
mobility,  and  in  this  condition  is  ready  for  introduction 
into  the  secondary  host.  This  may  be  the  result  of  a 
direct  migration,  as  when  the  ciliated  bothriocephalid 
embryo,  swimming  about  in  the  water,  is  swallowed  by 
a  suitable  host;  or  it  may  be  of  passive  character,  as  when 
the  twnioid  egg  containing  an  embryo  enveloped  in  its 
membranes  ariives  by  chance  in  the  alimentary  canal  of 
the  larval  host ;  in  the  latter  case,  at  least,  it  is  necessary 
that  the  eggs  should  be  introfluced  into  the  stomach  and 
be  subjected  to  the  action  of  the  gastric  juice  to  disinte- 
grate tiie  shell  antl  membrane.  Were  this  not  so  it  is  clear 
that  the  harboring  of  the  adult  in  the  intes- 
tine would  be,  in  those  cases  in  which  the 
larva  parasitizes  in  the  same  animal,  a 
source  of  extensive  secondary  infection.  In 
such  cases  it  is  well  known,  as  for  instance 
in  Tmiia.  sow'wmof  man.thatany  reversiilof 
the  ordinary  peristaltic  action  of  the  canal, 
which  lirings  loose  proglottides  into  tlie 
stomach  and  subjects  them  to  gastric  digestion,  will  re- 
sult in  the  release  of  the  six-hooked  onchosphcres,  and 
in  the  Infection  of  the  host  with  the  larvae.  Once  that 
the  membranes  are  broken  down  and  the  onchosphcres 
set  free  they  bore  their  way  actively,  by  virtue  of  the 
hooks,  through  the  wall,  probably  in  most  cases  of  the 
proximal  portion  of  the  intestine,  and  are  believed  to  be 
distributed  further  by  virtue  of  the  portal  circulation; 
at  least  the  liver  and  the  connective  tissue  adjacent  to 
It  are  the  chief  seats  of  the  larvae.  Having  come  to  rest 
at  such  a  poiut  the  embryo  throws  off  its  hooks  and 
forms  on  its  surface  a  thick  cuticular  layer  beneath  which 
are  differeutiated  the  muscle  fibres, 
while  about  each  embr3'o  is  formed  a 
cyst  by  the  activity  of  the  host.  Tlie 
centre  of  the  sphere  is  tilled  at  first 
with  a  loose  parenchymatous  tissue  in 
which  soon  appear  irregular  spaces 
that  later  fuse  to  form  a  large  central 
cavity.  Thus  has  been  reached  the 
Fig.  1211.  — Young  first  form  of  the  larval  stage  known  as 
rysticercus  of  the  bladder  worm  or  cysticercus  (Fig. 
1211).  A  growth  of  two  to  four  weeks 
is  sufficient  in  most  cases  to  bring  the 
cysticercus  to  the  diameter  of  a  milli- 
meter, when  the  second  stage  in  the 
development  is  entered  upon  by  the 
appearance  of  a  meniscoid  prolifera- 
tion of  cells  at  some  point  on  the  bladder;  into  this 
projection  there  penetrates  from  the  exterior  a  hollow 
cylindrical  ingrowth  of  the  cuticula  (Pig.  1211)  forming 
the  starting-point  of  the  scolex  of  the  adult  worm.  As 
the  growth  becomes  larger  the  ingrowth  presents  the 
form  of  a  flask  (Fig.  1212,  A) ;  it  is  still  covered  through- 


FiG.  1210.— Free 
O  nchosphere, 
Magnified. 


Tcvnia  f^ijitiata 
with  beginning  of 
Scolex  Ingrowth, 
Seen  in  Optical 
Section.  Magni- 
fied. (After 
Leuckart.) 


out  by  a  cuticular  layer,  and  at  the  base  of  the  flask  there 
arise  in  reverse  the  structures  which  characterize  the 
head  of  the  tapeworm :  at  the  centre  the  rostellum  with 
its  crown  of  hooks,  and  on  the  sides  the  suckers  having, 
when  fully  developed,  the  characteristic  form  and  size 
(Fig.  1213,  B)  of  the  adult. 

Under  proper  conditions  the  head  begins  to  be  everted, 
starting  from  the  base  and  continuing  until,  with  the 


Fig.  1213.  —  Cysticer- 
cus of  Tirnia  .vcr- 
rata  with  Everted 
Scolex.  (After 
Leuckart.) 


Fig.  1212.— Formation  of  Scolex  in  Reverse  on  Cysticercus  of  Tiriiia 
serrata.  A,  Early  stage ;  B,  fully  developed  scolex.  Magnified. 
(After  Leuckart.) 

neck,  it  ultimately  projects  above  the  surface  of  the 
bladder  (Fig.  1213).  This  process  may  at  times  take 
place  while  the  bladder  worm  is  still  retained  within  its 
host.  In  other  instances  the  consumption  of  the  flesh  in 
which  the  cysticercus  is  enclosed  and  the  digestion  of  the 
surrounding  tissue  form  the  stimulus  for  the  evagina- 
tion  of  the  scolex.  It  is  interesting  to  note  that  under 
the  influence  of  the  alimentary  secretions  of  the  definite 
host  the  bladder  of  the  cysticercus  is  entirely  digested,  its 
remnant  appearing  as  a  ragged  fringe  (Fig.  1214.  A),  at 
the  base  of  the  fully  extended  scolex 
and  neck.  Having  attached  itself  the 
scolex  enters  upon  a  period  of  rapid 
increase  in  length,  which  is  soon  ac- 
companied by  the  appearance  of  the 
first  proglottides  (Fig.  1214,  B).  The 
scolex  S)'Stem  of  excretory  canals 
originates  early  (Fig.  1208)  even  be- 
fore the  suckers  and  rostellum  liave 
appeared,  and  persist  unchanged  in 
the  scolex  of  the  fully  developed 
adult. 

In  the  formation  of  the  proglot- 
tides it  may  be  noted  that  the  ter- 
minal proglottis  is  the  oldest,  and  that 
new  segments  are  continually  formed 
in  the  vicinity  of  the  neck.  The  sexual  organs  appear 
earl}'  as  strings  or  masses  of  embryonic  cells  in  the 
midst  of  the  parenchyma.  Formation  of  proglottides 
and  growth  proceed  so  rapidly  that  the  tapeworm  has 
matured  and  set  free  the  posterior  joints  in  a  brief 
period.  These  reach  the  exterior  with  the  fiscal  mat- 
ter, often  manifesting  great  independence  and  power 
in  movement.  They  contain  masses  of  eggs  stored 
up  in  the  uterus  with  which  the  beginning  of  the 
life  cycle  is  again  reached. 

The  normal  seat  of  the  tapeworm  is 
in  the  alimentary  canal,  and  usually  in 
the  small  intestine,  where  the  worm  lies 
close  to  the  wall  with  its  head  more  or 
less  embedded  in  the  villi.  Occasion- 
ally one  of  the  smaller  species  wanders 
from  this  place  into  the  ductus  chole- 
dochus,  and  more  rarely  into  the  liver 
itself.  This  seems  to  be  the  normal 
habit  of  a  few  species  not  found  in 
man.  The  occurrence  of  tapeworms 
in  the  human  stomach  or  anterior 
Fig.  1214.  —  Young  thereto,  as  reported  by  various  medi- 
A'"mmed1'a  t  e'l^v  "-'^^  observers,  is  due  either  to  a  post- 
after  digestion  of  mortem  wandering  or  to  regurgitation, 
bladder  by  new  ()n  the  other  hand  the  reported  oc- 
few' proglottides'  currence  of  Cestoda  in  the  bladder,  and 
(After  Leuckart.)'    the  discharge  of  proglottides  from  the 
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urethra,  can  be  explained,  in  so  far  as  tlie  cases  do  not 
rest  on  erroneous  observations,  only  on  tlie  basis  of  in- 
jur}' or  accidental  introduction.  Portions  of  a  tape- 
worm liave  been  at  limes  discharged  from  abscesses  or 
fistula'  which  have  probablj-  had  at  some  time  a  con- 
nection with  the  intestine.  Leidy's  discovery  of  a  speci- 
men in  a  cucumber  admits,  however,  of  no  sucli  natural 
explanation.  Though  often  torpid  when  examined  after 
discharge,  the  tapeworm  is  undoulnedly.  it  must  be  re- 
membered, active  in  its  warm-blooded  host.  To  its  con- 
tractions are  due  the  serious  symptoms  which  often  ac- 
company its  presence.  Even  the  discharged  proglottides 
live  for  several  days  outside  the  host  under  ordinarj-  cir- 
cumstances and  perform  migrations  and  movements  of 
considerable  extent.  By  virtue  of  this  apparent  com- 
pleteness and  activity,  the  separate  proglottides  are  fre- 
cjiientl.v  diagnosed  as  flukes. 

The  "effecif  of  the  (larasite  on  its  host  may  be  regarded 
first  from  the  standpoint  of  loss  of  nutriment.  This  has 
been  carefully  computed  by  Leuckart  for  the  largest  hu- 
man taiieworms,  and  amounts  in  one  year  for  a  single 
specimen  of  Dibothriocephalus  latiis  to  from  500  to  700 
gm.,  and  for  Tceina  mginatn  to  from  1,500  to  2.000  gm. 
Although  the  presence  of  a  numljer  of  individuals  may 
heighten  this  materialh',  yet  the  amount  is  entirely  in- 
adequate to  explain  the  far-reaching  effects  which  are 
manifested  by  man  as  the  result  of  the  presence  of  only  a 
single  one  of  these  parasites.  The  severe  symptoms  are 
noticeably  of  a  nervous  character.  Ana>mia  is  a  frequent 
manifestation,  and  this  displa3's  at  times  a  pernicious  ten- 
dency which  in  one  case  at  least  has  terminated  fatally. 

Many  of  the  symptoms  affecting  individuals  who  liar- 
bor  t;r])ewormshave  been  attributed  to  poisons  developed 
by  the  jiarasite  within  tiie  body  of  the  host.  Not  only  is 
this  evinced  by  the  subsidence  of  the  nervous  and 
epilejitic  symptoms  on  the  removal  of  the  tapeworius, 
but  theafleetionsof  the  eyesso  frequent  in  those afllicted 
may  naturally  be  due  to  the  effects  of  a  poison  absorbed 
from  the  intestine  and  circulating  in  the  blood.  The 
fluid  extracted  from  a  hydatitl  cyst  has  been  shown  by 
experiment  on  man  and  animals  to  be  toxic.  To  this 
quality  may  donbtless  be  attributed  the  severe  symptoms 
or  even  death  consequent  upon  the  rupture  of  such  a 
cyst  or  its  operative  puncture.  An  extract  from  Dibnt/i- 
noeejiliiiliis  hitiin  lias  been  shown  to  exert  a  globulicidal 
effect  on  dogs,  and  one  of  Tania  saginata  has  been  foimd 
to  kill  tubercle  bacilli. 

Tlie  symptoms  of  tapeworm  disease  are  by  no  means 
well  defined  and  may  include  almost  any  possible  com- 
bination. In  experimenting  upon  himself,  however. 
Stiles  noted  during  the  presence  of  T(tnia  myindta  as  the 
most  constant  symptom  one  not  heretofore  recorded.  He 
says:  "During  the  time  of  infection  it  would  very  fre- 
quently liapjien  as  I  walked  along  the  street  oracross  the 
room  that  I  suddcnl_v  felt  a  peculiar  sensiition  almost  ex- 
actly similar  to  the  sensation  one  feels  upon  the  sudden 
descent  of  an  elevator."  Despite  the  indefinitenessof  the 
clinical  aspect  of  tapeworm  infection,  any  suspicions  of 
such  trouble  may  be  definitely  tested  by  a  microscopical 
investigation  of  the  fsces.  The  presence  of  adult  ces- 
todes  will  be  manifested  by  an  abundance  of  their  char- 
acteristic eggs. 

The  specifics  which  are  most  frequently  employed  in 
driving  out  tapeworms  are  Cortex  granati,  of  which  the 
effective  principle  is  an  alkaloid  known  as  "pelletierine," 
Flores  Kouso  containing  the  amorjjhous  kosotoxin, 
Rhizoma  filicis  containing  the  amorphous  filicic  acid,  and 
kamala  with  the  resinous  kamalin  (see  Antheliriinthi(s). 
In  bringing  about  the  evacuation  of  the  parasite  some 
precautions  are  necessary  to  insure  success.  When  a 
patient  is  passing  a  tapeworm  the  parasite  sometimes 
breaks  in  two  owing  to  the  transition  from  the  warm 
bowels  to  the  cold  air  or  to  a  cold  porcelain  vessel.  By 
the  use  of  a  vessel  containing  warm  water  this  sudden 
change  and  its  consequent  evil  effects  may  be  avoided. 
In  the  next  place  cestodes  are  frequently  expelled  in  a 
knotted  mass,  and  any  obstruction  in  the  lower  portion  of 
the  canal  may  delay  their  passage  sufficiently  to  permit 


the  parasite  to  secure  a  new  hold  on  the  wall.  Con- 
sequently success  may  depend  upon  thoroughl}-  clearing 
out  the  canal. 

The  distribution  of  each  species  will  be  considered 
under  its  proper  heading;  here,  however,  some  general 
items  may  be  noted  concerning  the  frequence  of  tape- 
worms.    Stiles  gives  the  following  table  of: 

Cases  or  Tapeworm  in  Man. 


Authority. 


Total  number 
of  cases 
reported. 


Wawruck 

Crisp 

Seeger 

Monti 

Roger 

Krabbe  

Total 


173 
•X 

26 
240« 

10» 
367 


1,063 


Sex  of  Patients. 


Male. 


56 
96 
10 

111 
3 

136 


40C2 


Female. 


117 
151 
16 
129 
7 
241 


661 


*  Children. 

He  attributes  the  evident  sex  difference  merely  to  the 
fact  that  women  ordinarily  prepare  the  food,  and  are 
hence  more  exposed  to  chance  infection  than  men.  Statis- 
tics of  French  maritime  hospitals  give  for  the  period 
1886-90  about  1.5  per  cent,  of  cases  for  tapeworm  infec- 
tion, and  records  of  the  United  States  ho.spital  service 
during  the  war  contain  a  total  of  only  .012  per  cent, 
treated  for  tapeworms.  This  percentage  is  under  the 
circumstances  naturally  abnormally  low  as  compared 
with  conditions  in  times  of  peace. 

The  occurrence  of  various  species  in  different  regions 
may  be  adjudged  from  the  following  table.  Such 
figures  exist  only  for  a  very  few  localities: 


Authority. 

Country. 

ll 

ill 

a 

si 

a  a 
'I 

c3  - 

If 

2  ^■ 

■  B 

Sg 

=  1 

11 

a 

Parona 

Parona 

Krabbe 

Krabbe 

Krabbe 

Stiles 

Milan.... 

Italy 

Denmark 
Denmark. 
Denmark. 
U.S.A... 

isn9... 

1868-99 
ISfifl. . . 
|.X(i!KS7 
18.S7-95 
1897, . . 

513 

100 
2110 
100 

121 
397 

37 
153 

89 
Many 

11 

71 
53 
24 

Rare 

4 
26 

9 
16 

5 

3 

i 

8 
6 

'i 

14 

19 

Cestodes  have  been  known  from  the  earliest  times,  and 
both  tapeworms  and  bladder  worms  are  distiuctlj'  recog- 
nized in  the  oldest  medical  works  which  have  comedown 
to  us.  One  of  the  hermetic  books  of  the  Egyptians,  that 
on  medicaments  now  known  as  the  Papyros  Ebers,  and 
dated  about  1.5.50  B.C.,  gives  in  hieratic  writing  extensive 
sections  on  these  parasites  and  their  treatment,  which 
are  taken  in  part  from  the  writings  of  earlier  physicians. 
The  proscription  placed  by  !Moses  on  the  use  of  certain 
flesh  has  its  undoiilited  ground  in  the  abundant  presence 
in  such  animals  of  bladder  worms.  Hippocrates  notes 
the  presence  of  cchinococcns  bladders  in  man  and  an 
operative  method  for  removing  them.  He  also  speaks  of 
the  evacuation  of  fragments  like  pumpkin  seeds  as  diag- 
nostic of  the  tapeworm.  Both  he  and  Aiistotle  speak  of 
the  bladder  worm  of  the  pig  as  well  known,  and  advise 
the  detection  of  its  presence  by  examining  the  lower  sur- 
face of  the  pig's  tongue  where  the  cysticerci  appear  as 
swellings.  This  method  is  followed  even  to-day.  Aris- 
totle showed  also  that  the  tapeworm  in  contrast  with  the 
free  round  worms  of  the  intestine  was  attached  to  the 
%va!l  of  the  canal.  Pliny  adds  to  the  accounts  of  his 
predecessors  which  he  quotes  only  fabulous  reports  of 
the  length  of  tapeworms  (up  to  three  hundred  feet  I)  and 
erroneous  observations  on  their  presence  in  cold  springs. 
Galen  mentions  bladder  worms  from  the  abdomen  of 
slaughtered  animals  and  notes  the  tendency  of  the  liver  to 
"  produce  "  these  forms  in  its  surrounding  fascia. 

It  was  1600  A.D. ,  however,  before  even  two  species 
were  differentiated  among  human  tapeworms,  and  1700 
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A.D.  before  the  tapeworm  head  was  recognized.  About 
this  time  cestodcs  from  other  hosts  began  to  be  studied 
and  the  animal  nature  of  the  bhidder  worms,  wliich  liad 
previously  been  regarded  as  tumors  or  concretions,  was 
successfully  maintained.  Even  then  authors  noted  the 
resemblance  of  certain  cestodes  and  cysticerci.  and  in  1782 
Goeze  united  the  two  grouiis,  but  this  procedure  was  not 
accepted  by  later  authors  for  more  than  half  a  century. 

The  origin  of  these  parasites  was  universally  attributed 
to  spontaneous  generation,  the  tapeworm  being  said  to 
originate  from  the  inner  wall  of  the  canal,  from  svirplus 
food  of  a  thick  character  like  milk  or  cheese,  or  from 
febrile  mucous  secretions,  while  thecysticerci  were  gener- 
ally regarded  as  tumors  (hydatids).  This  belief  lasted 
long,  even  after  the  discovery  of  the  eggs  in  many 
species.  Linnanis  was  lesponsible  for  propagating  an- 
other serious  error,  that  the  cestodes  were  free  living  as 
well  as  parasitic;  and  this  was  not  finally  refuted  until 
the  end  of  the  eighteenth  century.  It  was  Zeder  who  in 
1800  tirst  divided  the  parasitic  worms  into  five  classes  to 
which  Rudolphi  in  1804  gave  the  Greek  names,  Nema- 
toidea,  Acanthocephala,  Trematoda,  Cestoidea.  Cystica, 
which  they  still  bear.  Of  the  last  two,  the  tapeworms 
and  bladder  worms.  Klichenmeister  was  able  to  prove 
about  the  middle  of  the  century  by  feeding  experiments 
that  the  latter  were  only  developmental  stages  of  the 
former,  thus  incorporating  both  in  the  group  of  cestodes. 
Among  these  those  forms  witli  only  a  single  segment 
may  be  distinguished  as  the  Cestodaria  from  the  Cestoda 
s.str.,  in  which  group  are  included  the  large  maiority  of 
the  tapeworms,  and  all  of  the  forms  reported  from  man. 
The  latter  may  be  arranged  according  to  the  folio  wing 
scheme  which"  adopts  the  system  proposed  by  Braun. 
The  groups  omitted  here  contain  no  forms  recorded  as 
human  parasites.  Annotation  is  made  of  the  stage  in 
which  each  species  is  a  human  parasite  and  of  those  forms 
thus  far  recorded  in  this  country ; 

Order  Cyclopliyllldea. 
ramilv  TsnladiP. 
Taenia  sapnata.     Adult  in  man.    U.  S.  A. 
"     afrtoana.  '*       " 

"     solium.  "       "        r.  S.  A. 

"     confusa.  "       "        U.  S.  A. 

"     serrata.  Larva  in  man  (?) 

"     maiKinata.  "  "    (?)  U.  S.  A. 

"     ei'hinornorus.       "  "  U.  S.  A. 

Davain<*:i  Mi;nl;ii:;isi-ariensis.  Adult  in  man. 
Hymenolcpis  iiaii:i.  *^'         ^" 

"  diiiiiuuta. 

Dipylldlum  caninum.  " 

Order  Psendophyllirtea. 
Family  Butbriucephalidae. 
Dibothriocephalus  latus. 

"  rordatus. 

Dlbothrium  Man.soni.         Larva  in  man. 
Diplopronoponis  grandis.    Adult 

Key  to  adclt  T.vpeworms  of  Ma.v. 
Scolex  with  four  circular  suckers ;  proglottides  with  marginal  genital 
pore  and  without  uterine  oriflce. 

ryclnphyllidHa— TieniivdiP.     (A.) 
Scolex   with    two  longitudinal  suckini?  crooves;    proglottides  with 
superficial  genital  pore  and  with  special  uterine  oriflce. 

Pspudophvlliilcii-  B.iiliriocephalida?.       iB.) 
(A.)  Large  forms;  uterus  in  ripe  pmirl'ittidcs  with  median  longi- 
tudinal trunk  and  niurien.u>  lateral  l.ramhes:  eugs 
with  thin  outer  and  thick  inner  shel  1  i  eiubryi  )pl)i  ire  i . 

(a.) 
(a.)  Head  unarmed  with  small  apiral  fifth  sucker. 

Uipe  proglottis  13  to  li)  mm.  long  l)y  .5  to  7  mm.  wide  : 
uterus  with  20  to  30  slender  lateral  branche«. 

Tft'n  ia  <sa(/i  i?af  n.. 
Ripe  proglottis  7  mm.  long  by  13  to  15  mm.  broad ; 
uterus  with  15  to  34  simple  radiating  branches. 

Twnia  africana. 
(aa.)  Head  armed  with  circlet  of  hooks. 

Ripe  proglottides  10  to  13  mm.  long  by  5  mm.  wide; 
uterus  with  7  to  10  thick  branches ;  ovary  on  pore 
side  divided  by  vagina.  Tivn  ia  snlntm. 

(aaa.)  Head  unknewn.  ^    „..    . 

Ripe  pregl'.ttides  37  to  35  mm.  long  by  3..)  to  n  mm. 
wide  •  uterus  with  U  to  IS  heavy  irregular  forked 
branches.  TirinVi  .oHfii.vl. 

(AA.)  Small  forms:  eggs  with  thin  transparent  shells,  in  ripe  pro- 
glottides grouped  in  capsules  or  irregularly  distrib- 
uted. <''•> 
(b.)  Genital  pores  unilateral.  .     ,  , 
Ripe  proglottides  broadly  elliptical,  3  mm.  long  by  1.4 

mm  mde.  JJarauifa  mn<'a(/<i.-'<iiriiii.<i.«. 

Kipe  proglottides  trapezoidal,  0.14  to  (i.:i(i  mm.  long  by 

0.4  to  O.y  mm.  wide,  Hiimenuhiji^i  nana. 


U.  S.  A. 
U.  S.  A.(?) 


Adult  in  man.    V.  S.  A.  (?) 


Ripe  proglottides  trapezoidal,  0.75  mm.  long  by  2.5 
mm.  wide.  Hymenolepis  riim  imda. 

(bb.)  Genital  pores  on  both  margins  of  each  proglottis:  genital 
organs  also  double. 
Uipe  progloitidi's  elliptical.  DipilUMum  caninum. 
(B.)  Genital  organs  sinule  in  each  proglottis. 

Heail  elongated  .ival ;  length  of  worm  2  to  7  meters. 
Uipe  proglottides  3  to  4  mm.  long  by  10  to  13  mm.  wide. 
Dibothrioct']thalu.'<  latus. 
Head  short,  cordlform :  length  of  worm  hardly  over  1 
meter. 
Ripe  proglottides  approximately  5  to  6  mm.  square. 
Dihothrioceplialu.i  curdatus. 
(BB.)  Genital  organs  double  in  each  proglottis. 

Head  not  known  ;  length  about  10  meters. 
Ripe  proglottides  0.5  to  0.8  mm.  long,  10  to  15  mm. 
wide.  Diplogoywparus  grandis. 

In  all  cases  reference  should  be  made  to  the  fuller  de- 
scriptions given  for  each  species  in  the  te.xt,  suid  thus  the 
results  obtained  by  use  of  the  brief  criteria  contained  in 
the  key  controlled.  Especial  attention 
should  be  paid  to  those  species  which 
are  as  yet  incompletely  known;  the 
writer  will  be  glad  to  assist  in  the 
identification  of  any  such. 

The  Cyclophyllidea  possess  a  scole.x 
with  four  circular  suckers,  often  with 
an  apical  rostcllum  on  which  hooks  are 
found  when  present.  Segmentation  is 
pronounced  and  the  ripe  proglottides 
do  not  separate  until  fully  developed. 
There  is  no  uterine  aperture  and  the 
common  .sexual  pore  is  located  on  the 
margin  of  the  proglottides.  The  eggs 
are  thin  shelled  and  without  a  cover. 
The  adults  he  in  the  ahmentary  canal 
of  the  higher  vertebrates.  The  order 
contains  but  a  single  family,  the  Tseni- 
ada?. 

For  the  genus  Taenia,  the  following 
characteristics  are  diagnostic.  Large 
species  with  ripe  proglottides  much 
longer  than  broad.  Uterus  with  me- 
dian trunk  and  suliseiiuently  formed 
lateral  bniuches  during  the  develop- 
ment of  which  the  remaining  sexual 
organs  disappear  save  cirrus  and  va- 
gina. Larva,  a  cysticereus,  ca?nurus,  or  echinococcus, 
found  in  herbivorous  mammals  and  also  in  man;  adult  in 
man  and  the  carnivorous  maminals. 

T.BNIA  s.\GiNATA  Gocze.— T.  incmiis  Brera,  T.  den- 
tata  Nicholai,  T.  lata  Pruiier,  T.  mediocanellata  Klich- 
enmeister, T.  tropica  Moq.-Taiid.* 

Leni;th  4  to  8  meters  or  even  to  74  meters  (Berenger- 
Feraud).  Head  (Fig.  1215)  somewhat  four-sided,  1.5  to2-- 
mm.  in  diameter,  without  rostellum  and  circle  of  hooka 
but  with  a  sucker-like  depression  in  its  place  which  Is 
often  pigmented.  Neck  long,  narrower  than  head.  Pro- 
sclottides  number  more  than  1,000  and  increase  gradually 
m  length  until  the  ripe  segments  of  characteristic 
pumpkin-seed  appearance  measure  16  to  20  mm.   long 

by  4  to  7  mm.  broad.  Gen- 
ital pores  irregularly  al- 
ternating, marginal,  and 
posterior  to  the  centre  of 
the  proglottis.  Uterus  in 
ripe  proglottis  with  me- 
dian stem  and  twenty  to- 
thirty -five  slender  lateral 
branches,  themselvesoften 
branched.  Egg  shell  deli- 
cate with  one  or  two  polar 
filaments  (Fig.  1216),  em- 
bryophore  ovoid  3.5  to  40  ft 
by  20  to  30  /<  in  diameter.  Adult  exclusively  in  small 
iiitestine  of  man;  larva  (Cysticercvs  bovis)  in  the  muscles 
and  viscera  of  cattle. 

Structure.— T'ivi  arranffement  of  the  reproductive  or- 
gans in  a  .sexually  mature  proglottis  (Fig.  1205)  is  best 

*  Only  the  synonyms  most  frequently  met  are  given  under  eacb. 
species. 
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FIG.  131.5.— Anterior 
End  of  Tcenta 
saginata.  Some- 
what Contracted. 
X  8.  (Alter 
Leuckart.) 


Fig.  1216.— Uterine  Egg  of  Tainia 
saginata  Showing  Shell  with 
Polar  Filaments  and  in  the  Centre 
Onchosphere  within  the  Embryo- 
phore.    X  375.     (After  Leuckart.) 
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visible  in  a  segment  taken  about  40  to  50  cm.  from  tlie 
head.  The  general  structure  of  these  organs  has  been 
described  above.  Characteristic  for  this  species  are  the 
two  ovaries  of  unequal  size,  that  at  the  pore  side  being 
the  smaller  and  without  the  small  accessory  lobe  cut 
off  by  the  vagina  as  in  T.  solium.  The  whole  proglottis 
has  a  more  open  aspect,  and  the  various  organs  show 
relativel}'  greater  autero-posterior  diameter  than  in  T. 
soliiiiii.  The  uterus  in  tlie  rijie  proglottis  (Fig.  1207) 
manifests  a  more  crowded  structure,  the  lateral  branches 
are  slenderer  and  more  numerous,  and  two  or  three  are 
stunted  or  lacking  opposite  the  sexual  pore. 

Devehpmeiit. — In  1861  Leuckart  fed  ripe  proglottides 
of  this  species  to  calves  and  succeeded  in  obtaining  the 
then  unknown  cysticercus,  although  various  facts  liad 
pointed  out  cattle  as  the  probable  intermediate  host. 
These  results  have  been  confirmed  by  many  other  in- 
vestigators. At  six  weeks  the  size  of  the  c}-sticercus 
(Fig.  1211),  shelled  out  from  its  cyst,  is:  length  3  mm., 
breadth  o  mm.,  diameter  of  the  head  1  mm.:  at  twelve 
weeks  corresponding  measurements  are  4,  4,  1.8  mm. 
(length  of  head):  at  twcuty-four  weeks,  6,  4,  2  mm.:  at 
forty-eight  weeks?,  5,  3.5  mm.  The  length  of  life  of  the 
cyslicerei  is  brief;  at  less  than  eight  months  the}'  have 
been  found  completely  calcified.  A  temperature  of  47° 
to  48°  C.  is  always  fatal.  Of  course  the  internal  portions 
of  roasting  pieces  are  often  far  from  reaching  this  tempera- 
ture. On  the  other  hand  exposure  to  cold-storage  con- 
ditions for  three  weeks  is  sutflcient  to  destroy  all  these 
cysticerci  contained  in  a  piece  of  beef. 

Artificial  infection  of  man  with  the  adult  by  eating 
flesh  containing  living  specimens  of  Cysticercus  bocis  has 
been  tried  with  equal  success.  An  average  growth  of  73 
mm.,  or  about  thirteen  to  fourteen  proglottides  daily, 
was  determined. 

Anomalies. — T.  saginata  appears  to  be  peculiarly  sub- 
ject to  variation  and  malformation.  Excessive  pig- 
mentation of  the  head  and  chain  led  to  the  establishment 
of  the  species  T.  nir/ra  Laboulbene  (18T5)for  a  tapeworm 
expelled  by  a  Frenchman  who  had  lived  for  some  time  in 
the  United  States.  Two  genital  pores,  on  the  same  or 
opposite  margins  of  the  proglottis,  but  each  connected 
with  a  set  of  reproductive  organs,  indicates  the  probable 
disapjiearance  of  the  segmental  boundaries,  and  this 
may  be  manifested  over  a  considerable  stretch  of  the 
worm,  giving  the  appearance  of  an  unsegmented  body. 
Welch  has  observed  such  an  uu.segmented  region  5  cm.  in 
length.  Intercalated  proglottides  or  roughly  triangular 
joints  are  not  of  infrcijuent  occur- 
rence. A  common  malformation 
consists  in  the  perforation  of  a  series 
of  proglottides.  This  anomaly  has 
received  a  specific  name,  T.  fines- 
triitii,  at  the  hands  of  one  observer. 
The  fenestration  appears  first  at 
the  centre  of  the  proglottis  and  be- 
comes more  accentuated  toward  the 
posterior  end  of  the  chain.  Its  cause 
is  not  understood. 

Finally  there  occurs  a  prismatic 
or  triradial  variety  (Fig.  1217)  which 
was  described  by  Bremser  as  the 
result  of  the  fusion  of  two  individu- 
als. The  proglottis  is  Y-shaped  in 
cross  section,  and  the  scolex  bears 
six  acetabula.  Speciiuens  of  this 
sort  were  named  T.  capensis  by 
Ki'ichennieister  and  T.  lophosoma  b}' 
CobboUl. 

Onchospheres  of  T.  sar/imitri  have 

been  observed  of  considerable  size, 

and    armed   with   from    twelve   to 

twenty-two    hooks;    and    Cobbold 

has    described  specimens   of  Cysticercus  boiis   from  the 

heart  of  a  calf  with  only  three,  two,  one,  and  even  no 

suckers  on  the  head. 

The  form  described   by  Weinland  as   T.  solium  var. 
abietiua,  from  a  specimen  collected  by  Agassiz  from  a 


—  Portion  of 
the  Cliain  from  Pris- 
matic Specimen  of 
Tit  II  i  a  saiiinata. 
Showing  also  tlie  Oc- 
casional Separation  of 
ttiH  Thii'c  Wings  for  a 
Sin  HI  Itistance. 
Sexual  Pore.  Natural 
size.  (After  Cattaert.) 


Fn;.  1218.— Ripe 
Proglottis  of 
Tcenia  soh'iim 
(=  T.  mginata 
var.)  var.  ahie- 
tina  Weinland, 
(After  Wein- 
land.) 


Chippewa  Indian,  is  regarded  by  many  as  a  small  speci- 
men of  7'.  saginata  with  unusually  dense  and  delicate 
branches  of  the  uterus  (Fig,  1218). 

Distribution. — The  adult  occurs  only  in  man  and  is 
cosmopolitan.  Its  presence  in  the  Orient  is  recorded  in 
writings  of  great  antiquity;  in  Africa,  Europe,  and 
America  it  is  also  abundant,  and  its  frequence  has  in- 
creased during  recent  years,  whereas  the 
couti-arv  is  true  of  T.  solium.  The  evi- 
dent reason  lies  in  the  custom  of  eating 
beef  rare,  but  pork  well  done.  The  fig- 
ures given  by  Berenger  -  Feraud  for 
French  maritime  hospitals  during  the 
six  quinquennial  periods  from  1861  to 
1890  sliow  a  stead}'  relative  increase  of 
cases  from  0.2  to  14.8  per  mille.  In  Paris 
the  increase,  though  real,  was  much  less, 
being  from  0. 3  to  0. 6  per  cent,  in  the  same 
time. 

The  larval  form,  C.  bovis,  has  been 
pi'oduced  experimentally  in  rare  in- 
stances in  other  hosts,  sheep  and  goat, 
but  many  experiments  on  these  and  other 
hosts  have  been  entirely  without  results. 
In  its  normal  host  (cattle)  the  bladder 
worm  was  apparently  rare,  even  in  regions  where  T. 
saginata  occurred  abundantly.  This  apparent  contra- 
diction has  been  explained  b_v  the  demonstration  that  in 
most  cases  normal  infection  is  only  mild  and  the  cysti- 
cerci are  so  small  and  scattered  as  not  to  be  easily  found 
in  the  beef.  Their  predilection  recently  discovered  for 
the  pterygoid  muscles  affords,  however,  a  surer  means  of 
diagnosis  now  than  was  formerly  known. 

A  limited  number  of  observations  on  the  presence  of 
C.  horis  in  man  are  on  recoi-d.  They  include  cases  from 
the  brain  and  eve,  and  the  determination  of  the  species 
rests  (m  the  absence  of  hooks  and  rostellum.  Since, 
however,  these  organs  may  be  wanting  in  C.  celluhmv,  the 
larva  of  T.  sulium  (q.  r.),  the  determination  in  the  cases 
under  disctis.sion  must  be  viewed  with  suspicion. 

Pathology. — Jlost  common  in  hosts  between  twenty  and 
forty  years  of  age,  the  beef  tapeworm  has  been  encoun- 
tered in  the  aged  and  even  in  newbi  ini  infants.  Its  normal 
place  of  fixation  is  near  the  pvlorus,  where  the  head  is 
firmlv  fastened  to  the  mucosa  by  its  suckers.  It  maj', 
however,  be  found  exceptionally  in  the  stomach.  Symp- 
toms of  its  presence  are  direct  and  local  in  the  digestive 
system,  or  nervous  and  reflex  in  character.  The  latter 
are  rarer  but  may  be  severe.  A.  Stieda  has  recently  de- 
scribed a  case  in  wliieh  this  species,  in  spite  of  its  lack  of 
hooks,  had  bored  through  the  wall  of  the  duodenum  and 
some  distance  in  a  circuitous  course  into  the  pancreas. 
In  this  case  there  were  neithei'  abcesses  nor  preformed 
orifices  of  which  the  worm  could  have  made  use,  while 
other  evidence  supported  the  view  of  active  burrowing 
on  its  part.  Possibl}'  the  rare  cases  in  which  tapeworms 
have  made  their  exit  through  the  navel  or  bladder  may 
be  susceptible  of  a  similar  ex]ilanation.  This  is,  how- 
ever, the  onl_v  case  on  record  wliich  has  been  subjected 
to  a  thorough  scientific  investigation. 

The  proglottides  of  this  species  are  expelled  spontane- 
ously and  in  the  interval  between  stools.  The  move- 
ments after  expulsion  are  active  and  long  continued  as  is 
evinced  by  the  discovery  of  segments  high  on  the  walls 
of  sick-room  or  outhouses.  The  anterior  margin  is  lacer- 
ated by  separation  from  the  chain,  and  in  crawling  the 
proglottis  distributes  eggs  from  the  uterine  branches. 
These  detached  segments  are  frequently  diagnosed  as 
flukes,  a  conclusion  a]iparently  stronglj-  confirmed  b}- 
their  independent  activity. 

This  species  cannot  be  regarded  as  equally  dangerous 
with  T.  solium  since  here  there  is  no  chance  for  auto-infec- 
tion by  the  onchospheres.  The  disturbances  attending  its 
presence  in  the  alimentary  canal,  however,  are  such  as 
to  call  for  its  removal.  Despite  the  alisence  of  hooks  in 
the  species  this  is,  as  a  rule,  more  difficult  of  accomplish- 
ment than  in  the  case  of  the  pork  tapeworm.  The  re- 
moval of  the  body  without  the  head  and  neck  constitutes 
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but  a  temporary  relief  siuce  a  new  chain  is  produceil  in 
a  short  time. 

TyENi.i  AFiiic.vNA  V.   Linstow   1900. — Lensrth  1.4  me- 
ters, greatest  breadth  12  to  15  mm.    Sonlex  imarnied,  nn- 


FiG.  1219.— R1()B  Proglottis  ot    2'rt-iii(i  africiDia.     X  5.     (Aftei'  von 
Linstow.) 

tably  small.  1.4  mm.  wide  by  0. .5  mm.  long.  Proglottides 
nunilier  about  600,  decidedly  broader  than  long;  ripe 
proglottides  measure  7  mm.  long  by  13  to  1.5  mm.  broad. 
Uterus  (Fig.  1219)  with  fifteen  to  twenty-four  simple 
branches  radiating  from  median  trunk.  Eggs  thick 
shelled,  31  to  34  /i  in  diameter.  Hooks  of  onchosphere 
8^  long.  Adult  parasitic  in  natives  of  German  East 
Africa;  development  uidcuowu. 

This  species,  only  recently  described,  was  obtained 
from  black  soldiers  near  Lake  Nyassa  in  Africa.  It 
differs  radically  from  the  common  vmarmed  tapeworm  of 
man,  as  is  evident  from  examination  of  the  sexuallj'  ma- 
ture proglottis  (Fig.  1220).     Of  importance  in  con.sider- 

cir  t.  ov.  ^.-^       ■'^- 

7^. 


no.  1220.— Sexually  Mature  Proglottis  of  Tntiin  africana.  ci'r.. 
Cirrus ;  ?'.s.,  receptaculus  seminis ;  sh,gl..  shell  gland ;  i'a{/.,  vagina ; 
vit.,  vitellarium.    X  5.    (Alter  von  Linstow. ) 

ing  its  development  is  the  report  that  these  natives  are 
accustomed  to  eat  the  flesh  of  the  zebu  raw. 

T.KNIA  SOLIUM  L.  1767.— 7'.  pelliK-icla  Goeze  1782  T. 
'!)iil;/iinK  Werner  1782,  T.  solium  Rud.  1810.  Length  2 
to  3  meters,  rarely  6  to  8  meters.  Head  (Fig.  1203)  spheri- 
cal 0.6-0.8  mm.  in  diameter.  Rostrum  short,  often  pig- 
mented, with  a  double  crown  of  twenty-four  to  thirty- 
two  hooks  in  which  large  and  small  alternate  regularly 
(Pig.  1221).  Large  hooks  0.16  to  0.18  mm.  long,  smaller 
0.11  to  0.14  mm.  long.  Neck  long  and  slender.  Proglot- 
tides eight   hundred  to  nine  hundred  in  number,  at  1 

meter  from  the  head 
squai-e  with  sexual  or- 
gans fully  developed ;  at 
end  of  chain  when  ripe, 
10-12  mm.  long.  .1-6  mm. 
broad.  Uterus  with 
prominent  median  stem 
and  on  each  side  seven 
to  ten  heavy  branched 
lateral  outpocketings. 
EmluTophores  31-36  /; 
in  diameter.  Adult  in 
small  intestine  of  man; 
larva  (C>/stictrcus  cellti- 
losce)  in  muscles  and  vis- 
cera of  domestic  pig, 
rarely  also  of  dog,  man, 
and  ape. 

Structure. — In  general 
appearance  the  pork  tapeworm  is  distinctly  more  clelicate 
and  its  chain  less  muscular  than  the  Ix-ef  tapewoi'm,  pre- 
viously described,  and  all  its  measurements  display  this 
difference.  The  scolex  is  decidedly  smaller  and  has  a 
prominent  rostellum  with  two  rows  of  hooks.  The  points 
of  the  hooks  lie  in  a  circle,  but  since  they  alternate  regu- 
VoL.  II.— 50 


Fig.  1221.— Apical  View  ot  Scolex  of 
T(aua  nMum.  X  BU.  (After 
Leuckart.) 


Fifi.  1222. —  Large    and 
Tan  ia  solium .  X  180. 


Small    Hooks   of 
(After  Leuckart.) 


larly  in  size,  the  bases  form  two  concentric  circles.  The 
liooks  of  the  two  sets  .show  characteristic  differences  in 
figure  (Fig.  1222)  as  well  as  in  size. 

The  sexually  mature  proglotti<les  do  not  exceed  4.5  to  5 
mm.  in  width  by  2.5  to  3  mm.  in  length,  being  thus  de- 
cidedly  inferior   in  

size  to  those  of  T. 
migiudtii.  On  ex- 
amination one  sees 
the  same  organs  in 
much  the  same  re- 
lation as  in  the  beef 
tape  w  o  r  in ;  but 
there  are  minor  dif- 
ferences which 
serve  to  distinguish 

the  two  species.  Jlost  prominent  is  the  unequal  size  of 
the  two  ovaries  (Fig.  1223),  the  one  next  the  genital  pore 
being  the  smaller  and  being  oval  in  outline  rather  than 
circular.  In  addition  a  small  ovarian  lobe  lies  in  the 
angle  between  the  vagina  and  the  uterus,  as  if  cut  off 
by  the  former  canal  from  the  ovary  to  which  it  ajjpar- 
entlj-  belongs.     This  accessory  lobe   is  a   constant  and 

reliable  peculiarity  of 

/( '(    \     the  pork  tapeworm. 

One  may  notice  also 
the  generally-  com- 
pressed form  of  the 
various  organs  most 
marked  in  the  flat- 
tened vitellarium 
near  the  posterior 
edge  of  the  proglot- 
tis.' 

The  ditferences  be- 
tween the  two  species 
are  less  evident  from 
examination  of  the 
ripe  proglottides. 
LTsually  the  segments 
of  the  pork  tapeworm  are  given  off  in  sets  of  "two  or 
three  rather  than  singl}-.  The  individual  proglottis  is 
thinner,  less  muscular,  in  general  also  smaller  and  more 
transparent ;  yet  these  are  highly  variable  features  and 
often  deceptive.  The  form  of  the  uterus,  however,  gives 
to  the  proglottis  a  characteristic  a|i|)earance.  There  are 
only  seven  to  ten  lateral  branches  which  are  more  heavily 
and  unevenh'  branched,  while  the  ends  of  the  branches 
are  not  infreiiuenlly  enlarged  (Fig.  1224). 

De)xl"pme)it. — The  eggs  (Fig.  1208)  are  oval,  the  outer 
shell  is  thin  without  polar  filaments  and 
transient ;  the  inner  shell  is  thick,  radi- 
ally striated,  and  spherical.  The  oncho- 
sphere is  also  spherical,  measuring  20  u  in 
diameter.  The  development  of  the  em- 
bryo is  slow ;  in  eight  days  it  had  only 
reached  a  size  of  33  by  24  /',  and  at  the 
end  of  three  weeks  its  diameter  was  but 
0.8  mm.,  while  in  thirty-two  days  differ- 
ent individuals  measured  from  1  to  6 
mm.  by  0.7  to  2.5  mm.  Even  in  the 
smallest,  however,  a  head  projection 
could  be  seen,  and  in  the  second  month 
suckers  and  hooks  are  formed  while  the 
neck  has  grown  so  long  as  to  produce 
one  and  a  half  coinjilete  circles  within 
the  bladder.  By  the  close  of  the  third 
month  the  bladder  worm  is  probabl)' 
ripe  and  capable  of  successful  transfer- 
ence. 

The  longevity  of  the  Cysticercus  cdlu- 
losw  is  dependent  upon  various  circum- 
stances. Not  iufre(iuently  it  degener- 
ates at  an  early  period,  but  more  often 
later,  bj'  the  loss  of  its  liquid  and  by  de- 
position of  lime,  into  a  mere  calcareous 
granule.  The  same  individual  has,  how- 
ever, by  means  of  the  ophthalmoscope, 


Fig.  1223.— Sexually  Mature  Proglottis 
of  Tania  salium.  Showing  Reproduc- 
tive Organs.    X  10.     (After  Leuckart.) 


FIG.  1234.— R 1  p  e 
Proglottides  of 
Ta-nia  i<<Aium. 
Showing  Form 
of  Uterine 
Branches.  >:  2. 
(After  Braun.) 
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been  observed  living  in  tlie  eye  for  twenty  3'ears.  Free 
cj'sticerci  live  only  a  brief  time  in  water,  but  in  flesli  at 
normal  temperature  tliey  remain  living  up  to  tweuty- 
uiue  days. 

Jlany  experiments  have  demonstrated  that  the  C'y.i1i- 
cercus  cellulosm  of  the  pig,  when  introduced  into  the  hu- 
man alimentary  canal,  gives  rise  to  Tania  wliuin.  From 
ten  to  twelve  weeks  are  necessary  for  full  development 
and  for  the  expulsion  of  the  ripe  proglottides.  Efforts  to 
bring  the  cj'sticercus  to  development  in  other  hosts  than 
man  liave  as  yet  failed. 

AnoiiKilies. — Though  less  frequent  than  T.  mginata, 
much  the  same  malformations  occur.  Both  incomplete 
and  complete  fusion  of  two  or  more  segments  and  fenes- 
tration of  parts  of  the  chain  are  on  record.  An  unusu- 
ally slender  structure  of  the  chain  gave  rise  to  Cobbold's 
species,  T.  tenelhi,  sometimes  regarded  as  a  distinct  variety 
even  yet.  A  scole.x  bearing  six  suckers  has  been  observed 
both  with  an  ordinary  chain  and  with  one  of  the  pris- 
matic or  triradial  variety  with  proglottides  Y-shaped  in 
cross  section. 

The  onchospliere  has  at  times  more  than  the  usual  six 
hooks,  and  tlie  Cysticercits  rdlulosiv  is  subject  to  various 
malformations.  Absence  of  hooks,  of  a  rostellum,  and 
presence  of  six  acetabula  may  be  noted.  Some  abnormal 
forms  have  received  special  names;  such  a  one  is  C. 
racemosiis  (C.  hat yvoiiUs  or  C.  mnltilocularis)  which  is  very 
irregular  in  form.  This  variety  occurs  especially  at  the 
base  of  the  brain  and  is  not  surrounded  by  a  cyst,  to 
which,  no  doubt,  is  due  its  peculiar  form,  adapted  to  the 
space  in  which  it  lies.  In  some  cases  this  variety  is 
witliout  a  scolex  or  possesses  at  most  but  an  abnormal 
rudiment  of  one. 

Most  interesting  of  all  is  the  form  which  led  to  the 
establishment  of  a  new  species,  Cysticeiriis  acanihotriua. 
and  by  deduction  a  new  tapeworm,  Tcmia  acont/iotrias. 
The  Cysticercns  acantholrias  was  first  observed  by  Wein- 
land  in  1858  at  an  autopsy  of  a  white  consumptive  in 
Virginia.  The  bladder  worms  were  in  the  dura  mater, 
muscles,  and  subdermal  tissues,  Though  in  size  and 
form  like  C.celliihsce.  these  hydatids  (Fig.  1225)  possessed 
three  rows,  each  of  fourteen  to  sixteen  hooks,  longer  and 
slenderer  than  those  of  that  form  and  measuring  severallv 
153  to  196  fi.  114  to  140  ^i,  and  03  to  70  //."'  The  dis- 
covery in  several  cases  of  identical  bladder  worms  in 
European  countries  and  the  improbability  of  the  exist- 
ence there  of  an  unknown  large  tapeworm  with  three 
circles  of  hooks,  together  with  the  occurrence  in  one  case 
at  least  of  this  peculiar  form  side  by  side  with  C.  cellu- 
losm, have  led  most  investigators  torcgai'd  C.  acunthotrias 
as  merely  a  variety  of  the  common  pork  bladder  worm. 

Ijitstrihutinn. — Tmnia  solium  is  not  so  widely  dis- 
tributed as  T.  siif/inata,  although  partaking  of  the  cos- 
mopolitan character  of  the  latter.     It  is  rare  in  tropical 

lands,  and  wanting 
among  such  races  as 
abstain  from  the  use 
of  pork.  On  the  other 
hand,  e  s  ]i  e  c  i  a  1 1  y  in 
those  regions  where 
the  inhabitants  are  ac- 
customed to  eat  the 
flesh  of  the  pig  in  a 
poorly  cooked  condi- 
tion, the  parasite  is 
most  abundant.  Cer- 
tain provinces  of  con- 
tinental nations  come 
w  i  t  h  i  n  these  limits. 
Contrary  to  the  state- 
ments of  a  number  of 
standard  authorities,  I 
am  confident  from  the 
evidence  gathered  that 
this  species  is  very  rare  at  present  in  the  United  States. 
Some  figures  have  been  adduced  to  show  that  it  is  be- 
coming decidedly  rarer  in  both  France  and  Germany. 
In  Denmark  it  was,  in  1869,  the  commonest  human  ces- 


FiG.  1225. — Apii'al  View  of  Scolex  and 
Hoolis  of  CyMiccrcus  acanthotnas. 
X  30.    (After  Weinland.) 


tode,  being  present  in  58  out  of  100  cases;   in  1887-95 
it  was  not  found  once  in  100  cases  (Krabbe). 

Cysticercns  cellulosm  is  present  not  only  in  the  pig  but 
also  in  the  wild  boar,  deer,  dog,  cat,  rat,  brown  bear,  ape, 
and  even  man  himself.  In  the  pig  the  bladder  worm  is 
more  abundant  in  such  animals  as  are  allowed  to  range 


Fig.  1226.— Brain  Cystlcercus.  Fresh  specimen  opened  to  show  In- 
ternal structure,  a-a'.  Stalk  of  racemose  body  (scolex).  X  3. 
(After  Kratter  and  BohmiR.) 

than  in  those  that  arc  stall  fed.  In  Gernian_y  the  ratio  of 
infected  animals  varies  in  different  provinces  from  1  in 
100  to  1  in  2,000  according  to  reports  of  meat  inspectors. 
As  these  cover,  however,  only  the  cases  in  which  the 
infection  is  prominent,  the  actual  figures  are  much  larger. 
Leuckart  calculated  .some  years  ago  that  two  to  three 
pigs  per  hundred  were  infected.  This  bladder  worm 
also  seems  to  be  growing  rarer  during  recent  years. 

Pathology.  —  Tania  solium  lies  with  the  head  fastened 
in  the  anterior  portion  of  the  small  intestine.  The  pro- 
glottides are  passed  in  groups  with  ffecal  matter;  excep- 
tionally through  abnormal  communications  they  reach 
the  body  cavitj-,  bladder,  and  abscesses,  or  finally  are 
thrown  out  ]ier  os  by  vomiting.  The  troubles  caused  by 
the  worm  do  not  dilfer  from  those  due  to  7'.  saginata,  yet 
the  former  is  a  much  more  dangerous  parasite  since  its 
liladder  worm  may  also  develoii  in  man.  When  abun- 
dant the  bladder  worms  produce  in  pork  the  conditions 
known  as  "measles,"  and  measly  pork  is  the  ordinary 
means  of  introducing  T,  solium  into  the  human  system. 
Rarely  it  may  be  caused  by  the  consumption  of  the  in- 
fected flesh  of  the  wild  pig  or  deer.  Smoking  and  salt- 
ing, unless  extended  and  thorough,  will  not  kill  the 
bladder  worms  in  pork  and  ham.  Thorough  cooking, 
however,  renders  them  entirely  harmless.  As  early  as 
1558  the  cystieerci  were  observed  in  the  dura  mater  of  an 
epileptic.  While  the  brain  and  eye  are  apparently  the 
most  frequent  seats  of  the  bladder  worms,  the  latter 
occur  also  in  the  muscles,  subdermal  tissue,  heart,  lung, 
liver,  peritoneum,  etc.  Particularly  dangerous  are,  of 
course,  the  cerebral  cystieerci  (Fig.  1226)  which  produce 
effects  parallel  to  brain  tumors.  In  this  location  they  are 
not  rarely  the  cause  of  sudden  death.  According  to 
Verdun  and  Iversenc  the  bladder  worm  of  the  cerebral 
vesicles  is  ordinarily  free  and  not  of  the  i-acemose  variety. 
The  acephalocystic  vesicle  is  most  common,  next  comes 
the  simple  form  with  a  single  head,  and  rarest  are  those 
consisting  of  a  few  vesicles  united  by  the  stalk.  The 
fourth  ventricle  is  the  most  frequent  location  of  the  par- 
asite. The  symptoms  due  to  the  presence  of  such  cys- 
tieerci do  not  permit  of  certain  diagnosis ;  most  general 
are,  however,  signs  of  compression  due  to  ventricular 
hydrocephaly. 
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The  introduction  of  the  onchospberes  into  the  human 
stomach,  which  is  a  necessary  prehmiuary  to  further  de- 
velopment in  the  system,  is  brought  about  by  impure 
drinking-water,  by  the  use  of  salads  or  uncooked  vegeta- 
bles contaminated  by  the  embryophores,  and  by  the  care- 
less use  of  unsanitary  closets.  More  frequently,  no  doubt, 
the  host  of  the  adult  tapeworm  infects  himself  through 
lack  of  cleanliness  in  defscation,  or  possibly,  as  has  been 
suggested,  by  internal  auto-infection.  Any  circum- 
stances which  might  lead  to  the  passage  of  adult  jiro- 
glottides  containing  ripe  onchospberes  from  the  intestine 


FIG.  1227.- 


-Ripe  Progluttis    of  Ttxnia    cintfutia. 
photomicrograph.) 


I  Original 


back  into  the  stomach  would  result  in  infection  by  those 
onchospberes  which  remained  there  a  short  time  as  if 
they  had  been  introduced  through  the  mouth. 

The  danger  of  internal  or  external  auto-infection  de- 
mands immediate  action  by  the  physician  for  the  removal 
of  the  parasite  under  great  care  that  all  regurgitation 
should  be  prevented.  The  success  of  the  operation  must 
be  confirmed  by  the  discovery  of  the  tapeworm  head,  and 
the  parasite  destroyed  rather  than  merely  thrown  away. 

T.ENiA  coxFUS.v  Ward  1896. — This  species,  originally 
described  by  the  writer  and  later  studied  in  greater  detail 
by  one  of  his  students  (Guyer),  was  obtained  in  Lincoln, 
Neb.  In  general  appearance  it  is  much  like  the  two 
species  just  described,  but  may  be  recognized  at  once  by 
the  extraordinary  length  of  the  ripe  proglottides,  some 
measuring  as  much  as  iJ.5  mm.  long  by  imly  -1  to  5  mm. 


sh.  gl. 


coufusa.    X  15. 


Fig.  1228.— Sexuallv   Mature    Proglottis  of  Taenia 
(After  Guyer.) 

broad.  The  sliape  of  these  proglottides  differs  also  from 
that  of  the  terminal  segments  in  the  other  species  (Fig. 
1227,  (•/.  Fig.  1207  and  Fig.  1224).  The  head  of  this 
species'  is  unknown,  consequently  its  exact  position  and 
relationship  are  for  the  time  being  uncertain.  The  whole 
body  is  thinner  and  more  fragile  than  that  of  T.  saginata. 
It  measures  •'5  to  8  meters  in  length  and  has  some  seven 
hundred  to  eight  hundred  proglottides,  nearly  all  of  which 
are  longer  than  broad.  The  sexually  mature  proglottides 
(Fig.  1228)  are  distinguishable  by  the  long  reniform  lobes 


of  the  ovary.  In  the  ripe  proglottides  the  median  stem 
of  the  uterus  bears  fourteen  to  eighteen  irregularly 
branching  offshoots  swollen  at  the  end  into  irregular 
club-shaped  masses.  Of  the  approximately  forty  points 
of  difference  in  structure  between  this  and  the  common 
species,  T.  saginata  and  ?'.  solium,  as  tabulated  by  Guyer, 
the  most  important  are  subjoined.  Nothing  is  known  of 
the  life  history  of  this  species. 


T.  saginata. 

T.  solium. 

T.  confusa. 

size    of   terminal 

12-19  ram.  long 

10-12  mm.  long 

27-35  mm.  long  by 

proglottides. 

by  ,>-e.5  mm. 
wide. 

by  5  mm.  wide 

3.5-5  mm.  wide. 

Greatest  breadth.. 

12-U  mm 

7-8  mm 

8-10  mm. 

Length  of  proglot- 

Only in  last  100. 

In  last  half 

In    nearly    entire 

tides  exceeds 

worm. 

breadth. 

Proglottides  a5 

1.5-2.6  mm.  long 

0.8  mm.  long  by 

1-2.5  mm.  long  by 

cm.    behind 

bv  5-10   mm. 

1..3  mm.  wide. 

0.8-3  mm.  wide. 

head  measure. 

wide. 

Sexually    mature 

4-6    mm.    long, 

2..5-3  mm.  long 

4-4.5    mm.    long. 

proglottides 

8-10  mm.wide 

4.5-5    mm. 

3.5-4.5   mm. 

measure. 

wide. 

wide. 

Neck  is 

Unsegmented.. . 
.\hundant :     t  o 

Unsegmented . . 
Sparse;  to  0.012 

Segmented. 
Sparse;    to   0.011 

Calcareous  bodies. 

0.018  mm. 

mm. 

mm. 

Longitudinal 

Dorsal  to  genital 

Ibidem 

Divide,  passing 

nerve  trunks. 

ducts. 

both  dorsal  and 
ventral  to  ducts. 

Depth    of  genital 

0.22  mm 

Smaller 

0.0.5-0.08  mm. 

cloaca. 

Width  of  genital 

1  mm 

Smaller 

0.45-0.6  mm. 

pore. 

Part  of  smaller 
cut    oft    bv 

vagina. 

20-30  

7-10 

14-18 

of  uterus. 

Size  and  form  of 

0.03  mm.,  slights 

0.03  mm.,  near- 

0.039 bv  0.03  mm.. 

eggs. 

ly  oval. 

ly  round. 

oval. 

Pyriform  process. 

Present 

In   young    pro- 
glottides. 

Absent  entirely. 

Further  infoiination  is  needed  regarding  the  frequence 
and  distribution  of  this  form,  which  though  distinguish- 
able on  careful  examination,  has  doubtless  often  been  re- 
garded as  the  common  species — whence  the  name  confma. 

T.«NiA  SEREATA  Goeze  1782.— Length  0..t  to  2  meters. 
Head  1.3  mm.  in  diameter  with  a  double  crown  of  thirty- 
four  to  fort3--eight  hooks,  the  larger  225  to  3.50  //  long,  the 
smaller  120  to  160  u.  Embryophores  oval,  36-40  ^  by 
31-36 /i.  Adult  in  small  intestine  of  dog;  \3.r\a.  (Cysti- 
eeiriis  pisifon/i/s)  in  peritoneum  of  rabbits. 

The  single  record  of  its  presence  in  man.  reported  from 
Algeria,  is  undoubtedly  an  error  in  the  determination  of 
the  species  found.  In  its  normal  host  it  is  coranion 
everywhere  in  Europe  and  America  so  far  as  the  records 
stand  at  present. 

T.ENiA  CRASsicoLLis  Rud.  1810.— Length  0.15  to  0.6 
meter.  Head  1.7  mm.  in  diameter  with  a  double  crown 
of  twenty-six  to  fifty-two  hooks,  the  larger  380-420  fi 
long,  the  smaller  250-270  fi.  Embryophores  sjiherical, 
31  to  37  //  in  diameter.  Adult  in  small  intestine  of  do- 
mestic cat  and  related  wild  species;  larva  (Cysticcrmis 
fasnol(tris)  in  rats,  mice.  etc. 

Braun  records  after  Krabbe  that  in  Jutland  chopped 
mice  are  consumed  uncooked  on  bread  as  a  popular 
medicament  against  enuresis.  Evidently  the  introduc- 
tion of  living  larva'  of  this  species  into  the  human  ali- 
mentary canal  would  be  not  only  possible  but  probable 
under  these  circumstances. 

T,«NiA  MAHG»'ATA  Batsch  1786. — Length  1.5  to  5 
meters.  Head  reniform,  1  mm.  in  diameter.  Hooks 
thirty  to  fortv-four  in  a  double  row;  the  larger  measure 
180  to  320  /I'm  length,  the  smaller  110  to  l'60 /j.  Ripe 
proglottides  10  to  14  mm.  bv  4  to  7  mm.  Uterus  with 
short  main  trunk  and  five  to  eight  large  branches  on  each 
side.     Embryophores  spherical.  31  to  36  //  in  diameter. 

The  adult  lives  in  the  small  intestine  of  dog  and  wolf; 
larva  {Uysticercvs  temiicollis)  is  found  in  the  peritoneum 
of  apes,  ruminants,  and  pigs.  Experiment  has  shown 
that  the  larva  will  not  develop  to  the  adult  worm  in  the 
human  alimentary  canal.     The  larva  has  been  reported 
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twice  as  a  human  parasite ;  but  the  record  of  its  presence 
in  the  liver  of  man  in  Iceland  has  been  shown  to  be  a 
mistake.  Hodges  also  reported  its  occurrence  in  man  in 
the  United  States,  but  Wj'man,  who  examined  the  speci- 
mens, stated  that  the  hooks  resembled  rather  those  of 
Cystlctrciiit  ceUiilusa,  while  the  size  of  the  cyst  and  the 
number  of  hooks  favored  C.  tenvicollis.  Since  the  latter 
features  are  known  to  be  much  more  variable  than  the 
former,  it  is  probable  that  the  determination  is  erroneous 
in  this  case  also. 

Since  the  most  dangerous  of  all  human  parasites  is  a 
dog  tapeworm,  and  since  several  other  canine  cestodes  are 
either  known  to  be  found  or  suspected  to  be  parasitic  in 
man  at  some  age  or  in  some  stage  of  life,  the  dog  tape- 
worms are  evidently  most  important  for  the  physician 
from  the  sanitary  point  of  view,  quite  apart  from  the  fact 
that  by  virtue  of  their  serious  effects  on  other  domestic 
animals  these  cestodes  demand  attention  from  an  eco- 
nomic standjjoint.  A  strict  control  should  be  exercised 
over  the  condition  of  the  dog  in  every  household  where 
such  a  pet  is  found,  and  the  removal  of  the  army  of  stray 
curs  should  be  urged  in  every  community:  for  the.se 
vagrants  are  the  very  ones  most  likelv,  by  virtue  of  their 
omnivorous  habits,  to  become  infected  and,  in  consequence 
of  their  nomadic  life,  to  carry  parasites  from  place  to 
place.  The  presence  of  tapeworms  in  dogs  ma)'  be 
recognized  by  the  proglottides  found  in  the  faces,  and 
I  have  known  of  such  ha\'ing  been  taken  from  the  back 
of  a  dog  and  submitted  to  a  physician  as  a  curiosity ! 
Manifestation  of  an  anal  or  subcaudal  pruritus  on  tiie 
part  of  the  dog  is  also  good  evidence  of  their  presence. 
In  all  such  cases  the  health  of  the  family  demands  that 
the  physician  insist  on  the  treatment  of  the  dog  for  their 
removal. 

As  the  determination  of  the  species  may  be  of  impor- 
tance in  such  cases  there  is  appended  a  table,  modified 
from  Neumann,  of  the  canine  cestodes  thus  far  reported: 


to  suckling  pigs.  The  development  proceeds  so  slowly 
that  in  one  month  there  has  been  formed  a  spherical  solid 
only  0.35  to  0.35  mm.  in  diameter  enclosed  in  a  connec- 
tive-tissue cyst  formed  b_y  the  host,  the 
entire  mass  making  nodules  in  the  liver 
barely  1  mm.  in  diameter.  At  two 
months  the  larvre  are  twice  as  large, 
the  wall  consists  of  a  thick  external 
lamellar  cuticula  and  a  delicate  granu- 
lar internal  membrane  enclosing  a 
watery  fluid.  At  five  months  the  di- 
ameter of  the  parasite  has  become  10-12 
mm.,  but  no  structure  is  yet  visible  iu 
the  interior.  To  the  parasite  in  this 
condition,  consisting  of  cuticula,  paren- 
ch3'ma  la3-er  (endocyst),  and  fluid  con- 
tents, the  name  Acephalocystis  has 
been  applied  by  some  authors,  and 
frequently  the  organism  makes  no 
advance  in  structure  beyoBd  this  con- 
dition. Nomially,  however,  there  ap- 
pears a  jirotuberance  on  the  endocyst 
(Fig.  1230,  a)  wliich  develops  rapidly 
into  a  brood  capsule  (h)  in  which  the 
parenchyma  is  external  and  the  cutic- 
ular  layer  internal.  According  to  the 
views  of  some  investigators  these  may 
become  detached  and  continue  their 
development  floating  (/)  in  the  cavity 
of  the  mother  cyst,  in  which  case, 
however,  a  cuticular  layer  is  formed  on  the  outside  and 
disappears  within.  In  the  opinion  of  others  such  free 
daughter  cj'sts  or  secondary  capsules  arise  in  the  wall  of 
the  parasite  when  a  cuticular  layer  is  formed  about  small 
centres  of  detached  parenchyma:  as  these  grow  they 
burst  out  from  the  wall,  and  if  they  fall  within  the 
mother  cyst  and  continue  their  development  within  the 


Fig.  1229.— Entire 
Specimen  of 
Taenia  echino- 
cnfciis  from  the 
Dog.  X  12.  (Af- 
ter   Claus.) 


Four   suckers 
on  the  head. 


Head  armed :  geni- 
tal pore  marginal 
and— 


Single. 


I 


Numerous  proglottides. 
Strobila  several  centi- 
meters long.  Seg- 
ments— 


Never  more  than 
slightly  broader  than 
long.  Small  books 
with  guard— 


'230-360    M    long,   genital 
pore  very  salient. 

Ta'ii  ia  serrata. 
136-1.57    M    long,    genital 
pore  not  very  salient. 
T.  scriaUs. 
'  180-220  n  long,  length  of 
mature  segments  double 
that  of  their  width. 

T.  marginata. 
150-170  li  long,  length  of 
mature  segments  treble 
their  width. 

T.  ccenurvs. 
Much  broader  than  long  except  the  distal  segments  which  suddenly 
elongate ;  genital  pore  usually  large  and  prominent. 

T.  Krabbei. 

Three  or  f oiu' segments ;  some  millimeters  long T.rchi nncnccus. 

Double  and  bilateral DipuUdium  caninvm. 

Head  unarmed.    Sexual  orifices  on  the  ventral  surface yiesocestvides  lineatits. 

Two  suckers  on  the  head  ;  genital  pores  on  the  ventral  surface Dihothrinaphalus  /twcus. 


Bifid;  books 


Entire ;  large . 
hooks— 


^ 


TAENIA  EcmNOCOCCUS  von  Siebold  1853. — Small  ces- 
todes (Fig.  1229)  measuring  from  2.5  to  5  or  6  mm.  in 
length  with  only  three  to  four  jiroglottides  the  last  of 
which  measures  when  ripe  2  mm.  in  length  by  0.6  mm.  in 
breadth.  Head  0.3  mm.  broad  with  prominent  rostellum 
bearing  in  a  double  row  twenty -eight  to  fifty  hooks  which 
vary  considerably  in  form  and  size.  Onchospheres  oval, 
33-36  /i  by  35-30/;.  Adult  found  in  large  numbers  in  small 
intestine  of  dog,  wolf,  jackal,  dingo;  the  larva  {Echino- 
coKus  polymorplnis)  in  many  organs  of  a  multitude  of 
hosts,  including  man. 

StructiiiY. — The  adult  of  this  species  was  long  regarded 
as  an  immature  form  by  virtue  of  its  small  size  and 
limited  number  of  proglottides  until  von  Siebold  pro- 
duced it  b)'  feeding  dogs  with  echinococcus  bladders 
from  sheep.  The  experiment  has  been  repeated  success- 
fully many  times  with  echinococcus  from  various  sources 
including  man,  and  shows  a  developmental  period  of 
seven  to  eiglit  weeks  to  be  necessary  for  the  production 
of  ripe  individuals.  The  experimental  production  of  the 
echinococcus  has  proved  more  difficult,  but  Leuckart  has 
succeeded  in  following  it  by  feeding  the  adult  tapeworms 


cavity  of  the  latter,  the  form  known  as  an  endogenous 
echinococcus  is  produced ;  this  variety  occurs  most  fre- 
quently iu  man,  pig,  and  horse.  If,  im  the  other  hand,  the 
daughter  cysts  burst  out  from  the  wall  of  the  mother 
cyst,  their  continued  growth  (f/-l)  outside  gives  rise  to 
exogenous  echinococci.  Evidently  a  group  of  several 
distinct  individuals  may  easily  be  confounded  with  a 
group  consisting  of  motherand  daughter  cysts.  Further 
development  may  also  give  rise  to  a  third  generation  of 
cysts  inside  the  second  (I).  Any  or  all  capsules  may  re- 
main stei-ile.  i.e..  without  heads,  and  such  are  the  aceph- 
alocystic  forms  noted  above.  In  most  cases,  however, 
heads  are  formed  on  the  brood  capsules  or  on  the  second- 
ary cysts.  According  to  the  recent  investigations  of 
Goldschmidt  a  proliferation  of  the  parenchyma  layer  in 
a  brood  capsule  forms  a  low  elevation  (in).  As  this 
grows  there  arises  inside  the  capsule  an  annular  furrow, 
and  this  growing  outward  cuts  off  a  pyramidal  elevation 
{»)  which  by  virtue  of  its  early  developed  muscles  dis- 
plays great  mobility,  hanging  outward  from  the  brood 
capsule  (o)  or  thrusting  itself  into  the  same  as  a  solid 
linguiform  structure  (p).     The  external  chitinous  cover- 
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ing  of  the  full}'  formed  head  takes  its  origin  in  a  second 
annular  furrow  outside  the  first,  which  gradually  sur- 
rounds the  parts  already  described  {q)  and  on  its  comple- 
tion leaves  the  head  projecting  into  the  cavity  of  the 
brood  capsule.  Suckers  and  hooks  originate  and  the 
entire  structure  presents  the  form  of  an  inverted  scolex 


Fig.  1230.— Diagrammatic  Representation  of  Eehinoooccus  Seen  in  Section,  fl.  Origin  ot  a  brood  capsule ; 
b,  c,  (i,  lurther  stages  in  its  development;  c,  fully  develnped  lirood  capsule  ;  /,  endogenous  daughter 
cyst  formed  from  brood  capsule;  (;,  origin  of  an  exogenous  (huigliter  cyst;  (i,  i,  j, /o,  its  further 
development:  ^  an  exogenous  daughter  cyst  fonuing  an  cx.igi-iious  and  an  endogenous  cyst  of  the 
third  generation  :  m,  origin  of  a  scolex  as  a  minute  elevation  in  the  wall  of  a  brood  capsule ;  )i,  its 
delimitation  by  a  shallow  internal  groove :  o,  later  stage  ;  p,  the  same  as  last,  but  invaginated  ;  q,  the 
enclosing  of  the  papilla  by  a  second  outer  furrow ;  r,  a  fully  developed  scolex  with  head  inverted. 
(Original.) 


(r).  In  each  daughter  cyst  {d,  e)  five  to  ten,  or  even  as 
many  as  thirty-four  heads  may  develop,  so  that  the  entire 
number  in  one  echinococcus  reaches  into  the  thousands. 
By  the  rupture  of  the  brood  capsule  scolices  may  ex- 
tend directly  into  the  cavity  of  the  hydatid  or  even 
be  found  floating  free  in  its  contents.  The  echinococ- 
cus is  now  mature,  and  if  eaten  by  a  suitable  host  these 
scolices  will  develop  in  its  alimentary  canal  into  adult 
tapeworms. 

The  form  of  the  hydatid  cyst  is  subject  to  considerable 
variation,  the  more  extreme  types  of  which  have  received 
special  names.  Evaginations  in  the 
wall  (s)  frequently  occur  under 
mechanical  influences  in  the  en- 
vironment and  suggest  the  origin  of 
the  form  known  as  E.  nicemusus 
(Fig.  1331),  from  which,  however, 
E.  muUilocularis  cannot  be  dis- 
tinctly separated  in  all  cases.  The 
latter,  known  also  as  an  alveolar 
colloid,  repi-esents  a  mass  of  inany 
small  hydatids  0. 1  to  5  mm.  in  diam- 
eter wliich  in  section  display  nu- 
merous irregular  cavities  filled  with  a  transparent  gelat- 
inous substance  and  embedded  in  a  common  stroma 
of  connective  tissue.  Gall  duct  and  blood-vessels  may 
be  detected  in  places,  but  the  liver  cells  are  completely 
atrophied.  These  growths  were  long  interpreted  as  col- 
loid cancers  until  Virchow  demonstrated  their  hydatid 
origin.  The  scolices  or  hooks,  often  rare  and  single  or 
at  most  few  in  anv  bladder,  are  entirely  wanting  in  forty 
per  cent,  of  the  specimens  tested.  These  multilocular  hy- 
datids undergo  regulai-lv  degenerative  processes  by  which 
a  central  cavity  is  formed  filled  with  a  fluid  containing 
among  tissue  remnants  also  calcareous  corpuscles,  second- 
ary bladders,  brood  capsules,  scolices,  hooks,  hsematoidm 
and  margarin  crystals,  concretions,  etc.     The  size  of  the 


Fig.  1231.— Echinococ- 
cus  ra  cemosus . 
Natural  size.  (After 
Leuckart.) 


hooks  (Pig.  1232),  which  varies  very  considerably,  is  due, 
as  Leuckart  has  shown,  to  the  age  and  stage  of  develop- 
ment of  the  specimen. 

AnumnUe^. — A  specimen  of  T.  ethinococcus  has  been 
described  with  six  suckers  on  the  head.  Regarding  the 
larval  form  some  observers  hold  that  the  vaiieties  noted 
above  as  Acejihuhiciisiin.  E. 
racemostis,  and  E.  nndtUocula- 
ria  are  abnormal.  According 
to  others  the  latter  form, 
which  appears  to  be  confined 
to  Switzerland,  represents  a 
different  species  from  the 
common  type.  Isolated  cases 
have,  however,  been  report- 
ed from  other  localities,  one 
even  from  the  United  States 
(Stiles). 

Distribxtlion.  —  The  adult 
parasite  appears  to  be  most 
common  in  Iceland,  where  it 
occurred  in  28  per  cent,  of 
the  dogs  examined.  In  Aus- 
tralia the  percentage  is  even 
higher,  40  to  50  per  cent, 
being  recorded.  On  tlie  con- 
tinent of  Europe  it  occurs  in 
from  0.4  to  7  per  cent,  of  the 
dogs  examined  in  different 
localities.  Stiles  records  its 
presence,  though  very  rarely, 
in  dogs  examined  at  Wash- 
ington, D.  C.  I  have  found 
no  other  record  of  the  pres- 
ence of  the  adult  tapeworm 
in  this  countr3'.  When  pres- 
ent its  occurrence  in  large 
numbers  is  natural.  The  hy- 
datid is  most  abundant  in 
Iceland  and  in  India,  where 
from  one-fourth  to  three- 
fourths  of  all  domestic  animals  are  infected.  In  Ger- 
many, where  records  are  of  a  most  precise  nature,  the 
percentage  of  infection  varies  very  greatly,  being  as 
low  as  5  per  cent,  in  a  few  cases  and  as  high  as  6.5 
per  cent,  in  one  lo- 
cality (for  precise 
figures  see  Stiles  and 
Hassall,  p.  122).  In 
the  United  States 
hyilatids  have  been 
recorded  from  cattle, 
hog,  and  camel,  and 
for  localities  in  Mary- 
land, the  District  of 
Columbia,  Mis- 
soui-i,  Nebraska,  and 
Louisiana.  In  New 
Orleans  117  cases  of 
liver  echinococcus 
were  recorded  from 
2,000  hogs. 

In  man  the  fre- 
quency of  hydatid 
disease  corresponds 
in  general  with  that  j,jg  jogj  _j;(.hinococcus  Hooks,  a.  From 
for  domestic  animals.  bladder  worm  of  cow ;  b,  from  young 
In  Iceland  estimates  Ta-nia  eelnnococi-u»:  c.  from  adult 
,,f  tlio  xnmlior  nf  In  Tcvtiia  echiiiocoecus :  rf.  the  three 
oi  iiie  uuiiiuei  ui  m-  forms  superposed  to  show  gradual  modi- 
habitauts  infected  Bcation  in  form.  x  500.  (After 
vary  from  3  to  15  Leuckart.)  . 
per  cent. ;  in  Austra- 
lia 3.000  cases  were  reported  between  the  j-ears  1861  and 
1882.  In  Europe  the  results  of  autopsies  are  given  in 
the  table  at  the  top  of  the  next  page,  which  is  taken 
from  Ostertag. 

In  this  country  the  hydatid  is  rare  in  man.     Sommer 
has  compiled  statistics  of   one  hundred  recorded  cases 
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Locality. 

Total 
number  of 
autopsies. 

Htdatids  PRESEXT. 

Cases. 

Percentage. 

l.Oi? 
1,360 
4,470 

em 
2,o(e 

1,239 
1,287 
1,S12 

2.5 
20 
33 
3 
7 
3 
3 
2 

243 

Breslau 

1  47 

Berhn 

Gottingen 

.76 
46 

Dresden 

34 

24 

Prague 

23 

u 

from  wliich  the  following  data  are  taken.  It  is  entirely 
unknown  how  many  patients  were  infected  outside  the 
limits  of  this  continent;  certainlj-  some  of  them  acquired 
the  parasite  in  other  countries. 


By  Sex. 


Males 47 

Females 28 


Unstated 25 


By  Natitity. 


Azorian 

Colored 

English 

1 
1 
5 
2 

15 
2 
5 
1 
1 

By  Si 

1 
1 
4 
3 
1 
2 

1  (or  2?) 
5  (or  6?) 

7 

1 

Mulatto 

Negro 

Pole 

2 
.'.'.     1 

Foreigners 

French 

German 

Irish 

Italian 

Japanese 

Swede 

Welsh 

White 

Unstated 

Total 

rATES. 

New  York 

Ohio 

Pennsylvania . . 

...     1 
...     1 
...    4 
..    54 

..  100 

Alaliaina 

33 

California 

Connecticut 

District  of  Columbia. 

...    7 
...10 
...    1 

Illinois 

Indiana 

Texas 

...     1(+?) 
...    1 

Kentucky  

Louisiana 

Virginia 

Washington 

Unstated 

Total 

2 

Ma.'isachusetls 

Michigan 

Missouri 

New  Jersey 

...13 
...100 

Caution  should  be  exercised  in  the  identification  of 
supposed  echinoeoccus  Ijladders  from  domestic  animals 
since  the  hydatid  of  Tivnia  seriii/.iii  of  the  dog,  which  is 
abundant  in  the  United  States,  is  large,  at  times  even  of 
very  considerable  size,  and  produces  numerous  secondary 
bladders  both  internally  and  externally,  so  that  the  gen- 
eral appearance  suggests  that  of  echinoeoccus.  The  size 
and  form  of  the  scolices  and  of  the  hooks  are  so  very 
different  that  even  a  superficial  microscopic  examination 
serves  to  distinguish  the  two  forms.  The  hydatid  of 
Taniit  sei-ifiHs  is  common  in  the  rabbit  and  has  "also  been 
reported  from  the  horse. 

Pat/iohgy.— The  larva  gives  rise  to  the  hydatid  or 
echinoeoccus  disease,  the  symptoms  of  which  vary  with 
the  seat  of  the  parasite.  Cases  are  on  record  in  which  the 
hydatid  has  existed  for  2,  4,  8,  1.5,  18,  and  even  30  years 
in  man.  It  may  be  found  in  any  organ,  but  is  most  fre- 
quently recorded  from  the  liver  or  lungs.  At  times  its 
presence  is  not  suspected  until  revealed  by  post-mortem 
examination;  and  the  danger  depends  in  anv  case  upon 
the  precise  location  and  the  size  attained  by  the  hydatid. 
In  some  .situations  hydatids  exert  a  fatal  pressure  upon  im- 
portant vessels  or  nerves  or  destroy  the  tissue  of  essential 
organs.  They  often  cause  fatal  results  by  bursting  into 
a  serous  cavity  or  a  blood-vessel,  the  toxic  effect  of  the 
fluid  having  been  noted  already.  Somer  gives  the  follow- 
ing table  for  1,806  cases  recorded  in  various  countries: 

Classification  by  Habitat, 


Liver 

Lung 

Passed  per  rectum 

Spleen 

Brain 

Abdominal  wall ,,, 
Vomited 


United 
States, 


Canada. 


Other 
countries. 


942 
140 


37 


Total. 


1,011 
147 

o 

42 
3 
1 


United 

States. 

Canada. 

Other 
countries. 

Total. 

2 
1 
6 
1 
1 
1 
3 

3 
1 
1 
1 

1 

3 

1 
1 

'2 
1 

1 

'"4 
123 

■'ig 

53 
91 
13 

70 
61 

60 
9 

41 
18 

Common  bile  duct 

1 
6 
1 
1 
1 
3 
4 
126 
1 

Bladder 

Eve 

Ovaries 

Uterus  . . .  .* 

KJdnevs 

Stomach 

Extensors  of  tbiprh 

1 
20 
S3 
91 
13 
75 
62 

1 

60 
9 

Spinal  canal 

Pelvis 

Peritoneum  and  omentum 

Mesentery  and  omentum 

Female  genital  organs  and  mam- 
marie-s 

Male  genital  organs 

Face,  orbit,  and  uiouth  . . . 

41 
18 

Neck 

Omentum 

1 

1 

Totals 

113 

12 

1,681 

1,806 

Prevention. — As  "hydatid  disease  is  the  most  fatal  zoo- 
parasite disease  which  affects  man,  fifty  per  cent,  of  the 
cases  dying  within  live  years  after  infection,"  too  great 
insistence  cannot  be  laid  upon  the  necessity  of  guarding 
against  the  disease  and  stamjiing  it  otit.  Measures 
should  be  taken  to  destroy  all  stray 
dogs,  to  prohibit  the  presence  of  dogs 
at  abattoirs,  to  destroy  all  hydatids 
found  in  slaughtered  animals,  and  to 
discourage  all  intimate  a.ssoeiation  with 
dogs.  Methods  for  the  treatment  of 
echinoeoccus  diseases  in  man  have  been 
suggested,  but  surgical  interference 
alone  has  met  with  satisfactory  re 
suits. 

Davainea  R.  Blanchard  1891.— 
Small  cestodes  with  prominent  rostel- 
luni,  sometimes  retractile,  armed  with 
many  small  hooks  of  characteristic 
form,  which  may  be  caducous.  Geni- 
tal pores  unilateral,  or  alternating  ir- 
regularly. Eggs  in  capsules.  Devel- 
opment unknown. 

Davaixea  m.\dagascariensis  R. 
Blancliard  1891 ;  Tcenia  demerarieims 
C.  W.  Daniels  189.5. — Length  U])  to  24 
em.  with  five  hundred  to  six  hundred 
proglottides.  Head  (Fig.  1233)  with 
retractile  rostellum  having  ninety 
hooks,  18  /i  in  length,  which  may  be 
wanting.  Genitar  pores  unilateral. 
Ripe  proglottides  3  mm.  long,  1.4 
mm.  broad.  Eggs  in  groups  sur- 
rounded by  heavy  capsules  of  paren- 
chyma forming  the  characteristic  egg  balls  which  fill  the 
entire  ripe  proglottides.  Onchospheres  8  «  in  diameter 
with  six  delicate  nearly  straight  hooks,  surrounded  by 
two  transparent  membranes  of  which  the  outer  has  two 
pointed  prolongations. 

The  growth  of  the  cestode  is  very  rapid.  At  3  cm. 
from  the  head  proglottides  may  be  seen  in  copula.  The 
last  hundred  segments,  which  make  up  more  than  half 
of  the  entire  length  of  the  worm,  contain  only  eggs  about 
which  the  capsules  are  forming.  The  characteristic  ap- 
pearance of  the  ripe  proglottis  is  given  in  the  figure 
(Fig.  1234).  Of  the  development  nothing  is  known. 
Blanchard  surmises  that  the  larval  host  is  a  cosmopolitan 
insect  (c.r/..  cockroach),  which  tallies  well  with  known 
facts  regarding  the  parasite. 
Ten  cases  of  the  occurrence  of  this  cestode  in  man  are 


Fig.  1233.— Anterior 
End  of  Daraima 
inaiiannscarien- 
sis.  X  14.  (After 
Blanchard.) 


790 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Cestoda. 
Cestoda. 


Fig.  km.— liipe  rniL'l.iitis  nf 
Dara  in  ca  rninl'tiia^rii- 
rien.^if^  lust  Liberated  fri>in 
the  CUain.  X  111.  (After 
Davaine.) 


on  record ;  they  are  distributed  over  the  tropics,  including 
both  hemispheres.  With  one  exception  all  individuals 
affected  were  infants  or  chil- 
dren. Although  not  yet  re- 
corded from  any  other  host,  it 
should  be  noted  that  the  spe- 
cies may  be  only  an  adventi- 
tious parasite  of  man. 

Hymen  OLEPis  Weinland 
1858;  Dipiaciinthris  Wein- 
land.— Scole.x  small,  rostellum 
retractile,  armed :  suckers  im- 
armed.  Genital  pores  on  left 
margin;  three  testes  in  each 
proglottis.  Ripe  uterus  tills 
entire  proglottis.  Eggs  spheri- 
cal or  elongated  with  three 
wideU'  separated  membranes. 
Larval  stage  a  cercocystis  or 
staphylocystis. 

Hymen OLEPis  nana  R. 
Blanchard  1891 ;  7'  (Fgyptinca 
Bilharz,  Diplacanthns  nanus  Weinland. — Length  (Fig. 
1235)  10  to  15  mm.  rarely  20  mm.,  breadth  0.5  to  0.7  mm. 
SpheVical  scolex  (Fig.  1236)  0.25  to 
0.3  mm.  in  diameter  with  retractile 
rostellum  armed  with  a  single  circle 
of  twenty-four  to  thirty  hooks  which 
are  only  14  to  18  /'  long.  Neck  long, 
proglottides  about  one  hundred  and 
fifty  in  number,  very  short,  the 
largest  measuring  only  0.4  to  0.9 
mm.  wide  by  0.14  to  0.3  mm.  long. 
External  egg  membrane  measures  30 
to  40  rarely  50  //,  in  diameter,  the 
onchosphere  membrane  16  to  20  ^. 
Adult  in  the  small  intestine  of  man. 

The  development  of  this  species 
is  still  unknown.  Grassi  regards  it 
as  identical  with  H.  mnrina,  from  the 
rat.  According  to  his  investigations 
this  latter  form  develops  directly 
without  any  secondary  host,  so  that 
the  chance  consumption  of  ri])e  pro- 
glottides or  of  onchospheres  would 
ultimately  produce  the  adult  tape- 
worm. Other  authors  have  empha- 
sized a  series  of  differences  in  detail 
■which  militate  against  the  identity  of 
the  two  forms.  In  experiments  with 
six  persons  who  had  swallowed  ripe 
proglottides  of  II.  miirina,  Grassi  ob- 
tained specimens  of  //.  nana  only 
once,  which  in  a  region  where  the 
latter  is  abundant  proves  nothing. 
On  the  other  hand  the  same  investi- 
gator was  unable  to  infect  rats  by 
feeding  them  ripe  proglottides  of  H. 
nana.  The  evidently  close  relation- 
ship of  the  two  species  is  presump- 
tion in  favor  of  a  similar  mode  of  de- 
velopment. 

Discovered  in  1851  by  Bilharz  in 
Egypt  it  has  been  reported  occasion- 
ally from  Russia.  Germany,  Eng- 
land, France,  Argentine,  and  the 
United  States, 
to  be  com- 
paratively 
abundant. 
The  single 
record  of  its  occurrence  in  the 
United  States  (Spooner.  1873) 
is  somewhat  uncertain  since  the 
author  mentions  the  possibility 
that  the  form  describeil  be- 
longed to  the  following  species. 
Hymenolepis  nana  has  been 


Tig.  1235. —  Entire 
Specimen  ol  H)/- 
mcnolepi.'t  nana. 
X  15.  ( After  Leuck- 
art.) 


In  Italy  it  appears 


FIG.  1236.— Scolex  of 
l€pi»  nana  witb 
Retracted.     X  80. 


Hninenn- 
Rostellum 
a.  Isolated 


hook.    X  4«0.    (After  Leuckart.) 


foimd  chiefly  in  infants,  less  commonly  in  children,  and 
only  very  rarely  in  adults.  It  occurs  in  considerable 
numbers,  two  hundred  and  fifty  to  one  thousand  and 
over,  and  gives  rise  to  more  serious  disturbances  than 
are  attributable  to  the  large  cestodes.  In  addition  to  gas- 
tric disturbances,  secondary 
reflex  nervous  symptoms, 
even  epilepsy,  have  been 
observed ;  though  of  long 
standing  they  disappear 
with  the  removal  of  the 
]iarasites. 

IIY^rENOLEPIS     DIMINUTA 

R.  Blauchard  1891;  T.  di- 
minuiii  Rud.,  T.  hptocephala 
Creplin,  T.  flatopunciata 
Weinland,  T.  vnreiina  Pa- 
rona,  T.  minima  Grassi. — 
Length  20  to  60  cm.,  width 
3.5  nim.  Head  (Fig.  1237) 
small,  claviform,  with  rudi- 
mentary unarmed  rostel- 
lum. Neck  short.  Proglot- 
tides short  and  indistinct  at 
first,    increasing   gradually 

to  a  maximum  near  the  posterior  end  of  the  chain  of 
0.66  mm.  long  by  3.5  mm.  wide.  External  egg  mem- 
brane, 60  to  86  |U  in  length,  internal  with  polar  projec- 
tions; onchospheres,  36  by  28  /;.  Adults  in  small  in- 
testine of  various  rats  and  mice,  and  rarely  also  of  man ; 
larvsE  (cerocystis)  in  various  in.sects, 
chiefly  the  meal  worm  (Asopia  fari- 
nalis). 

The  structure  of  the  species  is  typi 
cal  for  the  group.  It  has  been  studied 
with  great  care  b}'  Zschokke.  The 
arrangement  of  organs  in  the  sexually 
mature  proglottides  is  evident  from 
the  figure  given  (Fig,  1238).  In  the 
ripe  proglottis  the  egg-filled  uterus 
occupies  the  entire  space  within  the 
walls  of  the  segment  save  for  the 
large  flask-shapeil  cirrus.  Sterile  pro- 
glottides of  smaller  size  and  without 
eggs  occur  at  times  in  the  series. 

The  larval  form,  a  cerocystis,  oc- 
curs in  many  insects,  Lepidoptera, 
Coleoptera,  aiid  Orthoptera.  Its  usu- 
al host  is  the  larva  and  adult  of  a 
small  moth  {A.wpia).  The  develop- 
ment to  the  adult  form  has  been  ob- 
served in  white  rats  and  in  man 
where  some  fifteen  days  intervene 
before  the  appearance  of  ripe  eggs 
in  the  fti'ces. 

This  species  was  first  collected 
from  man  in  Boston  in  1843.  and 
described  b_v  Weinland  in  1858,  who 
regarded  it  as  a  new  species,  7'.  Jlaro- 
punetata.  In  1884  Leiiiy  recordeii  it  from  Philadelphia. 
It  has  also  been  observed  as  a  human  parasite  in  Italy 
and  France,  and  may  be  met  with  more  widely  since  its 
normal  host,  the  rat,  is  a  cosmopolite. 

Heretofore  it  has  been  found  only  in  infants  and  chil- 
dren, and  the  introduction  of  the  larval  jiarasite  was 
probably  due  to  eating  fruit  or  other  food  in  which  an 
infected  insect  or  grub  was  concealed. 


Fig.  1237.— Ante  r  1  o  r 
End  of  H]imcnn- 
Jcpis  diminuta. 
Masnifled.  (After 
Zschokke.) 


no.  1238.— Eeproductlve  Organs  of  Hymenolepis  diminuta.    (Letters  as  before.)    Magnified. 

(After  Zschokke.) 


Y91 


Gestoda, 
C'estoda. 


REFERENCE  HAISTDBOOK   OF  THE  MEDICAL  SCIENCES. 


DiPTLiDiUM  R.  Leuckart  1863. — Rostellum  retractible, 
armed  with  several  auuular  rows  of  alternating  hooks. 
Genital  pores  opposite,  organs  doubled.  Uterus  at  lirst 
a  reticulum,  which  later  becomes 
changed  into  sacs  holding  one  or 
more  eggs  each.  Eggs  with  double 
shell. 

DiPvuDiTM  c.\NTNr.M  Railliet  1893 ; 
T.  moniliformis  Pallas,  T.  cucumerina 
Blocli,  t.  elliptica  Batsch. — Length 
10  to  40  cm.,  greatest  width  1.5  to  3 
mm.  Scole.\  (Fig.  1239)  small  with 
retractile  claviform  rostellum  armed 
with  three  or  four  rows  of  thorn- 
shaped  hooks  which  decrease  in  size 
from  l.T  u  in  the  first  row  to  6  u  in  the 
last;  suckers  elliptical,  neck  sliort. 
First  proglottides  small,  becoming 
trapezoidal  and  flnallj'  characteris- 
tically of  melon-seed  form.  Eggs 
spherical,  43-^)0/;  in  diameter;  oncho- 
sphere,  32  to  36  fi  in  diam- 
eter. Adult  parasitic  in 
the  small  intestine  of  the 
dog,  cat,  and  rarel}'  also 
man ;  larva  (cryptoc^-stis) 
in  the  l)ody  cavity  of  the 
dog  flea  and  dog  louse. 

The  most  striking  fea- 
ture of  the  structure  of  this 
species  is  the  doubling  of 
the  reproductive  organs, 
a  complete  set  with  genital  pores  and  copu- 
latorv  organs  being  present  on  each  side  of 
the  proglottis  (Fig.  1240).  The  branches  of 
the  uterus,  however,  become  cut  off  as  small 
capsules  containing  eight  to  twelve  eggs 
each;  in  the  ripe  proglottis  the  mass  of  such 
capsules  fills  the  entire  middle  field,  and  a  reddish-brown 
substance  deposited  around  the  eggs  imparts  a  charac- 
teristic pink  color  to  these  segments.  Prismatic  and 
fenestrated  specimens  have  been  observed,  and  also  in- 
dividuals in  which  four  sets  of  organs  lay  in  a  single 
proglottis. 

The  onchosphere  is  transformed  in  the  bod3'  cavity  of 
the  dog  flea,  or  even  of  the  human  flea,  into  a  tailed 
larva,  or  cryptocystis.  When  the  dogs,  annoyed  by  the 
work  of  the  fleas,  hunt  out  and  destroy  these  pests,  it 
is  easy  to  see  how  they  infect  themselves. 

With  a  single  exception  all  recorded  cases  of  this  tape- 
worm in   man   are  among  children  who  have  by  some 


many.  France,  Russia,  and  Scandinavia.  Judging  from 
the  frequence  of  the  parasite  in  dogs  in  this  country, 
similar  cases  should  not  be  rare  here.  I  have  found  none 
definitel}'  recorded. 

The  order  Pseudophyllidea  is  characterized  by  the  pres- 
ence on  the  scolex  of  two  poorly  developed  sucking 
grooves  which  maj'  be  in  some  cases  much  modified. 
Of  the  three  sexual  pores  the  uterine  orifice  lies  always 
on  one  surface  of  the  proglottis,  whereas  the  two  others 
mav  be  on  the  same  or  opposite  surface,  or  on  the  margin 
of  the  jiroglottis.  The  sexual  organs  are  generally  single, 
rarely  doubled ;  their  development  does  not  transcend  the 
stage  of  maturity  so  that  no  parts  degenerate.  Eggs 
usually  with  cover.  Among  the  twenty-one  genera 
known,  only  two  are  of  immediate  importance  here. 

DiEOTHRiocEPHALUS  Luhe. — Scolex  elongated;  suck- 
ers not  powerfully  developed ;  genital  organs  single ; 
genital  pores  ventral ;  uterus  in  coils  in  centre  of  the  pro- 
glottis producing  a  characteristic  rosette  figure  (Fig. 
1241). 

DiBOTHKiocEPH.\i.rs   L.\Tus  Lllhe   1899;    Tania  lata 


FlG.  VS^i.  -Anterior 
End  of  Dipiilidtum 
caninum.  (Orig- 
inal.) 


ix*. 


Fig.  1340.— Median  Portion  of  Sexually  Mature  Proelottis  of  Di'pi/iW- 
ium  caiiiitum',  r,  cirrus;  oc,  ovary:  r.s.  seuilnal  receptacle;  t, 
testis ;  u.  uterus ;  v,  vagina :  r(,  viteliarium.  /  i'j.  (From  Railliet, 
after  Neumann.) 

chance  obtained  the  larva  of  the  parasite  from  playing 
with  dogs.  The  first  case  on  record  dates  from  Linnaeus, 
and  other  cases  have  been  reported  from  England,  Ger- 


FiG.  1341.— Ventral  Aspect  of  Sexually  Mature  Proglottis  of  Dibothriocephabis 
latu.y.  Showing  Female  Reproductive  Organs.  (Cf.  Fig.  1206.)  X  12.  (After 
Leuckart. ) 


and  T.  rnlgaris  L.  1748;  Bothriocephalns  Intns  Bremser 
1819;  Dihothrium  latum  Dies  1850.  Length.  2-9  meters, 
rarely  up  to  20  meters,  grayish  yellow ;  head  elongatetl 
oval,  2-3  mm.  long,  0.7-1  mm.  broad,  transversed  by 
two  deep  lateral  grooves.  Proglottides,  three  thousand 
to  four  thousand  in  number,  usually  broader  than  long 
btit  becoming  gradually  quadratic.  All  sexual  pores  on 
mid-ventral  line,  cirrus  and  vagina  opening  close  together 
and  in  front  of  uterus.  Eggs,  68-70  /i  by  45  u.  Adult 
parasitic  in  small  intestine  of  man,  dog,  and  cat ;  larva 
(plerocercoid)  in  the  muscles  and  among  the  viscera  of 
various  fish. 

Structure. — The  longitudinal  sucking  grooves,  charac- 
teristic of  these  forms,  occuji}-  in  reality  the  upper  and 
lower  face  of  the  head,  appearing  at  the  sides  in  con- 
sequence of  the  torsion  of  the  neck.  In  external  appear- 
ance the  chain  is  clearly  distinguishable  from  the  other 
large  human  tapeworms,  T.  mginata  and  T.  solium,  by 
its  greater  thickness  at  the  middle  of  the  segment.  The 
arrangement  of  the  sexual  organs  in  the  proglottis  (Fig. 
1206)  also  diffei-s  radically  from  that  alreadj'  (lescribed  in 
the  genus  Tenia.  The  numerous  testes  occupy  a  lateral 
position  in  the  medullary  region  of  the  segment,  and  the 
vas  deferens  extends  in  loops  toward  the  anterior  end, 
terminating  in  a  muscular  cirrus  pouch  with  a  seminal 
vesicle.  Next  the  male  genital  pore  lies  the  Orifice  of 
the  vagina  which  passes  directly  posteriad  in  the  median 
line,  and  after  forming  a  receptaculum  seminis  joins  the 
common  yolk  duct  near  the  centre  of  the  voluminous 
shell  gland.  The  vitellaria  or  yolk  glands  are  racemose 
structures  occupying  the  cortical  layer  of  the  segment  in 
the  lateral  fieWs;  their  numerous  ducts  converge  and 
ultimately  unite  into  the  common  yolk  duct  noted  above. 
The  paired  ovaries  lie  one  on  either  side  of  the  shell  gland 
in  the  posterior  region  of  the  proglottis,  and  the  oviduct 
joins  the  vagina  and  the  j'olk  duct  in  the  shell  gland. 
From  the  union  of  these  ducts  originates  a  canal  which 
expands,  and  as  the  utertis,  lying  in  irregular  loops  ven- 
tral to  the  vas  deferens,  extends  forward  to  the  special 
uterine  orifice,  a  simple  pore  in  the  mid-ventral  line  a 
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FIG.  ]342.-Plero- 
cercoids  of  Di- 
bothrUicephalits 
Jntus  from    Pike. 

A.  Natural  size ; 

B.  C,  with  scolex 
protruiled  and  re- 
tracted.  X'Z. 
(After  Leuckart.) 


short  distance  behind  the  common  opening  of  the  cirrus 
and  vagina.  In  the  hist  proglottides  the  uterus  is  often 
empty  of  eggs  and  the  genital  glands  are  atrophied. 

Development.— -BA-pe  proglottides  contain  numbers  of 
brownish,  elliptical  eggs  in  which  may  be  distinguished 
the  egg  cell  surrounded  by  masses  of 
yolk  cells.  After  lying  in  water  sev- 
eral weeks  a  ciliated"  onchosphere  (Fig. 
1209)  is  hatched  out  and  swims  about 
in  the  sunoimiling  water.  Sometimes 
this  embryo  throws  off  the  ciliary  cov- 
ering, but  ultimately  dies  without  at- 
taining any  further  development.  How 
tlie  onchosphere  is  transformed  into  a 
plerocercoid  remains  still  undiscovered. 
Braun  was  inclined  to  believe  in  the 
necessity  of  another  intermediate  host, 
and  Leuckart  and  others  have  endeav- 
ored in  vain  to  infect  directly  wilh 
onchospheres  the  various  tish"  which 
harbor  the  larval  form.  The  bladder 
worm  of  Dibnthriocephnhts  latus  was 
first  discovered  by  Braun  in  the  mus- 
cles and  viscera  of  food  fi,sh  in  the 
Baltic  provinces.  It  is  an  elongated 
form  known  as  a  plerocercoid  "(Fig. 
1243),  and  measures  8-30  mm.  in  length.  These  larvae 
were  abundant  in  fresh  fish  from  Dorpat  markets,  and 
living  specimens  were  also  obtained  from  smoked, 
salted,  and  frozen  fish  as  well  as  in  the  roes  of  the 
pike,  which  salted  are  eaten  raw  as  caviar.  Experi- 
mentation on  dogs,  cats,  and  man  established  the  con- 
nection of  this  larva  with  the  adult  DibotliridcepluUus 
latiis.  Other  authors,  notably  Zschokke  in  Switzerland 
(Geneva),  have  discovered  the  larva^  in  perch,  salmon, 
trout,  grayling,  and  whitefish,  antl  in  some  instances 
have  determined  e.xperiiuentally  their  relation  to  the 
species  of  cestode  under  consideration,  confirming  full)' 
the  discoveries  of  Bi'aun.  In  Scandinavia,  Lombardy, 
Switzerland,  and  Japan  the  existence  of  the  plerocercoid 
in  various  fishes  and  the  consumption  of  some  part  of  the 
latter  in  a  raw  condition  by  the  native  population  ex- 
plain the  method  of  human  infection  wliich  has  been 
further  determined  experimentally  in  specific  cases. 

Once  introduced  into  the  human  alimentary  canal  the 
development  of  this  tapeworm  is  very  rapid,  being 
from  5  to  9  cm.  per  day  in  the  various  cases.  Eggs  ap- 
pear in  the  fa'ces  of  man  in  from  twenty-four  to  thirty 
daj'S  after  infection. 

Aiwwalirs. — Slender  specimens  (var.  trneUu)  have  been 
recorded,  as  also  some  with  exceptionally  large  proglot- 
tides. One  specimen  of  the  prismatic  variety  is  on  record 
(pf.  T.  sar/inata)  and  fenestration  of  greater  or  less  ex- 
tent is  not  rare.  Jlost  frequent,  however,  is  the  redupli- 
cation of  the  genital  jiores  and  organs  which  Leuckart 
says  he  has  never  failed  to  find  in  some  proglottis  of  each 
specimen  examined.  Under  a  separate  name  (Bnfhiioceph- 
aliis  crintntvs)  Davaine  described  a  variety  which  is  dis- 
tinguished from  the  common  by  possessing  a  projecting 
longitudinal  ridge  on  each  fiat  surface  of  the  head. 

Geofirapliical  Distribiitinn. — The  peculiarities  in  the 
distribution  of  this  species  are  intelligible  in  the  light  of 
its  development.  It  is  abundant  on  the  shores  of  the 
Baltic,  especially  the  Russian  and  east  Prussian,  and 
around  the  lakes  of  French  Switzerland,  while  the  terri- 
tory adjacent  to  these  regions  furnishes  sporadic  cases 
varying  greatly  in  frequence.  Small  centres,  like  Slunich 
(Bavaria),  are  known  to  exist,  where  the  origin  of  the 
parasite  has  been  attributed  to  the  fish  of  a  certain  lake 
or  lake  region.  In  Africa  a  new  centre  has  been  reported 
recently  in  the  territory  around  Lake  N'gami.  In  Japan 
this  form  is  the  most  abundant  of  human  and  canine 
parasites.  Its  presence  in  other  regions  than  those 
noted  has  been  recorded  occasionally,  and  usually  in  per- 
sons known  to  have  come  from  the  infected  regions.  Of 
this  type  is  the  record  of  its  ]iresence  in  Philadelphia 
made  b}'  Leidy.  According  to  Zschokke  this  species  is 
becoming  rarer  in  (Geneva,  its  frequency  having  fallen 


in  thirty  years  from  ten  to  one  per  cent. ,  and  in  Paris  W'here 
it  was  abundant  in  the  eighteenth  century  it  is  no  longer 
autochthonous. 

Patlmlogi/. — It  is  sometimes  solitary,  though  several  in- 
dividuals occur  together  in  the  majority  of  cases  and 
nearly  one  hundred  have  been  recorded  from  a  single 
host.  Evidently  its  fi-equeuce  depends  upon  the  habits 
of  the  individual  in  eating  raw  or  poorly  cooked  fish  no 
less  than  upon  the  locality.  The  effect  of  the  parasite 
is  often  unnoticed ;  in  other  cases  ai'e  noted  gastric  and 
nervous  disturbances,  and  even  pernicious  anaemia,  which 
disappear  with  the  removal  of  the  worm.  These  troubles 
have  been  attributed  to  the  production  of  some  toxic 
.substance  by  the  parasite.  It  should  be  noted  that  a  self- 
infection  is  impossible. 

DiBOTiiiiiocEPHALUs  CORD  ATI'S  (Lcuckart  1862).— 
Length,  80  to  115  cm.  Head  (Fig.  1243),  2  mm.  in  di- 
ameter, flattened  cordiform,  with  deep  bothridia  on  ven- 
tral and  doisal  sin-faces.  Segmentation  begins  directly 
behind  the  head:  the  proglottides,  which  increase  rapidly 
in  width,  become  mature  within  3  cm.  The  largest 
proglottides  measure  7-8  mm.  in  length  b}'  3-4  mm"  in 
breadth  and  number  about  six  hundred.  Eggs,  with 
cover,  measure  75  /i  by  50  fi.  Adult  parasitic  in  seal,  wal- 
rus, dog,  and  man  in  Greenland :  larva  unknown. 

The  adult  is  a  common  parasite  in  its  native  land,  but 
records  of  its  presence  outside  of  Greenland  are  liased  on 
errors.  However,  sporatlic  cases  may  occur  in  those 
who  have  become  infected  while  visiting  its  native  home. 
The  intermediate  host  is  doubtless  a  fish. 

DrBOTHHiu.M  Mansoxi  Ariola  1900.  Ligula  Miin/iom 
Cobbold;  Bothriocephnhis  Urjiiloi(U>i  Leuckart.;  B.  Mnii- 
soiii  R.  Bl. — Adult  unknown.  Larva  a  plei-ocercoid ; 
length,  13  to  20  or  even  to  85  cm. :  breadth,  3-()-I2  mm.  ; 
flatiene<l  without  proglottides,  but  mai'ked  by  irregular 
folds.  Anterior  end  enlarged,  lieariug  the  head  whiclnuay 
be  drawn  in  or  evaginated,  and  on  which  two  faint  both- 
ridia are  visible.  Parasitic  in  connective  tissue  of  man  in 
Japan  and  China. 

Ten  cases  of  the  occuri'ence  of  this  parasite  are  re- 
ported, one  from  China  and  tlie  rest  froiu  Jajian.  It 
was  first  found  by  ilanson  in  an  autopsy  when  a  dozen 
specimens  were  taken  from  lielow  the  peritoneum,  and 
one  free  in  the  jieritoneal  cavity.  Ijima  and  Murata 
have  described  in  detail  .seven  cases  from  Japan;  in 
three  the  parasite  was  passed  with  urine  or  taken  from 
the  urethra,  in  three  cases  also  it  was  drawn  from  tumors 
of  the  eye,  and  in  one  froiu  a  cavitj'  in  the  subcutaneous 
connective  tissue  of  the  thigh. 

Doubtless  the  larva  wanders  about  in  the  body  of  its 
host,  in  which,  as  appears  from  the  details  of  the  last  case 
cited,  it  may  remain  active  as  long  as  nine  years.  I'lti- 
luately  it  readies  the  surface  of  the  body  or  of  an  internal 
organ  (bladder)  from  which  it  eventually  attains  the  ex- 
terior. Of  its  origin  or  its  further  development  nothing 
is  known.  No  trace  of  reproductive  organs  cotdd  be 
found  in  the  specimens  studied.  In  its  unusual  size  and 
in  the  presence  of  longitudinal  grooves  on  the  ventral 
stu'face,  this  larva  resembles  the 
following  species  of  wliich  the 
adult  alone  is  known. 

DlPl^OGONOPORUS  Lonnberg 
1892;  Krabbm  R.  Blanc  hard 
1894. — Genital  organs  doubled  in 
each  proglottis;  in  otlier  resjiects 
identical  with  those  of  Dibnthr/'o- 
ctphnlus.  Genital  orifices  of  each 
set  ventral  on  either  .side  of  the 
median  line  of  the  body,  but  in 
the  median  line  of  either  uterine 
field. 

DlPI.OGONOPORUS  GEANDIS  Luhe 

1899;  Krnhben  grnndi-i'R.  Blanchard. — Length,  10  meters 
or  more;  maximum  breadth  at  anterior  end  1.5  mm.,  in 
broadest  region  25  nun.  Proglottides  very  short,  near 
posterior  end  only  0.45  mm.  in  length  by  14  to  16  mm. 
in  breadth.  Scolex  unknown.  Genital  organs  double; 
two  lateral  rows  of  sexual  openings  on  the  ventral  sur- 


FiG.  1243.— Anterior  End 
of  Dihnthriocephalns 
atrdntits  in  Lateral 
and  Surface  Views. 
X  5.    (After  Leuckart.; 
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face,  located  in  longitudinal  grooves  with  genital  sinus 
in  front  and  orifice"  of  uterus  behind  it.  Eggs  brown, 
thick  shelled,  63  /i  by  48  to  50  fi  in  diameter.     Found  in 


Fig,  1244,— Sinistral  Set  ot  Reproductive  Organs  from  Sexually  Mature 
Proglottis  o£  DiploQomniorm  graiidi».  X  140.  (After  Ijima  and 
Kurlmoto,) 

man  in  Japan ;  larva  unknown.  The  first  account  of  this 
remarkable  species  was  given  by  Ijima  and  Kurimoto. 
It  is  unic)ue  not  only  in  the  extreme  size  manifested,  but 
also  in  the  double  genital  apparatus  which  occurs  in 
some  species  from  seals,  but  s;ive  for  this  species  is  un- 
known among  human  parasites  of  this  group.  The  sex- 
ual organs  (Fig,  1244)  are  characteristically  bothrioceph- 
aline,  but  they  are  found  in  double  sets  right  and  left 
in  each  segment,  and  the  orifices  open  at  the  bottom  of 
two  longitudinal  grooves  whicli  are  characteristic  fea- 
tures in  the  appearance  of  the  worm  (Fig.  1245). 

The  authors  report  that  the  patient 
had  sviffered  for  five  years  from  diz- 
ziness and  colic  which  had  finall}'  be- 
come so  severe  as  to  call  for  his  ad- 
mission to  the  hospital  at  Nagasaki. 
Here  the  parasite  was  removed  and 
even  on  the  following  day  all  the 
trouble  of  long  standing  had  entirely 
disappeared.  In  view  of  our  rapidly 
growing  intercourse  with  the  East  this 
should  "be  looked  for  among  the  un- 
welcome additions  which  are  sure  to 
be  made  to  our  helminthological  fauna. 
Quite  recently  Kurimoto  has  given 
an  account  of  a  second  case  (also  from 
Japan)  in  which  two  specimens  of  the 
same  parasite  were  passed.  Unfor- 
tunately, both  scoliccs  were  wanting 
here  also.  In  other  particulars  the 
agreement  with  the  original  specimen 
of  this  species  was  complete.  Anomalies  such  as  fenes- 
tration, intercalated  proglottides,  and  those  of  asymmet- 
rical form  were  frequent,  Henry  B.   Ward. 
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CHALYBEATE  SPRINGS.  —  Meriweather  County, 
Georgia, 

Post-Office. — Chalybeate  Springs.  Hotels  and  cot- 
tages. 

Access, — Take  Southeastern  Railroad  to  Bostwick, 
thence  Talbottom  Branch  Road  to  Talbottom,  thence  20 
miles  west  to  Springs, 

These  springs  were  discovered  by  Mr.  Rawlings  about 
1835,  and  opened  by  him  for  the  reception  of  visitors  a 
few  years  later.  The  improvements  were  of  a  rude  char- 
acter until  about  18.50.  at  which  time  they  were  consider- 
ably enlarged.  With  the  exception  of  a  few  years'  in- 
terval they  have  been  open  to  the  public  ever  since. 
Analysis  by  Prof,  AV,  J,  Land : 

O.VE  t'.NiTED  States  Gallo.n  CO-Vtaixs: 
Solids.  Grains. 

Silicic  acid  Isolublel 2,83 

Iron  proto-carhonate 62 

Iron  sesqui-carbonate , 17 

Lime  carbonate 76 

Potassium  sulphate 33 

Sodium  sulphate 13 

.\  111  mill  mil  sulphate 43 

Si.idium  chloride 03 

Total 5,30 

Carbonic  acid  gas,  6.55  cubic  inches. 

The  water  is  a  light  chalj'beate.  There  are  also  traces 
of  hydrogen  sulphide,  carbonate  of  magnesia,  crenate  of 
iron,  and  a  minute  trace  of  nitric  acid,  lithium,  and  or- 
ganic matter.  The  proportion  of  soluble  salicylic  acid  is 
larger  than  usual.  This  compound  is  not  used  in  medi- 
cine, but  silica  is  contained  in  the  human  body,  and  may 
not  be  without  therapeutical  value.  It  is  pos.sible  that 
the  trace  of  sulphureted  hydrogen  also  slightly  influences 
the  action  of  the  water.  It  has  been  recommended  in  all 
cases  requiring  a  chalj'beate  water.  The  flow  is  abun- 
dant, being  about  twenty -five  gallons  per  minute.  Near 
b.y  is  a  sulphur  and  magnesia  spring,  but  no  analj-sis  has 
been  made  of  the  waters.  The  improvements  are  exten- 
sive, consisting  of  two  hotels  and  cottages,  sufficient  to 
accommodate  five  hundred  guests.  Bathing  facilitiesare 
ample,  both  hot  and  cold  water  being  supplied.  The  cli- 
mate of  this  region  is  of  a  salubrious  character. 

James  K.  Crook. 

CHAM/ELIRIUM.    See  VnicomBoot,  False. 

CHAMIQUEL. — Coalcoman,  Michoacan,  Mexico.  A 
lukewarm  mineral  water  classified  by  Dr.  Zimiger  as  a 
sulphureted  calcic  water,  and  containing,  according  to 
Forbes,  of  Coalcoman.  carbonic  acid,  large  quantities  of 
lime  and  magnesia,  silica,  and  traces  of  copper  and  iron. 
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riialjbratc  Springs. 
C'liaucruid, 


No  bathing  facilities  have  been  established  so  far.  The 
bathers  are  recruited  from  among  those  suffering  from 
lepros}'  and  diseases  of  the  skin.     A".  J.  Ponce  de  Lion. 

CHAMOMILE.  — .1  A"  r/rRV75.  Pornan  Cltamornile. 
"Tlic  Ilowcr  heads  of -l"?/;^//!?'*  nobilislj.  (fam.  Composi- 
te), collected  from  cultivated  plants"  (U.  S.  P.).  In  this 
definition  the  Pharmacopceia  recognizes  the  fact  that  un- 
der cultivation  the  aroma  and  flavor  of  the  ciiamomile 
grow  liner  and  less  rauk  and  heavy,  notwithstanding 
that  the  percentage  of  volatile  oil,  and  very  likely  thi; 
medicinal  strength,  are  somewhat  decreased. 

The  chamomile  plant  is  a  native  of  Europe  and  is 
largely  cultivated  in  temperate  regions.  It  is  a  low 
perennial,  hairy  herb  with  a 
branching  rhizome,  and  rather 
numerous  stems,  most  of  which 
are  short  and  bear  leaves  only. 
The  flowering  stems  are  long, 
slender,  prostrate,  often  root- 
ing at  the  base,  but  ascending 
and  branched  above,  and  bear- 
ing the  flowers  at  the  ends  of 
the  branches.  Flower-heads  ra- 
diate, about  3  cm.  (f  in.)  across, 
with,  in  the  "single"  (natural) 
form,  a  single  row  of  white 
rays  and  a  yellow  disc.  Invo- 
lucre of  two  or  three  rows  of 
blimt,  appressed,  scarious-mar- 
gined  scales.  Receptacle 
chaffy,  conical,  solid,  longer 
than  broad ;  ray  flowers  fer- 
tile, limb  three-toothed:  disc 
flowers  perfect,  tubular  below, 
bell  -  shaped  above.  Achenia 
obovate,  slightly  compressed, 
pappus  none.  The  oil  glands 
are  mostly  on  the  corolla  tubes, 
and  less  abundant  on  the  ray 
than  on  the  disc  flowers. 

The    plant    is    a    native    of 
Europe,  and  is   largely   culti- 
vated   in    temperate    regions. 
Under      cultivation,      ligulate 
flowers  largely  replace  the  tu- 
bular disc  flowers,  so  that  the  heads  become  "  double  " 
and  large  and  white,  which  condition,  by  careful  and 
rapid  drying,  should  be  preserved  in  the  dried  heads. 

Chamomile  contains  nearly  one  per  cent,  of  a  blue  vola- 
tile oil,  turning  greenish  or  yellowish  with  keeping  and 
having  a  specific  gravity  of  .90.5  to  .91.5.  The  important 
constituents  of  thisoil  are  anthenivl  (CoHieOjand  cumin 
flWcAi/A' (CbHj.CsHt.CHO).  The  composition  of  the  re- 
mainder of  the  oil  is  very  complex.  With  the  oil  there 
are  an  amaroid,  some  resin,  and  a  little  tannin. 

Chamomile  is  one  of  the  very  best  of  the  aromatic  bit- 
ters, and  is  strongly  carminative  and  somewhat  antispas- 
modic. The  dose  "is  1  to  4  gni.  (  3  i  to  i.).  There  is  no 
official  preparation.  The  best  form  of  administration  is 
a  tincture,  so  as  to  contain  all  the  oil.  As  a  simple  stom- 
achic a  decoction  or  infusion  is  excellent.  This  should 
be  well  diluted,  taken  slowly  before  meals,  and  the  dose 
should  be  small.  The  oil  is  "often  given  as  a  carminative 
and  antispasmodic,  in  doses  of  th  i.  to  v. 

Allied  Plants. — The  genus  contains  about  eighty 
species,  and  includes  the  common  mayweed  (AiMemis 
cotula  Linn.).  They  are  generally  less  agreeable  than 
chamomile,  and  although  of  similar  qualities,  not  in  use. 
Chrysanthemitm  partheniutn  Pers.  (Feverfew)  is  some- 
times used  as  a  substitute  or  adulterant  of  this  article. 
It  can  be  told  by  its  flatter  and  less  chaffy  receptacles. 

Henry  H.  Busby. 

CHAMOMILE,     G^KM^N.—MATmC'ARIA.       "The 

flower-heads  i>f  Mntrioirin.  Chamomiln  L.  (fam.  Composi- 
te)" (U.  S.  P.).  This  drug  is  the  product  of  a  daisy-like 
plant,  one  to  two  feet  in'height,  native  of  Europe  and 


FIG.  latH.— Chamomile.  WUd 
or  Sinirle-Flowered  Plant. 
One  •  third  natural  size. 
(Baillon.) 


Western  A.sia.  and  introduced,  as  a  roadside  weed,  into 
many  countries.  The  reflexed  rays  are  about  fifteen  in 
number,  nearly  half  an  inch  long,  white,  three-toothed. 
These  rays,  together  with  its  elongated,  conical,  and  hol- 
low receptacle,  which  bears  no  scales,  distinguish  it 
from  all  drugs  or  substitutes  which  might  be  mistaken 
for  it. 

Its  active  constituents  are  its  anthemic  acid,  which  is 
very  bitter,  and  less  than  half  of  one  per  cent,  of  a  dark 
blue  volatile  oil.  There  are  also  a  small  amount  of  tannin 
and  some  anthemidin. 

The  drug  is  very  largely  used  as  an  ingredient  of  pro- 
prietary "teas"  and  otlier  herb  mixtures,  but  possesses 
only  ordinary  aromatic-bitter  properties  (if  the  ('iniiposita, 
which  see.  The  orilinary  dose  is  1  to  4  gm.  (gr.  xv.  to 
Ix.),  and  it  is  commonly  .given  in  infusion  or  fluid  ex- 
tract, llcnry  11.  Eusby. 

CHANCRE.     See  SypMHs. 

CHANCROID. — Chancroid  is  a  local,  contagious,  vene- 
real disease,  appearing  as  su]ipurating  ulcers  about  the 
genitals,  and  is  due  to  contact  with  secretions  from  the 
same  kind  of  ulcerations.  Aside  from  causing  more  or 
less  severe  inflammatory  reaction  in  the  lymph  glands  in 
the  immediate  vicinity  of  the  sores,  chancroid  is  always 
a  local  process  and  never  causes  constitutional  infection. 

Until  within  the  last  half-eentury  it  was  generally  be- 
lieved that  syiihilis  and  chancroid  were  due  to  the  same 
cause,  but  their  individual  entity  has  now  .so  long  been 
established  that  the  old  opinions  interest  us  simply  as  a 
matter  of  history.  The  two  diseases  very  frequently 
exist  in  the  same  individual  at  the  same  time,  but  they 
are.  of  course,  due  to  inoculation  at  the  same  time  and 
spot  with  two  entirely  separate  and  distinct  poisons. 

At  the  outset  too  mueli  emphasis  cannot  be  placed  on 
the  necessity  of  a  careful  examination  and  accurate  diag- 
nosis of  all  veuereal  sores.  Cases  of  initial  syphilis  are 
constantly  being  diagnosed  as  chancroids,  jlany  men 
have  married  with  their  doctor's  approval  (and  reassur- 
ance that  their  sore  was  a  soft  one  and  therefore  harmless), 
only  to  see  syphilis  appear  in  themselves  and  be  trans- 
mitted to  their  wives  and  eliildren. 

To  the  clinical  observer  the  purulent  secretion  from 
chancroids  is  the  medium  which  conveys  the  contagion, 
and  it  has  been  claimed  that  the  leucocytes  alone  contain 
the  virus,  and  that  inoculations  with  a  solution  from  which 
the  pus  cells  had  been  removed  yielded  negative  results. 
We  also  know  that  cold  has  apparentlj-  little  effect  upon 
the  vitality  of  the  organism,  while  it  is  readily  destroyed 
by  heat,  drj'ing,  and  antiseptics. 

Etiology. — Chancroid  is  undoubtedly  due  to  a  specific 
micro-organism,  but  what  that  organism  is  has  not  3'et 
been  eonckisivelj-  demonstrated. 

At  the  present  time  there  are  only  two  opinions  that 
are  deserving  of  consideration :  first,  the  claim  that  the 
ordinar)-  pyogenic  bacteria  are  capable  of  producing  typi- 
cal chancroidal  ulcers ;  second,  that  the  bacillus  of  Ducrey 
is  the  pathogenic  organism.  It  has  also  been  claimed 
that  cases  of  chancroid  have  arisen  de  novo,  there  having 
bc<'n  no  active  chancroidal  ulcerations  present  in  the  party 
giving  the  infection. 

In  asserting  that  chancroids  are  of  purely  pyogenic 
origin,  it  has  been  pointed  out  that  the  secretions  from 
chancroids  always  contain  streptococci,  staphylococci, 
and  non-pathogenic  bacilli,  as  well  as  the  streptobacillus 
first  described  by  Ducrey  and  claimed  by  him  to  be  the 
specific  organism  of  chancroid.  It  is  also  claimed  that 
chancroid  is  to  mucous  membranes  what  impetigo  and 
pus  infection  are  to  the  skin,  and  that  the  streptobacillus 
is  an  accidental  accompaniment  and  not  the  cause;  and, 
furthermore,  that  chancroid  is  usually  found  in  broken- 
do  Avn  prostitutes  and  among  the  poorer  classes  in  general, 
a  class  whose  vitality  is  lowered  by  lack  of  projjer  food, 
over-indulgence  in  alcoholics,  by  filth  and  unhygienic 
surroundings;  in  other  words,  a  class  in  whom  we  know 
that  slight  abrasions  of  the  skin  become  easily  infected 
with  pus  cocci,  suppurate  freely,  and  do  badly  in  general. 
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Ccrtainlj-  the  gpnitals  in  the  uncleanly,  with  heat,  mois- 
ture, and  decomposing  smegma,  furnish  an  excellent 
medium  in  wliicli  the  pus  organisms  may  grow. 

Now  it  is  well  known  that  chancroid"  is  hy  no  means 
confined  to  the  cachectic  and  debilitated,  but  may  occur 
in  the  robust  and  healthy  when  exposed  to  chancroidal 
infection.  If  pyogenic  bacteria  alone  were  capable  of 
causing  chancroids,  those  individuals  witli  long  foreskins 
and  excoriative  balanitis,  with  acquired  ])himosis  and  a 
foul  subpreputial  discharge,  would  develop  chancroids. 
Furthermore,  women  witli  peri-urethral  or  vulvo-vagi- 
nal  abscesses,  complicating  gonorrhoea,  or  men  with  ul- 
cerations dependent  on  scabies  of  the  genitals,  would 
also  develop  chancroids.  Clinical  experience  shows  that 
such  is  not  tlie  case. 

It  was  pointed  out  by  Ducrey  that  in  repeated  in- 
oculations with  chancroidal  pus  the  accompanying 
streptococci,  sfa]ihylococci,  and  other  bacteria  rapidly 
disappeared,  leaving  nearly  pure  cultures  of  the  strepto- 
bacillus,  which  he  looks  upon  as  the  pathogenic  organ- 
ism of  chancroid.  Unna,  Krefting,  Wielander,  and  others 
have  found,  both  in  smear  preparations  and  in  sections 
from  the  floor  and  walls  of  chancroidal  ulcers,  these  same 
bacilli  described  by  Ducrej'. 

They  are  short  and  thick,  with  rounded  ends,  and  have 
a  slight  constriction  iu  the  middle  which  gives  them  a 
sort  of  flgure-of-eight  or  dumb-bull  appearance,  and  tend 
to  group  themselves  in  parallel  chains.  The  bacilli  usu- 
ally lie  outside  the  cells,  though  occasionally  within 
them,  and  they  are  said  not  to  be  found  in  the  pus  of 
suppurating  chancroidal  buboes.  The  bacilli  of  Ducrey 
stain  readily  with  fuchsiu  or  gentian  violet,  and  are  de- 
colorized by'Graiu's  method  of  staining. 

Bacteriological  investigation  is  handicapped  by  the 
inability  to  grow  the  bacilli  on  artificial  media,  and  also 
from  the  fact  that  up  to  the  present  time  animals  have 
not  been  successfully  inoculated. 

Until  these  bacilli  can  be  cultivated  and  inoculations 
made  producing  characteristic  lesions,  and  from  these 
lesions  the  organisms  recovered,  the  claims  for  the  Ducrey 
bacillus  cannot  be  accepted  as  conclusive. 

Clxxic.^l  History. — There  is  no  period  of  incubation 
in  chancroid.  The  process  begins  as  soon  as  the  virus 
gains  an  entrance  to  the  tissues,  and  usually  is  noticed 
within  two  or  three  days  after  exposure. 

The  first  thing  that  appears  is  a  small  papule  with  a 
yellowish  centre  situated  on  an  inflammatory  base  and 
surrounded  by  a  slight  halo  of  congestion.  The  j'ellow 
vesicle  in  the  centre  increases  and  soon  ru])tures,  leaving 
a  small  ulcer  with  a  grayish,  velvety  base  and  sharp,  well- 
marked  edges,  giving  it  a  punched-out  appearance.  The 
edges  become  undermined  and  give  way,  and  the  size  of 
the  ulcer  increases  in  this  manner,  the  surrounding  con- 
gestion spreading  as  the  ulceration  advances.  The  floor 
of  the  ulcer  then  has  a  grayLsh.  uneven,  worm-eaten  ap- 
pearance, is  bathed  in  pus,  with  little  tendency  to  bleed, 
unless  roughly  handled.  There  may  be  only  one  ulcer 
at  the  start,  or  there  may  be  several,  but  soon  fresh  points 
of  auto-infection  appear  and  each  new  ulceration  goes 
through  the  stages  of  destruction,  rest,  and  repair  like 
its  predecessors.  This  tendency  to  spread  by  auto-inoc- 
ulation is  one  of  the  most  striking  and  constant  of  the 
characteristics  of  chancroid.  The  floor  and  edges  of  a 
chancroidal  ulcer,  no  matter  how  long  it  has  existed,  are 
never  indurated  unless  it  has  been  cauterized. 

Within  a  short  time  after  the  appearance  of  chancroidal 
ulcerations  the  glands  in  the  immediate  vicinity  may  be- 
come inflamed.  Usually  but  a  single  gland  in  the  chain 
swells,  becoming  both  painful  and  tender,  but  the  glands 
in  both  groins  may  become  affected.  Ncjt  infrequently 
the  glands  break  down  and  require  surgical  care. 

In  trying  to  determine  the  character  of  a  doubtful  sore, 
great  care  should  be  taken  to  notice  the  condition  of  the 
neighboring  glands,  for  their  behavior  in  chancroid  is  so 
entirely  unlike  the  condition  in  syphilis  that  it  is  one  of 
the  chief  features  in  diagnosis. 

In  chancroid  the  glands  are  either  not  affected  at  all.  or 
when  affected,  are  inflamed,  painful,  and  tender,  and 


tend  to  suppurate,  while  in  sj'philis  the  process  is  non- 
inflammatory, the  glands  are  neither  painful  nor  tender, 
and  they  very  rarely  undergo  suppuration. 

In  luen  with  long  foreskins  soft  chancres  situated  on 
the  mucous  membrane  of  the  prepuce  or  along  its  free 
margin  often  cause  an  acquired  phimosis  with  a  good 
deal  of  heat,  redness,  swelling,  and  pain.  The  whole 
prepuce  then  feels  thickened,  brawny,  and  tender,  and 
may  entirely  obscure  the  beginning  induration  of  a  sore 
beneath,  .so  that  in  this  condition  one  should  be  very 
guarded  as  to  the  ontcome  of  such  a  case.  When  the 
ulcers  are  seated  about  the  ostium  preputii,  micturition 
is  usually  painful,  as  the  urine  comes  in  contact  with  the 
raw  surfaces.  This  pain  may  be  greatly  relieved  by 
urinating  with  the  penis  immersed  in  warm  water. 

It  is  not  uncommon  to  find  the  lymphatics  running 
along  the  dorsum  of  the  penis  inflamed  and  tender,  and 
occasionally  a  gland  at  the  base  of  the  penis  swells  and 
may  even  suppurate. 

Location. — Chancroid  is  usually  located  about  the 
genitals.  Extragenital  chancroids  do  occur,  but  are 
very  rare  as  compared  with  the  extra-genital  initial  lesions 
of  syphilis.  In  men  the  most  common  site  of  chancroids 
is  in  the  sulcus,  back  of  the  corona  glandis,  next  the 
fra;num.  Here  minute  tears  occur  from  mechanical  vio- 
lence during  intercourse  and  are  readily  infected. 

Ulcerations  in  this  location  are  more  painful  and  tend 
to  bleed  more  easily  than  in  other  spots.  They  also  fre- 
quently perforate  and  destroy  the  franum  entirely. 
The  resulting  ulcers  are  slow  to  heal  and  may  give  rise 
to  a  good  deal  of  hemorrhage,  owing  to  the  abundant 
blood  supply. 

Another  common  spot  is  along  the  free  margin  of  the 
prepuce.  Here  the  ulcers  are  irritated  in  handling  the 
penis  in  urinating,  in  retracting  the  foreskin  for  pur- 
poses of  cleanliness,  etc. 

In  women  the  lesions  of  chancroid  are  situated  about 
the  clitoris,  introitus  vagina',  and  on  the  labia,  perineum, 
and  about  the  anus;  very  rarely  on  the  cervix  uteri  or 
the  walls  of  the  vagina. 

AVhen  extra-genital  chancroids  do  occur,  it  is  usually 
b)'  auto-infection  rather  than  by  direct  infection:  e.g.,  a 
careless  patient  in  caring  for  his  chancroids  may  smear 
some  of  the  discharge  on  his  fingers  and  inoculate  some 
part  of  his  integument  by  scratching. 

The  ntimber  of  lesions  in  a  case  of  chancroid  is  variable; 
it  may  remain  as  a  single  sore,  but  is  usually  multiple, 
the  multiplicity  being  due  to  the  highly  inoculable  char- 
acter of  the  chancroidal  pus.  The  virus  can  undoubtedly 
penetrate  soimd  mucous  membranes  when  deposited 
thereon,  while  on  the  skin  entrance  is  gained  through 
hair  follicles  or  minute  abrasions. 

The  power  of  reproducing  itself  in  the  same  individual 
is  perhaps  best  shown  in  the  case  of  filthy  women  who 
allow  the  discharges  from  chancroids  about  the  vulva  to 
run  down  over  the  perineum  and  about  the  anus,  or  even 
the  upper  part  of  the  thighs,  thus  causing  very  numer- 
ous ulcerations  in  the  localities  named. 

In  determining  the  character  of  a  doubtful  sore,  it  is 
sometimes  of  value  to  try  auto-inoculation.  In  doing 
this  a  spot  well  removed  from  the  large  chains  of  lymph 
glands  should  be  selected.  The  pus  from  chancroids  is 
alwaj's  capable  of  auto-inoculation. 

The  size  of  chancroidal  ulcerations  varies  from  that  of 
a  pea  in  mild  cases  up  to  a  silver  dollar  or  larger  in  severe 
serpiginous  cases.  The  size  of  the  lesion  is  of  compara- 
tively little  value  in  making  a  diagnosis.  The  shape  of 
the  ulcer  is  perhaps  oftener  roundish  or  oval,  but  this 
depends  upon  the  location  and  is  of  no  importance. 

The  duration  of  the  disease  is  modified  so  much  by  the 
patient's  general  physical  condition  and  habits  of  life,  as 
well  as  by  the  medical  management  of  the  case,  that  it  is 
difficult  to  give  anything  like  an  exact  time  limit. 

There  are  three  fairly  well-marked  stages  in  the  dis- 
ease :  the  period  of  destruction,  followed  by  an  interval  in 
which  the  condition  remains  about  stationary,  the  ulcer- 
ations not  extending;  and  this  in  turn  is  followed  by  the 
period  of  repair,  where  the  character  of  the  ulcer  changes ; 
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it  appears  less  sluggish,  bright  red  granulations  begin  to 
show  in  the  floor  of  the  ulcer,  and  there  is  then  a  greater 
tendency  to  bleed ;  any  necrotic  tissue  which  may  be  pres- 
ent comes  away  and  the  sore  heals  by  gi'anulation.  In 
uncomplicated  cases  in  otherwise  health}-  indi\iduals,  the 
course  is  run  in  from  two  to  six  weeks.  Too  vigorous 
exercise,  alcoholic  indulgence,  and  complications  such 
as  phimosis,  gangrene,  or  phageda;na  (the  two  latter  are 
very  rarely  seen  at  the  present  time),  may  extend  the 
course  much  longer. 

Diagnosis, — Chancroid  is  to  be  differentiated  from  the 
initial  lesion  of  syphilis,  from  the  mucous  patches  of  sec- 
ondary syphilis  and  the  gummatous  ulcerations  of  late 
syphiiis,  from  herpes  progenitalis,  from  ulcerations  ac- 
conijiany ing  scabies  of  the  genitals,  and  from  epithelioma. 

The  initial  lesion  of  xypliilis  is  to  be  distinguished  from 
chancroid  by  its  well-marked  period  of  inculiatiou,  the 
sore  usually  appearing  in  from  two  to  four  weeks  after 
exposure.  Instead  of  a  suppurating  ulcer  we  are  apt  to 
find  a  more  or  less  well-marked  infiltration  of  the  tissues 
about  the  sore  with  an  erosion  of  the  surface,  and  with 
very  little  purulent  secretion.  The  striking  features  of 
chancroid  are  the  non-indurated,  suppurating  ulcers 
which  are  always  capable  of  auto-inoculation.  In  syph- 
ilis, on  the  other  hand,  we  are  impressed  by  the  indura- 
tion (the  sore  often  feels  like  a  foreign  body  in  the  tissues 
when  taken  between  the  thumb  and  fingers),  and  by  the 
fact  that  the  number  of  sores,  representing  so  many 
points  of  inoculation,  always  remains  the  same  from  the 
beginning  to  tlie  end. 

Another  important  difference  is  the  behavior  of  the 
neighboring  lymph  glands  in  the  two  diseases.  It  has 
already  been  "pointed  out  that  usually  in  chancroid  a 
single  "gland  in  the  chain  is  swollen,  painful,  and  tender, 
and  the  process  not  infrequently  ends  in  suppuration. 
In  syphilis  tlie  glands  in  the  whole  chain  are  affected,  are 
non-intlanuiiatory.  neither  painfvd  nor  tender,  they  are 
freely  movable  under  the  fingers  and  have  a  peculiar 
hard",  shotty  feel."  It  is  rare  for  the  glands  accompanying 
the  initial  lesion  to  break  down. 

In  a  case  of  chancroids  one  can  never  rule  out  the 
possibility  of  a  coexisting  syphilis  until  the  incubation 
period  of  the  latter  is  jiast. 

In  women  especially,  mucous  patches  of  syphilis  oc- 
curring about  the  vulva  and  anus  may  very  closely 
simulate  chancroids.  The  same  lesions  are  found  in  men 
usually  about  the  glans  penis.  These  lesions  will  be 
found"  to  have  not  the  clean-cut  edges,  purulent  secre- 
tion, or  the  velvety,  worm-eaten-appearing  base  of  chan- 
croids, but  a  grayish,  smooth,  opaline  appearance.  The 
secretions  from  these  mucous  patches  are  highly  con- 
tagious and  foul-smelling,  but  are  never  capable  of  auto- 
inoculation. 

The  diagnosis,  in  the  case  of  mucous  patches,  can  gen- 
erally be  easily  determined  by  the  presence  of  other 
syphilitic  manifestations  or  by  the  history. 

At  times  a  late  syphilitic  ulcer  may  appear  about  the 
genitals  and  very "  closely  simulate  "a  chancroid.  The 
history  of  a  previous  syphilis,  the  non-involvement  of 
the  glands  in  the  vicinity,  and  the  lack  of  evidence  of 
auto-infection  will  hardly  allow  a  mistake  to  be  made. 

Herpes  pregenitnUx. — "in  herpes  there  is  a  sense  of 
burning  and  itching  before  the  eruption  appears.  At 
first  the  contents  of'  the  vesicles  are  clear  and  not  yellow 
like  chancroids,  though  they  may  become  yellowish  later, 
■when  p>is  is  present.  The"covering  of  the  vesicle  easily 
ruptures  and  the  small  ulceration  "resulting  may  extend 
somewhat  in  depth,  but  not  in  breadth,  unless  two  or 
more  vesicles  run  together.  There  is  seldom  any  disturb- 
ance in  the  lymph'glauds  and  the  disease  runs  a  self- 
limited  coursi?.  The  spots  dry  up  and  disappear  in  a 
■week  or  ten  days  There  is  often  no  history  of  exposure, 
and  certain  individuals  are  prone  to  repeated  attacks.  It 
occurs  in  both  sexes,  and  it  is  not  very  uncommon  to  see 
a  person  with  a  herpes  progenitalis  and  a  herpes  labialis 
at  the  same  time. 

Ulcerations  about  the  genitals  due  to  scabies  are  to  be 
distinguished  from  chancroid  by  the  presence  of  burrows 


and  marks  of  scratching  on  the  foreskin,  and  evidence  of 
scabies  on  other  parts  of  the  body. 

A  peri-urethi-(il  abscess  occurring  in  the  sulcus,  back 
of  the  glans,  might  at  times  suggest  a  chancroid,  but  if 
its  sharply  circumscribed  appearance  and  inllaniuiatory 
character  are  borne  in  mind,  together  with  the  liistory  of 
a  'previous  gonorrha;a,  the  liability  of  a  mistaken  diag- 
nosis is  very  small. 

CoMfLKWTioNs. — The  complications  of  chancroid  are 
phimosis  and  paraphimosis,  lymphangitis  and  suppurat- 
ing bubo ;  phagedena  and  gangrene  are  very  rarely  seen 
nowadays. 

P/timosis  and  paraphimosis  not  infrecjuently  occur 
during  the  course  of  chancroid.  In  phimosis  the  whole 
prepuce  may  become  swollen,  red,  or  reddish  purple  in 
color,  tender  and  doughy  to  the  touch,  -svith  a  more  or 
less  profuse  foul,  purulent  discharge. 

Often  there  will  be  one  or  two  small  ulcerations  at  the 
margin  of  the  foreskin  which  show  the  nature  of  tlie 
sores  within.  Occasionally,  in  unrelieved  cases,  the  pre- 
puce ulcerates  through  and  allows  the  glans  to  protrude. 
Paraphimosis  is  less  common,  though  not  nuich  less 
severe  a  complication.  The  swelling  of  the  parts  may 
be  very  great,  and  the  line  of  ulceration  which  occurs  in 
the  line  of  constriction  back  of  the  a'dema,  at  right  angles 
to  the  shaft  of  the  penis  (nature's  attempt  at  relief  of 
the  condition),  becomes  infected  with  the  chancroidal 
virus  and  extensive  destruction  of  tissue  may  result. 

Lymphangitis  and  Lymphadenitis. — Ashasalready  been 
mentioned,  the  lymphatics  of  the  penis  are  of  ten  involved 
and  are  felt  as  a  hard,  tender  coi'd  beneath  the  skin. 

The  condition  of  the  lymph  glands  has  already  been 
described. 

Tke.\tment. — In  the  treatment  of  chancroids  it  is 
essential  that  the  patient  keep  as  quiet  as  possible.  All 
excessive  or  violent  exercise,  running,  skating,  dancing, 
etc.,  is  to  be  avoided. 

The  next  step  is  to  keep  the  sores  thoroughly  cleansed 
with  soap  and  water  and  antiseptic  solutions.  It  is  al- 
ways well  to  use  the  lotions  as  hot  as  is  grateful  to  the 
patient,  for  heat  in  itself  is  exceedingly  beneficial  in  the 
treatment.  The  principal  solutions  in  use  to-day  are 
corrosive  sublimate,  1  to  1,000  or  1  to  3,000;  creolin,  1  to 
3.50;  lysol.lto.'iOO;  formalin,  1  to  50;  carliolic  acid.  1  to  .50; 
boric  "acid  in  saturated  solution.  After  cleansing  with  the 
wash,  the  surface  of  the  ulcers  should  be  carefully  dried 
and  dusted  over  with  one  of  the  following  powders: 
aristol,  europhen,  iodol,  calomel,  acetanilide,  or  iodoform. 

Perhaps  the  last  named  is  the  most  etlicacious  of  any 
of  the  powders  named  for  use  in  the  early  stages  or  up 
to  the  appearance  of  healthy  granulations.  Of  course  its 
odor  is  a  great  objection,  and  its  use  is  as  a  promotor  of 
healthy  granidations.  It  should  ordinarily  be  used  as  a 
fine  powder,  but  may  be  suspended  in  ether  or  gly- 
cerin. The  deodorized  iodoform  is  of  little  value.  Care 
should  always  be  taken  not  to  irritate  the  sores,  either 
by  manipulation  or  by  the  dressings  employed. 

This  may  be  termed  the  conservative  or  symptomatic 
treatment:"  opposed  to  this  may  be  given  the  heroic  or 
railii'al  treatment. 

Here  the  attempt  is  made  to  change  at  once  the  chan- 
croidal ulcer  into  a  simple  one  by  thoroughly  destroying 
the  surface  of  the  sore.  This  is  "usually  accomplished  by 
the  actual  cautery  or  by  the  application  of  caustic  acids. 
Nitric  and  carbolic  are  the  ones  commonly  used  to-day. 
Excision  should  rarely,  if  ever,  be  done.  Before  cauter- 
izing a  sore  it  should  be  carefully  cleansed  and  cocainized, 
and  then  the  acid  applied  thoroughly  to  the  floor  and 
edges  of  the  ulcer,  with  a  bit  of  ab.soi-bcut  cotton  wound 
around  the  end  of  a  wooden  tootlipick.  Care  must  be 
taken  to  restrict  the  action  of  the  acid  to  the  diseased 
tissue,  and  the  action  of  nitric  acid  can  be  controlled  by 
the  use  of  bicarbonate  of  soda. 

The  stick  of  silver  nitrate  is  a  pojjular  caustic  with  the 
laity,  but  its  use  is  to  be  severely  condemned.  Its  action 
is  superficial,  irritating  to  the  tissues,  productive  of 
a?dema  and  suppurating  bubo,  and  should  never  be  em- 
ployed as  a  means  of  destruction  of  the  sore,  but  as  a 
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stimulant  to  sluggish  granulations  it  may  be  of  service. 
However,  it  should  never  be  used  early.  Caustics  should 
never  be  applied  to  a  sore  that  cannot  be  thoroughly  ex- 
posed and  properly  cared  for.  After  cauterizing,  the  sore 
should  be  treated  with  moist  bland  dressings  for  a  time, 
lint  soaked  in  lead-water  wash  or  a  solution  of  boracic 
acid  or  black  wash,  and  changed  frequently.  After  a  few 
hours  this  dressing  should  be  changed  to  one  of  the 
powders  already  named. 

As  a  general  rule,  ointments  and  greasy  preparations 
shoidd  not  be  employed,  excejjt,  perliaps,  over  the 
powder  to  keep  the  cloth  from  sticking  and  thus  prevent 
bleeding  when  the  dressing  is  changed,  or  when  the  ulcer 
is  granulating,  to  promote  healing.  Internal  medication, 
unless  the  individual  is  much  run  down,  is  not  usually 
needed.  General  tonics  (iron,  codliver  oil,  syrup  hypo- 
phosphites,  etc.)  may  often  be  of  service  in  debilitated 
cases. 

Mercury  should  never  be  given  in  a  case  of  chancroid. 

In  old  sluggish  chancroidal  ulcers,  a  thorough  curetting 
is  sometimes  of  service.  In  women  the  treatment  is  more 
difficult  b}'  reason  of  the  inability  to  keep  the  parts  clean 
and  reach  all  the  points  of  infection.  Hot  injections  of 
soaj)  and  water  or  borax  and  water  followed  by  a  cor- 
rosive (louch,  1  to  .5,000,  should  be  used  once  or  twice 
daily,  and  one  of  the  powders  already  mentioned  dusted 
on  all  the  available  spots. 

A  ten  to  forty  per  cent,  solution  of  formalin  gently 
applied,  or  a  saturated  solution  of  pyoktanin  blue,  has 
been  highly  recommended  in  sluggish  cases. 

In  general,  it  is  always  advisable,  in  the  vast  majority 
of  cases,  to  avoid  using  any  sort  of  caustic.  When  used, 
it  should  be  ajiplied  only  to  carefully  selected  cases,  and 
should  be  used  with  the  greatest  care. 

C.  Mwton  Smith. 

CHANGE  OF  LIFE. — This  term,  in  common  use,  sig- 
nifies the  series  of  phenomena  which  are  apparent  at 
the  end  of  the  child-bearing  period. 

It  is  applied  exclusively  to  women,  though  an  analogy 
has  been  observed  between  some  of  the  conditions  which 
affect  women  at  the  period  in  question  and  similar  con- 
ditions which  have  frecjuently  been  noted  in  men  at  the 
time  when  their  physical  powers  have  reached  their 
culmination. 

The  term  which  is  generally  accepted  and  used  by 
medical  writers  as  correlative  with  clmnge  of  life  is  mcno- 
pii  use. 

This  tei'm  is  sufficiently  explicit  for  only  one  link  in  the 
chain  of  phenomena  which  comjirise  the  chanye  -f  life. 
to  wit,  the  cessation  of  tiie  monthly  flow.  For  tliis  reason 
the  common  term  is  the  more  exact  and  comiirehensive 
and  therefore  presents  claims  for  its  general  use. 

The  chamje  of  life  is  really  one  of  the  great  epochs  in 
the  life  of  woman,  for  it  not  only  serves  as  the  boundary 
line  between  the  period  in  which  she  is  able  to  reproduce 
herself  and  her  species — period  of  fruitage, — but  it  marks 
the  limit  of  the  jjrogressive  stage  of  her  physical  condi- 
tion in  general,  deterioration  being  henceforth  the  pre- 
vailing process,  whether  it  develops  slowly  or  rapidly. 

Time  (f  its  Oceiirrenre. — Like  all  the  other  functions  of 
animal  life,  this  one  also  is  subject  to  great  variations 
both  as  to  the  time  of  its  occurence  and  the  events  which 
characterize  it. 

According  as  it  occurs  early  or  late  in  life  it  may  be 
premature,  normal,  or  retarded,  and  it  may  be  natural  or 
artificial  according  as  it  is  or  is  not  solely  the  product  of 
physiological  forces. 

In  temjierate  climates  we  may  expect  its  appearance 
in  the  majority  of  cases  between  the  fortieth  and  forty- 
fifth  years;  family  or  race  peculiarities  may  advance  it 
two  or  three  years  or  defer  it  for  an  equal  period.  It 
is  premature  when  it  occurs  prior  to  the  fortieth  year 
and  it  is  retarded  when  it  occurs  later  than  the  fifty- 
fifth. 

Influenees  wJtieh  Modify  its  Occurrence  niiil  its  Course. — 
Rice.  The  nearer  a  tribe  or  race  of  luunan  lieings  ap- 
proaches the  lower  animals  in  its  intellectual  develop- 


ment the  less  marked  will  be  the  menstrual  function  in 
its  women. 

Jlenstruation  is  quite  clearly  the  development  or  evo- 
lution of  the  rut  or  imtruation  in  the  lower  animals.  In 
the  apes  and  monkeys  we  observe  very  frequently  a  dis- 
tinct regularity  in  what  may  be  termed  for  them  the 
menstrual  How.  Neither  in  the  animals  nor,  so  far  as  my 
knowledge  extends,  in  the  lower  orders  of  human  beings 
are  there  well-defined  conditions  which  might  constitute 
the  change  of  life,  at  least  as  this  experience  is  observed 
in  the  more  advanced  races. 

In  proportion  as  a  community  or  race  advances  in 
civilization  do  we  see  the  menstrual  function  and  the 
change  of  life  assume  distinctness  and  character.  While 
it  does  not  follow  that  their  unusual  or  pathological 
features  are  necessarily  the  result  of  civilization,  since 
there  are  coimtless  examples  in  which  no  appreciable 
disturbance  is  experienced  from  either,  it  is  certainly 
true  that  such  disturbance  does  accompany  civilization." 

Climate.  The  influence  of  extremes  in  temperature 
acts  upon  the  change  of  life  precisely  as  we  would  antici- 
pate. In  the  tropics  vegetation  is  luxuriant,  matures 
early,  and  is  profuse  in  its  fruitfulucss,  but  the  duration 
of  its  life  is  shortened  by  the  very  excess  of  this  profuse- 
ness.  It  is  the  same,  to  a  certain  extent  at  least,  with 
human  females  who  are  native  to  the  tropics:  they  ma- 
ture and  bear  their  children  early,  and  in  frequent  in- 
stances reach  the  menopause  between  twenty  and  thirty. 
This  has  been  observed  especiallj-  of  the  Arabs  of  the 
desert.  To  the  Caucasian  races  transplantation  to  the 
tropics  means  a  distinct  lowering  of  vitality,  with  a  great 
diminution  in  reproductive  power  and  a  consequent 
tendency  to  the  early  cessation  of  the  menstrual  function, 
and  the  advent  of  the  change  of  life.  In  the  Arctic 
regions  the  effect  of  extreme  cold  upon  vitality  is  similar 
to  the  effect  of  extreme  heat,  tliougli  it  may  be  made  en- 
durable to  a  greater  degree  than  the  latter.  The  natives 
of  the  Arctic  regions  are  stunted  in  form  and  more  or  less 
deficient  in  vitality.  This  is  especially  the  case  after 
they  have  endured  the  rigors  and  the  darkness  of  the 
long  Arctic  night.  The  women  seldom  mature  earlier 
tlian  the  twentieth  year,  menstruate  very  infrequently, 
and  seldom  have  more  than  one  or  two  children.  The 
duration  of  life  is  not  great,  and  the  change  of  life  comes 
between  thirty  and  forty. 

AltitiLih.  The  significance  of  this  factor  is  due,  of 
course,  to  the  change  in  the  air  pressure.  Women  may 
gradually  become  habituated  to  any  condition  of  atmos- 
pheric pressure,  but  the  effects  which  obtain  prior  to- 
such  habituation  are  very  distinct.  A  change  to  the  sea 
level  by  one  wlio  has  lived  away  from  the  sea  and  at 
more  or  less  of  an  elevation  generally  suspends  or  other- 
wise disturbs  the  menstrual  flow,  and  in  ca.ses  in  which 
there  is  decided  constitutional  disturbance  it  is  possible 
that  the  change  of  life  might  be  hastened  by  such  resi- 
dence. 

Those  who  go  from  the  sea  level  to  reside  at  altitudes- 
of  six  thousand  to  seven  thousand  feet  or  more  experience, 
on  the  other  hand,  increased  profuseness  in  the  menstrual 
flow,  the  external  air  pressure  being  greatly  reduced.  Of 
the  influence  of  such  reduced  pressure  upon  the  change  of 
life  except  in  prolonging  its  duration  and  increasing  the 
frequency  and  profuseness  of  its  hemorrhages,  I  am  not 
])repared  to  speak.  I  know  of  no  statistics  bearing' 
directly  upon  this  subject,  which  is  one  of  the  many  fruit- 
ful themes  in  climatology  still  awaiting  investigation. 

General  Physical  Condition. — The  general  condition  of 
a  woman  has  much  to  do  with  the  inauguration  of  the 
change  of  life  and  with  the  events  by  which  it  may  be 
characterized.  Those  who  suffer  with  grave  constitu- 
tional and  visceral  diseases  which  seriously  impair  their 
vitality  are  almost  certain  to  experience  an  arrest  of 
menstruation  and  often  other  symptoms  which  accom- 
pany the  chiineje  of  life.  Those  who  suffer  with  tubercu- 
losis, syphilis,  general  ana'mia,  chronic  diseases  of  the 
liver  or  kidneys,  etc.,  are  in  this  category.  The  acute 
wasting  diseases  sometimes  i)roduce  so  profound  an  im- 
pression that  the  menstrual  function  is  entirely  obliter- 
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ated.  On  the  other  hand,  the  malignant  diseases  of  the 
genital  organs,  if  present  at  a  time  when  the  change  of 
life  might  be  expected,  cause  its  unlimited  delay.  I  do 
not  rec^ill  a  case  of  such  disease,  in  a  very  large  experi- 
ence, in  which  the  c/innge  of  life  ensued  after  the  malig- 
nant disease  had  begun  its  destructive  career.  In  fibroid 
tumors  of  tlie  uterus,  especially  those  which  are  charac- 
terized with  much  discomfort  and  hemorrhage,  it  was 
formerly  the  custom  to  hold  out  the  hope  that  all  trouble 
would  cease  when  the  change  if  life  brought  its  beneficent 
issue.  In  most  cases  tliis  has  proven  the  most  unsatisfac- 
tory will-o'-the-wisp  hunting  by  which  a  poor  mortal 
could  be  deluded.  Tlie  change  of  life  again  and  again 
escapes  the  grasp,  until  finally  it  comes  to  mean  that 
transformation  which  arrives  for  us  all  "  when  this  mortal 
shall  put  on  immortality." 

The  beneficent  infiuenee  of  modern  gynjecology  has 
removed  the  veil  of  ignorance  in  regard  to  tliis  suliject, 
and  the  early  removal  of  these  tumors  has  alike  lirouglit 
on  the  change  of  life  and  tlie  relief  of  many  troublesome 
symptoms.  The  change  of  life  comes  quite  early  in 
women  who  become  excessively  fat.  Such  women  are 
usually  sterile.  Their  physical  condition  unfits  them  for 
the  normal  experiences  of  pregnancy  and  partuiition, 
menstruation  is  infrequent,  scanty,  and  painful,  and  it  is 
not  unusual  for  the  change  of  life  to  occur  within  a  few 
years  of  the  appearance  of  the  obese  condition. 

Surgical  Procedures. — Certain  surgical  operations  are 
conducted  with  the  deliberate  intention  and  purpose  of 
bringing  about  the  change  of  life.  Such  are  all  opera- 
tions in  which  the  ovaries  are  entirely  removed.  It  is 
estimated  that  in  ninety  per  cent,  of  cases  of  removal  of 
the  ovaries  menstruation  is  at  once  arrested.  If  tlie 
uterus  and  Fallopian  tubes  are  also  removed  the  percent- 
age in  which  such  a  result  is  obtained  will  be  even  greater. 
There  arc  no  other  surgical  procedures  which  act  so  direct- 
ly to  induce  the  change  of  life  as  does  extirpation  of  the 
ovaries.  Operations  wliich  may  be  followed  by  prolonged 
suppuration  and  invalidism  "by  impairing  the  general 
nutrition  and  reducing  vitality  may  result  in  arresting 
menstruation  temporarily  or  permanently  and  in  bring- 
ing about  the  premature  appearance  of  the  change  of  life. 
Occupation.— Roth  a  direct  and  an  indirect  influence 
may  be  exerted  by  occupation  upon  the  subject  which  is 
under  consideration.  Sucli  occupations  as  keep  a  woman 
in  an  elevated  temperature  during  most  of  the  day  are 
very  disturbing  to  the  menstrual  function,  have  a  very 
decided  tendency  to  produce  obesity  and  may  induce  the 
change  of  life  prematurely.  Cooks,  laundresses,  and 
bakers  are  particularly  subject  to  such  influences.  Other 
occupations  which  impair  nutrition  and  vitality  also  dis- 
turb the  menstrual  function  and  hasten  the  change  of  life. 
"Workers  in  chemical  factories  and  laboratories  upon 
arsenic,  copper,  lead,  phosphorus,  and  other  poisonous 
substances,  workers  in  mines,  cellars,  in  badly  lighted, 
badly  ventilated,  and  damp  surroundings  are  included  in 
this  category.  Other  sulTerers  are  those  whose  work  is 
exhausting  and  unwomanly  and  predisposes  to  wrinkles 
and  premature  old  age;  such  are  fishwives,  field  workers, 
bearers  of  heavy  Inirdens  on  the  shoulders  or  head,  me- 
chanics' assistants  who  may  carry  tubs  of  mortal',  casks 
of  water  or  other  heavy  burdens,  all  these  being  types  of 
laborers  which  one  sees  much  more  frequently  among  the 
laboring  classes  in  Europe  than  in  this  country. 

E.rcessice  Fertilili/.—y\'\th  many  women  the  reserve 
capital  of  vital  force  is  not  large."  Bearing  children  in 
rapid  succession  until  five,  six,  or  more  have  been  borne 
in  as  many  years  exhausts  that  capital,  and  then  follows 
the  change  of  life  while  the  woman  is  yet  young.  The 
reason  for  tiiis  is  perfectly  plain  and  is  seen  in  the  results 
which  follow  over-productiveness  in  animal  or  vegetable 
life  wherever  we  mav  take  the  trouble  to  investigate  it. 
Such  a  result  can  hardly  be  regarded  as  disease,  but  sim- 
ply as  the  taking  up  of  a  certain  amount  of  capital  to 
whicli  nothing  remained  to  be  added  by  way  of  replenish- 
ment. 

Dissipatinn  and  lYcf.— The  number  of  women  who 
lead  irregular  and  vicious  lives  is  so  great  that  it  would 


seem  as  If  important  deductions  might  be  made  from  the 
study  of  such  lives.  It  has  happened  to  my  experience 
to  see  quite  a  large  number  of  women  of  the  vicious  and 
depraved  class  of  all  ages.  These  women  suffer  greatly 
Ixith  with  acute  and  chronic  diseases  of  the  pelvic  organs; 
they  frequently  sutfer  with  profuse  hemorrhage  from  the 
uterus,  and  their  excesses  very  often  result  in  sterility, 
so  that  if  the  vicious  life  is  followed  by  marriage,  it  is 
not  likely  to  be  a  fruitful  marriage.  It  has  been  a  matter 
of  surpri.se  to  me,  again  and  again,  that  the  excesses  in 
.sexual  intercourse  on  the  part  of  prostitutes  and  others 
do  not  arrest  menstruation  and  bring  on  the  change  if 
life.  Of  course  irregular  habits,  late  hours,  excesses  in 
alcohol,  etc.,  frequently  break  down  the  health,  and  the 
menses  may  be  arrested  as  the  result  of  ana-mia.  etc.,  if 
the  woman  does  not  die  promptly  from  exhaustion  or 
some  acute  disease,  as  is  the  result  with  many.  As  a 
matter  of  fact  I  have  seldom  been  called  to  record  such 
an  occurrence;  indeed,  the  stimulation  of  the  sexual 
organs  and  the  careless,  irresponsible  life  of  many  of 
these  women  seem  to  improve  nutrition,  and  for  a  long 
time,  at  least,  their  physical  condition  is  surprisingly 
good. 

Phenomena  and  Duration. — There  are  certain  phe- 
nomena which  are  almost  invariable  and  others  which  are 
only  occasional  to  the  change  of  life.  We  must  also  re- 
member that  with  some  women  the  transition  is  imme- 
diate and  without  appreciable  symptoms,  except  that  the 
ordinary  monthl}-  flow  abruptly  ceases.  The  leading 
symptoms  are  practically  the  same  whether  the  condi- 
tion is  the  natural  change  or  one  which  is  induced  by 
disease  or  surgical  procedure.  To  those  who  experience 
it  while  still  far  removed  from  the  usual  period  of  time 
when  it  is  to  be  expected,  the  symptoms  may  be  exagger- 
ated ;  but  not  necessarily  so,  fo"r  I  have  seen  young  girls 
go  through  this  change  with  scarcely  any  discomfort  or 
unusual  liappening. 

Cexxation  if  the  Menstrual  Floiu. — The  leading  symptom 
is  the  disappearance  of  the  regular  monthly  bloody  dis- 
charge. This  cessation  may  occur  abruptly,  the  flow  ap- 
pearing one  month,  disappearing  the  next  and  never  reap- 
pearing. This  may  be  explained  by  the  fact  that  physical 
maturi"tyhas  been  reached,  just  as  the  fruit  falls  from  the 
tree  when  it  is  ripe ;  or  it  may  be  the  result  of  disease,  of 
removal  of  the  ovaries,  of  intense  emotion,  etc.  If  the 
cessation  of  the  menses  occurs  in  young  women,  the  pos- 
sibility of  its  restoration  in  due  season  must  be  considered. 
Instead  of  an  abrupt  cessation  the  flow  may  reappear  at 
regular  or  irregular  intervals,  two  mouths,  four  months, 
six  months  or  longer,  finally  ceasing  altogether  after  one, 
two,  or  three  years. 

E.rces.fire  Flowing. — A  very  marked  feature  in  some 
cases,  when  the  flowing  has  become  irregular,  is  its  pro- 
fuseness.  It  was  formerly  thought  proper  to  do  nothing 
for  this  symptom  on  the  "supposition  that  it  was  simply 
a  natural  discharge.  I  have  striven  diligently  for  years 
to  combat  tliis  view.  Excessive  loss  of  blood  is  always 
unusual,  abnormal,  and  should  be  investigated  and 
arrested.  The  condition  of  the  uterine  mucous  mem- 
brane usually  calls  for  active  treatment  in  such  cases  by 
the  application  of  astringent  substances  to  it  or  the  re- 
moval of  granulation  tissue,  which  may  be  the  cause  of 
the  hemorrhage,  by  the  curette.  Tumors  and  other  dis- 
ease of  the  uterus  "assume  particular  importance  at  this 
time,  and  one  should  never  leave  to  the  unaided  efforts  of 
nature  the  disposal  of  a  burden  at  this  time  which  she 
may  be  unable  to  dispose  of  or  only  with  great  risk  to 
the  patient's  life. 

Flu.-ihinq  and  Other  Vaso-Motor  Distnrhances.—Mmost 
as  common  a  .symptom  as  the  arrest  or  irregularity  of  the 
menses  is  the  vaso-motor  disturbance  which  occurs  with- 
out warning  many  times  a  day  until  toward  the  end  of 
the  change,  and  is  manifested  now  by  flushing  and  heat, 
and  now  by  pallor  and  chill.  The  experience  of  each 
paroxysm  may  continue  but  a  moment,  but  it  is  annoy- 
ing and  in  soriie  cases  depressing  and  weakening.  ^^  hat 
should  cause  this  peculiar  vaso-motor  influence,  now 
paralyzing  and  again  stimulating  the  vascular  system, 
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can  be  only  a  matter  of  conjecture.  It  is  an  experience 
which  is  so  universal  that  it  may  be  regarded  as  not  far 
removed  from  the  physiological.  It  is  one  of  the  first 
symptoms  which  occur,  it  continues  two  or  three  years, 
and  by  that  time  it  has  become  endurable  by  its  very 
frequency.  With  some  women  it  continues  uninter- 
rupted to  the  end  of  life.  It  seems  to  make  no  ditference 
whether  the  menc^iause  is  natural  or  induce<l  as  to  the 
frequency  and  intensity  of  this  symptom.  It  may  be 
expected,  however,  that  with  those  to  whom  the  change 
comes  early  in  lif .;  it  will  continue  longer,  as  a  rule,  than 
with  those  to  whom  it  comes  as  an  entirely  natural 
experience. 

Mcntiil  and  Nenovs  Phenomena. — One  of  the  man.v 
notions  concerning  the  change  of  lifv  which  formerly 
prevailed  was  that  since  it  was  a  critical  time  all  sorts  of 
unpleasant  things  might  be  expected  to  develop  in  con- 
nection with  it.  If  a  woman  became  crazy  at  that  time 
it  was  the  change  of  life  which  did  it,  and  it  was  more 
than  likely  that  she  would  become  crazy  if  she  had  any 
predisposition  or  predilection  to  mental  instability. 

The  arrest  of  the  menses  and  the  disturbance  of  the 
blood  tension  undoubtedly  may  cause  brain  disorder  in 
those  who  are  predisposed  to  such  trouble,  and  this  may 
vary  in  its  manifestation  between  headache  and  violent 
delirium  terminating  in  mania  or  melancholia.  Many 
women  arc  (piter  or  unusually  hysterical  at  this  time, 
neuralgias  of  all  varieties  are  frequent,  insomnia  is  not 
infrequent,  and  a  disposition  which  has  heretofore  been 
amiable  may  be  suddenly  or  giaduall.y  transformed  into 
one  to  which  the  most  imusual  or  grotesque  desires  or 
actions  are  possible.  The  outbursts  in  such  cases  should 
not  all  be  attributed  to  the  chanac  <f  life,  they  are  due  in 
part  to  the  previous  inheritance  of  the  individual  and  in 
part  to  the  tissue  changes  whic-h  take  ]ilace.  Besides, 
the  great  majority  of  women  have  none  of  these  experi- 
ences at  all,  so  that  they  must  be  considered  exceptional 
and  not  a  customary  accompaniment. 

Changes  in  Nutrition. — Changer,  in  nutrition  are  a 
noteworthy  feature  of  this  period,  the  active  u])building 
time  of  life  is  over,  and  tlie  tissues  now  and  henceforth 
are  less  substantial.  Muscular  ti.ssue  tends  to  degenerate 
and  atrophy,  and  fat  is  acciimulated.  This  may  lead  to 
improvement  in  the  general  appearance  and  rounding 
of  the  figure,  but  it  may  also  lead  to  grossness  and  obes- 
ity. Personal  beauty  is  lost  in  some  eases  while  an  un- 
usual attractiveness  is  acquired  in  others. 

This  period  and  the  remaining  years  of  life  being  the 
era  of  degeneration,  it  is  not  strange  that  cancer  of  the 
breast,  the  womb,  and  other  genital  organs  should  be 
found  at  this  time  more  frequently  than  in  earlier  life. 
Cancer  is  not  necessarily  a  feature  or  customar\-  accom- 
paniment of  the  cftange  of  life.  This  is  a  fact  which  I 
have  insisted  upon  for  years  in  spite  of  a  prevalent  opin- 
ion to  the  contrary,  both  in  the  profession  and  in  the 
laity.  It  frequently  coexists  simply  because  the  change 
of  life  stands  at  the  entrance  of  the  degenerative  period. 
We  look  for  cancer  in  men  in  its  greatest  frequehcy  at 
the  same  period  of  life  that  we  look  for  it  in  women;  the 
ending  of  the  child-bearing  period  and  the  cessation  of 
the  menses  must  therefore  have  little  to  do  with  the  de- 
velopment of  malignant  disease. 

Disturbances  in  ]'((rious  Organs  of  the  Bodi/. — These 
have  been  frequently  noted,  and  in  a  book  which  was 
wrillen  b}'  me  upon  this  subject  ("The  Menopause."  D. 
Appleton  and  Co.,  1897)  various  complicating  affections 
have  been  alluded  to.  It  has  always  seemed  to  me  very 
necessary  that  one  should  carefully  distinguish  those 
complications  which  merely  coexist  from  those  which 
cause  or  are  caused  by  the  change  if  life.  Dimness  of 
vision  has  been  reported  as  an  accompaniment  in  many 
cases,  also  liver  engorgement  or  other  derangements  in 
efticient  working  power  of  the  kidneys  and  urinary  blad- 
der, loss  of  appetite,  indigestion  and  constipation,  rapid 
action  of  the  heart  and  dyspnoea.  These,  it  will  be  ob- 
served, are  all  fimctional  disturbances,  and  it  is  such 
rather  than  organic  lesions  of  which  the  change  of  life 
is  most  likely  to  be  the  cause. 


Impregnation  after  the  Change  of  Life  has  Occurred. — 
The  question  is  an  interesting  one,  and  it  has  often  been 
asked  whether  impregnation  could  occur  after  the  men- 
strual flow  had  entirely  ceased.  This  question  may  be 
regarded  as  entirclv  settled,  indeed  it  may  be  said  that 
impregnation  has  very  little  to  do  with  the  menstrual 
flow  or  the  menstrual  flow  with  it.  It  is  said  that  the 
Esquimau  women  are  impregnated  customarily  before 
the  menses  have  appeared.  JIany  instances  have  been 
observed  in  which  a  similar  event  has  occurred  in  our 
own  latitude  before  the  appearance  of  the  menses.  The 
facts  in  regard  to  impregnation  after  the  menses  have 
ceased  and  the  change  of  life  has  been  concluded  are 
equally  authentic  and  definite.  It  is  not  usual  for  such 
an  event  to  occur,  but  it  does  occur  occasionally.  It  is 
believed  that  the  ovaries  continue  their  functional  activ- 
itj-  from  the  beginning  till  the  end  of  life,  and  in  not  a 
few  instances  pregnancy  has  taken  place  many  years 
after  it  was  supposed  the  child-bearing  function  had 
ended.  I  am  personally  familiar  with  cases  in  which  this 
interval  has  been  ten  to  fifteen  years,  women  from  fifty 
to  fifty -five  years  of  age  giving  birth  to  healthy  children. 
Equallj'  .strange  are  those  cases  in  which  pregnancy 
occurs  when  both  ovaries  have  been  removed.  I  know 
of  two  such  cases  reported  by  reputable  and  talented 
men.  Either  the  ovaries  were  not  entirely  removed,  or 
there  was  a  supernumerary  ovary,  or  there  was  some 
hidden  cause  which  cannot  be  explained. 

Andrew  F.  Currier. 

CHANNEL  ISLANDS.     See  Chiernsey. 

CHARCOAL. — The  essential  constituent  of  charcoal  is 
the  element  carbon,  which,  as  it  occurs  in  charcoal,  pre- 
sents itself  as  a  black  substance,  insoluble,  infusible,  odor- 
less and  tasteless.  The  medicinal  virtues  of  carbon  reside 
solely  in  the  singular  absorbent  property  of  this  element. 
As  represented  by  the  substance  charcoal,  carbon  tends 
strongly  to  absorb  and  hold  fast  gases  and  many  organic 
principles,  notably  alkaloids  and  odorous  and  coloring 
matters.  And  in  the  case  of  such  of  these  bodies  as  are 
oxidizable,  the  fact  of  their  retentiim  in  the  meshes  of  the 
charcoal  mass  leads  to  their  ultimate  chemical  transfor- 
mation by  oxidation.  Charcoal  thus  operates  indirectly 
as  an  oxidizing  agent,  and  thus  is  practically  available 
as  a  decolorizer.  deodorizer,  detergent,  and,  so  far  as 
noxious  products  of  zymotic  processes  are  concerned,  also 
as  a  disinfectant.  Charcoal  is  used  by  the  ]3harniacist  to 
decolorize  and  to  separate  organic  principles,  and  by  the 
physician  to  deodorize  and  hasten  oxidation  in  the  con- 
tents of  receptacles  for  excreta,  to  deodorize  foul  dis- 
charges, and.  given  internally,  to  absorb  and  hold  the 
substance  of  vegetable  poisons,  such  as  alkaloids,  until 
their  evacuation  can  be  determined,  and,  by  absorption 
and  secondary  chemical  conversion,  to  dispose  of  the 
noxious  products,  fluid  and  gaseous,  of  fermentation  of 
the  ingesta  in  a  dyspeptic  stomach. 

Charcoal  is  official  in  the  United  States  Pharmacopoeia 
in  the  following  forms: 

Carbo  Animalis.  Amma.\  Charcoal.  I'nder  this  title  is 
recognized  the  common  so-called  animal  charcoal  or  bone- 
black,  that  is  derived  as  a  black  pulverulent  residue  from 
the  heating  of  l)one  to  redness  in  a  closed  vessel.  Animal 
charcoal  occurs  in  "dull  black,  granular  fragments,  or  a 
dull  black  powder,  odorless,  nearly  tasteless,  and  insolu- 
ble in  water  or  alcohol.  When  ignited,  it  leaves  a  gray- 
ish or  yellowish-white  ash,  amounting  to  about  eighty- 
five  per  cent,  of  the  original  weight  of  the  portion  taken  " 
(U.  S.  P.). 

Animal  charcoal  is  official  as  the  basis  for  the  following 
preparation : 

Carbo  Animalis  Purificatvs,  Purified  Animal  Charcoal. 
Animal  charcoal,  in  No.  60  powder,  is  digested  with  di- 
luted hydrochloric  acid  on  a  water-bath  for  many  hours, 
and  the  undissolved  residue  then  freed  from  the  acid  by 
thorougli  washing  with  water,  dried,  and  jnit  up  in  well- 
stoppered  bottles.  By  this  procedure  the  calcic  salts, 
which  form  so  large  a  proportion  of  the  weight  of  crude 
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animal  charcoal,  are  dissolved  out.  and  the  carhon  is 
thereby  obtained  practically  pure.  Puritied  animal  char- 
coal is  "a  dull  black  powder,  odorless,  tasteless,  and  in- 
soluble in  water,  alcohol,  or  otlier  solvents"  (U.  S.  P.). 

Probably  because  of  a  peculiarity  of  its  texture,  animal 
charcoal  decidedly  surpasses  wood  charcoal  in  the  prop- 
erty of  decolorizing  and  of  separating  and  holding  vegeta- 
ble principles.  It  is.  therefore,  the  form  of  charcoal  most 
used  by  the  pharmacist,  and  should  be  selected  also  by 
the  physician  where  the  purpose  is  to  withhold  swallowed 
vegetalile  poisons  from  absorption.  But  in  this  applica- 
tion it  should  lie  remembered  that  the  action  of  the  char- 
coal is.  so  to  speak,  mechanical  only,  and  the  use  of  the 
same,  therefore,  should  be  raerelj'  accessory  to  measures 
to  secure  evacuation.  The  charcoal  should  be  given 
freely,  by  the  spoonful,  in  suspension  in  water,  imtil 
from' half  a  tumblerful  to  a  tumblerful  shall  have  been 
taken. 

Otrho  Liyni,  Charcoal.  Under  this  title  is  recognized 
officially  "charcoal  prepared  from  soft  wood  and  very 
finely  powdered."  When  well  prepared,  wood  charcoal 
contains  but  a  very  small  percentage  of  mineral  matter, 
and,  therefore,  may  be  regarded  as  practically  all  carbon. 
For  medical  purposes  it  is  pulverized,  and  yields  an  ex- 
ceedingly tine,  light,  black  powder,  odorless,  tasteless, 
and  insoluble.  Upon  exposure  it  attracts  moisture,  and 
it  is  in  best  condition,  therefore,  when  freshly  made.  It 
should  be  kept  in  tightly  closed  receptacles. 

Wood  charcoal  possesses  in  high  degree  the  property 
of  absorbing  gases  of  certain  kinds,  and  notably  the  foiU- 
smelling  products  of  zymotic  processes.  For  deodoriz- 
ing pur'poses  it  may  berelied  upon  to  absorb  and  effect 
the  decomposition  of  from  fifteen  to  twenty  times  its  bulk 
of  gas.  It  thus  makes  a  good  application  to  privy  vaults 
or  cesspools,  a  pailful  of  powdered  charcoal,  as  freshly 
made  and  as  well  jireserved  from  damj)  as  possible,  being 
thrown  into  the  receptacle  once  or  twice  a  week.  To 
wounds  or  sores  yielding  offensive  discharges  charcoal 
may  be  applied  by  (lusting  upon  the  surface,  by  strewing 
upon  the  face  of'  a  poultice,  or  Ijy  quilting  the  powder 
between  two  layers  of  cotton  wadding,  such  quilt  being 
then  used  as  the  wound  dressing.  In  dyspejisia,  with 
acidity  and  flatulence,  relief  often'may  be  secured  by  ad- 
ministering powdered  charcoal  in  quantities  ranging  from 
half  a  teaspoonful  to  a  tablespoonful.  It  should  be,  if 
possible,  freshly  made,  and  is  more  effective  if  taken  dry. 
Otherwise  it  is  given  mixed  with  water  or  milk.  Char- 
coal should  not  '^be  taken  in  large  doses  too  frequently, 
for  under  such  circumstances  considerable  mechanical 
irritation  has  been  known  to  follow.  In  mild  dyspeptic 
cases,  quite  small  doses,  such  as  from  0.12-0.30  gm.  (gr, 
ij-v.)niay  be  all-sufficient,  and  such  quantities  maybe 
taken  without  objection. 

A  sample  of  charcoal  that  has  lost  potency  by  keeping 
recovers  the  same  on  being  recalcined. 

Edward  Cvrtis. 

CHARLESTON,  S.  C— A  city  of  6.5,000  inhabitants, 
and  one  of  the  chief  seaports  of  the  South,  situated 
upon  a  point  of  land  between  the  mouths  of  the  Ashley 
and  Cooper  rivers,  several  miles  from  the  Atlantic  Ocean. 
It  is  an  attractive,  old-fashioned  town,  with  rich  vegeta- 
tion of  a  more  or  less  semi-tropical  nature.  It  is  a  con- 
venient and  interesting  place  to  spend  some  time  in.  on 
one's  way  north  from  the  more  Southern  resorts,  espe- 
cially in  the  spring.  The  magnolia  gardens  in  the  vicin- 
ity are  most  interesting  and  well  worthy  of  a  visit.  In- 
deed, both  by  water  and  land  the  excursions  are  many 
and  attractive.  The  writer  recalls  very  vividly  the  delight 
of  a  visit  hero  in  the  spring  when  returning  from  Florida. 
The  mild  balmy  atmosphere,  the  profusion  of  roses,  the 
jasmine,  the  strawberries,  the  quaint  and  attractive  streets 
and  residences,  and  the  numerous  excursions,  were  a  con- 
stant source  of  pleasure. 

As  will  be  seen  from  the  climatic  table,  the  winter  and 
spring  climate  is  a  mild,  equable,  marine  one.  The  prox- 
imity'" of  the  sea  renders  the  relative  humidity  greater 
than  at  the  resorts  farther  inland ;  hence  this  is  not  a 
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favorable  climate   for  a  permanent  residence    for  the 
consumptive. 

Cli.mate   of  Charleston,  S.  C.    Latitcde,  32°  47';   Lonoitcde, 
79"  .56'.    Period  of  Observation,  13  Years  10  Months. 


Data. 


Temperature  (Fahr.) — 
Average  or  nonnal, . . 
Average  daily  range. 

Mean  of  wannest 

Mean  of  coldest 

Highest  or  maximum 
Lowest  or  minimum  . 

Humidity- 
Average  relative 

Precipitation — 
Average  in  inches  . . . 

Wind- 
Prevailing  direction  . 
Average  hourly  velocity 
in  miles 

Weather- 
Average  number  of  clear 

days 

Average  number  of  fair 

days 

Average  number  of  clear 
and  fair  days  . . . 


Janu- 
ary. 

March. 

July. 

Novem- 
ber. 

49.5° 

14.6 

.18.4 

43.8 

80 

23 

57.8° 

15 

67.1 

52.1 

85 

28 

82.8° 
14.1 
90.2 
76.1 
104 
67 

57.2° 
14.1 
&5 
50.9 

82 
28 

75.4;« 

69.6« 

74  ..3* 

74.7« 

3.77 

4.47 

7.18 

3..51 

N. 

S.W. 

S.W. 

N.E. 

7.3 

8.8 

7.7 

7.5 

9.5 

12.7 

10.4 

11.5 

10.5 

10.8 

14.6 

10.5 

20 

23.5 

2.5 

22 

65.9° 


73.8« 

.59.9 

S.W. 

7.9 

134 

140.3 

274.3 


Edirard  0.  Otis. 

CHARLESTON  ARTESIAN  WELLS. —  Charieston 
County,  South  Cai'olina. 

Post-Office. — Charleston. 

Several  artesian  wells  m  the  city  of  Charleston  have 
been  found  to  be  impregnated  with  mineral  ingredients. 
Those  mentioned  in  the  Geological  Reports  arc  the  "Old 
Artesian  Well,"  the  "  Citadel  Green  Well."  the  "  Commer- 
cial Cotton  Press  Well,"  and  "Chisholm's  Mill  Well." 
We  introduce  the  following  analysis  of  the  first  of  these, 
made  in  1868  by  Dr.  C.  U.  Shepherd,  Jr. : 

Old  Artesian  Well. 

One  United  States  Gallon  contains: 

Solids.  Grains. 

Sodium  bicarbonate ,■ . .      71.06 

Calcium  bicarbonate 12 

Magnesium  bicarbonate .02 

Sodium  chloride 63.38 

Silica Trace. 

Organic  matter Trace. 

Iron  o,\idH 1'™'^£; 

Aluminum  oxide —         -"9 

Carbolic  acid Trace. 

135.37 

This  water  has  a  temperature  of  87°  F.,  and  is  there- 
fore a  thermal.  The  well  is  1,3,50  feet  deep,  and  the 
flow  of  water  is  estimated  at  1,200  gallons  per  hour. 
The  Commercial  Cotton  Press  Well  contains  a  consider- 
able proportion  of  sulphate  of  magnesium. 

Jianes  K.  Crook. 

CHATTOLANEE  SPRINGS.  — Baltimore  County, 
Maryland. 

Post-Office. — Chattolanee.     Hotel. 

Access.— Via  Northern  Central  Railroad  from  Balti- 
more, 33  miles. 

These  springs  are  delightfully  located  in  the  Green 
Springs  Valley.  They  are  .six  in  number  and  yield 
{..iOO.'OOO  gallons  of  water  daily.  The  waters  are  not 
strongly  mineralized,  but  are  quite  remarkable  for  their 
great  purity  and  freedom  from  organic  matter.  The 
following  analysis  was  made  by  Slessrs.  Lehman  and 
Mager,  of  Baltimore : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Magnesium  carbonate J-^ 

Calcium  carbonate *-^ 

Magnesium  chloride -^ 
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Solids.  Grains. 

Sodium  chloride 11 

Sodium  sulphate .08 

Potassium  sulphate .10 

Iron  oiide Trace. 

Lithia , Trace. 

Silica 24 

Carbonic  acid  (combined)  1.11 

Total  solids . .       8.28 

Temperature  of  water  at  springs,  52*  F. 

The  water  is  of  the  light  allialine-ealcic  class.  In  ad- 
dition to  its  properties  as  a  table  beverage  it  is  said  to  be 
verj'  useful  in  dyspepsia  and  indigestion  and  the  early 
stages  of  Bright's  disease.  The  water  is  extensively 
sold  in  Baltimore  and  other  cities.         James  K.  Crook. 

CHATTANOOGA,  TENN.— A  city  of  about  50,000  in- 
habitants, situated  iu  the  southeastern  portion  of  Ten- 
nessee, upon  the  Tennessee  River.  It  is  762  feet  above 
sea  level,  and  the  surrounding  mountains  are  from  1,320 
feet — Missionary  Ridge — to  2,160  feet — Lookout  Moun- 
tain,— both  of  which  points  are  easy  of  access.  The 
scenery  is  varied  and  beautiful,  and  the  atmosphere  is 
exhilarating  and  pure.  The  spring  is  early,  opening  in 
March,  and  the  vegetation  rich  and  varied.  The  soil  is 
drj'  and  loamy,  and  the  drainage  good.  There  are  oc- 
casional winds  and  fogs,  but  the  city  is  so  surrounded  by 
mountains  that  it  is  greatly  shielded  in  this  wa}'  from  the 
winds.  The  climate  is  indicated  in  the  accompanying 
table,  kindly  obtained  for  the  writer  bj-  Dr.  W.  A. 
Applegate.  of  Chattanooga.  From  this  it  is  seen  that 
the  winter  climate  is  moderate  and  the  summer  not  ex- 
cessively hot.  The  relative  humidity  is  quite  high,  and 
the  average  number  of  clear  and  fair  days  not  remarkably 
large  in  comparison  with  other  health  resorts  in  the 
South.  The  daily  range  of  temperature  is  also  seen  to 
be  large. 


in  the  pure  and  bracing  atmosphere,  mild  winter  tem- 
perature, and  attractive  scenery,  substantial  climatic  ad- 
vantages in  the  treatment  of  pulmonary  tuberctilosis ;  for 
the  chief  end  of  all  climatic  treatment  of  consumption 
can  well  be  accomplished  here,  namelj-,  con.stant  ex- 
posure to  pure  outdoor  air.  A  sanatoiium,  for  instance, 
on  Lookout  Mountain,  conducted  as  Falkenstein  or  the 
Adirondack  Cottage  Sanatorium  is,  would  doubtless  ex- 
hibit equally  good,  if  not  better,  results.  Formerly 
malaria  was  very  prevalent  here,  but  since  the  sanitary 
condition  of  the  city  has  been  improved,  this  disease  is 
said  to  have  disappeared  to  a  very  great  extent. 

The  outdoor  attractions  are  many  and  varied ;  excur- 
sions to  the  various  battlefields — Cliickaniauga,  Slission- 
ary  Ridge,  Lookout  Mountain,  and  Orchard  Knob — are 
all  full  of  interest.  The  view  from  Lookout  Mountain, 
as  the  writer  can  testify  from  personal  experience,  is  a 
striking  one,  looking  down  upon  the  winding  river  and 
the  other  lesser  heights.  The  roads  are  good,  and  driv- 
ing and  wheeling  are  popular  amusements. 

The  accommodations  are  excellent  both  as  regards 
hotels  and  boarding-houses.  "  Lookout  Inn  "  on  Lookout 
Mountain  is  open  all  the  j'ear  and  affords  the  best  of  ac- 
commodations. 

Chattanooga  is  a  railroad  centre  and  is  easily  accessible- 
from  all  directions.  Edward  0.  Otis. 

CHAULMOOGRA.— Ch.^wtl-Mukgki.  The  seeds  of 
two  sjiecies  of  (jyiioenrdifi  (fam.  Flactmrtiaceo')  of  South- 
eastern Asia;  also  the  oil  expressed  from  them  and  the 
bark,  the  latter  not  being  an  article  of  commerce  with  us. 
The  seeds  of  commerce  are  commonly  referred  to  G. 
odorata  R.  Br.  This  species,  however,  does  not  yield 
the  ordinary  seeds,  which  contain  no  prussic  acid,  hut  a 
different  variety,  rai'e  in  commerce  and  rich  in  prussic 
acid.  The  species  yielding  the  commercial  seeds  appears- 
undescribed,  though  it  is  indefinitely  referred  to  by  vari- 


Chatt.vnooga,  Tens.      Latitude.  35°  4'  ;   Longitxtde,  85°  15'.      Clim.\^tic  Data  from    Observations   from 

1879  TO  1899  IscLDsn'E. 


Temperature. (Fahr.)  — 

Average  or  normal 

Average  daily  ninge 

Mean  of  wannest 

Mean  of  coldest 

Highest  or  maximum 

*Lowest  or  minimum 

Humidity — 

Average  relative 

Precipitation — 

Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles  . 
TVeather— 

Average  number  of  clear  days — 

Largest  nunihcr  c.f  clear  days 

Smallest  iiunibcr  I'f  clear  days  — 

Average  luunlter  of  fair  days 

Largest  number  of  fair  days 

Smallest  numtier  of  fair  days 

Average  mimher  of  cloudy  days  .. 

Largest  number  »>f  cloudy  days .. . 

Smallest  iminber  of  cloudy  days... 

Average  number  of  rainy  days  . . . 

Smallest  number  of  rainy  days  . . . 

Largest  number  of  rainy  days 


H.4° 
16 

:".2.2 

33.6 


6.19 


N.E. 
6.9 


45.i° 
17.4 
54.0 
33.8 

78 

O 

in 

5.32 

N.W. 

7.5 


13 

3 
10 
17 

6 
11 
16 

8 
13 

6 
22 


.51.1° 

18.7 

56.6 

45.7 

85 

15 

67« 

5.95 

N.W. 

7.7 


61.0 

20.1 

65.0 

55.4 

90 

35 

61X 

4.52 


68.5° 

20.8 

71.8 

tn.4 

93 

40 

69* 

3.89 

S.W. 
5.5 

10 
19 

2 
15 
23 

7 

6 
13 

1 
11 

5 
16 


75.9° 
19.8 
78.9 


45 

73  X 

4.49 

S.W. 
4.9 

9 
16 

4 
15 
19 
11 

6 
15 

1 
13 

6 
19 


78.4° 
18.4 
81.1 
75.4 
101 
56 

75X 

4.22 

S.W. 

4.8 


16 

22 


13 
1 

14 
6 

19 


77.0° 
18 
80.8 
73.8 
100 
54 

m 

3.80 

N.E. 
4.6 


15 
5 

15 
19 
10 

7 
13 

3 
13 

5 
18 


n.8° 

19.3 

75.8 

68.1 

98 

.38 


N.E. 
4.6 

12 
31 

5 
12 
18 

6 

6 
13 

0 


16 


61.6° 

20.1 

67.2 

56.5 

91 


74X 

2.71 

N.E. 
5.2 

15 
23 

8 
10 
15 

4 

6 
13 

3 

8 

3 
13 


50.3° 

18.5 

.55.8 

45.4 

79 

16 

71* 

3.71 

S. 
6.1 

11 
22 

6 

9 
14 

5 

9 
15 

3 

9 

3 
19 


43.7° 
17.1 
.57.2 
38.1 
73 
3 

74* 

4.31 

S. 
6.6 

8 
14 

1 
11 
15 

6 
13 
17 

8 
11 

5 
17 


59.9°- 

19.3 

66.3 

.55.3 

88.4 

36.9 

74.2* 

53.81 


5.9 

116 
207 

47 
147 
213 

78 
103 
180 

43 
136 

63 
221 


*  Lowest  on  record  is  —  10°  on  February  13th,  1899. 


Judged  from  its  climatic  conditions  solely,  Chattanooga 
would  hardly  fall  within  the  list  of  genuine  health  resorts, 
although,  like  so  many  partisan  reports  upon  health  re- 
sorts, its  "climate  conditions"  are  vaunted  as  "unsur- 
passed liy  any  point  in  this  country.'"  It  is  needless  to 
say  that  the  writer  who  makes  this  statement  gives 
neither  full  climatic  tables  nor  any  seines  of  results  ob- 
tained in  the  treatment  of  disease.  Undoubtedly  a  resi- 
dence in  some  of  the  high  localities  about  the  citj'  offers, 


ous  authors.  The  hark  employed  is  possibly  that  of  the 
(t.  odorata.  because  prussic  acid  is  developed  in  its  in- 
fusion, which  is  also  astringent,  hence  mtich  like  wild- 
cherry  bark.  It  is  used  as  a  febrifuge.  The  fruit  pidp 
is  used  to  poison  fish.  The  seeds  and  the  oil  expressed 
from  them  are  extensively  employed,  externally  and  in- 
ternally, in  the  East,  as  a  remedy  for  leprosy  and  for 
various  skin  diseases. 
The  plant  is  a  tree,  and  bears  directly  from  its  trimk. 
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and  large  branches,  globoidal  berries,  as  large  as  a  .shad- 
dock, continuing  numerous  seeds.  The  latter  arc  about 
one  inch  or  one  inch  and  a  quarter  long,  irregularly  ovoid, 
angular  from  pressure,  and  dull  gray.  The  kernel  shrinks 
away  from  the  testa  in  drying,  the  latter  being-  thin  and 
brittle.  The  oily  kernel,  at  first  white,  becomes  brown. 
It  has  a  disagreeable  otlor  and  taste.  The  seeds  consist 
of  about  half  their  weight  of  a  brownish-yellow  li.xed 
oil,  of  a  specific  gravity  of  about  .94.5.  The  active  por- 
tion of  this  oil  appears  to  be  its  12  percent,  ofgynocardic 
acid,  with  3  of  cocinic.  4  of  hypogtEic,  and  60  of  palmitic 
acids.  The  oil  has  been  considerably  employed  in  pro- 
fessional practice,  both  externally  and  internally,  in  skin 
diseases.  The  dose  is  iriiij.-iv.  after  meals,  gradually  in- 
creased. Doses  of  ^^.  x.  have  been  foimd  irritating  to  most 
persons,  resulting  in  vomiting  and  purging. 

Oynocardic  acid  has  also  been  employed  and  is  said  not 
to  cause  nausea.  An  ointment  made  of  fifteen  to  twenty- 
five  grains  of  this  acid  to  the  ounce  of  vaseline  has  been 
recommended  as  an  application  to  dry  patches  of  eczema. 

False  chnnlmoogrn  is  the  seed  of  Hydnocarptis  nnthH- 
mintica  Pierre,  a  related  plant.  It  is  similarly  used  in 
native  practice,  and  also  as  an  anthelmintic. 

Henry  H.  liusby. 

CHEILITIS     GLANDULARIS     APOSTEMATOSA.   — 

Deriv. — A'f'''"".  tl't'  'ip;  glandularis,  having  the  appear- 
ance or  form  of  glands ;  and  apostematosus,  from  airdaT/j/za, 
an  abscess. 

Synontm. — Myxadenitis  labialis. 

Under  this  name  Richard  Volkmann  (Ymhow's  Archiv 
fijr  pathol.  Anatoiiiie,  1870,  L.,  pp.  143-144)  describes 
five  cases  of  a  peculiar  chronic  inflammation  of  the  lower 
hp. 

Symptoms. — Swelling  of  the  lower  lip  gradually  en- 
sued without  being  especially  painful  and  the  lip  became 
hard  and  tense,  giving  the  face  an  impleasant,  idiotic  ex- 
pression. The  mobility  of  the  lip  was  very  much  im- 
paired and  in  one  case  almost  lost.  The  swelling  in- 
volved tlie  entire  width  and  breadth  of  the  lower  lip  to 
its  union  with  the  chin.  In  one  instance  the  upper  lip 
was  also  affected.  The  surrounding  cutaneous  integu- 
ments were  somewhat  erythematous  in  appearance. 
Upon  close  examination  the  mucous  glands  in  all  cases 
were  found  to  be  swollen  to  the  size  of  a  hemp  seed  and 
even  larger,  and  were  very  numerous  throughout  the 
mucous  membrane.  When  the  lip  was  everted  the  fol- 
licular openings  were  seen  to  be  much  dilated  and  in 
some  instances  admitted  a  line  sound.  On  pressure, 
which  gave  rise  to  only  moderate  pain,  an  opaque 
mucous  or  muco-puruleut  discharge  appeared,  giving  to 
the  lip,  which  had  been  previously  dried  carefully,  the 
appearance  of  being  covered  with  small  dew  drops.  In 
three  cases  abscesses  occurred  which  originated  in  the 
glands  or  in  the  surrounding  peri-acinous  connective 
tissue.  Furuncles  formed  in  the  fleshy  part  of  the  lip, 
which  became  inflamed  witliout  being  especially  painful, 
and  at  times  the  skin,  but  more  frequently  the  mucous 
membrane,  was  perforated  with  small  openings,  and 
showed  very  marked  tendency  to  fistula?  and  secreted  a 
muco- purulent  discharge  for  weeks  and  months.  In  one 
case  there  existed  simultaneously  on  the  inside  of  the 
lower  lip  twelve  to  fifteen  such  openings  which  admitted 
a  larger  soimd  with  ease  and  led  to  irregular  fistulous 
passages  extending  through  the  substance  of  the  lip. 
True  ulceration  did  not  occur  in  these  openings,  in  any 
case,  and  no  evidence  of  syphilitic  ulcers  or  plaques 
could  be  demonstrated  on  the  lip  or  on  the  mucosa  of  the 
mouth  and  pharynx.  Two  of  the  cases,  although  sub- 
jected to  energetic  treatment  for  some  time  with  potas- 
sium iodide  and  local  applications  of  silver  nitrate,  the 
point  being  introduced  into  the  follicles  under  anoesthesia, 
and  applications  of  lead  water,  showed  but  very  little  im- 
provement. The  remaining  three  cases  were  cured  in 
four  to  eight  weeks:  potassium  iodide,  gargles  of  potas- 
sium chlorate,  and  mihl  cauterization  being  employed. 
All  of  the  patients  were  adults.  Three  had  previously 
been  syphilitic  shortly  before  the  attack,  and  in  one  of 


these  a  fading  syphilitic  eruption  on  the  palm  was  still 
present ;  with  the  exception  of  a  few  slightly  enlarged 
lymphatics  no  local  evidence  of  syphilis  cou'ld  be  detected. 
Two  patients  were  in  perfect  health  and  denied  all  his 
tory  of  syphilis.  The  course  of  the  disease  in  all  five 
cases  was  very  similar,  although  differing  in  severity. 
It  is  quite  certain  that  catarrhal  mflammation  of  the  labial 
gjlands  existed  in  all  these  cases,  accompanied  by  suppura- 
tion in  places:  actual  suppuration  occurred  partly  in  the 
gland  and  partly  in  the  pcri-aciuous  connective"  tissue, 
hence  Volkmann  proposes  to  call  the  affection  cheilitis 
glandularis  or  myxadenitis  labialis.  He  is  undecided  as 
to  the  role  syphilis  plays  in  this  disease:  he  is,  however, 
inclined  to  think  that  it  does  not  exert  a  direct  influence. 
It  is  more  probable  that  the  etiological  factor  is  to  be 
sought  for  solely  in  the  catarrhal  condition  of  the  mouth 
and  pharynx,  which  always  existed  simultaneously,  and 
probably  spread  liy  means  of  the  secretion  of  the  oral 
cavity  through  the  outlets  of  the  labial  glands  to  the 
acinous  bodies.  Emmanuel  J.  Stout. 

CHELOID.     See  Keloid. 

C  H  E  0  U  E  N . — CiTEK.iN.  The  leaves  of  Eugenia.  Cheqtien 
Moliuo  (fam.  Myrtm-eee).  A  large  and  beautiful  white- 
flowered  shrub  of  Chili  and  Bolivia,  closely  resembling 
the  common  European  myrtle.  The  leafy  twigs  were 
originally  used,  but  in  this  form  by  far  the  greater  por- 
tion is  inert  woody  fibre.  The  leaves  average  about 
half  an  inch  or  more  in  length,  frequently  with  an  ob- 
scure tooth  on  one  side,  thick,  coriaceous,  bright  green, 
smooth  and  punctate,  an<l  aromatic  in  taste  and  odor. 
They  contain  four  or  five  per  cent,  of  tannin  and  two  or 
three  of  volatile  oil,  the  latter  consisting  chiefl}' of  pinene, 
with  some  cineol.  Chcquen  belongs,  therefore,  to  the 
Eucalyptus  series  of  aromatic  drugs,  its  action  being 
specially  upon  the  respiratory  raucous  membrane, 
through  which  the  oil  is  largely  excreted.  Its  use  is  as 
a  tonic  expectorant,  particvdarly  in  catarrhal  conditions. 
It  is  commonly  given  in  the  form  of  the  fluid  extract,  in 
doses  of  4  to  8  c.c.  (fl.  3  i.-ij.).  Henry  H.  Mvsby. 

CHERRY,  VJ\tD.—Pri/nM  Virginiana.  "The  bark 
of  Pniiius  serotina  Ehrhart,  collected  in  autumn  "  (U.  S. 
P.).  The  bark  of  Primus  Virginiana  L.  should  not  be 
collected.  It  is  the  choke-cherry  and  is  mostly  only  a 
.shrub.  This  contradiction  will  probably  be  corrected  in 
the  next  edition  of  the  Pharmacopoeia  by  dropping  the 
word  "  Virginiana  "  from  the  title. 

P.  serotina  is  a  large,  graceful  tree,  with  spreading, 
slender  branches  covered  with  red  or  purplish,  smooth, 
.shining  bark;  that  of  the  trunk,  however,  is  dark  and 
exfoliating.  Its  wood  is  the  valuable  cherry,  so  exten- 
sively used  for  house-finishing  and  cabinet  work.  In 
general  aspect  it  resembles  the  domestic  cherry  trees, 
but  is  much  larger  and  has  a  rounder  and  more  spreading 
top.  The  flowers  are  small  (less  than  1  cm.  across),  and 
borne  in  long,  slender,  rather  erect,  terminal  racemes. 
Calyx  cup-shaped,  five-toothed.  Corolla,  of  five-reflexed, 
broadly  obovate  white  petals.  Stamens,  twenty  or  so- 
peiigynous.  Ovary,  simple,  one-celled,  two-ovuled. 
Fruit,  a  round,  black,  bitterish-sweet  drupe,  nearly-  1  cm. 
in  diameter.     Stone,  one-seeded. 

The  wild  cherry  tree  grows  in  nearly  all  parts  of  th& 
United  States  and"  Canada.  In  the  Middle  States,  and  in. 
some  of  the  Western  ones,  it  is  very  abundant  and  large ;: 
in  the  extreme  South  it  is  less  common,  and  in  New- 
England,  although  common,  it  does  not  attain  its  maxi- 
mum size. 

Wild  cherry  has  been  recognized  by  each  edition  of 
the  Pharmacopoeia,  from  the  first,  in  1820,  to  the  present. 
Although  occasionally  employed  in  Europe,  it  is  essen- 
tially a  local  drug. 

The  bark  should  be  collected  in  the  autumn,  when  its 
hydrocyanic  odor  and  taste  are  the  most  perceptible,  and 
that  of  the  root,  moreover,  is  said  to  be  preferable  to- 
that  of  aerial  portions;  but  it  is  a.i  abundant  and  cheap- 
drug,  largely  called  for  in  domestic  and  other  informal 
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medicine,  and  apparently  indiscriminately  gathered. 
Much  of  it  is  nearly  devoid  of  its  proper  odor.  The 
Pharmacopoeia  description  is  as  follows:  "In  curved 
pieces  of  irregular  fragments,  one-twelfth  of  an  inch  (2 
mm.)  or  more  thick,  outer  surface  greenish  brown,  or 
yellowisli  brown,  smooth,  and  somewhat  glossy,  marked 
witli  transverse  scars.  If  collected  from  old  wood  and 
deprived  of  the  corky  layer,  the  outer  surface  is  nut- 
brown  and  uneven ;  inner  surface  somewhat  striate  or 
fissured.  Upon  maceration  in  water  it  develops  a  distinct 
bitter-almond  odor;  its  taste  is  astringent,  aromatic,  and 
bitter.  The  bark  of  the  small  branches  is  to  be  rejected. " 
The  spurious  bark  of  the  ehoke-cherrj-  is  much  thinner 
and  tougher,  consisting  largely  of  bast  fibres,  which  are 
lacking  in  the  genuine. 

Wild-cherry  bark  contains  substances  analogous  to  the 
emiil.nn  and  amygdaliii  of  bitter  almonds.  Upon  being 
macerated  in  water  and  subjected  to  distillation  it  yields 
hydrocyanic  acid,  and  a  rohttile  oil  having  the  properties 
of  that  of  almonds.     It  also  contains  tannic  acid. 

Wild  cherry  is  iised  as  a  sedative  bitter  tonic  and  a 
sedative  expectorant ;  the  sedative  property  due  to  its 
hydrocyanic  acid,  the  bitter  probably  to  its  amygdalin 
only.     It  is  somewliat  astringent. 

The  above  finalities  express  its  entire  value  as  at  pres- 
ent understood.  As  a  substitute  for  quinine  it  is  entirely 
obsolete.  Dose  from  2  to  4  gm.  (  3  ss.  ad  i.).  The  fluid 
extract  (Extraetum  Pruni  Virginianw,  strength  \)  and 
the  infusion  (Infiinnm  Pruni  Virginiance,  strength  -j-^) 
are  official,  and  represent  it  well.  The  syrup  (Syrnpiis 
Pruni  Virginiance.  U.  S.  P.,  15  per  cent.)is  frequently 
used  as  a  basis  for  cough  mixtures;  its  taste  is  rather 
pleasant. 

Allied  Pl.^xts. — See  Almonds,  Bitter  and  Sireet. 

Allied  Drugs. — Cherry-laurel  leaves.  Peach  seeds, 
and  also  Almonds  and  Hvdrocvanic  Acid. 

11".  P.  Bolki. 

CHEST,  DEFORMITIES  OF  THE.— The  chest  is  a 
box  or  cage  enclosing  and  protecting  the  heart,  lungs, 
and  great  vessels;  but  it  is  also  an  organ,  which  by  its 
rhythmical  expansion  and  contraction  plaj's  an  impor- 
tant part  in  the  respiratory  act.  It  consists  of  the  tho- 
racic skeleton  and  of  the  soft  parts  covering  it ;  but  the 
position  of  the  clavicles,  scapula;,  and  shoulders  is  so 
closely  related  to  the  shape  and  development  of  the  chest 
as  to  require  some  discussion  in  this  article. 

The  size,  shape,  and  mobilitj'  of  the  chest  vary  -with 
the  race,  age,  sex,  development,  occupation,  and  idiosyn- 
crasies of  the  individual,  and  it  is  as  difficult  critically  to 
define  its  normal  limits  as  it  is  those  of  the  nose,  ear.  or 
any  other  organ  or  part.  It  is  often  impossible  to  say 
■when  normality  becomes  peculiarity,  or  peculiarity  de- 
formity. 

According  to  Vierordt,'  one  expects  to  find  in  a  well- 
constructed  thorax,  bilateral  symmetry,  slightly  marked 
supraclavicular  depressions,  and  a  barely  recognizable 
prominence  at  the  junction  of  the  manubrium  and  corpus 
sterni.  The  true  ribs  should  so  leave  the  sternum  that 
there  is  increasing  obliquity  from  above  downward, 
making  the  angle  between  their  free  borders  almost  a  right 
angle.  Tlie  tliorax  should  lie  well  developed,  and  the 
scapula;  should  lie  flat  upon  the  back ;  only  the  lower  in- 
tercostal spaces  should  be  visible.  The  dimensions  of  the 
chest  should  be  proportionate  to  the  size  and  develop- 
ment of  tlic  body,  and  in  adult  life  its  transverse  diameter 
should  exceed  its  an tero- posterior  in  the  ratio  of  three  to 
two  or  less.  Vierordt's  Tabellen-  give  various  chest 
measurements  according  to  the  most  reliable  observations. 
The  mean  value  of  chest  plav,  or  tlie  difference  in  chest 
circumference  between  inspiration  and  expiration,  is  thus 
given  as  three  or  four  inches.  According  to  Lee,^  the 
average  expansion  of  eight  hundred  United  States  re- 
cruits was  three  and  four-fifths  inches. 

Departures  from  the  typical  standard  are  very  frequent, 
and  may  be  qtiite  marked  in  perfectly  healthy  persons. 
The  two  sides  are  rsirelj'  perfectly  symmetrical:  indeed, 
Vierordt   himself  says  in  another  place  that  in  right- 


handed  people  the  right  semicircumference  of  the  chest 
is  the  larger  by  .5  to  3  cm. ;  in  the  left-handed,  on  the 
contrar}-,  the  left  semicircumference  of  the  chest  is  equal 
to  or  but  slightly  greater  than  the  right.  The  chest  may 
be  small  above  and  wide  below;  the  angle  of  Louis  may 
be  more  than  usually  prominent,  and  the  epigastric  angle 
exceptionally  acute.  The  supraclavicular  fossse  may  be 
marked,  without  disease;  but  if  they  are  unequal,  apical 
tuberculosis  maj-  be  suspected.  Certain  ribs,  as  the  sec- 
ond, third,  and  fourth,  may  project  in  front,  or  the  lower 
ribs  may  be  depressed.  All  these  peculiarities  are  more 
or  less  atypical  without  being  exactly  abnormal. 

The  broad  chest  of  man  with  the  square  shoulders,  and 
scajjuhe  placed  posteriorly,  correlated  with  the  upright 
posture  and  pendant,  but  freely  mobile  and  active  arms, 
is  one  of  the  most  characteristic  and  striking  peculiaiities 
of  tile  human  skeleton.  According  to  Hutchinson.''  this 
position  of  the  scapula;  is  a  very  important  factor  in  the 
development  of  respiratory  power.  Human  respiration 
is,  or  should  be,  bellows-like,  the  fixed  flap  being  the 
spine  and  posterior  chest  wall,  rather  than  piston-like,  as 
it  often  is  in  cramped  or  rigid  chests. 

In  the  human  embryo  at  the  fourth  montli  the  quadni- 
pedal  or  deep  chest,  with  the  anteroposterior  diameter 
exceeding  the  transverse,  still  persists;  at  l)irth  tliese 
diameters  are  nearly  equal.  The  infant  is  round-chested 
and  round-bellied,  and  only  after  three  or  four  years  of 
age  do  the  chest  and  abdomen  begin  to  assume  the  more 
flattened  shape  characteristic  of  adult  life.  In  adult  man 
the  proportions  of  the  chest  are  the  reverse  of  tlifise  in 
the  quadruped,  the  transverse  exceeding  tlie  antero-pos- 
terior  diameter  in  the  ratio  of  three  to  two  or  less.  Of  the 
quadrupeds  only  certain  monkeys,  moles,  and  bats,  all 
animals  possessing  great  power  and  freedom  of  motion  in 
the  anterior  extremities,  have  broad  chests.  The  evolu- 
tion of  the  human  chest  may  be  arrested  before  it  is  com- 
plete, either  from  congenital  defect  in  growth  or  ^igor 
or  from  faulty  habits  in  childhood ;  we  then  get  a  long, 
rounded  chest,  a  degenerate  or  rudimentary  type,  and 
one  often  associated  with  other  defects,  as  will  be  pointed 
out  in  the  sections  on  the  phthisical  chest  and  on  round 
back. 

Chest  deformities  may  be  divided  for  convenience  of 
discussion  into  four  groups:*  the  congenital ;  those  due 
to  static  conditions,  whether  pathological  or  not;  those 
due  to  external  constriction  or  pressure;  and  those  due 
to  conditions  of  tlie  internal  organs.  Deformities  of  the 
chest  due  to  violence,  to  new  growths,  to  local  disease,  or 
to  double  or  non-viable  monstrosities,  are  beyond  the 
scope  of  this  article. 

I.  Congenital  Deformities. 

The  individual  bones  of  the  chest  may  be  imperfect  or 
■wanting,  fissured,  misshapen,  or  augmented,  and  the 
thoracic  skeleton  may  be  deformed  as  a  ■whole. 

Spine. — The  thoracic  spine,  like  the  cervical  and  lum- 
bar, may  contain  too  many  or  too  fe'w  vertebrsE. 
Dwight '  states  that  since  he  "has  been  looking  for  such 
anomalies,  he  has  found  them  'with  surprising  frequency. 
The  commonest  anomaly  of  number  in  the  dorsal  region 
is  to  have  eleven  or  thirteen  vertebrae  present.  Noble 
Smith'  quotes  a  case  in  which  four  and  one-half  thoracic 
vertebroB  were  absent,  namely,  the  right  half  of  tlie  tiiird. 
the  fifth,  the  sixth,  the  eighth,  and  the  ninth.  There 
were  only  two  cervical  vertebrse  present  in  this  case. 
Wedge-shaped  half  vertebrae  on  one  side  or  the  other,  as 
in  the  above  case,  are  not  extremely  rare ;  or  a  vertebral 
body  may  be  made  up  of  two  unfused  halves.  The  arches 
may  be  incomplete — spina  bifida, — a  condition  which  may 
extend  to  a  great  part  or  the  wliole  of  the  spine,  and  is 
then  called  rhachischisis,  with  which,  as  with  ordinary 
spina  bifida,  protrusion  of  a  sac  and  various  anomalies  of 
the  soft  parts  frequentl}'  occur.  In  these  cases  various 
abnormal  and  often  extreme  bendings  and  curves  of  the 
spine  and  accompanying  chest  deformities  are  often  seen. 
The  best  recent  article  on  rhachischisis  is  that  by  Thorn- 
dike.* 
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It  is  well  for  bone  specialists  to  remember,  and  prob- 
ably for  others  to  forget,  thy  possibility  of  anomalies  in 
number  when  counting  vertebne  in  the  living  subject; 
also  that  one  or  more  spinous  processes  may  be  bifid,  or 
project  to  one  side  or  posteriorly  without  pathological 
significance. 

Sternum. — According  to  Dwight,'  the  sternum  is  about 
9.5  per  cent,  of  the  total  height  for  men  and  about  nine 
per  cent,  for  women.  It  may  be  entirely  or  partially 
absent,  or  more  or  less  fissured  longitudinally  or  per- 
forated. These  defects,  like  the  unclosed  arches  of  a 
spina  bifida,  are  due  to  the  failure  of  the  primitive  layers 
to  unite  in  the  median  line.  When  large  the  gap  is  cov- 
ered by  a  membrane  -.  when  small  it  may  be  entirely  un- 
noticed during  life.  Holes,  fissures,  and  defects  are  more 
common  and  of  greater  extent  toward  the  upper  part  of 
the  sternvmi.  The  xiphoid  is  often  deflected,  split,  or 
perforated. 

Ribx. — Supernumerarv  ribs  may  occur,  especially  in 
the  lower  cervical  and  upper  lumbar  regions.  Cervical 
ribs  on  one  or  both  sides  ma3'  sometimes  be  palpated  at 
the  root  of  the  neck  during  life,  and  may  cause  trouble 
by  pressure  on  the  brachial  plexus  and  require  removal. 
In  these  cases  the  pleural  sac  may  rise  abnormally  high, 
and  has  been  opened  (Planet').  Ribs  may  also  be  absent 
or  rudimentary.  Hurtlet '"  reports  five  cases  of  rudimen- 
tary first  ribs  in  English,  and  Helm"  sixteen  cases  in 
general  surgical  literature.  Cases  occasionally  occur  in 
which  several  ribs  on  one  side  with  their  costal  cartilages 
are  imperfectly  developed  and  fail  to  meet  and  unite  with 
the  sternum,  or  in  the  case  of  the  lower  ribs  with  tlie 
cartilage  above,  b}'  varying  intervals.  They  may  end 
near  the  sternum  or  free  border,  below  the  axilla,  or 
farther  back,  leaving  a  depression  or  furrow  of  greater 
or  less  extent  to  one  side  of  the  sternum,  or  in  the  lateral 
chest  wall,  covered  onl}-  with  skin  and  membrane,  which 
may  rise  and  fall  with  respiration,  pulsate  with  the  heart 
beats,  and  through  which  the  underlying  organs  may  be 
palpated.  Through  this  unprotected  area  the  lung  may 
protrude,  or  if  in  the  precordial  region  an  ectopia  cardis 
may  take  place.     "When  such  a  tendency  exists  the  gap 


Fig.  1347.— Osborne's  Case  ol  Detect  at  Ribs.    (From  HajTies.) 

should  be  protected  by  a  celluloid,  hard -rubber,  or  metal 
plate,  and  pulmonary  "hernias  have  been  known  to  recede 
under  such  treatment,  or  to  disappear  spontaneously. 
These  defects  of  the  skeleton  of  the  chest  wall  are  due 
to  an  arrest  of  growth  of  foetal  structures,  which  fail  to 
join  by  a  larger  or  smaller  interval. 


The  following  cases  are  cited  as  examples  of  this  de- 
formity ; 

Abercrombie's  "  case  was  a  boy  of  two  months,  with 
absence  of  the  second  and  third  costal  cartilages,  left  side; 
the  corresponding  ribs  ended  free,  leaving  a  small  unpro- 


FiG.  1348.— Haynes'  Case  ot  Defect  of  Lower  Ribs  on  the  Left  Side. 
(From  Haynes.) 

tected  space.  The  fourth  rib  lay  near  its  cartilage,  but 
was  not  joined  to  it.  There  was  a  notch  on  the  left  side 
of  the  sternum  near  the  third  interspace. 

Bennett's '2  ease  was  that  of  a  man  who  died  suddenly 
after  an  injury.  The  autopsy  disclosed  a  defective  third 
rib,  right  side,  which  failed  to  reach  its  cartilage  by  a 
considerable  interval.  This  case  and  another  reported  by 
Bennett  emphasize  the  danger  of  mistaking  certain  con- 
genital chest  deformities  for  the  effect  of  injury,  recent 
or  remote. 

Osborne's  "  case  was  a  boy  with  a  triangular  depres- 
sion on  the  left  side  of  the  chest  due  to  detective  devel- 
opment of  the  second,  third,  and  fourth  ribs,  which  were 
separated  from  their  cartilages  by  a  considerable  interval. 
The  extremity  of  the  fourth  rib  was  joined  to  the  fifth 
costo-cartilaginous  articulation. 

In  Townsend's  '*  case  the  ribs  of  the  left  side,  except 
the  first  two,  were  represented  by  short  rudimentary 
processes. 

Lallemand's  "  case  was  a  man  with  a  depression  as  big 
as  a  fist  on  the  left  side  of  the  chest,  due  to  a  deficiency 
of  the  third,  fourth,  and  fifth  ribs. 

Harold's  "  case  was  a  backward  boy  of  seventeen  years, 
whose  costal  cartilages  in  the  left  side  below  the  fifth  rib 
were  missing;  at  this  level  the  left  half  of  the  sternum 
and  xiphoiirwere  deficient,  and  the  pericardium  was  pro- 
tected only  by  soft  parts. 

Homer  Gage '«  reported  a  case  of  congenital  absence  of 
the  sixth,  seventh,  eighth,  ninth,  and  tenth  ribs,  left  side, 
in  a  girl  of  seventeen  years.  There  was  severe  lateral 
curvature,  convexity  to  the  right,  with  severe  deformity 
of  the  chest,  and  a'  protrusion  in  the  unprotected  area, 
supposed  to  be  due  to  a  hernia  of  the  stomach.  The  heart 
was  displaced  to  the  right,  though  the  viscera  were  not 
transposed. 

In  Hayne's"  case  the  cartilage  of  the  seventh  rib,  left 
side,  ended  three-fourths  of  an  inch  from  the  sternum, 
and  the  seventh,  eighth,  and  ninth  cartilages  were  not 
joined,  but  ended  free. 

Sometimes  the  costal  defect  is  accompanied  by  total  or 
partial  absence  of  the  greaterand  smaller  pectoral  muscles 
of  the  same  side,  as  m  the  case  reported  by  Levy,'-"  in 
which  the  third  and  fourth  ribs  of  the  right  side  ended 
below  the  axilla,  leaving  a  marked  depression.  There 
was  a  well-marked  lateral  curvature  with  convexity 
toward  the  right. 
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Schlesinger"  has  shown  that  congenital  absence  of  the 
pectoral  muscles  is  frequently  associated  with  defects  of 
ribs  or  other  thoracic  anomalies,  and  cites  the  case  of  a 
man  of  twenty-two  years  who  liad  in  addition  to  a  de- 
fect of  the  third,  fourth,  and  fifth  ribs,  and  of  the  costal 
portion  of  the  pectoral,  a  congenital  elevation  of  the 
shoulder — Sprengel's  disease — all  on  the  left  side.  It 
would  seem  that  defects  in  the  costal  apparatus  are  more 
common  in  males  and  on  the  left  side,  that  they  are  fre- 
quently associated  with  other  thoracic  anomalies,  and 
that  they  sometimes  occur  in  Individuals  otherwise  or 
generally  defective. 

Other  thoracic  deformities  sometimes  accompany  con- 
genital malformations  of  the  heart ;  there  may  be  in  such 
cases  a  projection  or  gibbosity  of  the  front  of  the  thorax 
above  the  xiphoid,  "thorax "en  proue,"  or  "thorax  en 
cavene,"  or  the  thorax  may  be  prominent  in  front  with 
flattened  sides  (see  Charrin  and  Le  Noir--). 

Occasionally  there  is  a  fusion  of  ribs,  usually  the  first 
two,  which  are  then  sometimes  called  a  bicipital  rib. 
Other  ribs  may  be  fused  at  one  or  more  points  (DeuUche 
Chlviirgie''''). 

iStilhi-'s  Costal  Stigtna  —  Costa  Fhictuans.  —  Stiller 
maintains  that  the  majority  of  cases  of  enteroptosis  begin 
in  youth  and  are  associated  with  abnormally  movable 
tenth  ribs.  This  mobility  may  approximate  that  of  the 
two  lowest  pairs  of  ribs,  and  is  due  to  a  congenital  and 
possibly  inherited  defect  in  the  cartilage,  which  Joins  the 
tenth  ribs  with  the  cartilage  above.  He  claims  that  enter- 
optosis and  nervous  dyspepsia  are  identical,  and  that 
children  exhibiting  the  costal  sign  will  always  go  on 
lo  have  enteroptosis,  atony  of  the  stomach,  constipation, 
and  nervous  dyspepsia  or  dyspeptic  neurasthenia.  He 
finds  these  conditions  nearly  as  common  in  men  as  in 
women,  and  concludes  that  tight  lacing  and  pregnancy 
have  but  little  to  do  with  enteroptosis. 

Almiifc  of  the  Pectoral  ifusdex. — This  deformity  occurs 
more  frequently  on  the  right  .side,  and  may  involve  botli 
the  large  and  small  pectorals,  but  the  pectoralis  minor 
and  the  clavicular  portion  of  the  former  often  escape. 
The  affected  side  of  the  chest  has  a  flattened  or  excavated 
appearance,  but  the  patient  has  full  use  of  the  arm  and 
suffers  no  inconvenience,  and  may  even  be  a  good  soldier 
or  gymnast.  An  infant  six  weeks  old  with  absence  of 
the  costal  portion  of  the  left  pectoral  was  exhibited  by 
the  writer  to  the  Orthopedic  Section  of  the  New  York 
Academy  of  Medicine  in  January,  1898.  and  by  a  singu- 
lar coincidence  a  boy  of  sixteen  years  with  the  same  de- 
formity on  the  right  side  was  shown  at  the  same  meeting 
by  Dr.Royal  Whitman.  In  these  cases  there  are  usually 
certain  anomalies  of  the  neighboring  soft  parts  such  as 
deficient  subcutaneous  tissue,  scanty  hair  over  the  af- 
fected area  and  in  the  axilla,  imperfectly  developed  mam- 
milla, breast,  and  anterior  axillary  border  of  the  affected 
side.  In  certain  cases  defects  of  ribs  and  anomalies 
of  the  scapula  may  exist,  as  in  a  case  reported  by  the 
writer,"  and  one  described  by  Schlesinger,-'  who  has  col- 
lected one  hundred  cstscs  of- pectoral  defect  from  medical 
literature,  and  who  states  that  in  about  one-quarter  of 
the  cases  the  pectoralis  minor  is  also  absent :  in  one-tenth 
of  the  cases  there  is  considerable  anomaly  of  the  thoracic 
.skeleton,  and  in  one  case  in  twenty  or  twenty -five  there 
is  ])ulmonary  hernia  or  displacement  of  the  heart. 

Funnel  Chest,  Funnel  Breast,  Triehterbrust,  Thorax 
en  Eiitonnoi'r. — This  deformity  is  one  of  the  most  inter- 
■esting  of  the  congenital  chest  deformities,  and  has  at- 
tracted considerable  attention  since  Ebstein's-'^  paper 
appeared  in  1882,  though  the  condition  had  been  previ- 
ouslj'  described.     Stedman-'  gives  the  earlier  references. 

In  these  cases  there  is  a  con.siderable  depression  involv- 
ing the  lower  portion  of  the  sternum,  and  the  adjacent 
cartilages  and  ril)s.  This  depression  may  be  large  enough 
to  contain  a  man's  fist,  and  is  usually  congenital,  but  its 
etiology  is  obscure.  Some  autliors  suppose  it  to  be  due 
to  a  defect  in  development,  others  to  the  pressure  of  the 
foetal  chin  or  heels,  ('ertain  authors  regard  it  as  a  stigma 
of  degeneration,  as  it  has  been  found  in  the  insane,  epi- 
leptic, and  neuropathic ;  others  have  observed  it  in  robust 


and  well-developed  individuals.  It  occurs  more  fre- 
quently in  men;  out  of  thirty  cases  twenty-three  were 
males. 

Arneiir-"  reports  six  cases,  of  which  five  occurred  in 
one  family.  These  were  a  student,  his  brother,  father, 
and  two  paternal  uncles.  This  patient  was  twenty-five 
years  old,  six  feet  tall,  and  weighed  one  hundred  and 
seventy-four  pounds;  he  was  well  developed  and  in  ex- 
cellent health.  In  his  case  the  antero-posterior  diameter 
of  the  thorax  was.  at  the  right  nipple  17.5  cm.,  at  the  left 
16.8,  and  at  the  depression  in  the  median  line  11.4.  The 
.greatest  depth   of  the  depression   was  G..5  cm.     In   the 


brother  the  depth  was  4.7,  and  in  the  father  3.' 


There 


was  one  sister  who  was  free  from  defect.  Of  Klem- 
perer's"  three  cases  two  were  brothers.  The  writer  has 
recently  reported  the  cases  of  a  mother  and  daughter. 

A  number  of  cases  of  acquired  funnel  chest  have  been 
reported.  The  deformity  may  be  acquired  by  tracti(in 
from  within,  from  adhesions,  or  bronchiectasis,  or  by 
pressure  from  without,  as  in  certain  occupations.  An 
excellent  account  of 
this  and  other  chest 
deformities  may  be 
found  in  an  article  by 
Marie.""  As  already 
noted,  there  is  little  or 
no  interference  with 
function,  and  some  in- 
dividuals are  able  to 
take  violent  exercise, 
as  respirator}'  capacity 
does  not  seem  to  be 
diminished.  Ebstein-* 
has  described  some 
cardiac  displacement 
upward  and  to  the  left. 

Thorii.r  en  Ooiittiere. 
— Somewhat  similar  to 
funnel  chest  is  the 
"thorax  en  gouttiere  " 
of  Fere  and  Schmidt,"' 
where  the  sternum 
forms  the  bottom  of  a 
longitudinal  trough  or 
gutter  whose  sides  are 
the  incurved  costal  car- 
tilages. These  authors 
claim  that  ten  per  cent, 
of  epileptics  show  this 
deformity. 

Clancies. — The  clav- 
icles may  be  wholly  or   FIG.  1349.  — Funnel  Chest, 
partly  absent   on    one  cases.) 

or  both  sides.  In  par- 
tial absence  it  is  usuallj-  the  outer  extremitj'  which  is 
wanting.  The  shoulders  drop  forward  and  inward,  and 
may  even  be  made  to  meet  in  front,  but  there  is  surpris- 
ingly little  interference  with  function.  The  writer's 
clavicle  splint  "'■  may  be  used  to  keep  the  shoulders  in 
position,  acting  on  tlie  principle  of  artificial  clavicles. 

Conffenital  Elfeationejf  the  Sceipnla — iSprengel's  Disease. 
— This  condition  was  first  described  by  Sprengel  in  1891, 
and  is  not  yet  thoroughly  understood.  An  excellent  dis- 
cussion of  the  subject  may  be  found  in  the  recent  paper 
by  Nove-Jo.sserand  and  Brisson,"-'  who  report  twenty 
cases  in  literature  and  their  own  observation  of  a  girl  of 
nine  years  with  the  right  scapula  3  cm.  higher  than  the 
left.  Besides  being  elevated  the  scapula  was  rotated  so 
that  the  inferior  angle  was  nearer  the  spine,  and  the  si)ine 
of  the  scapula  iiointed  dow-nward  and  outward.  The 
upper  border  of  the  scapula  pointed  ujiward  into  the 
neck,  producing  a  noticeable  deformity.  The  right  scap- 
ula was  somewhat  smaller  than  the  left,  but  the  clavicles 
were  equal.  The  movements  of  the  shoulder  joint  were 
free,  but  the  arm  could  not  be  raised  as  high  as  on  the 
opposite  side.  The  muscles  responded  normally  to  elec- 
tric stimulation.  The  above  description  is  typical,  and 
applies  to  most  cases.     In  about  half  the  cases  there  is  a 
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slight  scoliosis,  of  which  the  convexity  may  be  from  or 
toward  tlie  affected  side. 

lu  some  cases  there  is  facial  asj-miiietry,  the  side  of 
the  elevated  scapula  being  the  less  developed.  There 
is  little  disability,  sometimes  none,  and  when  treatment 
is  re(|Viired  remedial  gymnastics  are  sufficient.  The 
writer-'  has  reported  a  case  of  small  scapula  with  absent 
pectoral  muscle  on  the  right  side.  This  case  seems  to 
belong  in  this  group,  though  the  elevation  of  the  shoulder 
was  slight. 

A  peculiar  form  of  congeuititl  high  shotilder,  in  which 
the  scapula  was  joined  to  the  spine  of  the  seventh  cervi- 
cal vertebra  by  a  bony  process,  has  recently  been  de- 
scribed by  Wilson  and  Hugh.^* 

Congenital  ScoUosin. — This  deformity  involves  more  or 
less  all  the  bones  of  the  thorax.  The  cases  in  which  lat- 
eral curvature  is  congenital  are  rather  rare,  though  Marie  ^» 
thinks  that  many  cases  of  lateral  curvature  which  de- 
velop in  childhood  may  be  due  to  congenital  defects  of 
the  thorax  or  spine,  which  remain  latent  or  without  visi- 
ble effect  for  years,  but  tinalh'  produce  a  visible  curva- 
ture. He  includes  such  cases  imder  the  term  "  deforma- 
tions thoraciques  congenitales  tardives."  In  a  recent 
stud}'  Hirschberger ''  attributes  a  certain  number  of  cases 
of  congenital  lateral  curvature  with  defects  of  the  spinal 
column  to  intra-uterine  pressure,  with  scanty  amniotic 
fluid.  Another  group  is  associated  with  other  anomalies, 
showing  a  widespread  developmental  fault.  A  few  cases 
only  are  due  to  jiaralysis. 

The  chest  deformities  associated  with  lateral  curvature 
will  be  more  fully  described  in  a  subsequent  section. 

II.  Acquired  Deformities. 

(a)  Chest  Defortnities  Due  to  Static  Conditions. — This 
group  compnses  the  chest  deformities  due  to  the  various 
forms  of  lateral  curvature  of  the  spine,  weak  and  round 
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Fig.  1250.— Chest  Deformity  in  Severe  Scoliosis. 

back,  to  spondylitis,  and  in  ]iart  to  certain  constitutional 
diseases  affecting  the  bones,  such  as  acromegaly,  osteitis 
deformans,  and  spondylitis  deformans. 

Lateral  curvature  of  the  spine,  or  scoliosis,  is  the  naine 
of  a  striking  symptom,  whose  causjvtion  varies  widely  in 
different  cases,  and  in  many  is  exceedingly  obscure.  The 
list  of  diseases  and  conditions  with  which  lateral  curva- 


ture is  more  or  less  frequently  associated  is  a  long  one, 
but  in  all  the  efficient  cause  is  an  asymmetrical  or  imi- 
lateral  weakening  of  the  skeleton  or  nmscles,  often  due 
to  a  one-sided  incidence  of  stress,  as  an  habitual  faulty  or 
one-sided  j)osture.  loss  of  an  arm,  short  leg,  congenital 
defects  of  spine  or  chest,  torticollis,  Sprengel's  disease, 
.sacro-iliac  disease;  in  other  cases  to  asymmetrical  soft- 
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Fig.  1251.  —  Anlein-i'nsi. -nor  (■|],■^l    |i.>l(iriiiity    in   Si-\. 
The  posterior  boss  is  on  the  right  side  ouly. 
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eniug,  hardening,  or  distortion  of  certain  ]iarts  of  the  skel- 
eton as  in  rickets,  cretinism,  achondroplasia,  acromegaly, 
diffuse  hyperostosis  (leontiasis), osteomalacia,  rheumatism, 
spinal  osteo-arthritis,  osteitis  deformans  (Paget's  disease), 
pulmonary  osteo-arthropathy,  and  often  tuberculousspon- 
dvlitis;  also  in  certain  nervous  and  paralytic  disorders 
which  affect  the  spinal  and  trunk  muscles  in  au  asymmet- 
rical manner,  such  as  poliomyelitis,  sciatica,  Friedreich's 
ataxia,  syringomyelia,  hysteria,  athetosis,  paralj'sis  of 
certain  spinal  muscles,  and  some  of  the  chronic  muscular 
atrophies  and  dystrophies.  The  commonest  and  most  im- 
portant class,  however,  is  that  in  which  the  lateral  curva- 
ture is  attributed  to  muscular  weakness  and  habitual 
fault}'  postures,  but  in  which  no  very  obvious  predis- 
posing cause  is  evident  and  about  the  causation  of  which 
very  little  is  really  known. 

The  distortion  "of  the  spinal  column  is  probably  the 
most  important  but  by  no  means  the  only  element  in  the 
deformity.  The  entire  thorax  becomes  by  degrees  warped 
and  twisted,  and  while  the  different  varieties  of  lateral 
curvature  vary  in  their  characteristics,  and  the  ordinary 
or  postural  deformity  in  the  degree  of  distortion  finally 
reached,  it  is  not  too  much  to  say  that  the  severer  grades 
are  among  the  most  distressing,  and,  unfortunately,  the 
most  common  of  severe  chest  deformities.  In  many  cases 
the  distortion  or  debility  affects  not  only  the  trunk,  but 
the  pelvis,  head,  and  extremities. 

The  spine  usually  has  a  dorsal  and  a  lumbar  curv  e  in 
opposite  directions.  The  convexity  of  the  dorsal  curve 
is  to  the  right  in  a  large  majority  of  cases.  The  spine  is 
also  twisted  on  or  near  its  axis  in  the  same  direction  in 
which  it  curves,  owing  to  its  lying  free  from  su  import  in 
the  thoracic  and  abdominal  cavities:   the  line  of  the  ver- 
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tebral  bodies  thus  comes  to  be  much  more  curved  than 
the  line  of  the  spinous  processes — in  other  words,  the  de- 
formity is  much  severer  and  more  complicated  than  it 
appears  to  be  from  external  inspection.  After  the  de- 
formity has  lasted  some  years,  the  bodies  of  the  vertebrae 
become  wedge-shaped  and  twisted,  the  intervertebral 
discs  compressed,  and  tlie  deformity  becomes  ti.xed.  The 
development  of  this  spinal  distortion  has  a  profound  ef- 
fect upon  the  shape  of  the  chest,  which  becomes  shortened 
in  height,  reduced  in  most  of  its  measurements,  and  is 
rendered  stiffer  and  less  flexible.  The  ribs  on  the  side  of 
the  dorsal  convexity  become  more  bent  at  their  angles, 
making  a  projection  under  the  corresponding  scapula; 
this  projection  is  sometimes  very  prominent,  producing  a 
large  posterior  bosse.  The  ribs  on  this  side  are  more  sep- 
arated at  the  sides  and  in  front  and  become  broader,  but 
are  crowded  together  behind,  where  they  may  form  false 
articulations  with  the  sjjine  and  with  each  other.  On  the 
concave  side  the  ribs  become  straighter  and  narrower, 
and  there  is  a  flattening  or  depression  in  and  below  the 
scapular  region.  The  scapula  is  usually  lower  and  less 
prominent  on  the  side  of  the  dorsal  concavity,  higher  and 
more  prominent  with  projecting  inferior  angle  on  the 
convex  side.  "With  a  right  dorsal  convex  curve,  the  left 
side  of  the  thorax  is  prominent  in  front,  and  the  left 
breast  and  left  free  margin  of  the  ribs  protrude ;  the  diag- 
onal from  right  back  to  left  front  is  much  longer  than 
normal,  and  exceeds  all  other  horizontal  measurements; 
the  opposite  diagonal  is  much  shortened,  and  a  horizontal 
transverse  section  of  the  chest  shows  an  irregular  ellip- 
soid, lying  in  the  direction  of  the  long  diagonal.  Both 
lungs  are  cramped,  the  right  the  most,  breathing  capac- 
ity is  much  diminished,  the  heart  is  displaced  to  tlie  left, 
and  the  abdominal  and  pelvic  organs  are  crowded.  The 
direction  of  the  sternum  is  changed,  and  the  whole  thorax 
and  trunk  are  strangely  shortened  and  twisted.  It  is 
strange  that  chronic  pulmonary  disease  is  so  seldom  met 
with  in  these  severe  cases  of  lateral  curvature.  The.v  are, 
liowever,  not  strong,  and  do  suffer  from  their  deficient 
respiration  and  imperfect  circulation  in  a  delicate  organ- 
ization, poor  blood,  and  defective  nutrition.  Satter- 
thwaite ''  has  specially  studied  the  displacements  of  the 
heart  due  to  lateral  curvature,  and  Faber  ^'  the  respira- 
tory ditticulties. 

The  foregoing  description  may  serve  to  indicate  the 
principal  characteristics  of  the  chest  deformities  accom- 
panying the  commonest  form  of  lateral  curvature.  In 
the  lateral  curvature  due  to  morbid  processes  affecting 
the  osseous  system,  the  bones  of  the  chest  will  present, 
besides  the  deformities  of  lateral  curvature,  those  due  to 
the  special  morljid  process,  such  as  softening,  hypertro- 
phy, or  local  distortion.  In  paralytic  lateral  curvature 
there  is  less  rigidity,  and  there  may  even  be  increased 
flexibility,  and  paralysis  of  certain  muscle  groups  will  be 
found. 

For  the  symptomatology  and  treatment  of  lateral  cur- 
vature, and  for  its  effects  on  other  parts  of  the  body,  the 
reader  is  referred  to  other  sections  of  this  work. 

Chest  Deformities  Associated  icith  Paralytic  Affections. 
— The  commonest  is  lateral  curvature  and  its  accompany- 
ing thoracic  distortions  as  mentioned  in  tlie  preceding 
paragraph,  and  the  commonest  variety  of  paralytic  lateral 
curvature  is  that  associated  with  a  certain  number  of  the 
severe  cases  of  acute  poliomyelitis,  in  which  the  trunk  or 
spinal  muscles  are  asymmetrically  involved. 

In  the  progres.sive  myopathies  of  the  scapulo-hunieral 
type,  and  of  the  facio-scapulo-humeral  tvpe,  and  in 
pseudo-hypertroi)hic  ]iaralysis,  there  often  occurs,  ac- 
cording to  JIarie,'*"  a  flattening  of  the  upper  part  of  the 
thorax.  Atrophy  of  the  pectorals  in  connection  with  this 
deformity  causes  the  upper  part  of  the  chest  in  front  to 
have  an  excavated  aspect.  In  some  cases  this  depression 
is  found  in  the  lower  part  of  the  chest  giving  an  appear- 
ance similar  to  funnel  chest,  and  these  deformities  may 
be  combined  with  scoliosis.  Certain  of  these  atrophic 
affections  produce  a  wasp  figure,  the  obliquity  of  the  ribs 
being  increased,  and  the  chest  being  straight  at  the  sides 
and  cylindrical,  with  a  marked  depression  or  constriction 


between  the  lower  ribs  and  the  thoracic  crests,  owing  to 
atrophy  of  the  waist  muscles. 

Round  ba^^k,  kyphosis,  round  shoulders,  stoop  shoulders, 
are  faulty  postures  or  deformities,  in  which  the  head, 
shoulders,  and  upper  chest  fall  or  sag  forward,  from  im- 
proper poise  and  muscular  weakness.  The  result  is  a 
rounded  back,  and  consequent  changes  in  the  shape  of 
the  chest,  position  of  the  head  and  shoulders,  and,  indeed, 
a  general  fault  of  attitude,  a  de-energized  position  in 
which  the  principal  stress  is  shifted  from  the  muscles  to 
the  ligaments.  There  has  been  considerable  confusion  in 
the  nomenclature  and  in  the  description  of  this  affection, 
or  rather  symptom.  Romid  shoulders  is  a  term  in  com- 
mon use,  but  is  unsatisfactory  since  the  faulty  position 
of  the  shoulders  is  a  secondary  symptom,  largely  due  to 
the  shape  of  the  back  and  chest,  for  which  reason  the 
term  round  back  is  preferred  by  the  writer,  though  this 
term  also  fails  to  indicate  the  general  disturbance  of  poise 
which  is  usually  present.  The  term  kyphosis  is  unfortu- 
nate, since  it  is  also  used  to  designate  the  deformity  due 
to  Pott's  disease  of  the  spine,  from  which  it  is  exceedingly 
important  to  distinguish  it. 

Round  back  or  weak  back,  then,  is  that  position  of  re- 
laxation into  which  the  bod}'  falls  when  the  upper  trunk 
is  no  longer  held  up  by  weakened  spinal  muscles.  Ex- 
cluding the  angular  projection  of  Pott's  disease,  which 
becomes  i-oimdcd  only  in  the  latest  stages,  the  alTection 
may  be  divided  into  several  varieties,  namely,  those  due 
to:  (1)  Imperfect  development  of  the  chest ;  (3)  congeni- 
tal or  acquired  weakness — convalescence;  (3)  old  age;  (4) 
paralytic  affections;  (5)  certain  diseases  which  affect  bone 
and  general  nutrition,  such  as  rickets,  scurvy,  cretinism, 
spondylitis  deformans,  osteitis  deformans  (Paget's  dis- 
ease), acromegalj',  pidmonary  osteo-artlu-opathy.  The 
list  is  very  similar  to  that  given  for  scoliosis,  but  whereas 
in  that  case  the  bcmy  or  muscular  support  was  weak- 
ened on  one  side, 
in  this  the  weak- 
ening is  approxi- 
mately symmetii- 
cal. 

Most  of  these 
kyphotic  conditions 
have  in  common  the 
forward  sagging  of 
the  spine  for  lack  of 
bony  or  muscular 
support  or  both. 
The  head  and  up- 
per chest  fall  for- 
ward, the  spine  be- 
comes more  or  less 
rounded,  the  chest 
becomes  compress- 
ed at  its  upper 
part,  but  may  be- 
come narrower 
rather  than  flatter 
as  a  whole  ;  the 
ribs  drop  down- 
ward, the  shovdders 
and  scapula^  down- 
ward and  forward, 
their  inner  borders 
receding  from  the 
spine  and  their  in- 
ferior angles  be- 
coming more  prom- 
inent. T  h  e  posi- 
tion of  the  pelvis  is 
changed,  the  feet  Fig.  1252.— Severe  Round  Back.  (Oriinnal.) 
are  weak  or  flat  and 

everted,  and  there  is  a  tendency  to  knock-knee.  The 
chest  is  usually  less  flexible  than  normal,  respiratory 
capacity  and  power  are  dimiui.shed ;  there  is  often  a  trans- 
verse furrow  at  the  upper  border  of  the  abdomen.  The 
attitude  is  that  of  fatigue,  weakness,  debility,  relaxation. 
It  is  doubtless  an  attitude  which  may  be  produced  oi 
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intensified  by  habitual  faulty  jiositions,  such  as  those  as- 
sumed for  many  liours  daily  by  schoolchildren  or  clerks 
at  their  desks.  This  factor,  however,  must  usually  be 
associated  with  fault  of  structure  or  inherited  or  acquired 
vice  of  nutrition,  nuiscle  tone,  or  skeletal  resistance,  in 
order  to  be  effective.  It  is  to  be  noted  that  the  non- 
pathological  form  of  round  back  often  affects  children  as 
earl3'  as  the  fourth  or  tiftli  year,  ami  that,  as  already  re- 
marked, it  is  rather  a  general  than  a  local  affection.  Weak 
and  pronated  feet,  week  eyes,  and  slight  degrees  of  lat- 
eral curvature  often  accompany  it.  These  children  are 
often  physically  delicate  and  nientally  unstable.  They 
may  inherit  an  imperfect  physique,  or  their  life  is  so 
precocious  or  intense,  as  to  interfere  with  ample  and  sym- 
metrical development.  In  other  words,  a  good  many  of 
these  children  are  degenerates  or  bordering  on  degen- 
eracy, and  present  the  rounded  back  and  drooping  shoul- 
ders as  striking  symptoms,  but  usually  show  other  un- 
mistakable signs  of  imperfect  development.  The  wiiter 
believes  that  in  a  certain  proportion  of  these  round-backed 
children,  the  evolution  of  the  chest  has  been  retarded  or 
arrested  at  a  certain  stage  either  from  inherited  tendency 
or  from  causes  acting  in  early  childhood,  irrespective  of 
faulty  attitudes,  and  that  this  rudimentary  chest  stands 
in  close  relation  with  the  jirc-tuljercidous  type  of  chest 
described  by  Hutchinson.  It  is  probable  that  in  a  certain 
class  of  cases  the  faulty  attitude  is  in  large  measure  de- 
pendent on  the  long,  narrow,  and  deep  chest,  which 
favors  drooping  shoulders  and  abducted  scapuUe,  and  to 
the  instinctive  desire  of  the  delicate,  under-nourished, 
and  over-stimulated  child  to  shift  the  strain  of  bodily 
weight  from  the  tired  muscles  to  the  insensitive  liga- 
ments. 

It  follows  that  purely  local  treatment  rarely  fulfils  tlie 
indications,  and  that  management  with  a  view  to  general 
development  and  a  proper  ix'gvilation  of  the  life  is  of  pri- 
mary imiiortauce.  The  chest  sliould  be  amply  developed 
in  early  years  by  a  free,  open-air  life,  with  plenty  of  tree 
and  hill  climbing,  romping,  rambling,  swimming,  run- 
ning, and  ball-throwing,  sports  that  involve  well-distrib- 
uted and  vigorous  e.xercise,  and  especially  develop  arm 
action  and  respiratory  power. 

The  habits  should  be  regulated  and  over-stimulation 
avoided.  When  the  chest  deformity  is  pronounced,  spe- 
cial corrective  and  gynmastic  exercises  are  of  great  ben- 
efit. Remembering  that  the  faulty  attitude  is  general, 
it  is  often  necessary  to  begin  by  strengthening,  placing, 
and  shoeing  the  feet,  in  order  to  secure  a  correct  pose. 
Thus  the  pupil  should  be  drilled  in  the  proper  poise  of 
the  body,  chest  forward  and  up,  abdomen  and  hips  l.iack, 
weight  on  balls  of  feet.  After  these  matters  ha\e  been 
attended  to,  breathing  and  corrective  exercises  may  be 
successfully  applied  to  the  chest.  Supporting  apparatus 
is  seldom,  and  shoulder  straps  are  never,  inquired.  The 
senseless  admonition  to  throw  the  shoulders  back  without 
attention  to  these  preliminaries  would  be  productive  of 
much  harm  if  it  were  not  almost  invariabh'  disregarded. 

The  roimd  back  of  certain  occupations  and  of  conva- 
lescence are  varieties  of  the  round  back  of  weakness.  The 
round  back  of  old  age  is  accompanied  by  changes  of  form 
in  the  chest  similar  to  those  described.  It  is  due  to  tlie 
gradually  increasing  muscular  weakness  and  ligamentous 
rigidity  due  to  advancing  age.  The  spinal  muscles,  whose 
tonus  is  diminished,  no  longer  suffice  to  hold  the  spine 
erect  and  the  chest  free.  The  drooping  spine  compresses 
the  intervertebral  discs  anteriorly:  their  elasticity  is  im- 
paired, and  the  false  attitude  finally  becomes  fixed.  Tlie 
only  efficient  prophylactic  is  an  active  and  well-distrib- 
uted muscular  life  in  youth  and  manhood  with  the  avoid- 
ance of  debilitating  influences. 

In  round  back  due  to  paralytic  disorders  the  spine  is 
often  extremely  flexible,  though  respiratory  power  is 
diminished  from  muscular  ■weakness.  The  chest  often 
remains  collapsed,  and  the  breathing  may  be  al)dominal. 
The  management  is  usually  that  of  the  disorder  upon 
whicli  tlie  round  back  depends.  Special  exercises  and 
supports  are  sometimes  of  service,  and  the  writer  has 
found  the  prone  position  on  an  inclined  padded  board  or 


mattress  to  have  an  excellent  influence  in  stimulating  the 
spinal  erector  muscles  to  action,  and  in  correcting  the 
deformity. 

The  round  back  of  paralysis  agitans  is  similar  to  that 
of  old  age. 

The  round  back  or  so-called  k3'phosis  of  rickets,  infan- 
tile scurvy,  cretinism,  and  marasmus  usually  comes  on  in 


Fig.  1253.— Rounded  Kyphos  of  Cured  Pott's  Disease.     (Original.) 

infancy  before  the  child  is  able  to  walk,  and  consequently 
before  the  evolution  of  the  normal  an tero-posterior  curves 
of  the  spine.  The  sitting  posture  probably  has  much 
to  do  with  its  production,  and  the  projection  is  of  a 
different  character  from  that  described  in  the  first  ])artof 
this  section.  It  is  rounded  and  situated  in  the  middle  or 
lower  part  of  the  back,  though  it  may  involve  nearly  the 
whole  spine,  which  is  more  or  less  flexible  and  free  from 
muscular  spasm;  there  is  no  characteristic  pain.  It  dif- 
fers in  all  these  respects  from  the  kyphosis  of  spond_vlitis. 
with  which  it.  is  sometimes  confounded,  and  which  it  is 
exceedingly  important  to  differentiate.  Mechanical  sup- 
port is  rarely  required,  as  the  deformity  usually  recedes 
under  recumbency  for  longer  or  shorter  periods,  together 
with  the  treatment  appropriate  for  the  dyscrasia.  In  the 
rare  cases  in  which  the  deformity  persists  and  becomes 
rigid  after  the  cure  of  the  disease,  the  treatment  is 
difficult,  and  mechanical  support  may  be  required. 

In  acromegaly  the  dorsal  spine  may  become  rounded, 
and  the  ribs,  sternum,  and  clavicles  hypertrophied.  giv- 
ing a  massive,  deep  chest.  The  bent  back  and  exagger- 
ated senile  attitude  may  occur  in  osteitis  deformans 
(Paget's  disease)  and  in  osteo-arthritis  of  the  spine. 

Aiiuii'ar  Kt/p/i'ixis. — In  Pott's  disease  the  integrity  of 
the  .spinal  column  is  destroyed  by  local  tuberculous  ulcer- 
ation, and  the  upper  section  of  the  trunk  falls  forward 
until  it  finds  support,  giving  rise  to  a  kyphos,  or  hump 
of  the  back,  which  is  at  first  always  angular,  and  to  vari- 
ous changes  in  the  shape  of  the  chest,  especially  if  the 
disease  affects  the  thoracic  vertebra'.  In  disease  of  the 
upper  dorsal  region  the  upper  part  of  the  chest  is  flat- 
tened in  front.  In  disease  of  the  mid-dorsal  region  the 
ribs  become  more  sloping,  in  severe  cases  resting  on  the 
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ilium  or  within  the  pelvis ;  the  chest  becomes  shortened 
and  laterally  compressed  ;  the  sternum  and  lower  ribs  be- 
come prominent,  and  the  antero-posterior  diameter  of  the 
chest  is  increased.  The  chest  also  becomes  very  rigid, 
and  the  breathing  abdominal  and  accelerated. 

The  changes  in  the  shape  of  the  chest  take  place  very 
slowly,  and  are  only  fully  developed  after  several  years. 

There  are  always 
rigidity  and 
spasm  of  the 
spinal  muscles 
during  the  act- 
ive stage,  and 
often  restless- 
ness or  crying 
at  night,  ab- 
dominal pain, 
and  a  character- 
i  s  t  i  c  attitude. 
These  points  and 
others  differen- 
tiate it  from  the 
rachitic  spine  al- 
ready described. 
The  treatment  is 
that  of  Pott's 
disease,  which 
includes  atten- 
tion to  hygiene 
and  nutrition, 
long  -  continued 
spinal  support 
by  special  appli- 
ances, the  avoid- 
ance of  exercise, 
and  more  or  less 
recumbency. 

The  Bachitic 
Chenf.  — Besides 
lateralcurvature 
and  kyphosis 
there  are  other  deformities  of  the  chest  so  frequently 
found  in  rickety  children  as  to  merit  separate  mention. 

Harrison's  Orome. — Tlie  greatest  softening  in  the  ra- 
chitic chest  takes  place  in  the  cartilages  of  the  lower  ribs, 
where  the  chest  is  unprotected  by  the  lifting  action  of 
the  upper  and  lateral  chest  muscles.  Just  below  the  nip- 
ples there  is  nearly  always  a  depression,  which  in  severe 
cases  extends  upward  near  the  costo-sternal  jtmctiou  or 
outward  toward  the  axillary  line.  It  has  often  lieen 
thought  that  this  depression  was  due  to  the  traction  of 
the  diaphragm,  but  it  lies  above  the  diaphragmatic  at- 
tachment. The  free  border  of  the  ribs  is  usually  promi- 
nent, owing  to  enlarged  liver  and  spleen  and  distended 
abdomen.  These  lateral  depressions  of  the  chest  are  in 
such  a  position  that  they  are  comfortably  tilled  by  the 
flexed  forearms  of  the  child,  but  it  is  improbable  that  the 
pressure  of  the  arms  has  anything  to  do  with  their  j.iro- 
duction.  According  to  Stone,  ^'  flattening  of  the  sides  of 
the  chest  is  less  common  than  the  formation  of  a  trans- 
verse groove  and  occurs  in  about  a  quarter  of  the  cases. 
The  enlargement  of  the  costo-chondral  jimctions,  which 
forms  the  rachitic  rosar}',  is  often  so  great  as  to  be 
plainly  visible. 

Piytoii  Brenxt,  Pigeon  Clwst,  Chicken  Breast,  Keeled 
Chest.  Pectus  Carinntum. — The  submammary  flattening, 
the  formation  of  a  transverse  sulcus,  the  flattening  of  the 
sides  of  the  chest,  and  the  flattening  of  the  i  pper  anterior 
chest  enter  into  the  formation  of  pigeon  breast,  which  is 
simply  the  final  outcome  of  a  process  of  which  the  flat- 
tening is  the  first  stage  (Stone).  In  pigeon  chest  the 
sternum,  and  especially  its  lower  part,  is  prominent,  and 
the  costal  cartilages  slope  away  abruptly  at  the  sides. 
The  anteroposterior  diameter  of  the  chest  is  increased, 
the  lateral  diminished,  and  the  chest  is  much  narrowed 
in  front ;  it  is  also  shorter  than  normal. 

The  reverse  condition  with  a  depression  over  the  ster- 
num may  occur  as  the  result  of  rickets.     Both  these  de- 
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formities  maj'  be  more  pronounced  on  one  side.  These 
rickety  chests  are  not  only  misshapen,  but  after  the  sub- 
sidence of  the  rickets  they  may  remain  unduly  rigid  and 
dwarfed. 

Besides  impeding  respiratory  movements,  these  ra- 
chitic chest  deformities  cause  very  little  trouble,  and  when 
fully  developed  are  practically  incurable.  Ameliora- 
tion may  sometimes  be  obtained  by  respiratory  and  gen- 
eral exercises.  During  the  stage  of  development  the 
treatment  of  the  rickets  is  very  important. 

Similar  conditions  are  sometimes  due  to  obstruction  of 
the  air  passages  by  adenoids,  swollen  turbinates,  enlarged 
tonsils,  polypi,  or  hypertrophic  rhinitis.  Tubby  ■"  relates 
several  such  cases,  giving  iflustrations  of  the  deformities 
produced.  He  sa_vs  the  proof  of  the  dependence  of  the 
chest  deformities  upon  the  conditions  named  is  given  by 
their  rapid  improvement  after  the  removal  of  the  ob- 
struction to  respiration.  A  mild  grade  of  these  conditions 
is  not  imcommon  in  school-children,  and  is  often  accom- 
panied by  nrouth  breathing,  and  by  inattention  and  ap- 
parent mental  dulness,  which  clears  up  when  the  cause  is 
corrected. 

(i)  Chest  Beformilies  Due  to  Lading. — Certain  chest 
deformities  are  due  to  pressure  from  without,  and  of 
these  the  commonest  is  the  constriction  of  the  waist 
and  lower  chest  b}'  corsets  among  civilized  women. 
The  use  of  corsets,  even  when  loosely  laced,  prevents 
the  proper  expansion  of  the  lower  ribs  in  respiration, 
and  forces  the  breathing  into  the  tipper  thorax.  This 
effect  has  been  so  universal  that  the  exaggerated  upper 


FIG.  13M.— Rachitic  Chest.  Showing  Pigeon  Breast  and   Harrison's 
Gr«)ve.    (Hospital  for  Ruptured  and  Crippled.) 

thoracic  breathing  of  women  is  usually  described  as  a 
noi'mal  peculiarity  of  the  sex.  but  it  has  been  pretty 
well  established  that  boys  and  girls  breathe  alike  until 
the  girls  put  on  corsets,  and  that  women  who  do  not 
wear  corsets  breathe  very  much  like  men,  that  is,  with 
a  bellows  action  of  the  whole  chest,  and  not  with  a 
piston  action  of  part  of  it.  The  evil  elfects  of  this  ab- 
normal constriction  are  seen  not  only  in  respiration,  but 
even  more  in  the  crowding  and  displacement  of  the 
viscera.  The  liver  may  be  deeply  indented  with  the 
marks  of  the  compressing  ribs,  and  the  ribs  themselves 
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are  often  misshapen  about  the  waist.  The  stomach,  in- 
testines, and  jK'lvic  organs  are  frequently  displaced 
downward,  with  many  resulting  ills.  The  rigidity  and 
compression  of  the  staj's  weaken  the  waist,  back",  and 
abdominal  muscles,  and  interfere  with  the  natural  sup- 
port and  normal  mobility. 

Cobbler's  Che-it. — Some  occupations  cause  special  chest 
deformities,  such  as  the  cobbler's  chest,  due  to  the  press- 
ure of  the  last  against  the  end  of  tiie  sternum,  producing 
a  depression  similar  to  funnel  chest,  but  lower. 

Tailors  who  sew  in  a  bent-over  attitude  often  have  a 
hollow  chest. 

(f)  Defnrmilies  Due  to  Chnnr/es  in  the  Ihnraeic  uml  Ab- 
dominal  Contents. — The  last  division  of  chest  deformities 
includes  those  that  are  due  to  changes  in  the  thoracic  or 
abdominal  contents. 

Tlte  Inflated,  Distended,  or  Emphysematous  Thorax. — 
The  t}'pical  chest  of  emphj-sema  is  large  and  rounded  or 
barrel -shaped.  It  is,  in  fact,  a  chest  which  permanently 
retains  the  shape  of  extreme  inspiration,  owing  to  the 
ballooning  of  the  enlarged  and  dilated  lungs,  or,  accord- 
ing to  Campbell,^'  to  overaction  of  the  insiiiratory  mus- 
cles, the  antagonistic  pulmonary  elasticity  being  impaired. 
The  ribs  are  strong  and  lea%e  the  sternum  nearly  at  a 
right  angle,  making  the  thorax  appear  short.  The  ster- 
num is  prominent,  especiall_y  at  the  angle  of  Louis,  and 
the  epigastric  angle  is  large.  The  supraclavicular  depres- 
sions are  shallow  or  effaced;  they  may  even  be  converted 
into  elevations,  if  the  pulmonary  apices  are  markedl}' 
emphysematous.  This  is  by  no  means  alwa,vs  the  case; 
they  maj'  even  be  deepened.  The  chest  is  immobile,  and 
the  breathing  abdominal.  While  one  may  safely  infer  the 
presence  of  emphysema  from  the  rigid,  inflated  chest,  one 
should  not  call  the  large,  deep  chest  of  well-built  and  active 
men  emph\sematous,  nor  should  one  forget  that  in  many 
cases  of  emph}'sema  the  lungs  are  not  enlarged,  and  the 
chest  fails  to  jjresent  the  above-described  chaiacteristics. 

Onesided  distention  of  the  chest,  particularly  in  its 
lower  part,  may  occur  in  jileuritic  effusion  and  empy- 
ema of  one  side,  in  which  conditions  there  may  be  bulg- 
ing of  the  lower  intercostal  spaces.  In  proportion  as  the 
breathing  is  crippled  on  the  affected  side,  there  will  be 
inflation  and  overaction  of  the  well  side,  especiallj'  at  the 
up|)er  i)art  in  front.  Hypertrophy  of  the  heart,  pericar- 
dial effusion,  and  aneurism  may  cause  enlargement  in  the 
precordial  region,  and  marked  enlargement  of  the  liver 
or  spleen  may  cause  a  bulging  of  the  ribs  on  the  corre- 
sponding side.  Chronic  distention  of  the  stomach  and 
bowels  may  cause  ])rominenee  of  the  lower  ribs  on  both 
sides.  Effusions  and  enlargements  of  the  internal  organs 
will  affect  the  shape  of  tbechest  in  proportion  to  its  flex- 
ibility. These  deformities  are  therefore  most  marked  in 
children,  less  in  adults,  and  least  often  observed  in  the 
aged.  In  individuals  Avith  rigid  chests  changes  in  the 
internal  organs  may  jiroduce  but  slight  effect. 

The  Phthisieal,  'Phthinoid,  Ahir.  Paratytie,  or  Eudi- 
-mentary  Chest, — This  is  partly  a  rudimentary  and  partly 
an  atrophied  chest.  It  has  usually  been  described  as  flat 
or  flattened,  but  Hutchinson-'-  has  shown  that  it  may 
be  not  only  relatively  but  absolutely  longer,  narrower, 
deeper,  and  rounder  than  normal,  approximating  the 
quadrupedal  type.  It  is  apparently  a  chest  whose  evo- 
lution has  been  arrested  at  a  lower  stage.  In  the  chest 
of  phthisis  the  ribs  are  depressed,  and  the  intercostal  and 
supraclavicular  spaces  may  be  sunken.  The  epigastric 
angle  is  diminished ;  costal  breathing  is  lessened  on  the 
affected  side. 

If  chest  deveIo]iment  is  arrested  in  childhood  or  ado- 
lescence, the  liability  to  phthisis  is  increased,  and  one 
mav  infer  a  certain  predisposition  to  pulmonary  tubercu- 
losis from  the  existence  of  this  chest  in  the  young.  The 
investigations  of  Gabrilowitch  ^■'  confirm  these  views. 
He  found  that  the  ratio  of  the  circumference  of  the  best- 
shaped  chest  to  the  total  height  was  as  1  to  1.6.  The 
ratio  of  the  mean  antei'O-posterior  diameter  to  the  trans- 
verse was  as  .70  to  1  in  normal  individuals,  but  in  phthi.si- 
cal  individuals  the  proportion  was  .73  to  1.  Rothschild  " 
criticises  Gabrilowitch's  methods  and   conclusions,  and 


gives  the  ratio  of  chest  depth  to  chest  breadth  as  1  to  1.8 
in  healthy  individuals,  and  as  1  to  1.5  in  phthisical  sub- 
jects with  tliorax  paralyticus.  He  gives  the  chest  cir- 
cumference as  one-half  the  total  height,  and  the  length 
of  the  sternum  as  one-fifth  the  chest  c'ircuml'erence  in  the 
healthy,  less  in  thorax  paralyticus.  He  also  states  that 
the  angle  of  Ludovici  and  the  angular  movement  of  the 
sternum  in  respiration  are  less  in  phthisis  (see  measure- 
ments by  I)e  Giovanni  -").  The  whole  subject  apparently 
requires  more  exact  and  extensive  study. 

During  the  destruction  of  lung  tissue  atrophy  of  the 
muscles  of  the  chest  takes  place,  and  is  most  pronounced 
on  the  side  most  seriously  involved,  and  unilateral  if  the 
disease  is  unilateral. 

Carcasonne-"  finds  that  atrophy  of  the  seapulo-thoracic 
muscles  takes  place  early  and  iuilependently  of  general 
emaciation;  it  may  even  precede  auscultatory  signs. 
Tliis  alropby  isnot  accompanied  by  functional  changes 
in  the  muscles,  nor  is  their  electric  excitability  altered; 
it  advances  with  the  progress  of  the  pulmonary  lesion, 
and  is  of  considerable  diagnostic  value.  The  analogy  of 
this  concomitant  atrophy  of  the  muscles  of  related  areas 
with  the  primary  atrophy  in  joint  di.sease  is  evident.  In 
the  latter  case,  however,  the  tonus  and  mechanical  and 
electric  excitability  are  said  to  be  increased. 

The  very  great  importance  of  an  active  out-of-door 
life,  of  exercise  stimulating  deep  breathing,  and  of  free 
use  of  the  arm  and  shordder  mu,scles  for  the  round-shtiul- 
dered  and  alar-chested,  is  apparent.  Swimming,  running, 
climbing,  and  throwing  are  particularh"  indicated. 

Unilateral  shiinking  of  the  chest  occurs  in  phthisis  of 
one  side.  The  deepening  of  one  supraclavicular  fossa  is 
an  evil  symptom.  Over  a  shnmken  cavity  the  chest  may 
present  a  depressed  a|)])earance,  with  hollow  intercostal 
spaces.  From  the  atrophy  already  mentioned,  as  well  as 
from  the  traction  of  adhesions,  there  maj'  be  depression 
of  the  chest  wall  without  cavity.  After  pleurisy  and 
empyema,  if  the  lung  does  not  expand,  the  affected  .side, 
of  the  chest  may  fjecome  markedly  shrunken,  and  the 
whole  thorax  deformed  with  a  scoliosis,  whose  convexity 
is  toward  the  well  side.  Henry  Ling  Taylor. 
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CHEST,     PHYSICAL     EXAMINATION     OF    THE  — 

Physical  examination  of  tlie  chest  is  accomplished  by 
the"  use  of  the  special  senses  of  sight,  hearing,  and  touch 
in  the  application  of  the  methods  of  inspection,  palpation, 
mensuration,  percussion,  and  auscultation.  The  phe- 
nomena observed  by  these  metliods  of  investigation  are 
called  physical  signs.  To  recognize  and  properly  inter- 
pret the  physical  signs  caused  by  abnormal  conditions 
of  the  thoracic  viscera  it  is  essential  that  the  observer 
should  thoroughly  understand  the  normal  physical  signs 
and  be  able  to  recognize  them. 

The  physical  signs  obtained  on  examination  indicate 
to  the  observer  the  condition  of  the  organs  examined, 
and  from  the  consideration  of  these  physical  signs  to- 
gether with  the  subjective  .S3-mptoms  and  history  of  the 
patient,  the  diagnosis  of  the  disease  producing  the  patho- 
logical changes  is  made.  The  diagnasis  should  never  be 
made  from  the  ph3'sical  signs  alone. 

PuYsic.^L  Examination  of  the  Lungs. 

Topography  of  the  Cliest. — For  convenience  in  descrip- 
tion and  for  reference  the  surface  of  the  chest  is  divided 
into  anterior,  lateral,  and  posterior  regions  by  vertical 
and  transverse  lines. 

Veftieal  Lines. — Anterior  median  or  mid-sternal; 
sternal  line  drawn  parallel  to  the  edge  of  the  sternum; 
mid-clavicular  line  drawn  downward  from  the  middle  of 
the  clavicle,  usually  pa.sses  through  the  nipple  in  men, 
and  is,  therefore,  sometimes  called  the  mammary  line; 
parasternal  line,  drawn  midway  between  the  sternal  and 
mid-clavicular  lines ;  anterior  axillary  line  drawn  through 
anterior  fold  of  axilla;  mid-axillary  line  and  posterior 
axillary  line  drawn  through  middle  of  axilla  and  posterior 
/old  respectively ;  scai)ular  line  drawn  vertically  through 
angle  of  scapula  when  the  arm  hangs  at  the  side ;  pos- 
terior median  line. 

I'vanswrse  Lints. — On  the  anterior  surface  of  the  chest 


transverse  lines  are  drawn  parallel  to  the  lower  borders 
of  the  third  and  sixth  ribs,  the  latter  of  these  lines  pro- 
longed also  divides  the  upper  from  the  lower  axillary 


Fig.  1256.— Anterior  Surface  of  Chest. 


-,  Continuous  line,  border  of  lun^s ; 


broken  line,  fissures  between  lobes  and  line  of  pleura  ; ,  dotted  line,  liver ; , 

dot  and  dash  line,  st^imach;  ^~~.  double  line,  heart  and  great  vessels.  A,  Aorta;  B, 
vena  cava  superinr;  ("",  ripht  auricle;  D.  pulmonary  artery;  E,  left  auricle;  F,  left  ven- 
tricle :  <i.  riirht  ventricle  :  (i/».  lu.riier  r,f  ri?ht  pleural  sac ;  cd,  border  of  left  pleural  sac  ;  cf, 
ed^e  of  rifjht  lunjr :  i/'i,  edge  of  left  lung ;  i,  fissure  between  right  upper  and  middle  lobes ; 
k,  flssm-e  between  right  middle  and  lower  lobes.  (From  Sahli's  "  Lehrbuch  der  klinischen 
Untersuchungs-Methoden,"  etc.) 


Continuous  line, 

lower  border  of  left  lung ; ,  broken  line.  Assure  between  left 

upper  and  lower  lobes,  lower  border  of  pleura ; ,  dotted  line, 

spleen  and  liver : ,  dot  and  dash  line,  stomach  and  kidneys ; 

a/>,  lower  edge  of  left  lung  ;  ae,  lower  border  of  pleui^al  sac ;  f,  edge 
of  left  lobe  of  liver;  g,  posterior,  h.  anterior  end  of  spleen  (when 
oval  in  shape);  ft,  lower  edge  of  left  kidney ;  n,  greater  curvature 
of  stomach.     ( From  Sahli.  1 

regions;  on  the  posterior  surface  lines  are  drawn  parallel 
to  the  second  rib,  through  the  spine  of  the  scapula,  and 
joining  the  angles  of  the  scapuliE. 

Anterior  Regions.  — Supraclavicu- 
lar, above  the  clavicle;  clavicular, 
that  portion  of  chest  covered  by  clav- 
icle; infraclavicular  region,  from 
lower  border  of  clavicle  to  lower  bor- 
der of  third  rib;  mammary  region, 
from  lower  border  of  third  to  lower 
border  of  sixth  rib;  inframammary 
region,  from  lower  border  of  sixth  to 
free  border  of  ribs;  upper  sternal  to 
lower  border  of  third  rib,  and  lower 
sternal,  from  lower  border  of  third 
rib  to  ensiform  cartilage. 

Liiteral  Regions. — Axillary  region 
to  lower  border  of  sixth  rib;  infra- 
axillary,  from  lower  border  of  sixth 
to  free  margin  of  ribs. 

Posterior  Regions. — Upper  scapular, 
from  second  rib  to  line  of  spine  of 
scapula;  lower  scapular,  from  sjiine 
of  scapula  to  angle  of  scapula ;  in- 
frascapular,  from  line  joining  angles 
of  scapuliB  to  twelfth  rib;  interscap- 
ular region,  that  portion  of  posterior 
surface  which  lies  between  the  scap- 
ula and  the  spine. 

Relation  of  the  Borders  and  Fissures 
of  the  Lungs  to  the  Surfaee  of  the 
Chest. — Anteriorly,  the  apices  extend 
from  half  an  inch  to  an  inch  and  a 
half  above  the  clavicle,  and  pos- 
teriorly as  hieh  as  the  seventh  cer- 
vical vertebra  (Fig.  1259).  The  an- 
terior borders  pass  down  behind  the 
sterno  -  clavicular  articulation  and 
meet  in  the  median  line  opposite  the 
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second  ribs.  Tliey  remain  iu  contact  as  far  as  the 
fourth  ribs;  at  this  point  the  right  border  passes  down 
to  the  sixth  rib  iu  the  median  line,  thence  passing  out- 


FiG.  1258.— Posterior  Surface  of  Cbest. ,  Continuous  line,  lower  border  of  lungs ; 

,  broken  line,  fissures  between  lobes,  and  line  of  pleura  : (lotted  line, 

spleen  and  liver:    ,  dot  and  dash  line,  kidneys,    c.  Fissure  between  left  upper 

and  lower  lobes ;  f,  fissure  between  right  upper  and  lower  lobes ;  o,  beginning  of  fissure 
between  right  upper  and  middle  lobes  :  ab,  lower  edge  of  lung ;  cd,  lower  border  of 
pleural  sac  ;  h.  spleen ;  i,  lower  border  of  liver ;  k,  left  kidney  :  I,  right  kidney.  (From 
Sahll.) 

ward  and  downward,  the  lower  border  in  quiet  respira- 
tion reaching  the  sixth  rib  in  tlie  mid-clavicular  line, 
the  eighth  in  the  mid-axillary  line  (Fig.  1257),  the  nintli 
or  tenth  rib  in  the  scapular  line,  and  the  eleventh  rib 
near  the  spine :  at  the  fourth  rib  the  left  border  passes 
outward  to  the  fifth  costo-chondral  junction,  then  down- 
ward and  inward  to  the  sixtli  rib,  and  then  outward  and 
downward.  The  lower  border  of  the  left  lung  is  usually 
a  little  lower  than  the  right. 

The  Fissures  between  the  Lobes. — The  Assure  between 
the  left  upper  and  lower  lobes  and  between  the  right 
middle  and  lower  lobes  may  be  indicated  by  a  line  drawn 
from  the  third  dorsal  vertebra  to  the  sixth  rib  in  the  mid- 
clavicular line  (Fig.  1258).  This  line  corresponds  roughly 
witli  the  vertebral  border  of  the  scapula  when  the  elbow 
is  raised  and  the  hand  placed  on  the  head.  The  fissure 
between  the  right  upper  and  middle  lobes  meets  the 
fissure  between  ^he  upper  and  lower  lobes  at  the  axillary 
border  of  the  scapula  and  passes  almost  horizontally  for- 
ward to  the  junction  of  the  fourth  costal  cartilage  with 
the  sternum  (see  Figs.  1256.  1257.  1258). 

The  right  lung  consists  of  three  lobes,  which  bear  the 
following  relations  to  the  surface  of  the  chest :  Anteriorly 
the  upper  lobe  extends  to  the  fourth  or  fifth  rib,  and  the 
middle  lobe  from  the  fourth  to  the  sixth  rib.  Laterally 
the  upper  lobe  extends  to  the  fourth  rib,  the  middle  lobe 
to  the  sixtli  rib.  and  the  lower  lobe  to  the  eighth  rib. 
Posteriorly  the  upper  lobe  extends  from  the  apex  to  the 
spine  of  tlie  scapula,  the  lower  lobe  extends  from  this 
point  to  the  base.  On  the  left  side  the  upper  lobe  oc- 
cupies the  whole  of  the  front  of  the  chest;  laterally  the 
upper  lobe  extends  to  the  fourth  rib,  below  this  the 
lower  lobe  to  the  base  (Figs.  1256  to  1359). 

Trcicliea  nrid  Brnnehi. — The  trachea  deviates  in  its  lower 
part  a  little  from  the  median  line  and  bifurcates  behind 


the  right  edge  of  the  sternum  at  the  junction  of  the  lower 
border  of  the  second  costal  cartilage  and  the  sternum. 
This  point  corresponds  posteriorly  with  a  point  a  little 
to  tlie  right  of  the  spine  of  the  fourth  dorsal  vertebra. 
The  general  course  of  the  main  bronchi  may  be  pro- 
jected on  tlie  posterior  surface  of  the 
chest  as  follows:  The  right  bronchus 
starts  at  a  point  to  the  right  of  the  spine 
of  the  fourth  dorsal  vertebra  and  extends 
in  nearly  a  straight  line  to  a  point  on 
the  eighth  rib  two  inches  to  the  right  of 
the  spine.  The  left  bronchus  originating 
at  the  same  point,  passes  outward  and 
then  downward  to  a  point  on  the  eighth 
rib  three  inches  from  the  median  line. 

The  calibre  of  the  right  bronchus  is 
larger  than  that  of  the  left,  and  this 
bronchus  forms  a  more  direct  continua- 
tion of  the  trachea  than  does  the  left. 
This  explains  the  fact  that  most  for- 
eign bodies  which  pass  into  the  trachea 
through  the  larynx  are  found  in  the  right 
bronchus.  The  bronchi  are  nearer  to  the 
posterior  surface  of  the  chest  than  to  the 
anterior.  The  position  and  relations  of 
the  bronchi  are  important  and  help  to 
explain  the  physical  signs  in  the  inter- 
scapular regions,  and  the  differences  in 
the  signs  at  the  apices  of  the  lungs. 

Difiphrdciiii. — The  dome  of  the  dia- 
phragm on  the  right  side  extends  as  high 
as  the  fourth  intercostal  space  in  the  mid- 
clavicular line,  in  the  axillary  line  to  the 
sixth  rib,  and  in  the  scapular  line  to  the 
eighth  rib.  On  the  left  side  the  diaphragm 
occupies  a  somewhat  lower  position. 

Liver. — On  the  right  side  in  mid-cla- 
vicular line  the  liver  extends  from  the 
fourth  space  to  the   free  border  of  the 
ribs.     From  the  fourth  space  to  the  sixth 
rib  the  liver  is  separated  from  the  chest 
wall  by  a  wedge  of  lung  tissue,  below 
this  point  it  is  in  contact  with  the  chest 
wall.     In  the  right  axillary  and  the  scapular  lines  the 
liver's  upper  border  corresponds  with  the  lower  border 
of  the  lung  (Figs.  12.56  to  1258). 


Flo.  12.59.— Posterior  Surface  of  Chest,  Showing  the  Relation  of  the 
Upper  and  Lower  Limits  of  the  Lungs  to  the  Chest  Wall.  (From 
Sahli.) 
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FIG.  1260.— Nonnal  Chest.    (Gee.) 


Spleen. — The  spleen  lies  beneath  the  ninth,  tenth,  and 
eleventh  ribs.  Its  upper  border  follows  the  ninth  rib, 
and  its  anterior  border  extedds  to  a  line  drawn  from  the 
tip  of  the  eleventh  rib  to  the  left  sternoclavicular  articu- 
lation (Figs.  1357  and  123S), 

The  lungs  may  be  examined  with  the  patient  in  either 
the  standing,  or  sitting,  or  recumbent  position.  It  is  im- 
portant that  the  position  be  a  comfortable  one,  and  that 
the  patient's  arms  and  legs  are  svnmietrically  placed. 
The  patient  should  also  be  stripped  to  the  waist. 

Inspection. — By  this  method  of  examination  the  form, 
the  size,  and  the  movemenst  of  the  chest  in  respiration  are 

studied,  and  un- 
der this  head  the 
investigation  of 
the  organs  of  the 
thoracic  cavity 
by  means  of  the 
j-rays  maj*  also 
be  included. 

Far  III. — The 
normal  adidt 
chest  is  elliptical 
in  shape,  the 
transverse  di- 
ameter longer 
than  the  antero- 
posterior, and 
the  two  sides 
practically  sym- 
metrical; on  measurement,  however,  the  right  is  usually 
about  half  an  inch  larger  than  the  left  (Fig.  1260). 

The  supraclavicular  regions  are  somewhat  depressed, 
and  there  is  generally  a  slight  depression  just  below  the 
clavicles;  the  remainder  of  the  anterior  surface  of  the 
thorax  is  convex  from  above  downward  and  from  side  to 
side.  The  epigastric  angle  is  nearly  a  right  angle.  The 
spiue  is  usually  straight,  but  may  incline  slighth-  to 
the  right  in  the  upper  and  middle  dorsal  regions.  In 
children's  chests  the  two  diameters  are  nearly  equal,  and 
the  chest  nearh'  circular  in  form.  The  apex  beat  of 
the  heart  is  often  visible  in  the  fifth  intercostal  space 
about  one  inch  inside  the  mid-clavicular  line. 

As  the  result  of  disease  deviations  from  the  normal  form 
of  the  chest  occtu';  the  more  common  of  the.se  are  the 
rickety,  pigeon-breast,  phthisical  or  alar,  emphysematous 
or  barrel-shaped  chests,  and  the  deformities  due  to  spinal 
disease.  Changes  in  the  contour  of  the  chest  may  be 
demonstrated  by  means  of  the  cyrtometer  (see  Cyrlom- 
ekr).  In  addition  to  these  general  deformities  there  may 
be  retraction  or  enlargement  of  the  chest  walls. 

Betraction  or  sinking  in  of  the  chest,  wall,  generally  of 
the  intercostal  spaces,  may  be  general  or  local.  General 
retraction  is  caused  by  obstruction  to  the  entrance  of 
air  into  the  larynx  or  trachea,  foreign  bodies  in  the 
larynx,  diphtheritic  membrane,  tumors  pressing  on  the 
trachea.  Local  retraction  is  the  result  of  collapse  or 
contraction  of  the  lung.  An  example  of  this  local  re- 
traction is  seen  at  the  apices  of  the  lungs  in  phthisis, 
and  at  the  bases  as  the  result  of  an  old  jileurisy  with 
adhesions,  or  of  empy- 
ema. 

Enlarrjement  or  hiilginy 
of  the  chest  trail  may  be 
localized  or  may  involve 
the  whole  of  one  side.  In 
the  former  case  it  is  usu- 
ally due  to  abscess,  tumor, 
or  enlargement  of  the 
liver,  spleen,  or  heart ;  in 
the  latter  to  fluid  or  air 
in  the  pleural  cavity. 
The  location  of  the  bulg- 
ing often  suggests  the 
cause.  General  enlarge- 
ment of  the  chest  is  also  seen  in  cases  of  emphysema. 

The  size  of  the  normal  chest  varies  greatly;  the  average 
circumference  at  the  level  of  the  nipples  is  thirty-four 


Fig.  1261.— Rickety  Chest.    (Gee.) 


Fig.  1262.  -Pigeon  Breast.     (Gee.) 


inches;  it  ma.v  vary  from  twenty -eight  to  forty-four 
inches.  A  tape  measure  is  a  siiflicientl_y  accurate  means 
of  determining  the  size  of  the  chest. 

Motements. — During  normal  respiration  the  chest  ex- 
pands and  contracts,  the  expansion  varj-iug  from  two  to 

four  or  five  inches.  In 
men  and  in  children  the 
resjiiration  is  chiefly  ab- 
dominal, in  women  it  is 
of  the  thoracic  type.  The 
normal  number  of  respira- 
tions is  18  or  20  per  min- 
ute ;  women  habitually 
breathe  more  rapidly  than 
men.  The  mobility  or  ex- 
pansibility of  the  chest 
may  be  modified  by  dis- 
eased conditions.  Emphy- 
sema and  asthma  cause  a 
generally  diminished  ex- 
pansion; pleurisy  with  effusion,  pneumonia,  and  pain, 
the  result  of  dry  pleurisy  or  injury,  may  produce  a  uni- 
lateral diminished  expansion.  At  the  apices  a  diminu- 
tion of  the  expansibility  is  usually  due  to  tuberculous 
disease,  at  the  bases  to  chronic  pleurisy  with  adhesions. 

Expansion  is  generally  increased  b.y  exercise,  and  lo- 
cally when  one  limg,  or  part  of  one  lung,  is  called  upon 
to  do  extra  work ;  for  example,  the  sound  lung  in  pneu- 
monia, or  the  upper  lobe  of  the  diseased  side  in  a  pleur- 
isy with  effusion.  The  rapidity  and  rhythm  of  the 
respirations  are  to  be  noted  on  inspection.  Dyspucta 
ma}'  be  due  to  fever  or  to  some  interference  with  the  free 
entrance  or  exit  of  air,  in  which  case  it  is  called  inspira- 
tory or  expiratory  dyspncea.  Orthoima'a  is  the  term 
applied  to  breathing  of  such  difticulty  that  the  patient 
is  obliged  to  remain  in  the  .sitting  posture.  Cheyne- 
Stokes  respiration  is  the  marked  irregularity  in  rhythm 
seen  in  cases  of  ura-mia  and  cerebral  disease. 

Litten's  sign  or  the  shadow  on  the  lower  portion  of  the 
chest  due  to  the  movements  of  the  diaphragm  ma}'  also 
be  seen  on  inspection.  To  observe  this  phenomenon,  the 
patient  should  lie  on  his  back  in  a  slightly  raised  posi- 
tion with  his  feet  toward  the  light,  which  need  not  be 
very  intense.  The  observer  stands  with  his  back  to  the 
liglit  three  or  four  feet  from  the  patient  and  looks  at  the 
chest  at  an  angle  of  about  iV .  During  respiration  a 
shadowy  line  is  seen  to  move  over  the  surface  of  the  chest 
from  above  downward.  This  shadow  begins  at  the  .sixth 
rib  and  moves  down  with  inspiration  over  two  or  more 
intercostal  sjjaces;  during  expiration  the  shadow  moves 
upward.  This  moving  shadow  is  caused  by  the  seijara- 
tion  of  the  diaphragm  from  the  walls  of  the  thorax  dur- 
ing inspiration  and  the 
returning  contact  during 
expiration. 

The  sign  indicates  the 
mobility  of  the  lungs,  and 
its  absence,  or  restriction 
in  the  excursion  of  the 
shadow,  is  noted  when 
there  is  fluid  or  air  in  the 
pleural  sac,  when  pneu- 
monia of  the  lower  lobe 
exists,  when  there  are 
pleuritic  adhesions  or 
thoracic  tumors,  and  when 
the  lungs  are  emphyse- 
matous. In  very  stout  persons  and  in  patients  with 
very  thick  chest  walls  it  is  sometimes  impossible  to  de- 
tect this  sign. 

E.rnmi nation  by  x-Rays. — The  a'-ray  has  been  utilized 
in  the  examination  of  the  chest.  The  use  of  the  method 
depends  on  the  fact  that  normal  lung  tissue  is  easily  trav- 
ersed by  the  ray,  and  any  change  in  density  in  the  lung 
tissue  is  indicated  in  the  fiuoroscope  by  lighter  or  darker 
areas;  lighter  than  normal  when  the  densitj'  of  the  lung 
is  less  than  normal,  as  in  emphysema  or  pneumothorax, 
and  darker  than  is  usual  when  the  density  is  increased. 


FIG.  1363. 


Emphysematous  Chest. 
(Gee.) 
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as  in  tuberculosis,  pneumonia,  carcinoma,  pleurisy,  or 
empyema.  The  diaphragm  can  be  seen  to  move  up  and 
down  during  respiration:  normally  it  should  descend 
from  one  to  two  and  a  half  inches  in  inspiration,  and  any 
diminution  in  the  movements  of  the  diaphragm  is  sug- 
gestive of  disease;  frequently  this  limitation  in  the  ex- 
cursion of  the  diaphragm  is  one  of  the  earliest  signs  of 
tuberculosis.  In  pneimionia  the  darkened  areas  are  dis- 
tinct, and  in  a  central  pneumonia  the  consolidated  area 
may  be  .seen  before  any  jjliysical  signs  are  noted  by  per- 
cussion or  auscultation  ;  the  movement  of  the  diaphragm 
is  also  limited  on  the  alTected  side. 

In  pleurisy  with  effusion  the  lower  part  of  the  chest  is 
dark  and  the  heart  is  displaced  toward  the  sound  side. 

In  emphy.sema  the  lungs  appear  brighter  than  normal 
and  the  diaphragm  does  not  rise  as  high  during  expira- 
tion as  it  does  in  the  healthy  chest. 

P.\LP.\TioN. — This  is  the  examination  of  the  chest  bj- 
the  application  of  the  hand  to  the  chest  walls;  by  this 
means  irregularities  in  form,  local  points  of  pain  or  tender- 
ness, local  expansion,  and  vocal  or  friction  fremitus  can 
be  appreciated.  Vocal  fremitus  is  the  thrill  conve\-ed  to 
the  hand  placed  upon  the  chest  wall  while  the  patient 
is  speaking.  It  is  due  to  the  transmission  downward 
through  trachea,  bronchi,  and  lung  substance  of  the 
vibrations  produced  b}'  the  vocal  cords  in  the  act  of 
speaking.  The  intensity  of  the  fremitus  varies  in  diifer- 
ent  individuals,  and  is  always  more  marked  in  men  than 
in  women;  it  is  diminished  by  anything  which  interferes 
with  the  transmission  of  the  vibrations  to  the  palpating 
hand.  Thus  thick  chest  walls,  from  muscle  or  fat.  thick- 
ened pleura,  or  bronchi  partially  occluded  with  mucus 
diminish  the  fremitus.  The  fremitus  is  absent  when 
there  is  fluid  or  air  in  the  pleural  cavity,  or  when  the 
pleura  is  greatly  thickened.  Consolidation  of  the  lungs. 
on  the  other  "hand,  by  making  a  better  conducting 
medium  for  the  vibrations,  causes  distinct  increjise  of  the 
vocal  fremitus. 

In  some  cases  of  bronchitis  in  which  the  lircathing  is  of 
the  sibilant  and  sonorous  variety,  vibrations  whieli  arise 
from  the  sibilant  and  sonorous  rhonchi  can  lie  felt.  This 
is  called  "  bronchial  fremitus."  Friction  fremitus,  caused 
by  the  rubbing  together  of  roughened  pleural  surfaces, 
is"  occasionally  felt  in  cases  of  pleurisy. 

PKRCrssiON. — The  sounds  produced  by  percussion  en- 
able the  examiner  to  determine  the  condition  of  the 
organ  beneath  the  part  of  the  chest  percussed.  To 
recognize  the  difference  in  percussion  sounds,  it  is  neces- 
sary'to  analyze  each  sound  with  regard  to  its  quality, 
pitch,  intensity,  and  duration. 

Percussion  mav  be  either  immediate  or  mediate.  It  is 
important  that  the  patient  sliould  be  stripped,  and  that 
the  arms  and  legs  should  be  in  symmetrical  positions. 
For  the  examination  of  tlie  anterior  surface  of  the  tbora.x, 
the  patient  should  stand  erect  with  the  hands  hanging  at 
the  sides  and  the  face  pointed  straight  forward.  For  ex- 
amination of  the  axillary  regions,  the  hands  should  be 
placed  on  the  head,  or  "elevated  above  it ;  and  for  the 
examination  of  the  posterior  surface,  the  arms  must  be 
crossed  and  the  hands  placed  on  the  opposite  shoulders, 
the  back  slightly  bowed,  and  the  head  tient  forward. 
The  object  of  th"esc  positions  is  to  put  the  skin  and  the 
underlying  muscles  on  the  stretch,  and,  in  the  examina- 
tion of  the  back,  to  increase  the  breadth  of  the  inter- 
scapular space. 

In  immediate  percussion  the  cliest  wall  is  struck  directly 
by  the  finger  or  the  percussor;  this  method  is  rarely  used. 
In  mediate  percussion  the  finger  of  one  hand,  or  an  in- 
strument called  a  pleximeter.'is  interposed  between  the 
chest  wall  and  the  percussing  finger  or  percussor;  this  is 
the  method  conunonly  practised."  The  pleximetcr  or  the 
finger,  used  as  such,  should  be  applied  firmly  to  the  chest 
wall  in  the  intercostal  spaces,  and  the  blow  of  the  hammer 
or  the  .striking  finger  should  be  given  as  quickly,  evenly, 
and  as  nearlvat  alright  angle  to  the  pleximeter  as  possi- 
ble. For  th"e  examination  of  organs  lying  near  the  sur- 
face, the  pleximeter  should  be  lightly  applied,  and  the 
blow  of  the  percussor  should  also  be  light;   for  deep- 


seated  organs,  the  pressure  must  be  firmer  and  the  blow 
more  forcible. 

When  using  the  finger  for  the  percussor,  the  blow 
must  be  given  from  the  wrist  and  not  from  the  elbow  or 
shoulder.  The  blow  should  strike  the  middle  of  the 
pleximeter,  and  the  finger  striking  the  blow  must  be 
quickly  lifted,  as  the  character  of  the  note  is  decidedly 
changed  and  dampened  if  the  finger  is  allowed  to  remain 
in  contact  with  the  pleximeter. 

It  is  more  satisfactory  to  use  the  hands  for  percussion 
than  to  depend  entirely  on  the  percussor  and  pleximeter 
The  hands  are  always  ready  :  and,  when  percussing  with 
the  fingers,  the  observer  appreciates  the  sense  of  resist- 
ance beneath  the  finger,  in  addition  to  the  sound  pro- 
duced by  the  blow.  When  demonstrating  the  sounds 
produced  by  percussion  to  a  large  number  of  students, 
the  use  of  hammer  and  pleximeter  is  more  satisfactory. 
When  it  is  necessary  to  compare  the  percussion  notes  on 
the  two  sides  of  the  chest,  the  percussion  for  comparison 
must  be  made  at  the  same  point  on  each  side,  the  force  of 
the  blows  must  be  the  same,  the  position  of  the  patient 
must  be  so  arranged  that  the  two  sides  will  be  symmetri- 
cal, and  the  percussion  should  be  made  at  the  same  period 
of  the  respiratory  cycle. 

On  percussing  a  normal  chest  beneath  the  left  clavicle 
a  sound  is  produced,  due  to  the  vibration  of  the  lung  tis- 
sue and  the  thoracic  walls.  This  sound  is  called  the  nor- 
mal or  ]iulinonary  resonance,  an<l  it  is  recognized  by  the 
following  characteristics:  the  quality  is  pulmonary  or 
vesicular,  pitch  is  low.  intensity  variable,  and  the  dura- 
tion considerable.  The  intensity  depends  on  the  force  of 
the  blow,  on  the  thickness  and  elasticity  of  the  chest  walls, 
and  on  the  volume  of  air  contained  in  the  portion  of  lung 
under  percussion.  The  finger  ajipreciates  with  this  pul- 
monary resonance  an  elastic  feeling,  which  is  character- 
istic when  percussing  over  normal  lung  substance. 

The  percussion  note  in  the  riglit  inl'raclavie\i!ar  region 
is  usually  slightly  less  resonant  than  that  on  the  left  side, 
the  iiualit}'  is  less  pulmonary,  the  pitch  higher,  the  in- 
tensity less,  and  the  duration  shorter.  This  is  probably 
deiK'ndent  on  the  greater  muscular  develoimient  on  the 
right  side,  and  also  on  the  larger  amount  of  connective 
tissue  in  the  right  lung,  the  result  of  the  greater  size  of 
its  bronchi. 

J^'oriiKil  puhnnnary  resonance  is  heard  in  the  following 
regions:  supraclavicular,  infraclavicular,  axillary,  inter- 
.scapidar,  and  infrascapular. 

If  percussion  is  made  in  the  lower  part  of  the  mammary 
region  on  the  right  side,  a  sound  is  produced  differing 
from  the  normal  pulmonary'  note  in  that  the  quality  is 
dull,  the  jiitch  higher,  the  intensity  less,  and  the  duraticm 
shorter.  This  change  in  the  character  of  the  note  in  this 
region  is  due  to  the  presence  beneath  the  lung  of  the  liver, 
and  this  solid  organ  modifies  or  dulls  the  normal  sound 
produced  by  percussing  over  lung  tissue. 

DuJness  is  heard  wherever  the  amount  of  lung  tissue  is 
small,  or  is  encroached  upon  by  solid  organs,  or  when  the 
normal  amount  of  air-containing  tissue  is  diminished  as 
the  result  of  disease. 

In  the  normal  chest  dulness  is  found  in  the  mammary 
region  on  the  right  side  from  the  liver  and  on  the  left 
from  the  presence  of  the  heart.  In  the  infra-axillary  re- 
gions, on  the  right  from  the  liver  and  on  the  left  from  the 
spleen;  also  in  the  scapular  regions  from  the  excessively 
thick  layers  of  muscles  and  bone.  Disease,  by  producing 
airless  tissue  in  the  lungs,  the  jileura,  the  pleural  cavity, 
or  the  chest  walls,  causes  dulness,  and,  depending  on  the 
amount  of  airless  tissue,  the  dulness  may  be  ,slight  or 
marked. 

There  is  dulness  in  the  early  stages  of  tuberculosis, 
usually  at  the  apices  of  the  lungs,  from  the  presence 
there  of  the  tuberculous  deposit.  In  the  second  stage  of 
pneumonia  there  is  marked  dulness  over  the  consolidated 
area.  In  cases  of  pleurisy  with  effusion,  where  the 
amount  of  exudate  is  not  large,  there  is  dulness.  The 
.same  sign  is  produced  by  thickened  jileura,  or  by  chest 
walls  nuich  thickened  by  muscle  or  fat.  Enlargements 
of  the  heart,  liver,  or  spleen,  tumors,  aneurisms  or  ab- 
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scesses,  if  covered  bj-  a  thin  layer  of  lung,  ■will  cause  dul- 
ness  on  percussion.  When  percussing  over  a  dull  area, 
the  finger  appreciates  a  sense  of  resistance.  This  feeling 
of  resistance  or  lack  of  elasticity  increases  as  the  dulness 
is  more  marked. 

Fhdness. — ^yhen  the  percussion  note  is  entirely  without 
resonance  it  is  said  to  be  Hat.  The  quality  is  fiat,  intensity 
not  great,  pitch  high,  and  duration  short.  A  typical  flat 
note  can  be  obtained  by  percu.ssing  the  thigh.  This  sound 
is  heard  when  the  percussion  is  made  over  solid  organs, 
or  over  organs,  normally  air-containing,  in  ■which,  as  the 
result  of  disease,  the  air  has  been  displaced  by  dense  tissue 
or  fluid.  Flatness  indicates  absence  of  air.  In  the  normal 
chest  flatness  may  be  obtained  on  the  right  side  in  the  in- 
framammary  regiou  and  in  the  infra-axillary  region  below 
the  eighth  rib  from  the  underlying  liver;  also  in  the  left 
lufra-axillary  regiou  over  the  spleen. 

Percussion  over  the  fluid,  in  cases  of  pleurisy  'with  effu- 
sion, gives  typical  flatness,  and  it  isin  these  cases  that  the 
very  marked  sense  of  resistance  on  percussion  is  so  easily 
appreciated.  Flatness  on  percussion  may  be  heard  in 
cases  of  pneumonia  ■where  the  consolidation  is  complete, 
also  in  phthisis,  where  the  consolidated  area  is  extensive; 
and  over  tumors  and  enlarged  soli<l  viscera,  where  the 
mass  or  organ  is  in  contact  with  the  chest  wall. 

Tj/mpiiiu'tic  Bfsomiiire. — Percussion  over  a  hollow  vis- 
cus  containing  air  elicits  a  drum-like  or  tympanitic  note; 
the  quality  is  tympanitic,  pitch  high  or  low.  intensity 
usually  marked,  and  duration  variable.  Typically  tym- 
pany is  heard  on  percussing  over  the  stomach  and  intes- 
tines ;  in  the  normal  chest  it  is  heard  only  over  the  larynx, 
trachea,  and  in  Traube's  space.  The  variety  in  pitch  de- 
pends on  the  size  of  the  viscus  and  the  tension  of  the 
contained  air.  Percussion  over  the  stomach  gives  a  much 
lower  note  ihan  that  over  the  intestines,  the  former  being 
a  much  larger  viscus  than  the  latter.  Tympanitic  reso- 
nance is  caused  by  the  following  conditions ; 

1.  Large  collections  of  air,  for  example  over  the  trachea, 
the  stomach,  the  colon,  and  small  intestines;  over  cavities 
in  the  lung  substance,  especially  if  superficial,  and  over 
pneumothorax,  when  there  is  a  free  communication 
with  a  bronchus;  if  the  opening  is  not  free,  the  air  in 
the  pleural  sac  is  under  pressure,  and  the  note  on  percus- 
sion is  not  tympanitic  but  didl. 

2.  Percussion  over  consolidated  or  compressed  lung, 
which  is  in  contact  with  a  hollow  viscus  or  air-containing 
organ,  often  produces  tympanitic  resonance,  by  conduc- 
tion from  the  adjacent  air-containing  viscus.  This  tym- 
panitic resonance  is  not  uncommon  over  the  lower  lobe 
of  the  left  lung  even  in  health,  and  is  the  resonance  trans- 
mitted from  a  stomach  tiistended  with  air  through  the 
normal  lung. 

3.  Lung  that  has  lost  its  normal  tension  or  is  in  a  con- 
dition of  relaxation  is  tympanitic  on  percussion.  This 
occurs  in  cases  of  pleurisy  with  effusion,  in  the  early 
stages  of  consolidalion,  pneumonic  or  tuberculous,  and  in 
oedema  of  the  hmgs. 

4.  In  emphysema  tympanitic  percussion  is  common. 

The  presence  and  location  of  cavities  may  be  deter- 
mined by  careful  recognition  of  the  tympanitic  note.  Sev- 
eral methods  liave  been  described  by  observers,  the  fol- 
lowing being  the  most  useful : 

Wintrich's  change  of  note.  If  the  cavity  communi- 
cates directlv  with  a  bronchus,  the  percussion  note  va- 
ries in  intensity  and  pitch,  and  also  in  the  distinctness  of 
its  tympanitic  quality,  as  the  patient  opens  and  closes  his 
mouth.  When  the  motith  is  open  the  percussion  note 
is  of  greater  intensity,  higher  pitch,  and  more  markedly 
tympanitic  in  quality  than  it  is  when  the  mouth  is 
closed. 

A  change  in  the  patient's  position  by  altering  the  rela- 
tion of  the  bronchus  to  the  cavity  may  also  produce  a 
change  in  the  tympanitic  qtiality  of  the  percussion  note. 

Gerhardt's  change  of  note  depends  on  the  presence  of 
fluid  in  the  cavity,  the  level  of  which  is  changed  as  the 
position  of  the  patient  is  varied  from  the  upright  to  the 
recumbent.  In  the  upright  position,  over  the  lower  por- 
tion of  the  cavity  there  may  be  dulness  or  even  flatness 


on  percussion,  and  tympany  over  the  upper  part  of  the 
cavity.  This  condition  of  "physical  signs  is  due  to  the 
fact  that  the  fluid  gravitates  to  the  lowest  part  of  the 
cavit.y.  When  the  patient  assumes  the  recumbent  posi- 
tion the  fluid  level  is  changed,  and  tympany  is  elicited 
on  percussion  over  that  portion  of  the  chest  wall  which 
was  dull  when  the  patient  was  erect.  This  sign,  though 
seldom  found,  is  a  positive  indication  of  the  presence  of 
a  cavity. 

In  addition  to  the  varieties  of  percussion  resonance 
already  mentioned,  the  following  are  heard  in  diseased 
conditions  of  the  chest : 

yesicnlij-Tympanitic  Resonance. — The  quality  is  a  com- 
bination of  normal  pulmonary  and  tympanitic  resonance, 
the  pitch  high  ;  the  more  the  tympanitic  qualitj-  predomi- 
nates the  higher  will  be  the  pitch;  the  intensity  is  in- 
creased, and  the  duration  varies.  This  is  the  resonance 
heard  commonly  in  cases  of  enqihysema,  and  it  is  often 
called  the  wooden  or  "  bandbox  "  resonance.  It  may  be 
heard  in  pleurisy  with  effusion  over  that  portion  of  the 
lung  which  is  above  the  fluid,  and  over  the  sound  lobe  in 
pneumonia. 

Amphoric  Resonance. — The  quality  is  amphoric,  pitch 
variable,  intensity  and  duration  are  considerable.  This 
sound  is  like  that  produced  by  flipping  the  cheek  when 
tense,  and  has  a  peculiar  musical  quality.  To  produce 
the  sound  well  the  percussion  should  be  practised  during 
expiration,  and  the  patient  should  be  instructed  to  keep 
the  mouth  open;  it  is  also  neces.sary  that  the  ear  of  the 
observer  should  be  near  the  patient's  mouth.  This  sound 
is  heard  over  cavities,  usually  of  considerable  size  with 
smooth  and  rigid  walls,  which  communicate  freely  with 
a  bronchus.  It  may  more  rarely  be  heard  over  pneumo- 
thorax, but  only  when  there  is  free  commimication  be- 
tween the  air-containing  pleural  sac  and  a  bronchus. 
Percussion  over  consolidated  lung,  which  is  in  contact 
with  a  large  bronchus,  may  give  amphoric  resonance. 

Cracked-Pot  Sounti. — The  quality  of  this  sound  is  jin- 
gling, pitch  high,  intensity  and  duration  not  marked.  It 
is  like  the  sound  produced  by  striking  the  hands  folded 
together  on  the  knees.  This  sound  is  indicative  of  cavi- 
ties with  flaccid  walls  which  contain  air,  and  which  com- 
municate with  a  bronchus.  Percussion  should  be  prac- 
tised in  the  same  manner  as  has  been  described  under' 
amphoric  resonance. 

Aiscui.T.\TioN. — Auscultation  is  examination  of  the 
chest  by  the  ear  to  hear  the  sounds  produced  in  normal 
and  abnormal  conditions  of  the  lungs  during  respiration, 
coughing,  and  speaking,  also  to  detect  the  presence  of 
anv  adventitious  sounds. 

There  are  two  methods  of  auscultation,  the  immediate 
and  the  mediate.  In  the  former  the  ear  is  placed  directly 
on  the  chest,  or  on  the  chest  covered  with  a  thin  cloth; 
and  in  the  latter  the  stethoscope*  is  used. 

The  immediate  method  is  more  satisfactory  for  the  ex- 
amination of  the  lungs  than  the  mediate  method,  except 
in  cases  in  which  it  is  necessary  to  localize  faint  adven- 
titio\is  sounds,  or  ■when  it  is  desirable  to  auscultate  those 
portions  of  the  chest  where  it  is  diflicult  or  impossible  to 
place  the  ear  in  close  contact  with  the  thoracic  wall;  for 
example,  in  the  supra-  or  infraclavicidar  fossa?.  Under 
these  conditions  the  stethoscope  is  of  great  use.  not  only 
from  the  fact  that  it  can  be  used  where  the  ear  cannot, 
but  also  becatise  it  eliminates  outside  sounds  and  inten- 
sifies the  sounds  produced  within  the  chest.  The  stetho- 
scope, however,  by  modifying  and  intensifying  the  respi- 
ratory sounds,  may  cause  confusion,  and  it  is  only  after 
considerable  practice  that  true  deductions  can  be  made 
as  to  the  conditions  of  the  lungs  from  the  sounds  heard 
through  the  stethoscope. 

On  auscultation  over  normal  lung  substance  a  rustling 
or  breezy  sound  is  heard  with  inspiration  and  expiration; 
this  is  the  normal  pulmonary  or  vesicular  murmur.  The 
sound  heard  on  auscultation  of  the  trachea  and  larynx  is 
quite  different  from  that  heard  over  normal  lung  tissue: 

*  For  descriptions  of  the  various  forms  of  stethoscopes,  and  their 
modifications,  see  article  on  Stethoscopes. 
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it  is  a  imicli  harsher  and  more  tubular  souud,  and  is  called 
larj-ngeal.  tracheal,  or  tubular  breathing. 

Of  "the  several  theories  as  to  the  cause  of  the  respira- 
tory sounds,  the  following  is  the  most  satisfactory ;  A 
fluid,  either  liquid  or  gas,  in  this  case  air,  passing  with 
sufficient  velocity  through  a  narrow  opening  into  a  wider 
channel  produces  a  souud.  Such  a  conditiou  obtains  at 
two  points  in  the  respiratory  system,  the  larynx  and  at 
tlie  ends  of  the  bronchioles,  where  they  enter  the  alveoli 
(if  the  lungs.  At  the  larynx,  the  arrangement  of  the  vo- 
(id  cords  is  such  that  sounds  are  i>roduced  in  both  inspi- 
r:!tion  and  expiration.  At  the  bronchiole  endings  a 
.■MiUnd  is  produced  during  inspiration,  but  not  during 
expiration,  as  the  air  then  is  passing  from  a  larger  into  a 
smaller  space. 

The  laryngeal  sounds,  therefore,  are  of  purely  glottic 
iirigin.  and  may  be  distinctly  heard  over  the  larynx,  the 
trachea,  or  the  back  of  the  neck. 

The  pulmonary  murmur  heard  over  the  chest  wall  is  a 
combination  of  the  laryngeal  .sound,  modified  by  trans- 
mission through  the  bronchi  and  lung  tissue,  and  the 
sound  produced  in  the  bronchioles.  The  intensity  of  the 
larj'ugeal  sound  is  greatly  diminished  liy  its  transmission 
through  the  thin-walled  smaller  bronchi,  ^vhich  contain 
so  manj'  openings  that  the  soimd  is  much  diffused.  For 
this  reason  vesicular  breathing  is  a  very  soft  sound. 
The  inspiratory  portion  is  heard  throughout  the  inspira- 
tory act,  and  is  composed  of  two  elements,  the  glottic 
and  the  alveolar;  the  expiratory  portion,  consisting  only 
of  the  glottic  element,  is  a  mere  puff,  oftentimes  indeed 
it  is  inaudible.  The  fact  that  llie  expiratory  sound  is 
conducted  to  the  ear  of  the  examiner  against  the  current 
of  air  producing  the  .sound  is  another  factor  in  causing 
the  marked  diminution  in  the  intensity  of  the  expiratory 
sound. 

Respiratory  sounds  are  studied  by  considering  the 
quality,  pitch,  intensity,  and  duration  of  the  sound,  and 
also  the  rhythm.  The  inspiratory  and  expiratory  sounds 
shoidd  be  separately  considered. 

Puliii'ihiiry  or  Wniciihir  Brott/iiiir/. — Normal  vesicular 
inspiration  has  a  breezy  or  rustling  quality,  low  pitch, 
variable  intensity,  and  the  soimd  is  heard  throughout  the 
inspiratory  act :  the  quality  of  expiration  is  soft  and  Ijlow- 
Ing,  low  in  pitch,  and  short  in  duration;  the  rhythm  is 
unbroken,  i.e.,  there  is  no  pause  between  inspiration  and 
expiration.  Expiratory  sound  is  not  always  audible.  In- 
spiratory sound  is  three  or  four  times  as  long  as  expira- 
tory. Pulmonary  breathing  is  heard  over  the  anterior, 
lateral,  and  posterior  surfaces  of  the  thorax. 

Puerile  or  SiippU:meKt((rii  liesphnliiin. — On  listening  to 
the  chests  of  children  and  also  of  adults,  when  the  lungs 
are  doing  extra  work,  as  after  violent  exercise  or  where 
a  sound  lung  is  doing  the  work  f(jr  a  diseased  lobe  in  ad- 
dition to  its  own,  the  normal  vesicular  breathing  is  heard 
nuich  more  distinctly  tlian  usual.  The  quality  is  the  same 
as  that  of  normal  vesicular  breathing,  but  the  intensity 
is  much  increased  or  exaggerated.  This  is  called  "  puer- 
ile." '■su]i]ilemcutary,"  or  "exaggerated"  respiratiou. 

Dimiiiislieil  lusjnratioii. — In  diminished  respiration  the 
quality  is  that  of  normal  vesicular  breathing,  but  the 
inten.sity  is  greatly  diminished.  This  occurs  whenever 
there  is  any  interference  with  the  circulation  of  the  air 
in  the  lungs,  or  with  the  conduction  of  the  sounds  to  the 
ear  of  the  examiner. 

The  free  entrance  and  exit  of  air  may  be  prevented  by 
the  presence  in  the  trachea  or  bronchi  of  secretions,  diph- 
theritic membrane,  or  foreign  bodies,  by  spasm  of  the 
bronchi,  or  by  the  pressure  of  tumors.  Eniphj'sema  and 
tuliercidosis,  b)' diminishing  the  elasticity  of  the  air  x-esi- 
cles,  also  restrict  the  free  circulation  of  air  in  the  lungs, 
and  pain  or  great  muscular  weakness  may  so  interfere 
xvith  the  respirator}'  movements  that  but  little  air  enters 
and  leaves  the  lungs. 

The  conduction  of  the  breathing  sounds  to  the  ear  may 
be  obstructed  by  the  presence  of  fluid  in  the  pleural  sac, 
or  by  thickened  pleura  or  chest  walls. 

Suppressed  Resjnriitioii . — Absence  of  respiration  occurs 
when  there  is  complete  obstruction  of  a  bronchus  from 
Vol,  II,— 53 


any  of  the  above-mentioned  causes,  no  matter  xvhat  the 
condition  of  the  lung  substance  may  be ;  also  over  fluid 
in  the  pleural  sac,  in  pneumothorax,  if  the  opening  be- 
tween the  bronchus  and  the  pleural  sac  is  closed,  and 
over  cavities  tilled  with  fluid. 

Prolonged  E.rpiratioii.—Xt  the  right  apex  a  slight  pro- 
longation of  the  expiration  is  not  uncommon  in  normal 
chests.  When  heard  in  other  situations,  however,  it  is  an 
abnormal  sign  and  indicates  a  difficulty  in  expelling  the 
air  during  expiration — in  other  words,  an  expiratory  dysp- 
nea. In  emphysema  and  asthma  prolongation  of  "expira- 
tion is  heard  all  over  the  chest.  It  may  also  be  heard  in 
cases  of  bronchitis,  in  which  the  bronchi  are  partially  oc- 
cluded with  mucus;  aud  in  tubercidosis,  from  the  loss  of 
elasticity  of  the  lung  substance  due  to  the  consolidation, 
it  is  one  of  the  earliest  phj'sical  signs. 

Coyirheel  or  Interrupted  Iiispinition. — The  inspiratory 
murmur  may  be  interrupted  or  jerky  in  rhythm;  this  is 
sometimes  heard  when  examining  the  chests  of  very  ner- 
vous patients,  and  it  is  often  one  of  the  physical  signs  of 
early  tuberculous  con.solidation.  It  occurs  in  this  condi- 
tiou because,  from  the  presence  in  the  bronchi  of  deposits 
of  tubercle,  an  obstruction  is  offered  to  the  entrance  of  air 
into  the  lobules,  which  in.stead  of  being  distended  at  the 
same  time  by  the  entering  air  are  expanded  at  different 
times,  thus  producing  the  uneven  or  interrupted  rhythm. 
Unless  accompanied  by  other  physical  signs,  it  is  of  no 
value  in  diagnosis, 

Laryneicnl,  BroneMal,  or  Ttibukir  Brenthitif/.  —  This 
breathing  is  normally  heard  over  the  larynx  and  trachea, 
and  also  may  Ije  heard  over  the  back  of  the  neck.  The 
inspiration  is  tubular  in  ([uality,  of  higli  pitch,  marked  in- 
tensity, aud  the  duration  of  the  sovuid  somewhat  .shorter 
than  the  inspiratory  act.  Expiration  has  the  same  tubu- 
lar quality,  but  the  pitch  is  higher,  the  intensity  usually 
greater,  and  the  duration  as  long  as  or  even  longer  than 
that  of  ins]iiration.  The  rhythm  is  broken  by  an  appre- 
ciable pause  between  the  inspiratory  and  expiratory 
sounds. 

AVhen  bronchial  breathing  is  heard  over  those  portions 
of  the  chest  where  normally  vesicular  breathing  should 
be  heard,  it  is  a  sign  that  the  lung  is  in  a  condition  of 
consolidation. 

The  occurrence  of  bronchial  breathing  over  consoli- 
dated lung  may  be  explained  in  this  manner;  The  bron- 
chial tubes  are  like  speaking  tubes,  normally  poor  ones, 
as  their  walls  are  thin  and  interrupted  by  the  numerous 
openings  of  the  bronchioles ;  the  laryngeal  sounds  in  their 
transmission  from  the  point  of  production  to  the  chest 
wall  through  these  poor  conductiug  tubes  are  much 
diffused  and  changed  in  character.  When  the  lung  is 
consolidated,  however,  the  thin  xvalls  of  the  bronchi  are 
stiffened  and  supjiorted  by  the  surrounding  consolidation, 
their  resistance  is  increased,  and  the  diffusion  of  the  vi- 
bratious  is  diminished.  In  other  words,  consolidation 
makes  good  speaking  tubes  of  the  bronchi,  and  the  laryn- 
geal sounds  are  well  conducted,  with  little  change  in  their 
character,  to  the  wall  of  the  chest. 

Consolidation  may  be  due  to  pneumonia,  phthisis,  to 
new  growths  in  the  lung  substance,  to  infarcts,  and  lo 
compression  of  the  lung  by  fluid  or  tumors. 

Bronchial  breathing  is  also  heard  ox'er  cavities  xvhich 
communicate  freely  with  a  bronchus,  and  also  over  di- 
lated bronchi.  In  these  conditions  the  laryngeal  sounds 
are  conducted  through  fairly  large  bronchi  directly  to 
the  cavity  or  dilatation  of  the  bronchus,  and  these  bronchi 
are  often  quite  close  to  the  chest  wall,  aud  usually,  in  the 
case  of  a  cavity,  are  surrounded  by  an  area  of  consolida- 
tion. Should  the  bronchus  conducting  the  sound  vibra- 
tions to  the  consolidated  area  become  occluded,  no  bron- 
chial breathing  will  be  heard.  In  pneumonia,  for  example, 
the  bronchi  may  I)ecome  tilled  with  inflammatory  prod- 
ucts, and  the  conduction  of  the  laryngeal  sounds  may  be 
thus  interrupted.  If  the  patient  be  made  to  cough,  the 
mucus  will  be  expelled  and  the  tubes  cleared,  then  bron- 
chial breathing  will  again  be  audible. 

Broneho-Vesieidiir  Breathing. — This,  often  called  harsh 
or  rude   respiration,   is  a  respiratory  sound  combining 
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characteristics  of  broncbial  and  vesicular  breathing.  The 
bronchial  element  may  predominate  or  the  vesicular  may 
be  the  more  marked.  In  inspiration  the  quality  is  bron- 
cho-vesicular; the  pitch  is  high  in  comparison  with  that  of 
normal  pulmonary  inspiration,  intensity  is  more  marl<ed, 
and  duration  the  full  length  of  the  inspiratory  act.  The 
quality  of  expiration  is  also  broncho-vesicular,  pitch 
higher  than  that  of  inspiration,  intensity  greater,  and  the 
iluration  as  long  as  or  longer  than  that  of  inspiration. 
The  rhythm  is  not  broken. 

This  breathing  is  heard  in  the  normal  chest  in  the  infra- 
clavicular region  near  the  sternum,  and  in  the  upper  part 
of  the  interscapular  region,  because  the  bronchi  are  large 
and  near  the  chest  wall  in  these  localities,  and  the  sounds 
produced  in  tlie  laryn.x  are  therefore  little  diffused  or 
modified  in  transmission  to  the  observer's  ear. 

When  heard  over  portions  of  the  chest  where  normally 
vesicular  breathing  should  be  heard,  it  is  an  indication  of 
smaller  or  larger  areas  of  consolidation  surrounded  by 
normal  lung  tissue.  Therefore  we  may  have  this  vari- 
ety of  breathing  in  cases  of  phthisis  in  which  the  infiltra- 
tion is  slight,  or  when  a  deep-seated  pneumonia  is  sur- 
rounded bj-  normal  lung  tissue.  This  variety  of  breathing 
may  be  heard  over  the  portion  of  the  lung  compressed 
bj'  fluid  in  cases  of  pleurisy  with  effusion. 

The  greater  the  inliltration  or  consolidation,  the  more 
marked  will  be  the  bronchial  element  in  the  respiratory 
sounds:  the  less  the  amount  of  consolidated  lung,  the 
more  will  the  vesicular  element  predominate  in  the  breath 
sounds. 

Oirernous  Breathing. — This  variety  of  the  respirator}- 
sounds  is  heard  over  cavities,  and  has  a  hollow,  blowing 
character,  from  which  the  sound  takes  its  name.  Tlie 
ciuality  of  inspiration  is  cavernous,  pitch  low,  intensity 
variable,  and  duration  full  length  of  the  inspiratory  act. 
Of  expiration  the  quality  is  the  same  as  that  of  inspiration, 
pitch  is  lower,  intensity  variable,  and  the  duration  usu- 
ally longer  than  that  of  inspiration.  The  rhythm  is  not 
broken.  Cavities  over  which  this  breathing  is  heard  must 
have  free  communication  with  a  bronchus;  otherwise 
there  will  be  an  absence  of  breath  sounds. 

If  the  cavity  is  surrounded  b}'  consolidated  lung,  there 
may  be  a  decided  bronchial  character  to  the  cavernous 
breathing,  which  is  called  broncho-cavernous  breathing; 
and  should  the  cavity  lie  in  fairly  normal  lung  substance, 
the  vesicidar  element  will  be  marked,  and  a  vesiculo- 
cavernous respiratory  murmur  be  heard. 

Ainphoric  luspirotion. — The  peculiarity  of  this  sound 
lies  in  the  musical  quality,  which  ma}'  be  imitated  by 
blowing  over  the  mouth  of  an  empty  bottle.  The  inspi- 
ration is  of  amphoric  quality,  fairly  low  pitch,  and  of 
some  duration.  Expiration  is  like  inspiration,  except 
that  the  expiratory  sound  is  much  prolonged.  This 
breathing  is  heard  over  cavities  usually  large  with 
smooth  walls,  and  in  pneumothorax  or  hydiopneumo- 
thorax.  The  cavity  must  have  free  commimication  with 
a  bronchus  or  there  will  be  no  sound  during  respiration. 
The  sound  indicates  a  cavity  containing  air  that  is  not 
expelled  on  expiration. 

Sibihmt  find  Sonorous  Breathing. — In  sibilant  breathing 
the  quality  of  the  sound  is  whistling  or  wheezing,  and  the 
pitch  high,  with  marked  prolongation  of  the  expiratory 
murmur.  Of  sonorous  breathing  the  quality  is  snorting 
or  snoring  and  the  pitch  low  ;  expiration  is  also  prolonged. 
The  intensity  is  variable.  These  sounds  are  indicative 
of  diminution  of  calibre  of  the  larger  and  smaller  bronchi. 
This  narrowing  may  be  due  to  the  presence  in  the  bron- 
chial tubes  of  viscid  mucus,  the  product  of  inflammatory 
processes,  or  to  the  spasmodic  contraction  of  the  muscle 
fibres  within  the  bronchial  walls.  The  former  condition 
obtains  in  bronchitis,  the  latter  in  spasmodic  asthma. 

These  sibilant  and  sonorous  sounds,  or  rhonchi,  are 
heard  in  inspiration,  in  expiration,  or  in  both ;  they  are 
not  constant,  and  often  disappear  if  the  patient  he  made 
to  cough.  Occasionally  the  sounds  are  so  loud  that  they 
may  be  heard  without  placing  the  ear  on  the  chest  wall : 
and  sometimes  a  fremitus  may  be  appreciated  by  the 
palpating  hand,  the  so-caUed  bronchial  fremitus. 


Signe  de  Sou  or  Bell  Sotind. — This  sound  is  heard  when 
the  ehest  is  percussed  with  two  coins,  one  used  as  plex- 
imeter  and  the  other  as  percussor,  and  the  ear  is  applied 
to  the  opposite  side  of  the  chest.  The  sound  transmitted 
through  healthy  lung  is  of  a  wooden  quality ;  that  heard 
when  fluid  is  present  is  of  a  metallic  character;  while  the 
soimd  transmitted  through  air,  in  pneumothorax  for  ex- 
ample, is  clear  and  ringing,  like  a  i)ell. 

Auscultation  of  the  Voice  and  Whisper. — The 
voice  sounds  heard  over  the  chest  on  auscultation  are 
the  sounds  produced  by  the  vibrations  of  the  vocal  cords, 
which  are  transmitted  through  the  bronchial  tubes  to  the 
alveoli  of  the  lungs  and  the  thoracic  walls.  Those  con- 
ditions which  iu  any  wa}'  modify  the  breath  soimds  pro- 
duced in  the  larynx  will  also  change  the  character  of  the 
voice  .sounds,  whether  spoken  or  whispered.  The  patient 
should  count  "one,  two,  three,"  but  not  too  rapidly  and 
in  a  moderately  loud  voice. 

Pulmonary  voice  or  normal  vocal  resonance  is  heard 
over  normal  lung  substance.  The  quality  is  pulmonary; 
pitch  low,  and  the  intensity  feeble;  it  is  an  indistinct 
sound  seemingly  distant  and  diffused.  In  men  the  voice 
sound  is  usually  much  more  marked  than  in  women  and 
children;  the  intensity  varies  with  the  quality  of  the 
voice ;  being  more  marked  in  deep  voices  than  in  high 
voices.  The  thickness  of  the  chest  wall  also  modifies  the 
intensity  of  the  sound.  Pleuritic  adhesions,  much  adi- 
pose and  muscle,  fluid  in  the  pleural  sac,  as  well  as  air, 
all  diminish  the  intensity  of  the  vocal  resonance. 

If  the  pleural  effusion  is  large,  and  over  consolidated 
huig,  if  the  bronchi  are  occluded,  the  vocal  resonance  is 
absent. 

In  the  infraclavicular  regions  the  vocal  resonance  is 
usually  increased ;  this  is  also  true  of  the  voice  sounds 
heard  in  the  interscapular  space.  In  the  early  stages  of 
pneumonia  and  in  phthisis,  in  which  the  amount  of  con- 
solidation is  slight,  the  voice  sounds  are  increased  in  in- 
tensity :  also  over  cavities  lying  near  the  chest  wall. 

If  the  person  examined  be  asked  to  whisper  "one,  two, 
three,"  the  examiner  hears  during  expiration  the  normal 
bronchial  whisper.  The  sound  resembles  the  normal  ex- 
piratory sound  ;  it  is  feeble  and  blowing  in  quality,  and 
may  oftentimes  be  inaudible. 

When  there  is  moderate  consolidation  the  whispered 
voice  is  much  more  intense,  and  is  not  unlike  the  respira- 
tory sound  heard  in  broncho-vesicular  breathing. 

iMryngriil  or  Bronchial  Voice. — Bronchophony.  This 
may  be  normally  heard  over  the  larynx  and  trachea.  The 
quality  is  laryngeal,  the  pitch  high,  intensity  great,  and 
the  distinctness  marked ;  the  sound  seems  near,  there  is 
a  marked  thrill,  and  a  sensation,  like  a  shock  or  concus- 
sion, is  conveyed  to  the  ear,  Wlien  the  lung  is  consoli- 
dated or  compressed,  so  that  the  bronchial  tubes  have- 
been  made  good  conductors  of  sound,  bronchial  voice  is 
heard  at  those  points  of  the  chest  wall  which  lie  above 
the  consolidated  area.  It  may  also  be  heard  over  cavi- 
ties, and  sometimes  over  fluid. 

^■EgophoHi/.v,'hKh  is  a  modification  of  bronchophony,  has 
the  same  intense  character,  but  in  addition  has  a  bleating 
or  tremulous  quality,  from  which  it  derives  its  name,  the 
quality  being  likened  to  the  bleating  of  a  goat.  It  is 
best  brought  out  by  having  the  patient  repeat  words  like 
"brant"  or  "rant."  It  is  significant  of  a  small  amount 
of  fluid  in  the  pleural  sac.  and  is  heard  in  pleurisy  with 
effusion,  where  the  effusion  is  not  great  and  where  a 
thin  la}'er  of  fluid  lies  between  the  lung  and  the  chest 
wall.  It  is  not  a  common  sign.  The  most  usual  location 
for  this  sign  is  at  the  angle  of  the  scapula. 

Pectoriloquy,  another  variety  of  bronchophony,  is  that 
voice  sound  where,  in  addition  to  the  voice,  the  articula- 
tion of  the  words  is  distinctly  appreciated.  It  can  be 
heard  best  when  the  patient  whispers,  and  is  indicative 
of  the  presence  of  a  cavity ;  it  may  also  be  heard  over 
consolidated  lung,  where  tlie  consolidated  area  is  in  con- 
tact with  a  large  bronchus. 

Amphoric  voice  has  the  quality  of  amphoric  breath- 
ing, and  is  heard  when  there  is  air  in  the  pleural  sac, 
or  over  large  cavities ;  the  same  conditions  of  the  lung 
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in  wliicli  amphoric  percussion  note  and  breathing  may 
be  heard. 

Mt'/iiHic  tinkle  is  the  sound  produced,  during  breatliing 
and  talking  in  eases  of  hydropneuniothorax,  by  the  drop- 
ping of  fluid  in  the  pleural  sac.  This  sound  is  also  heard 
■n-hen  there  is  a  large  cavity  in  the  lung,  containing  fluid. 

When  listening  over  a  cavit}-,  after  the  patient  coughs, 
a  suction-like  sound  ma}'  frequentl}-  be  heard.  This  is 
caused,  in  all  probability,  by  the  sudden  expansion  of  the 
cavity,  after  the  violent  expulsive  effort  of  coughing,  and 
the  rush  of  air  back  into  the  cavity.  It  is  a  sign  distinctive 
of  the  presence  of  a  cavity  in  the  lung  substance,  which  is 
in  free  communication  with  abronchus.  Should  the  bron- 
chus become  occluded  the  sound  would  not  be  heard. 

Rales. — Rilles  are  adventitious  sounds,  which  are  never 
heard  in  the  normal  chest.  They  may  be  produced  in  the 
larynx,  trachea,  bronchi,  alveoli,  in  the  pleura  or  in  cav- 
ities. The  character  of  the  rale  depends  entirely  on  the 
point  at  which  the  soiuid  is  produced. 

Cri'pitn/it  liiUes. — The  finest  of  all  rales  is  the  crepitant 
rale.  This  is  a  fine,  dry,  crackling  sound,  which  is  heard 
only  at  the  end  of  inspiration  and  does  not  disappear 
when  the  patient  is  made  to  cough ;  coughing  in  fact 
often  makes  the  sound  more  intense.  The  sound  is 
likened  to  tlie  crackling  of  burning  salt,  or  of  hair  rirl)bed 
between  the  fingers.  It  is  heard  in  puffs  and  seems  close 
under  the  observer's  ear. 

There  are  two  theories  as  to  the  production  of  the  crep- 
itant rale ;  one  considers  the  sound  a  pure  friction  sound 
produced  in  the  pleura  by  the  rubbing  of  the  roughened 
surfaces  against  one  another :  the  other  believes  that  the 
sound  is  caused  by  the  separation  of  the  adhering  sur- 
faces of  the  alveoli,  when  the  air  enters  the  alveoli  dur- 
ing inspiration. 

The  first  theory  explains  satisfactorily  the  production 
of  the  fine  crepitations  heard  in  dry  pleurisy :  whereas 
the  latter  seems  the  more  satisfactory  explanation  of  the 
crepitant  rales  heard  in  the  early  stages  of  jjueumonia 
before  consolidation  is  complete,  and  again  in  the  later 
stages,  when  resolution  is  beginning.  At  both  of  these 
periods  the  walls  of  the  air  vesicles  are  held  in  contact  by 
the  products  of  inflammation,  and  are  .separated  by  the 
entrance  of  air  at  the  end  of  inspiration. 

Crepitant  rales  are  heard  in  pneumonia,  in  phthisis,  in 
dry  pleuris}',  and  at  times  after  a  full  inspiration  at  the 
bases  of  lungs  of  patients  who  breathe  superficially  and 
are  confined  to  bed. 

Subcrepitant  rdles  are  fine,  moist,  crackling  or  bub- 
bling sounds  heard  with  inspiration,  expiration;  or  with 
both,  and  which  disapjiear  when  the  patient  coughs. 
These  sounds  are  probably  produced  by  small  bubbles  of 
air  breiiking  through  the  nnicous  or  inflammatory  exu- 
date in  tlie  broncliioles.  They  arc  commonly  heard  in 
bronchitis,  pneun«)uia,  plithisis  and  a>dema  of  the  lungs. 

Coarse,  Mucous,  or  Bmtuhial  Rdles. — The  cause  of  these 
sounds  is  the  same  as  that  of  subcrepitant  rales,  but  the 
]ioint  of  production  is  in  the  larger  bronchi,  where  more 
inflammatory  exudate  is  collected,  through  which  during 
respiration  a  larger  volume  of  air  nuist  pass.  The  same 
pathological  conditions  are  indicated  by  the  presence  of 
these  sounds,  viz.,  bronchitis,  pneumonia,  phthisis,  etc. 

In  cavities  containing  fluid,  when  the  bnmchus  com- 
municating with  the  cavity  opens  below  the  level  of  the 
fluid,  gurgling  rales  are  produced  hy  the  entrance  and 
exit  of  air;  the  quality  of  these  sounds  is  moist  and 
coarse,  and  is  suggestive  of  large  bubbles  of  air  passing 
through  fluid. 

Friction  Sounds. — When  the  surfaces  of  the  pleura  are 
inflamed  and  move  during  respiration  upon  one  another, 
a  rubbing  or  creaking  sound  is  produced.  These  friction 
sounds  may  be  fine  and  dry,  like  crepitant  rales :  they  are 
heard  with  expiration  as  well  as  with  inspiration,  they 
ma.y  be  moist  and  coarser  and  resemble  subcrepitant  rales, 
or  they  may  be  creaking  and  rubbing  in  quality.  The 
sound  is  close  under  the  ear,  and  may  be  intensified  by 
making  firm  pressure  with  the  stethoscope ;  also,  in  con- 
tradistinction to  rales  produced  in  the  lung  substance, 
they  do  not  disappear  when  the  patient  coughs. 


Dry  pleurisy,  pleurisy  with  effusion,  when  the  fluid  is 
absorbed,  pneumonia  and  phthisis,  all  may  cause  the  pres- 
ence of  friction  sounds, 

Succussion. — This  is  a  splashing  sound  produced  by 
shaking  the  patient  in  eases  in  which  there  are  air  and  fluid 
in  the  pleural  sac,  or  in  which  there  is  a  large  cavity  con- 
taining air  and  fluid.  It  is  not  uncommonly  heard  over 
the  normal  stomach  when  it  is  partially  filled  with  fluid. 

Physical  Examlnation  of  the  Heart. 

The  same  methods  are  employed  in  examining  the  heart 
that  are  used  in  examining  the  lungs :  and  thus  the  .size 
of  the  heart,  the  character  of  its  impulse,  the  rhythm, 
and  the  sounds  (both  normal  and  abnormal)  may  be  de- 
termined. 

Topographicnl  Anatomy. — The  heart  is  placed  somewhat 
more  to  the  left  of  the  median  line  than  to  the  right.  The 
anterior  surface,  that  which  is  in  contact  with  the  chest 
wall,  is  composed  chiefly  of  the  right  auricle  and  ventri- 
cle, and  of  a  narrow  strip  of  the  left  ventricle.  The  base 
of  the  heart,  formed  bj'  the  right  auricle,  the  great  vessels, 
and  the  left  auricular  appendix,  lies  at  the  level  of  the 
upper  border  of  the  third  costal  cartilage,  and  extends 
nearly  an  inch  to  the  right  and  left  of  the  sternum 
(Fig.  1256). 

The  apex,  the  tip  of  the  left  ventricle,  lies  normally  in 
the  fifth  intercostal  space  about  one  inch  within  the  mid- 
clavicular line. 

The  right  edge,  which  begins  at  the  third  costal  carti- 
lage on  the  right  of  the  sternum  and  extends  to  the  ,i unc- 
tion of  the  fifth  costal  cartilage  with  the  sternum,  is 
composed  of  the  right  auricle.  The  line  of  the  right 
edge  is  somewhat  curved  with  the  convexity  directed  to 
the  right. 

The  inferior  edge  is  formed  by  the  right  ventricle  and 
the  apex  of  the  left;  it  extends  from  the  fifth  costo-ster- 
nal  junction  to  the  apex  of  the  heart. 

The  left  edge  of  the  heart  is  made  up  entirely  of  the 
left  ventricular  wall,  and  extends  from  the  apex  to  the 
upper  border  of  the  third  rib,  about  one  inch  to  the  left 
of  the  sternum.  The  groove  which  separates  the  right 
auricle  from  the  right  ventricle  may  be  indicated  by  a 
line  drawn  on  the  surface  of  the  chest  from  the  third 
left  to  the  sixth  or  seventh  right  costo-sternal  junction. 
The  ascending  part  of  the  aorta  is  in  closest  relation  to 
the  chest  wall  in  the  second  right  intercostal  space,  slightly 
beyond  the  edge  of  the  sternum.  The  jjulmonary  artery 
is  in  the  corresponding  position  to  the  left  of  the  sternum 
(Fig.  1256). 

The  orifices  of  the  heart  are  situated  beneath  the  left 
half  of  the  sternum,  and  near  together.  The  aortic  and 
pulmonary  at  the  level  of  tlie  third  costal  cartilage,  the 
mitral  and  tricuspid  at  the  level  of  the  fourth  and  fifth 
respectively. 

Inspection.  — The  location  of  the  apex  beat  and  its  char- 
acter— that  is,  whether  the  visible  impulse  is  well  defined, 
diffused,  heaving,  or  wave-like — may  be  observed  bv  in- 
spection. Bulging  or  retraction  in  the  pra^cordial  region, 
pulsation  of  the  vessels  in  the  neck,  and  pulsation  in  the 
epigastrium  may  also  be  noted. 

Normally  the  site  of  the  apex  beat  is  in  the  fifth  space 
about  one  inch  within  the  mid-clavicular  line;  it  is  well 
defined  and  localized  (Fig.  1356).  Often  the  apex  beat 
is  not  visible  on  account  of  the  thickness  of  the  chest 
wall,  the  depth  of  the  chest  and  consequently  the  dis- 
tance the  apex  may  be  from  the  thoracic  wall,  or  because 
the  apex  is  separated  from  the  chest  wall  by  lung  tissue 
as  in  emphysema. 

Bulging  of  the  proecordium  may  be  caused  by  hyper- 
trophy of  the  heart,  hy  fluid  in  the  pericardial  sac.  by 
aneurism  (in  which  case  the  bulging  is  situated  at  the 
base  of  the  heart),  or  by  tumors.  Retraction,  usually  in 
the  third,  fourth,  and  fifth  left  intercostal  spaces,  and  oc- 
curring with  the  .systole,  may  be  due  to  adherent  peri- 
cardiiuu  or  to  atmospheric  pressure ;  this  is  the  more 
common  cause,  and  it  occurs  in  hypertrophy  or  dilata- 
tion, in  which  conditions  the  volume  of  the  heart  is  much 
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decreased  during  systole  and  the  pressure  of  the  air  causes 
a  sinking  in  of  the  intercostal  spaces.  Pulsation  of  the 
vessels  of  the  neck  may  be  either  venous  or  arterial  in 
origin:  in  the  former  case  the  result  of  an  incompetent 
tricuspid  valve,  and  in  the  latter  due  to  an  insufficient 
aortic  valve. 

Pulsation  in  the  epigastric  region  is  generally  due  to 
the  puLsation  of  the  right  ventricle  transmitted  through 
the  liver  to  the  surface.  Should  the  right  ventricle  be 
hypertrophied,  the  epigastiic  pulsation  is  mucli  more 
■  marked.  This  is  noted  in  eniphvsema,  and  in  those  cases 
of  valvular  disease  of  the  left  heart  which  cause  the  right 
side  to  hypertrophy  in  the  attempt  to  compensate  for  the 
lesion.  Epigastric  jiulsation  may  also  be  caused  by  tlie 
normal  pidsation  of  the  abdominal  aorta,  by  aneurism  of 
the  abdiiniinal  aorta,  or  b_v  a  pulsating  liver. 

P.\LP.\TioN. — Many  of  the  observations  made  by  in- 
spection may  be  confirmed  l>v  palpation,  and  may  often  be 
more  easily  appreciated.  The  location  of  the  ape.x  beat, 
often  iuvisilile,  can  usuall.v  be  felt,  and  if  not  palpable 
when  the  patient  stands  erect,  may  become  so  if  the  pa- 
tient is  made  to  lean  forward.  In  addition  to  the  site  of 
the  apex  beat,  its  regularity  and  force  can  be  observed, 
and  the  presence  of  thrills  determined.  Changes  in  the 
location  of  the  apex  are  suggestive  of  certain  abnormal 
conditi<ins.  Hypertrophy  and  dilatation  of  the  left  ven- 
tricle and  fluid  or  air  in  tlic  riglit  pleural  cavity  displace 
the  apex  downwai'il  and  to  the  left. 

Congenital  malformations,  retraction  of  the  right  lung 
from  old  pleurisy  or  tuberculosis,  and  fluid  or  air  in  the 
left  pleural  sac  dislocate  the  apex  to  the  right. 

Retraction  of  the  left  lung,  or  pressure  from  below,  as 
in  ascites,  tympanites,  enlargement  of  the  abdominal  or- 
gans or  tumors,  displace  the  apex  upward.  Downward 
displacement  is  usually  the  result  of  aneurism  of  the  aorta 
or  of  emphysema. 

The  regularity  or  rhythm  may  be  changed  by  disease. 
The  heart  may  be  irregular  in  the  force  and  fre(|uency 
of  its  beats;  and  it  may  intermit  or  drop  out  a  beat  from 
time  to  time. 

The  force  of  the  heart  beat  may  be  increased  or  dimin- 
ished. It  is  diminished  b.v  any  of  the  exhausting  diseases : 
by  myocarditis,  by  lesions  of  the  valves  causing  dilata- 
tion of  the  cavities  and  weakening  of  tlie  cardiac  muscle, 
by  the  jireseuce  of  fluid  in  the  pericardium,  by  the  pres- 
ence of  lung  tissue  between  the  chest  wall  and  the  apex, 
as  in  emphysema,  or  by  very  thick  chest  walls. 

Hypertrophy  of  the  ventricles,  over-exertion,  or  thin 
chest  walls  increase  the  force  of  the  apex  beat. 

Where  the  weakness  or  force  is  due  to  changes  in  the 
thickness  of  the  thoracic  wall  or  to  the  interposition  of 
hmg  tissue  between  the  costal  wall  and  the  apex,  the 
weakness  or  strength  is  only  apparent,  and  the  real 
strength  or  weakness  must  be  determined  by  the  exam- 
ination of  the  ]nilse. 

Thrills  may  be  detected  by  the  palpating  hand.  When 
noted  at  the  base  of  the  heart  and  systolic  in  time  they 
are  suggestive  of  aneurism  of  the  aorta  or  of  aortic  ste- 
nosis. At  the  apex  a  systolic  thrill  may  occur  in  mitral 
insufficiency  ;  and  a  presystolic  thrill  is  observed  in  mitral 
stenosis. 

Pericarditis  occasionally  causes  a  rubbing,  which  may 
be  appreciated  on  palpation — the  so-called  pericardial 
friction  fremitus.  It  is  usually-  to  be  felt  at  the  base  of  the 
heart  in  cases  of  dry  pericarditis,  and  occurs  with  systole 
and  diastole. 

Pehcussion. — Percussion  of  the  prsecordium  to  deter- 
mine the  size  of  the  heart  may  be  practised  in  the  ordi- 
nary manner  or  auscultatory  jiercussion  may  be  used. 
Both  of  these  methods  have  their  advantages,  and  may 
be  used  to  supplement  each  other. 

By  this  means  of  examination  not  only  the  fact  that 
the  heart  is  enlarged  can  be  made  out,  but  the  part  of  the 
heart  which  is  tlie  site  of  hypertrophy  may  be  determined. 

The  superficial  and  deep  areas  of  cardiac  dulness 
should  be  marked  out  (Plate  XXII,,  Fig.  1).  The  su- 
perficial area  of  cardiac  dulness  is  that  portion  of  the 
heart  which  is  not  covered  by  lung  substance  in  full  in- 


spiration. It  is  somewhat  triangular  in  shape  and  is 
bounded  internally  by  the  left  edge  of  the  sternum,  ex- 
ternally by  an  oblique  line  drawn  from  the  fourth  costal 
cartilage  at  its  sternal  jimction  to  the  fifth  space  just 
within  the  apex,  and  below  by  a  line  drawn  from  this 
point  to  the  end  of  the  sternum.  In  marking  out  this 
area  the  examiner  is  finding  in  reality  the  edges  of  the 
lungs,  and,  as  the  layer  of  lung  tissue  overlying  the 
heart  is  thin,  percussion  must  be  light ;  for  this  exami- 
nation finger  percussion  is  most  satisfactory.  If  the  vol- 
ume of  the  lungs  is  increased  as  in  emphysema,  tlie  super- 
ficial area  of  cardiac  dulness  will  be  much  diminished ; 
tmless  the  heart  is  also  hypertrophied,  in  which  case  the 
borders  of  the  lungs  maj'  be  pushed  back,  and  an  appar- 
ently normal  area  of  superficial  cardiac  dulness  will  be 
fotmd  on  jiercussion.  The  deep  area  of  cardiac  dulness 
is  the  dulness  detected  by  percussing  over  the  edges  of 
the  heart ;  as  there  is,  however,  a  thick  layer  of  lung  be- 
tween the  right  and  left  borders  of  the  lieart  and  the 
chest  wall,  the  area,  as  made  out  by  digital  percussion, 
does  not  accurately  correspond  witli  the  outline  of  the 
heart,  and,  to  determine  with  more  exactness  the  right 
and  left  edges  of  the  heart,  auscidtatory  iiercu.ssion  maj' 
be  employed.  This  method  of  examination  was  intro- 
duced by  Dr.  Cammann,  who  also  devised  the  binaural 
stethoscope,  and  depends  tipon  the  fact  that  ever}'  organ 
has  a  percussion  note  peculiar  to  itself.  AVhen  ordinary 
digital  percussion  is  practised,  the  note  produced  is  con- 
veyed to  the  ear  through  the  air,  and  the  sound  is  thus 
more  or  less  diffused  and  changed  in  character ;  when, 
however,  the  sound  of  the  percussion  note  is  brought  to 
the  ear  direct  by  the  use  of  the  stethoscope,  differences  in 
quality  and  intensity  are  readily  recognized. 

To  "practise  this  method  of  percussion,  the  bell  of  the 
stethoscope,  held  by  an  assistant  or  the  patient,  should 
be  ]5laced  over  the  organ,  the  dimensions  of  which  are  to 
be  determined,  at  the  point  where  the  organ  comes  in 
contact  with  the  thoracic  or  abdominal  walls,  and  mod- 
erate percussion  be  made  beginning  at  some  distance 
from  the  point  where  the  stethoscope  is  placed  and  grad- 
ually approaching  it.  When  the  pleximeter  or  finger 
reaches  the  point  on  the  surface  of  the  chest  or  abdomen 
below  which  the  border  of  the  organ  lies,  the  percussion 
note  changes  abruptly,  becomes  much  more  marked  in 
intensity,  and  usually  higher  in  pitch.  In  mapping  out 
the  outline  of  the  heart,  it  is  best  to  find  a  number  of 
points  on  the  border  of  the  heart  at  the  extremities  of  its 
dian\eters,  the  vertical,  transverse,  and  right  and  left 
obliciue;  these  diameters  intersect  at  a  point  near  the 
centre  of  the  heart.  The  eight  points  found,  on  being 
joined,  give  a  fair  outline  of  the  heart.  The  vertical 
diameter  is  drawn  parallel  to  the  left  border,  of  the 
sternum;  the  transverse  at  right  angles  to  thi'  vertical 
diameter  through  its  centre;  the  right  obliipie  dia- 
meter is  drawn,  on  the  line  from  the  right  shoulder  to 
the  apex,  from  the  right  atiricle  to  the  apex ;  and  the 
left  oblique  at  a  right  angle  to  the  latter  and  througli  its 
centre. 

It  is  claimed  that  a  skilfid  examiner  can  so  accuratelv 
mark  out  the  cardiac  outlines  on  the  cadaver  that  sharp- 
pointed  steel  needles  driven  through  the  chest  wall  at  the 
given  ]3oints  will  pass  between  the  cardiac  muscle  and 
the  |iericardium. 

On  the  living  subject  the  outline  cannot  be  so  exactly 
determined,  as  the  heart  is  con.stantly  changing  its  size 
in  systole  and  diastole.  It  is  found,  however,  that  the 
sum  of  the  diameters  in  a  large  nimiber  of  cases  of  adult 
males  averaged  sixteen  and  five-sixth  inches,  and  this  for 
the  purpose  of  comparison  is  of  use,  though  the  length 
of  the  diameters  considered  singly  is  worthless. 

In  addition  to  determining  the  size  of  the  heart  and  the 
location  of  its  borders,  this  method  of  examination  may 
be  used  to  locate  the  edges  of  the  liver  in  the  normal 
subject,  or  when  there  is  fluid  in  the  pleural  sac  or  ab- 
dominal cavity  ;  also  when  a  consolidated  right  lobe  is  in 
contact  with  the  liver.  The  size  of  the  spleen  can  be 
made  out  in  ascites,  or  when  in  contact  with  an  enlarged 
liver,  provided  that  at  some  point  the  spleen  is  in  contact 
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(In  all  the  figures  the  blue  color  indicates  the  superficial,  and  the  red  color  the  deep,  cardiac  dulness. 
The  liver  dulness  is  also  indicated  by  the  blue  color.) 

Fig.  1.— Area  of  Superficial  and  Deep  Cardiac  Dulness  in  Normal  Conditions. 

Fig.  2.— Area  of  Heart  Dulness  in  Dilatation  of  the  Right  Ventricle.  The  increase  in  area  of  dul- 
ness is  almost  entirely  to  the  right  of  sternum. 

Fig.  3.— Area  of  Heart  Dulness  in  Dilatation  of  the  Left  Ventricle.  The  increase  in  dubiess  is 
limited  to  the  left  side  of  the  sternum. 

Fig.  4.— Area  of  Heart  Dulness  in  Dilatation  of  Left  Auricle  and  Ventricle,  with  Uncovering  of  the 
Pulmonary  Artery.  («)  Deep  cardiac  dulness,  right  and  left  ventricles;  (A)  superficial  dulness, 
the  left  auricle ;  (c)  dulness  due  to  pulmonary  artery. 
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with  the  parietal  wall.     The  kidneys  may  be  mapped  out 
with  the  exceptiou  of  the  inner  border. 

Another  form  of  auscultatory  percussion  has  come  into 
use  with  the  invention  of  the  plionendoscope.  Here  in- 
stead of  percussing,  the  surface  of  the  chest  in  the  neigh- 
borliood  of  tlie  organ  under  examination  is  gently 
scratched  witli  the  finger.  Tliis  produces  a  sound  the 
quality  of  whicli,  as  well  as  the  intensity  and  pitch,  in- 
stantly changes  when  tlie  density  of  the  organs  beneath 
the  surface  changes.  It  is  merely  a  modific-ation  of  aus- 
cultatory percussion,  but  is  ])erhaps  capable,  in  skilful 
hands,  of  giving  even  more  definite  infonnation  in  legard 
to  the  size  of  tlie  solid  organs  of  the  body,  of  tumorsT  tlie 
level  of  fluid  exudates  or  transudates,  "and  the  line  of 
contact  between  tumors  and  solid  organs,  or  between 
solid  organs  and  fluid. 

As  in  percussing  the  lungs,  so  in  the  examination  of 
the  heart  by  percussion,  much  information  may  be  gained 
by  noting  the  sen.se  of  resistance  beneath  the  finger  in 
contact  with  tlie  chest  wall. 

If  by  either  of  the  methods  of  percussion  described 
the  area  of  the  Iieart  dulness  is  found  increased,  it  is 
suggestive  of  hypertrophy  of  tlie  heart  muscle,  and 
the  locality  of  the  dulness  indicates  the  portion  of  the 
heart  which  is  enlarged:  of  fluid  in  the  pericardium;  of 
aneurism,  or  of  a  consolidated  lung  or  tumor  displacing 
the  heart. 

Should  the  area  of  cardiac  dulness  be  diminished,  the 
usual  cause  will  be  found  in  an  emphysematous  condition 
of  the  lungs. 

AiscuLTATiON. — By  auscultation  the  character,  rhythm, 
and  point  of  maximum  intensity  of  the  normal  heart 
sounds  are  observed,  any  changes  in  the  intensity  or 
rhythm  are  noted,  and  the  presence  of  any  abnormal 
sounds  or  murmurs  is  detected.  In  this  examination  the 
immediate  or  mediate  metliod  may  be  emjjloyed.  The 
mediate  is.  however,  tlie  more  common,  and  the  u.se  of 
the  stethoscope  enables  the  examiner  to  localize  the  area 
of  tlie  maximum  intensity  of  the  sounds  more  exactly ;  it 
also  intensifies  the  sounds,  so  that  sounds  inaudible  to  the 
ear  may  by  its  aid  be  clearly  heard. 

Two  sounds  are  heard  on  auscultation:  the  first,  or 
systolic  sound,  occurring  with  the  systole  of  the  heart, 
somewhat  dull  and  booming  in  character,  and  resembling 
the  syllable  "tubb":  the  second,  or  diastolic  sound,  oc- 
curring with  the  diastole  of  tlie  heart,  short,  ciuick,  and 
snajip}'  in  character,  like  the  syllable  "dupp." 

The  first  and  second  soimds  are  separated  by  a  short 
pause,  and  a  longer  pause  occurs  between  the  second 
sound  and  tlie  succeeding  first  sound.  This  rhythmical 
recurrence  of  the  first  and  .second  sounds  with  the  inter- 
posed pauses  makes  up  the  cardiac  C}cle. 

The  first  sound  is  produced  by  the  closure  and  tension 
of  the  auriculo- ventricular  valves  and  the  tension  of  the 
walls  of  the  ventricles;  it  is,  therefore,  a  composite 
sound  made  up  of  several  elements.  The  second  sound 
is  caused  by  the  sudden  closing  of  the  aortic  and  pul- 
monary valves. 

Normally  these  sounds  recur  in  rhythmical  sequence, 
and  may  be  heard  all  over  the  pra^cordium.  There  are, 
however,  areas  where  the  individual  sounds  may  be 
heard  with  greater  distinctness.  For  example,  the  first 
sound  may  be  heard  most  clearly  at  the  apex,  and  not 
inmiediiitely  over  the  point  of  production,  the  location  of 
the  mitral  and  tricuspid  valves.  This  area  at  the  apex  is 
called  the  mitral  area. 

The  aortic  element  of  the  second  sound  is  most  clearly 
heard  in  the  aortic  area,  the  second  right  intercostal  space 
near  the  sternum  ;  and  the  jiulmonary  element  in  the  sec- 
ond left  intercostal  space,  the  pulmonary  area.  At  the 
apex  the  qualitj'  of  the  systolic  sound  is  soft  and  boom- 
ing, the  pitch  is  low,  the  intensity  marked,  and  the  dura- 
tion long.  The  quality  of  the  second  sound  is  clicking 
or  sharp,  the  pitch  is  higher  than  that  of  the  first  sound, 
the  intensity  less,  and  the  iluration  shorter. 

At  the  base  the  intensity  of  the  first  sound  is  dimin- 
ished, and  that  of  the  second  sound  increased.  As  a  rule, 
the  second  sound  is  heard  more  distinctly  in  the  aortic 


area  than  in  the  pulmonary;  in  other  words,  the  aortic 
element  of  the  second  sound  is  nonnalh'  the  louder. 

Disease  may  cause  changes  in  the  normal  lieart  sounds, 
which  modifications  are  noted  in  the  quality,  iutensity, 
duration,  and  rhytlini. 

The  quality  of  the  first  sound  maybe  impure  or  rough, 
and  there  may  be  reduplication  of  the  first  sound,  which 
is  caused  by  the  non-synchronous  contraction  of  the  ven- 
tricles and  closure  of  the  auriculo-veutricular  valves. 

The  intensity  of  the  first  sound  is  much  increased  in 
cases  in  which  there  is  hypertrophy  of  the  left  ventricle,  in 
acute  febrile  diseases,  and  in  patients  with  very  thin  chest 
walls.  Diminution  in  tlie  intensity  is  noted  in  emphy- 
sema, in  ]iatients  with  very  thick  chests,  in  cases  of  peri- 
carditis with  effusion,  in  all  exhausting  diseases,  and  in 
dilated  heart. 

In  hypertrophy  the  duration  of  the  first  sound  may  be 
prolonged,  even  "to  the  point  of  sounding  like  a  murmur; 
and  in  dilatation  this  sound  is  so  shortened  that  it  may 
be  mistaken  for  the  second  sound.  The  .same  shortening 
of  the  first  sound  is  often  observed  in  cases  of  mitral 
stenosis. 

The  rhythm  is  often  irregular  or  intermittent :  this  is 
particularly  marke<l  in  cases  of  mitral  stenosis  and  in  di- 
lated heart.  The  aortic  element  of  the  second  sound,  or 
the  aortic  second  sound  as  it  is  called,  is  accentuated  in 
any  disease  which  causes  an  increase  in  the  blood  pressure 
in  the  aorta  and  systemic  circulation ;  in  other  words, 
when  the  arterial  tension  is  high,  or  when  there  is  an 
increased  anifumt  of  blood  in  the  aorta,  as  in  aneurism  or 
dilatation  of  the  aorta.  AVhen  the  action  of  the  heart  is 
weak,  as  in  dilated  heart,  in  fevers,  and  in  myocarditis,  the 
amount  of  blood  and  the  tension  in  the  aorta  are  dimin- 
ished, and  the  intensity  of  the  aortic  second  sound  is 
lessened.  The  pulmonic  second  sound  is  accentuated 
when  the  pulmonary  circulation  is  under  increased  ten- 
sion ;  in  mitral  disease,  either  stenosis  or  insufflciency  of 
the  valve,  and  in  jineumonia  or  emphysema.  "When  the 
tension  in  the  pulmonary  circulation  is  low,  the  second 
sound  in  the  pulmonary  area  is  diminished  in  intensity. 

There  is  not  uncommonly  a  reduplication  of  the  second 
sound,  which  is  due  to  the  fact  that  the  aortic  and  pul- 
monary valves  do  not  close  at  the  same  moment.  This 
occurs  when  the  tension  of  the  blood,  or  blood  pressure, 
is  unequal  in  the  systemic  and  pulmonary  circulation. 
It  is  frequently  observed  in  mitral  stenosis. 

In  addition  to  the  normal  heart  sounds,  other  sounds 
may  be  heard  which  are  the  result  of  diseased  conditions 
of  the  heart  or  vessels.  These  abnormal  sounds  ma\'  be 
produced  either  within  or  without  the  heart  or  in  the 
great  vessels,  and  are  therefore  called  endocardial,  exo- 
cardial,  or  vascular  murmurs.  In  listening  to  a  murmur, 
in  order  to  decide  upon  its  nature  and  the  lesion  upon 
whicli  its  production  depends,  it  is  necessary  to  note  the 
time  of  the  cardiac  cj'cle  at  which  the  murmur  is  heard, 
its  point  of  maximum  intensity,  the  (jualit_y  of  the  sound, 
and  the  direction  in  which  it  is  transmitted. 

ExdCdrdial  Murmurs. — These  sounds  are  produced  by 
the  rubbing  together  of  the  surfaces  of  the  pericardium 
made  rough  by  inflammation,  or  by  the  movement  of 
the  pulmonary  pleura  against  the  pericardial  sac ;  hence 
these  sounds  are  called  jjericardial  friction  sounils  or  mur- 
murs or  pleuro-pericardial  sounds. 

Pericardial  murmurs  occur  in  pericarditis,  and  they  are 
heard  with  both  the  systole  and  the  diastole  of  the  heart. 
From  this  fact  they  are  often  spoken  of  as  '"see  saw  "  or 
"to-and-fro"  murmurs.  The  murmur  is  usually  loudest 
at  the  base  of  the  heart  and  along  the  line  indicating  the 
auriculo-ventricular  groove.  The  quality  is  rulibing  and 
creaking,  not  of  marked  intensity  and  often  very  faint; 
the  intensity  may  frequently  be  increased  by  pressure  on 
the  chest  wall  with  the  stethoscope.  The  sound  is  near 
the  ear,  and  is  not  transmitted. 

Pleuro-pericardial  frictions  or  murmurs  occur  in  cases 
of  drj-  pleurisy  involving  the  pleura  of  the  pericardial 
sac  and  the  adjacent  lung.  The  sounds  are  not  syn- 
chronous with  tlie  heart  action,  but  occur  with  the  respir- 
atory movements,  and  may  disappear  when  tlie  patient 
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holds  his  breath;  thej'  are  usually  heard  loudest  over  the 
borders  of  the  ventricles,  when  respiration  is  deep.  The 
quality  is  rubbing,  the  intensity  not  marked,  and  it  may 
be  increased  by  pressure  with  the  stethoscope. 

Endocardial  Murmiiris. — Endocardial  muiinurs  may  be 
due  to  gross  changes  in  the  valves  or  lining  membrane  of 
the  heart,  or  to  changes  in  the  quality  of  the  blood.  In 
the  first  case  they  are  called  organic,  and  in  the  second 
functional,  htemic,  or  inorganic  murmurs  respectivel)'. 

Organic  Endocardial  Marnivrs. — For  the  production  of 
a  murmur  two  factors  are  necessary :  force  and  rapidity 
of  the  blood  current,  and  narrowing  or  change  in  calibre 
of  the  passages  through  which  the  blood  flows. 

The  blood  normally  flows  with  force  and  rapidity 
through  a  passage  with  smooth  walls,  and  of  even  or 
gradually  diminishing  calibre.  When,  as  the  result  of 
disease,  the  cusps  of  the  valves  do  not  open  properly  to 
allow  the  blood  to  flow  through,  or  when  the  curtains  of 
the  valves  do  not  close  perfectly  and  so  allow  the  blood 
to  flow  back  through  the  opening,  a  sudden  diminution 
In  the  calibre  of  the  passage  occurs.  Thus  the  two  fac- 
tors for  the  production  of  a  sound  or  murmur,  the  blood 
current  passing  with  force  and  rapidity  through  a  nar- 
row opening  into  a  wider  space,  are  present  within  the 
diseased  heart. 

Should  the  velocity  and  force  of  the  blood  current  be 
diminished,  as  the  result  of  a  weak  heart,  when  a  dimi- 
nution in  the  calibre  exists,  either  there  will  be  no  murmur 
or  a  murmur  of  slight  intensity  will  be  heard.  The 
valves  on  the  left  side  of  the  heart  are  those  most  com- 
monly the  seat  of  organic  disease  in  adults.  In  early  in- 
fant life  and  in  intrauterine  life  the  valves  of  the  right 
heart  are  usuallj'  those  affected. 

Inorr/anic,  Functional,  and  U<Fmic  Mumivrs. — In  addi- 
tion to  the  organic  valvular  lesions  which  render  the 
valves  unfit  for  the  work  they  are  destined  to  perform, 
the  valves  may  be  rendered  incompetent  on  account  of  a 
dilated  condition  of  the  muscular  walls  of  the  heart  and 
a  consequent  widening  of  the  orifices,  which  the  cusps 
of  the  valves  are  unable  to  fill  in  and  close.  This  inabil- 
itj'  to  close  the  dilated  auriculo-ventricular  orifice,  for 
example,  is  due  to  the  fact  that  the  cusps  of  the  mitral 
valve  are  too  small,  and  also  to  the  fact  that  the  papillary 
muscles  are  displaced  by  the  dilatation  of  the  heart  and 
so  prevent  the  cusps  from  closing  perfectly. 

An  increased  blood  pressure  in  the  aorta  or  pulmonary 
artery,  or  a  loss  of  elasticity  of  the  arterial  coats,  which 
causes  a  dilated  condition  of  the  vessels,  may  allow  a 
regurgitation  of  blood  at  the  aortic  or  pulmonary  orifices. 
Murmurs  due  to  these  causes  are  spoken  of  as  inorganic, 
or  the  result  of  relative  insulficiency  of  the  valves. 

Changes  in  the  character  of  the  blood  may  also  produce 
sounds,  to  which  the  name  "  ha?mic  "  or  "  functional " 
murmurs  is  given. 

Oryanic  Murmurs. — Sounds  due  to  organic  lesions  are 
heard  during  either  the  systole  or  the  diastole  of  the 
heart,  and  are  therefore  spoken  of  as  systolic  or  diastolic 
murmurs.  Those  murmurs  which  occur  during  the  dias- 
tole, but  which  end  at  the  beginning  of  the  sj'stole,  are 
called  "  presystolic  "  murmurs. 

Systolic  m urmurs.  heard  loudest  in  the  aortic  and  pul- 
monary areas,  are  due  to  a  stenosis  or  obstructed  condi- 
tion of  the  aortic  or  pulmonary  orifices.  Sj'stolic  murmurs 
heard  at  the  mitral  or  tricuspid  areas  are  due  to  incom- 
petent mitral  or  tricuspid  valves,  which  allow  a  regurgi- 
tation of  blood  through  them.  Diastolic  murmurs  in  the 
aortic  and  pulmonary  areas  are  produced  by  blood  re- 
gurgitating through  an  incompetent  aortic  or  pulmonary 
valve.  JIurmurs  diastolic  in  time  and  heard  in  the  mitral 
and  tricuspid  areas  are  caused  by  an  obstructed  or  sten- 
otic mitral  or  tricuspid  valve. 

The  relative  frequency  of  these  murmurs  is  in  the  fol- 
lowing order  (Broadbent):  mitral  regurgitation,  mitral 
stenosis,  aortic  regurgitation,  aortic  stenosis,  tricuspid 
regurgitation,  tricuspid  stenosis,  pulmonary  stenosis, 
pulmonary  regurgitation.  To  take  up  the  considemtion 
of  the  murmurs  in  the  order  of  their  frequency : 

Mitral  Systolic  Murynur. — Mitral  valve  incompetent. 


blood  regurgitates  into  left  auricle  during  systole  of  left 
ventricle.  The  most  common  cause  of  incompetence  of 
the  mitral  valve  is  rheumatic  endocarditis.  Myocarditis, 
dilated  left  ventricle  from  any  cause,  or  the  infectious 
diseases  may  also  produce  this  lesion. 

The  murmur  occurs  with  the  systole  of  the  heart ;  the 
quality'  is  soft  and  blowing  like  a  whispered  "who," 
pitch  is  low  and  intensitj'  not  loud ;  the  duration  is  long. 
Area  of  maximum  intensity  at  the  apex ;  the  murmur 
may  be  localized  or  may  be  transmitted  toward  the  left 
into  the  axilla ;  it  may  also  be  heard  in  the  left  inter- 
scapular region  along  the  internal  border  of  the  scapular. 

Mitral  Presystolic  Murmur. — The  mitral  valve  is  stcn- 
osed  or  obstructed,  and  the  blood  is  therefore  hindered  in 
its  passage  from  the  left  auricle  to  the  left  ventricle  dur- 
ing the  auricular  sj'stole.  The  cause  in  nearlj-  all  cases 
is  rheumatic  endocarditis. 

The  murmur  occurs  during  the  auricular  systole ;  toward 
the  end  of  the  long  pause  it  becomes  gradually  louder 
and  louder,  and  ends  with  the  first  sound  of  the  heart. 
The  quality  is  harsh,  rough,  and  rolling,  intensity  marked, 
the  area  of  maximum  intensity  usually  small  and  just 
within  the  apex.  This  murmur  is  not,  as  a  rule,  trans- 
mitted. 

Aoi-tic  Diastolic  Murmur. — Aortic  valve  incompetent, 
the  blood  therefore  regurgitates  into  the  left  ventricle 
during  the  period  of  diastole.  Rheumatic  endocarditis 
is  a  common  cause  of  this  lesion;  also  atheromatous 
changes  in  the  aorta  and  the  cusps  of  the  valve,  as  well 
as  dilatation  of  the  orifice. 

The  murmur  occurs  with  and  replaces  the  second  sound 
of  the  heart;  it  is  soft  and  blowing  in  quality,  often  al- 
most musical;  generally  of  rather  high  pitch,  of  variable 
intensity  and  short  duration.  The  area  of  maximum 
intensitj'  varies,  it  maj'  be  most  marked  in  the  aortic 
area;  sometimes  to  the  left  of  the  sternum  in  the  second, 
third,  or  fourth  intercostal  space ;  and  at  times  at  the  tip 
of  the  sternum.  It  is  transmitted  across  and  down  the 
sternum  to  the  ensiform  cartilage,  and  to  the  apex. 

Aortic  Systolic  Murmur. — Aortic  valve  stenosed  or  ob- 
structed, the  blood  hindered  in  Its  passage  during  the 
systole  of  the  left  ventricle  from  the  ventricle  into  the 
aorta.  This  murmur  may  be  due  to  true  stenosis  of  ■ 
the  orifice  resulting  from  rheumatic  endocarditis  or  athe- 
romatous changes.  It  may  be  caused  by  atheroma  of 
the  first  ])art  of  the  aorta,  by  thickening  and  roughening 
of  the  aortic  cusps,  and  sometimes  as  the  result  of  aneu- 
rism ami  rupture  of  the  valves. 

The  murmur  occurs  with  or  replaces  the  first  sound. 
Its  quality  is  harsh  and  rough ;  it  may,  however,  at  times 
be  soft,  the  intensitj'  is  usually  marked  and  the  dura- 
tion long.  Heard  with  maximum  intensity  in  the  aortic 
area,  and  transmitted  up  the  vessels  of  the  neck.  It  may 
sometimes  be  heard  all  over  the  prsecordium,  and  in  the 
second,  third,  and  fourth  intercostal  spaces  on  the  left  side 
near  the  vertebral  column. 

Hytertropht  a^'d  Dilatation  of  the  Heabt. — 
Hypertrophy  of  the  heart  is  a  thickening  of  the  walls  of 
the  heart  which  may  involve  the  walls  of  all  the  cavi- 
ties or  be  limited  to  those  of  one.  Dilatation  is  an  in- 
crease in  the  capacity  of  the  cavities  of  the  heart ;  as  in 
hypertrophy  one  or  more  of  the  cavities  may  be  involved 
at  the  same  time. 

Hypertrophy  and  dilatation  may  occur  together  or  sep- 
arately. With  hypertrophy  there  is  usually  a  certain 
amount  of  dilatation.  Hypertrophy  results  from  the 
effort  of  the  heart  to  do  more  work  than  normal.  This 
demand  for  extra  work  may  be  due  to  excessive  exercise, 
to  functional  causes,  for  example  exophthalmic  goitre, 
to  mechanical  defects  in  the  circulatory  system,  to  valvu- 
lar disease,  or  to  increased  resistance  in  the  peripheral  or 
in  the  pulmonary  circulation,  depending  on  Bright 's 
disease,  chronic  bronchitis,  or  emphysema.  The  en- 
deavor of  the  heart  to  overcome  any  of  the  valvular 
lesions  bj'  hypertrophy  is  an  effort  of  the  organism 
to  supply  extra  force  where  extra  work  is  needed.  If 
the  hypertrophy  is  sufficient  to  overcome  the  symptoms 
arising  from  the  valvular  lesion,  the  lesion  is  ^id  to  be 


822 


EXPLANATiOJS  OF 
PLATE    XXIII 


EXPLANATION    OF    PLATE    XXIIL 

(In  all  the  figures  tlic  blue  color  indicates  the  superficial,  and  the  red  color  the  deep,  cardiac  dulness. 
The  sliaded  wedges  show  the  area  over  which  the  murmurs  are  heard,  and  indicate  by  their 
tliickness  the  intensity  of  the  sound.) 

Fig.  1. — Mitral  Insufliricncy.  Showing  slight  liypertrophj'  of  left  ventricle,  and  marked  hyper- 
trophy of  the  right  side  of  the  lieart.  Accentuation  of  pulmonic  second  sound,  indicated  by 
the  sign  \jJL  at  the  base.  Murmur  heard  at  apex  with  maximum  intensity,  transmitted  to  the 
left  (> )  and  diminishing. 

Fig.  2. — Mitral  Stenosis.  Left  ventricle  of  normal  size.  Hypertrophy  of  left  auricle  and  of  right 
side  of  heart.  Pulmonic  sccona  .sound  accentuated.  Maximum  intensity  within  apex :  mur- 
mur increasing  to  first  sound  ( <).     Not  transmitted. 

Fig.  iJ. —Aortic  Insufficiency.  Left  ventricle  greatlj- h}"pcrtrophied.  Riglit  side  of  lieart  normal 
in  size.  Murmur  heard  over  a  consideralile  area,  at  times  with  maximum  intensity  at  base  in 
aortic  area,  at  times  at  lower  end  of  sternum.     No  accentuation  of  second  sounds. 

Fig.  4. — Aortic  Stenosis.  Left  ventricle  somewhat  hypertrophied.  No  changes  on  riglit  side  of 
heart.  Murmur  heard  with  maximum  intensity  in  aortic  area,  transmitted  up  into  cervical 
vessels. 
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.  compensated.  This  compensation  results  from  the  hyper- 
trophy of  the  walls  of  the  cavity  immediately  behind 
the  obstructed  oritice. 

After  the  hypertrophy  has  existed  for  some  time,  the 
heart  muscle  fails  to  respond  to  the  extra  demand  made 
upon  it  and  becomes  weakened;  this  is  followed  by 
a  dilatation  of  the  cavity  and  a  failure  of  compensa- 
tion. 

The  Physical  Signs  of  Hypertrophy  op  the  Left 
Ventricle  (Plate  XXII.,  Fig.  3).— /«,«/«•(■?>-«.— Bulg- 
ing of  praecordium,  especially  in  children  and  adults  with 
thin  chest  walls;  apex  displaced  downward  and  to  the 
left  of  the  mid-clavicular  line ;  a  heaving  impulse  over 
the  prtecordium. 

Palpation. — A  slow,  heaving,  and  forcible  apex  beat. 
Pulse  strong,  and  tension  increased. 

Perciismvn. — Deep  cardiac  dulness  extends  more  to  the 
left  and  downward  than  normal ;  where  the  increase  in 
deep  cardiac  dulness  is  very  great  there  is  probably  dila- 
tation with  tlie  h3-perlrophy. 

Auscultation. — First  sound  prolonged;  occasionally 
there  is  amurmtir  to  be  heard,  this  occurs  where  the  dila- 
tation of  the  ventricle  and  auriclo-ventricular  orifice 
causes  an  incompetent  mitral  valve.  The  aortic  second 
sound  is  usually  markedly  accentuated ;  it  is  clear  and 
riugiug,  where  the  cusps  of  the  valves  are  normal;  muf- 
fled and  duller  where  atheroma  has  caused  a  thickening 
of  tlie  valves.  There  may  also  be  a  reduplicated  second 
sound.  In  cases  of  emphysema  the  pliysical  signs  of 
hypertrophy  are  not  marked ;  this  is  due  to  the  volumi- 
nous lungs,  which  lie  between  the  heart  and  the  chest 
wall,  and  which  interfere  with  the  phj'sical  signs  elicited 
by  inspection,  palpation,  and  percussion,  especially  in 
the  latter  method  of  examination,  where  apparently  tlie 
area  of  superficial  cardiac  didness  is  normal.  In  cases  of 
emphysema  where  there  is  no  hypertrophy  of  the  heart 
the  cardiac  duluess  is  always  diminished. 

The  Physic.vl  Signs  of  IIypertropiiy  of  the  Right 
Ventricle  (Plate  XXII.,  Fig.  3). — Inspection. — Bulging 
of  the  lower  part  of  the  pnecordium,  with  pulsation  in 
intercostal  spaces  to  the  right  of  the  sternum  and  in  the 
epigastrium.  The  apex  beat  is  somewhat  displaced  to 
the  left  by  hypertrophy  of  the  right  ventricle. 

Palpation. — Heaving  pulsation  and  tlie  dislocated  apex 
beat  are  also  detected  b_v  this  means  of  examination. 

Percussion. — Dulness  raaj'  extend  for  an  inch  or  more 
to  the  right  of  the  sternum  from  the  enlargement  of  the 
right  auricle. 

Auscultotion. — Sounds  are  not  much  changed  unless 
there  is  dilatation.  There  may  be  reduplication  of  the 
pulmonary  second  soimd. 

Dilatation  of  the  Heart  gives  these  physical  signs: 
Inspection  discloses  an  apex  beat,  usually  to  the  left  of  the 
normal  site,  and  much  less  visible  than  in  health ;  it  is  at 
times  invisible.  There  is  a  diffused,  r.ndulatory ,  or  wave- 
like  character  to  the  pulsation  observed  over  the  pra;cor- 
dlum  (Plate  XXII.). 

Palpation  shows  a  feeble  impulse  of  irregular  and  flop- 
ping character.  The  pulse  is  irregular,  small,  of  little 
tension,  and  rapid. 

Percussion  duluess  extends  both  to  the  right  and  left, 
depending  of  course  on  the  portion  of  the  heart  most 
Involved  by  the  dilatation. 

Ausculta'tiori. — The  heart  sounds  are  feeble,  and  the 
rhythm  is  irregular.  From  the  relative  insufliciency  of 
the  valves  murmurs  may  arise.  When  the  dilatation  is 
extreme  and  the  force  of  the  heart's  muscular  contraction 
feeble,  even  though  valvular  lesions  exist,  no  murmur 
may  be  heard.  In  such  cases,  after  rest  and  the  use  of 
cardiac  tonics,  the  contractions  of  the  heart  become  more 
forcible  and  the  murmurs  again  become  audible. 

Physical  Signs  of  Pericarditis. — When  pericarditis 
is  unaccompanied  by  effusion  of  serum,  the  only  physical 
sign  is  the  friction  murmur,  the  "  see-saw  "  sound,  which 
is  heard  usually  at  the  base  of  the  heart. 

If  the  inflammation  goes  on,  and  an  effusion  of  serum 
into  the  pericardial  sac  takes  place,  the  following  signs 
are  noted : 


Inspection. — Bulging  of  the  prsecordium;  apex  beat 
not  visible  or  above  the  normal  location. 

Palpation. — No  apical  impulse,  or  an  impulse  felt  in 
the  third  and  fourth  left  intercostal  spaces.  Fluctuation 
may  be  present,  though  this  is  a  rare  sign. 

Percussion. — When  tluid  is  present  in  moderate  amount 
the  area  of  deep  cardiac  dulness  is  not  increased,  but  tlie 
change  from  pulmonary  resonance  to  flatness  is  sudden 
and  marked.  AVheu  tlie  iiericardial  sac  is  distended  with 
exudate,  the  duluess  or  flatness  begins  at  the  first  or 
second  cosbU  cartilage,  and  extends  downward  to  the 
sixth  rib,  and  laterally  beyond  the  normal  limits  of  deep 
cardiac  dulness.  The  outline  of  the  fiat  area  may  be 
pyramidal  and  extend  beyond  the  normal  site  of  the  apex 
beat.     The  sense  of  resistance  on  percussion  is  marked. 

Often  the  dulness  of  pericardial  effusion  is  at  first  noted 
in  the  second  left  and  fifth  right  intercostal  sjiaces. 

Auscultation. — Friction  sounds  due  to  rubbing  of  the 
pericardial  surfaces  on  one  auother  may  be  heard,  when 
the  fluid  is  ]iresent  in  only  small  amount;  when  large 
amounts  of  fluid  till  the  pericardial  sac,  friction  soimds 
are  usuall}'  alisent.  The  heart  sounds  are  heard  faintly 
and  apjiarcnlly  at  a  distance,  but  wlien  no  endocardial 
murmurs  exist  they  are  normal  in  character. 

The  difficult}'  of  differentiating  between  a  dilated  heart 
and  a  iiericardial  sac  filled  with  fluid  is  often  dilHcult. 
The  fact  that  the  apex  impulse  is  absent  or  displaced  up- 
ward, and  not  of  the  iindulatiug  character  so  typical  of 
a  dilated  heart,  in  which  also  the  apex  beat  is  usually 
displaced  downward  and  outward;  the  .shape  of  the  dull 
area,  pyramidal  in  pericarditis,  and  square  in  a  dilated 
heart;  the  muftled  character  of  the  sound  in  pericarditis, 
and  the  accentuated  valvular  sounds  in  dilatation;  Bam- 
berger's sign,  dulness  at  the  angle  of  scapula,  and  in- 
creased fremitus  and  bronchial  breathing  at  this  point 
when  the  patient  sits  upright,  which  signs  disappear 
when  the  patient  leans  forward,  in  pericarditis  and  not  in 
dilated  heart,  will  aid  in  the  differential  diagnosis  of 
these  conditions. 

JIitral  Insltficiency. — The  mitral  valve,  incompe- 
tent, permits  regurgitation  of  blood  into  the  left  auricle 
during  systole.  This  causes  an  increased  amount  of 
blood  in  the  auricle  and  an  increase  in  the  blood  pressure 
of  the  pulmonary  circulation.  The  auricle  becomes  pri- 
marily dilated  and  hypertrophied.  During  each  diastole, 
as  a  result  of  the  increased  amount  of  blood  in  the  left 
auricle  and  of  the  increased  pressure  under  which  this 
blood  is.  more  blood  enters  the  left  ventricle  than  normal 
and  with  greater  force:  this  causes  an  increase  in  the 
capacity  of  the  left  ventricle  from  the  yielding  o'f  the 
walls,  and  then  hj'iiertrophy  from  the  endeavor  of  the  left 
ventricle  to  empty  itself  completely  during  systole. 

The  increased  pressure  of  the  blood  in  the  pulmonary 
circulation  causes  hypertrophy  and  dilatation  of  the  right 
ventricle — the  effort  of  nature  to  supply  force  for  the 
lack  of  power  in  the  left  auricle.  When  dilatation  of 
the  right  ventricle  ensues,  the  tricuspid  valve  becomes 
incompetent  and  the  blood  during  s\'stole  regurgitates 
into  the  right  auricle,  thence  into  the  ascending  and  de- 
scending vens  cavse  ;  pulsation  of  the  veins  of  the  neck 
and  pulsating  liver  follow. 

As  long  as  the  h3'pertroph3'  of  the  ventricles  is  sufficient 
to  overcome  the  valvular  deficiency,  just  so  long  will  no 
changes  be  noted  in  the  character  of  the  pulse,  and  no 
subjective  symptoms  will  be  observed  (Plate  XXIII., 
Fig.  1). 

Inspection. — Bulging  of  iirrecordium  at  times;  apex 
beat  displaced  down  and  to  the  left ;  pulsation  of  the  cer- 
vical veins  and  of  the  liver  in  extreme  cases. 

Palpation. — Impulse  displaced,  but  nothing  character- 
istic ;  very  rarely  a  thrill  at  apex.  Pulse  small  and  of 
low  tension.  If  t  he  compensation  is  failing  the  pulsations 
of  the  liver  may  be  felt. 

Percussion. — Area  of  cardiac  dulness  increased  to  left, 
and  also  to  the  right  of  sternum,  often  an  inch  or  more. 

Auscultation. — At  the  apex,  in  the  mitral  area,  a  soft 
sj'Stolic  murmur  is  heard,  transmitted  to  the  left,  to  the 
axilla,  and  at  times  heard  in  back  along  the  internal  border 
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of  left  scapula.  Though  the  area  of  maximum  intensity 
is  at  the  apex,  the  murmur  may  be  heard  along  the  left 
edge  of  the  sternum,  and  also  at  the  base  of  the  heart. 
The  pulmonary  second  sound  is  accentuated. 

When  dilatation  of  tlie  right  heart  with  the  accom- 
panying insufficiency  of  the  tricuspid  valve  has  occurred, 
a  tricuspid  systolic  nuirmur  may  be  heard  in  the  tricus- 
pid area:  at  this  stage  the  pulmonic  second  sound  is 
■weakened. 

MiTR.\L  Stenosis. — Mitral  valve  narrowed  and  the 
blood  flow  from  left  auricle  to  ventricle  obstructed.  The 
tirst  result  of  the  interference  with  the  passage  of  blood 
througli  the  mitral  orifice  is  diUitation  and  hypertrophy 
of  the  left  auricle,  and  an  increase  in  the  blood  pressure 
in  the  puhnonary  circulation ;  then  hypertrophy  and  dila- 
tation of  the  right  side  of  the  lieart  follow,  and  engorge- 
ment of  the  systemic  venous  circulation.  So  little  blood 
enters  the  left  ventricle  during  the  period  of  diastole 
that  the  cavity  is  not  filled,  therefore  it  neither  dilates 
nor  hypertroiihies,  and  is  not  affected  by  the  changes 
occurring  in  the  other  cavities  of  the  heart.  There  being 
little  blood  in  the  ventricle,  little  is  forced  into  the  aorta 
with  each  svstole,  hence  the  pulse  is  small  in  size  (Plate 
XXIII.,  Fig.  2). 

Itinjicrlioii. — Bulging  of  prsecordium,  especially  of  ster- 
nvun  and  ribs  to  the  right  of  sternum :  apex  beat  not  dis- 
placed, usually  visible.     Epigastric  pulsation  marked. 

Palpation. — The  apical  impulse  is  short  and  snapping, 
often  accompanied  by  a  presystolic  thrill.  Pulse  is  small ; 
may  be  regular  if  compensation  is  good,  iiTegular  when 
compensation  is  failing. 

Percnssiiin. — Area  of  cardiac  dulness  is  increased  to 
right  of  sternum  and  upward. 

AusrultatidH. — Presystolic  murmur  heard  at  or  just 
witliin  the  location  of  apex  beat,  over  a  limited  area, 
rough  and  harsh  in  character,  not  transmitted,  and  end- 
ing suddenly  with  the  tirst  sound  of  the  heart.  The  pul- 
monic second  sound  is  usually  accentuated.  There  is 
often  a  reduplication  of  tlie  second  sound  at  the  base. 
At  the  apex  the  .second  sound  may  be  inaudilile. 

AVhen  compensation  lias  failed'  this  lesion  may  exist, 
and  3'et  no  murmur  be  heard. 

Aortic  Insufficiency. — The  aortic  valve  is  incompe- 
tent, and  allows  blood  to  regurgitate  into  left  ventricle 
during  the  period  of  diastole.  The  first  result  of  this 
lesion  is,  that  during  diastole  the  cavity  of  the  left  ven- 
tricle is  overdistended  with  blood,  flowing  from  the  auricle 
through  the  mitral  orifice  and  from  the  aorta  through  the 
incompetent  aortic  orifice.  The  ventricular  walls  j'ield 
to  the  pressure,  and  a  primary  dilatation  results:  this  is 
followed  by  hypertropliy  of  the  ventricle  in  the  effort  to 
force  the  increased  amount  of  blood  contained  in  the  cav- 
ity into  the  aorta.  It  not  infrequentl}'  happens  that 
from  the  dilatation  of  the  ventricle  there  is  an  incomplete 
closure  of  the  mitral  valve,  the  so-called  relative  mitral 
insutficiency,  which  acts  in  a  beneficial  way  by  allowing 
regurgitation  and  so  relieving  the  pressure  in  the  ventricle 
during  systole.  Aortic  regurgitation  produces  a  marked 
effect  on  the  pulse.  The  more  than  normal  quantity  of 
blood  forced  into  the  aorta  during  each  systole  causes  a 
sudden  and  marked  filling  of  the  arteries,  a  quick  and 
full  pulse;  this  as  quickly  disappears  during  diastole, 
when  the  arteries  are  emptying  themselves  in  the  normal 
manner,  and  also  backward  through  the  incompetent 
aortic  valve.  The  ])ulse  seems  to  collapse:  it  is  the 
"water-hammer"  or  Corrigan's  pulse,  and  is  character- 
istic of  this  lesion  (Plate  XXIII.,  Fig.  3). 

Inspection. — There  maybe  bulging  of  the  prfecordiuni : 
the  apex  beat  is  dislocated  downward  and  to  the  left,  and 
the  impulse  is  usually  marked  and  of  the  heaving  char- 
acter of  hypertrophy. 

There  is  marked  visible  pulsation  in  the  cervical  ves- 
sels and  also  in  the  temporal,  brachial,  radial,  and  other 
arteries.  Capillary  pulsation  in  the  fingernails  is  visible 
at  times. 

Palpation. — The  abnormal  location  of  apex  beat  and 
the  forcible  and  heaving  character  of  the  impulse  are 
easily  made  out.     There  may  be  a  thrill  in  the  aortic  area 


diastolic  in  time.  The  pulse,  the  characteristic  Corrigan 
or  "water-hammer,"  is  not  marked  when  compensation 
fails,  or  when  a  marked  stenosis  of  the  aortic  valve  exists 
with  the  insutficiency. 

Percussion. — Cardiac  dulness  increased  to  the  left  from 
h}'pertroph\-  of  the  left  ventricle. 

Auscultatioti. — Diastolic  murmur  heard  over  the  aortic 
area,  and  transtuitted  across  the  sternum  and  downward 
along  left  edge  to  the  tip  of  the  ensiform  cartilage.  This 
is  usually  a  soft  and  blowing  murmur  coming  with  or 
replacing  the  second  sound  of  the  heart. 

A  systolic  aortic  murmur  is  not  an  uncommon  accom- 
paniment of  the  diastolic  murmur :  and  a  mitral  systolic 
murmur  is  also  often  heard,  the  result  of  the  relative  niitral 
insufficiency. 

Aortic  Stenosis. — The  aortic  orifice  is  narrowed,  and 
an  obstruction  is  thus  offered  to  the  passage  of  the  blood 
from  the  left  ventricle  into  the  aorta.  This  causes  an  in- 
crease of  blood  pressure  in  the  ventricle  during  systole : 
the  ventricular  walls  at  first  give  way  to  this  increase  of 
pressure  and  a  primary  dilatation  results.  This  is  rapidly 
compensated  by  hypertrophy  of  the  left  ventricular 
walls,  which  takes  place  as  the  result  of  the  heart's 
effort  to  empty  the  ventricle  of  the  excess  of  blood 
through  the  narrowed  orifice.  The  pulse  is  usually 
small,  because  of  the  small  amount  of  blood  forced  into 
the  aorta  with  each  contraction  of  the  heart,  and  regular. 
The  tension  is  usually  high  (Plate  XXIII.,  Fig.  4). 

Inspection. — Apex  beat  displaced  downward  and  some- 
what to  the  left,  visible  and  somewhat  heaving.  When 
compensation  fails  impulse  is  wave-like.  There  is  no 
visible  pidsation  in  any  of  the  peripheral  vessels. 

Palpation. — Apex  beat  palpable  in  sixth  space  and  to 
left  of  the  mammary  line:  impulse  is  slow,  regular,  and 
forcible.  There  is  often  a  systolic  thrill  in  the  aortic 
area.     The  pulse  is  regular,  small,  and  of  high  tension. 

Percussion. — Area  of  cardiac  dulness  increased  to  left 
from  hy]iertropliy  and  dilatation  of  the  left  ventricle. 

Auscultation. — In  the  aortic  area  a  loud  systolic  mur- 
mur is  heard,  often  audible  over  the  whole  pr.Tcordium 
and  in  the  vessels  of  the  neck.  It  may  even  be  heard  in 
tlie  second,  third,  and  fourth  left  intercostal  spaces  near 
the  vertebral  column.  The  murmur  is  systolic  in  time, 
and  usually  very  harsh  in  quality  ;  it  is  transmitted  u  p  the 
vessels  of  the  neck.  The  second  sound  is  usually  faint, 
it  may  be  absent:  or  there  may  be  a  diastolic  liiurmur 
replacing  the  second  sound,  due  to  an  incompetent  con- 
dition of  the  aortic  valve. 

5Iurmurs  occurring  at  the  same  time  of  the  cardiac 
cycle  arising  from  the  same  pathological  condiiions  of 
the  valves  of  the  right  heart  may  be  heard,  and  the  phys- 
ical signs  resulting  from  these  valvular  lesions  are  much 
the  same  as  those  already  enumerated.  Lesions  of  the 
tricuspid  and  pulmonary  valves  are,  however,  compara- 
tively rare:  and  the  murmurs  heard  indicating  trouble  at 
these  orifices  arise  more  commonly  from  the  relative  in- 
sufficiency of  these  valves,  which  is  the  result  of  organic 
lesions  of  the  valves  of  the  left  side  of  the  heart,  than 
from  structural  lesions  of  these  valves  themselves. 

Tricuspid  Regurgitation. — Of  the  lesions  at  the  tri- 
cuspid orifice  regurgitation  is  the  more  common,  and  is 
usually  the  result  of  dilatation  secondary  to  mitral  dis- 
ease and  consequent  stasis  of  the  pulmonary  circulation. 

Inspection. — Pulsation  in  epigastrium,  in  intercostal 
spaces  to  right  of  sternum,  and  in  the  vessels  of  the  neck. 

Pal/udiou. — PuKsation  in  epigastrium  and  to  the  right 
of  the  sternum,  and  at  times  the  pulsating  of  the  liver  • 
may  be  felt. 

Perciission. — Heart  dulness  increased  to  the  right  edge 
of  the  sternum  or  beyond  it,  and  upward,  from  the  hy- 
pertrophy and  dilatiition  of  the  right  ventricle  and  auricle. 

Auscultation. — In  the  tricuspid  area,  at  the  end  of  the 
sternum  and  in  the  fourth  and  fifth  left  intercostal  spaces 
near  the  sternum,  a  soft  blowing  systolic  murmur  is 
heard;  it  may  be  transmitted  slightly  to  the  right,  but  is 
not  beard  at  the  apex.  The  second  sound  in  the  pul- 
monary area  is  weak. 

Tricuspid    Stenosis. — This    lesion   is    usually   con- 
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genital  and  is  accompanied  b}-  dilatation  of  the  right 
auricle. 

Inspection. — Cyanosis  is  marked,  and  visible  pulsation 
may  be  noted  to  the  right  of  sternum. 

Palpation. — The  pulsation  and  at  times  a  presystolic 
thrill  to  the  right  of  the  sternum  may  be  felt. 

Percussion. — Cardiac  dulness,  from  the  dilated  right 
auricle,  increased  to  right  of  sternum. 

Amciiltation. — Presystolic  murmur,  harsh  in  quality,  of 
maximum  intensity  in  tricuspid  area,  and  not  transmitted. 

Pulmonary  Regurgitation. — The  phy.sical  signs  are 
those  due  to  the  regurgitation  of  blood  into  the  right 
ventricle  causing  it  to  dilate  and  hypertrojihy.  The 
murmur  is  like  that  of  aortic  insufliciency,  diastolic  in 
time  and  soft  in  qualitj- ;  it  is  heard  with  ma.ximum  in- 
tensity in  the  second  left  intercostal  space,  and  is  trans- 
mitted down  the  sternum.  The  pulse  alone  makes  it 
possible  to  differentiate  the  murmur  from  that  due  to 
aortic  insufficiency. 

Pulmonary  Stenosis. — This  lesion,  usually  con- 
genital, causes  h3'pertrophy  of  the  right  ventricle,  with 
the  usual  train  of  j^hysical  signs. 

Tlie  murmur  is  systolic  in  time,  harsh  in  quality,  heard 
loudest  in  the  second  left  intercostal  space  and  at  times 
all  over  the  pra>cordium;  a  thrill  may  also  be  detected  in 
the  pulmonarj-  area.  The  .sound  is  not  transmitted  up  tlie 
vessels  of  the  neck,  like  the  sj'stolic  murmur  of  aortic 
stenosis. 

Functional  Murmurs. — Functional  murmurs  are 
those  which  occur  not  as  the  result  of  any  organic  val- 
vular lesion,  but  from  functional  changes  in  the  heart, 
vessels,  or  blood.  These  murmurs  are  often  spoken  of 
as  inorganic,  ha?mic,  or  ansemic,  from  the  fancied  cause  of 
their  iiroduction.  It  is  usual  to  find  these  murmurs  in 
cases  of  ameinia,  or  in  the  debility  following  any  exhaust- 
ing disease. 

The  following  characteristics  of  functional  murmurs 
will  aid  in  differentiating  them  from  organic  murmurs. 
They  are  always  systolic  in  time,  and  are  as  a  rule  heard 
loudest  in  the  pulmonary  area,  though  they  may  be  heard 
at  the  apex,  and  in  the  aortic  and  tricuspid  an-as.  The 
murmur  is  soft  and  blowiutr,  and  usually  louder  when 
the  patient  is  in  the  recumbent  position.  There  is  no 
transmission,  and  usually  no  hypertrophy  or  dilatation. 
The  second  sound  in  anaemic  murmurs  is  usually  some- 
what accentuated. 

There  may  be  ^'ascular  murmurs  associated  with  the 
functional  cardiac  murnuirs;  the  most  common  is  that 
Iieard  in  cases  of  an;cmia  in  the  neck  over  the  jugular 
veins:  theso-ealled  "  venous  hum,"  or  "bruit  du  diable." 
This  sovmd  may  be  produced  by  pressure  on  the  veins 
with  the  bell  of  the  stethoscope  in  persons  who  are  in 
perfect  health. 

Aneurism  op  the  Thoracic  Aorta. — Aneurism  of 
the  arch  of  the  aorta  may  be  fusiform  or  sacculated,  and 
is  usually  secondary  to  syphilis,  alcohol,  gout,  or  great 
muscular  strain.  The  physical  signs  depend  on  the  loca- 
tion of  the  aneurismal  tumor,  the  presence  of  tlie  tumor, 
and  the  pressure  the  tumor  exerts  on  the  surrounding 
structures. 

The  physical  signs  due  to  the  tumor  itself  are  pulsa- 
tion, usually  expansile,  thrill,  dulness,  and  murmur.  It 
is  quite  possible,  however,  for  an  anetirism  to  exist  with- 
out giving  any  physical  signs. 

Jnspection.—If  the  aneurism  is  of  the  ascending  arch, 
there  is  often  bulging  in  the  first  and  second  right  inter- 
costal spaces,  and  here  also  a  pulsation  may  lie  visible. 
When  the  aneurism  is  located  in  the  transverse  arch  <if 
the  aorta,  the  manubrium  is  pushed  forward  and  the 
tumor  shows  itself  in  this  location  ;  the  pulsation  is  noticed 
here,  and  also  in  the  suprasternal  notch.  Aneurism  of 
the  descending  arch  is  usually  accompanied  by  a  tumor 
in  the  second"  left  intercostal  space  in  front,  or  in  the 
third,  fourth  and  fifth  intercostal  spaces  of  the  left  inter- 
scapvdar  region. 

The  use  of  tlie  .('-ray  in  examining  patients  in  whom 
aneurism  is  suspected  is  of  great  assistance.  By  means 
of  the  fluoroscope  the  presence  of  a  dark  and  pulsating 


shadow,  larger  than  that  seen  in  examining  the  normal 
heart,  is  made  out,  often  when  no  other  physical. signs 
of  aneurism  can  be  detected.  It  is  most  important  to 
make  use  of  this  means  of  examination  in  all  cases  of 
suspected  aneurism. 

On  inspection  also  tlie  apex  beat  of  the  heart  may  be 
found  dislocated  downward  and  to  the  left. 

Palpation. — At  the  point  of  bulging,  pulsation,  usually 
expansile  in  character,  may  be  noted,  and  a  systolic  thrill 
may  sometimes  he  felt.  When  the  aneurism  is  of  the 
transverse  or  upper  part  of  the  descending  aorta;  tracheal 
tugging  may  be  present.  To  obtain  this  sign,  the  liead 
of  the  patient,  who  sits,  should  be  supported  against  the 
body  of  the  observer,  who  stands  behind  the  patient;  the 
ciljserver  then  jjlaces  the  tirst  or  second  liuger  of  each 
band  on  either  side  of  the  cricoid  cartilage.  The  head 
should  be  sligiitly  lieut  forward  and  the  patient  told  to 
stop  breathing.  With  each  systole  of  the  heart  the 
fingers  appreciate  a  distinct  tiig  transmitted  to  them 
through  tlie  trachea  and  cricoid  cartilage,  which  are 
dragged  down  by  the  expansion  of  the  aneurism  upon 
the  left  bronchus. 

A  diUcrence  in  the  character,  time,  and  force  of  the 
pulse  in  the  two  wrists  may  be  noted;  the  vessels  re- 
ceiving their  blood  supply  from  the  aneurismal  .sac  hav- 
ing a  weak  and  retarded  pulse  wave. 

I'crciission. — There  is  dulness  over  the  location  of  the 
tumor.  When  there  is  no  vi.sible  tumor,  dulness  in  the 
second  right  intercostal  S]iace  or  in  the  left  interscapular 
region  near  the  vertebral  column  is  suggestive  of  aneu- 
rism. 

Auscultatory  percussion  is  of  much  value  in  diagnosis 
of  the  presence  of  a  tumor  in  the  mediastinum. 

The  heart  dulness  is  usually  not  increased  unless  there 
is  valvular  disease,  usually  incoiupeteuce  of  the  aortic 
orifice,  associated  with  the  aneurism. 

Avseiiltation. — There  may  be  a  systolic  or  a  systolic 
and  diastolic  murmur  heard  over  the  tumor.  lu  a  large 
number  of  cases,  however,  no  murmur  can  be  made  out. 
The  second  aortic  sound  is  aecentuate<l ;  at  times  the 
closure  of  the  valves  is  so  forcible  that  the  jjalpating 
hand  can  feel  the  shock. 

Pressure  Syntpttonis. — An  aneurism  may  exist  and  give 
no  phj'sical  signs,  yet  characteristic  pressure  symptoms 
may  be  present.  The  .symptoms  caused  bj'  pressure 
often  coexist  with  the  physical  signs  due  to  the  tumor, 
and  depend  largely  on  the  location  of  the  tumor  and  the 
structures  upon  which  the  pressure  is  exerted. 

Pain  is  usually  a  constant  sj'm])tom,  sharp  and  stabbing 
in  character,  and  may  occur  in  paroxysms.  The  pain 
may  be  due  to  the  erosion  of  bone,  sternum,  or  verteliiie; 
may  be  anginal  in  natiu'e,  or  result  from  ijressure  on  tlie 
nerves,  and  shoot  down  the  arm  to  the  fingers  or  along 
the  intercostal  spaces. 

Pressure  on  trachea  and  bronchi  gives  rise  to  cough, 
bronchorrlia'a,  and  hemorrhage,  at  times  slight  and  ap- 
parently from  the  lungs,  at  times  profuse  and  fatal  from 
ulceration  of  the  aneurismal  sac  and  rupture  into  the 
trachea  or  bronchus. 

Pressure  on  vena  cava,  if  on  su]ierior,  causes  cyanosis, 
enlargement  of  the  veins,  and  (edema  of  the  head,  neck, 
and  arms,  usually  the  right;  if  on  the  inferior,  there  may 
be  oedema  of  the  thorax  and  feet. 

Pressure  on  the  (esophagus  causes  dysphagia,  and  the 
aneurism  at  times  ruptures  into  the  oesojihagus.  Piessure 
on  the  recurrent  laryngeal  nerves  produces  a  dry  me- 
tallic cough  and  aphonia.  The  paralysis  of  the  ab- 
ductor muscles  of  the  larynx  is  ea.iiy  made  out  by  laryn- 
goscopic  examination.  The  left  vocal  cord  is  the  one 
most  frequently  paralyzed.  Pressure  on  the  sympathetic 
nerves  may  produce  contraction  of  one  jiupil.  and  flush- 
ing and  sVTcating  of  one  side  of  the  face.  Pressure  on 
the  brachial  plexus,  sternum,  and  vertebra?  produces 
pain.  Williani  K.  Draper. 

CHESTNUT.— Ci/stoHcr*.  "The  leaves  of  Castanea 
(hntafa  (.Mai shall)  Borckh.  (fam.  Faf/ace<f).  collected  in 
September  or  October,  while  still  green"  (U.  S.  P.).     This 
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is  one  of  the  largest  and  most  valuable  of  our  timber  trees, 
growing  rather  rapidly,  and  producing  an  abundance  of 
straight-grained,  rather  coarse,  but  very  durable  wood. 
The  ripe  fruit  or  nut  is  well  known.  The  otHcial  descrip- 
tion is  as  follows:  "From  six  to  ten  inches  (15  to  25  cm.) 
long,  about  two  inches  {5  cm.)  wide,  petiolate,  oblong- 
lanceolate,  acuminate,  mucronate,  feather-veined,  sinu- 
ate-serrate, smooth,  odor  slight,  taste  somewhat  astrin- 
gent." Doubtless  other  species  of  chestnut  leaves  have 
the  same  composition  and  might  with  equal  propriety 
be  used.'  Nothing  peculiar  has  been  found  among  the 
constituents  of  chestnut  leaves;  nine  per  cent,  of  tannin, 
resin,  and  a  number  of  mineral  compounds  in  the  ash, 
are  the  principal  things  observed. 

Their  use  is  entirely  empirical.  The  leaves  for  a  good 
many  years  have  had  a  popular  reputation. for  the  relief 
of  whooping-cougli,  and  within  the  last  ten  or  fifteen 
years  have  been  considerably  used  in  its  treatment  by 
physicians;  their  value  for  this  purpose  is,  to  say  the 
least,  uncertain.  Sometimes  there  appears  to  be  a 
marked  decrease  in  the  number  and  severit}'  of  the 
coughing  spells :  at  others  no  effect  is  produced.  They 
are  not  put  to  any  other  use.  The  fluid  extract  is  offi- 
cial, the  dose  being  2  to  8  c.c.  (fl.  3  ss.-ij.). 

W.  P.  BollM. 

CHEWSTICK. — The  stems  of  Govania  Domingensis 
(fam.  R/uiiiiiiiicicv).  This  is  a  beautiful  woody  climber, 
growing  both  wild  and  cultivated  in  the  West  Indies, 
and  other  parts  of  tropical  America,  whose  stems  are 
used  there  as  tooth-brush  and  powder  combined.  These 
stems  are  very  tough  and  fibrous,  and  when  cut  in  short- 
ish pieces  the  ends  are  chewed  until  a  rude,  stiff  brush 
is  formed,  with  which  the  teeth  are  rubbed;  a  pleasant 
saponaceous  froth  of  an  aromatic  bitter  taste  is  formed 
in  the  operation,  and  the  teeth  are  said  to  be  whitened 
and  the  gums  hardened  by  it.  A  tincture  and  powder 
are  proposed  as  dental  remedies.  Internally,  it  acts  as 
a  mild  aromatic  bitter,  and  is  used  in  its  home  as  a  con- 
stituent of  small  beers.  Manufacturing  houses  offer  a 
fluid  extract,  the  dose  of  which  is  4  to  8  c.c.  (fl.  3  i-ij.). 

Henry  H.  Eushy. 

CHEYNE-STOKES   RESPIRATORY  PHENOMENON. 

See  Dysjitid'd  and  Itixinratinu. 

CHICAGO,  ILL.— A  city  of  a  fnillion  and  a  half  or 
more  inhabitants,  situated  upon  the  west  shore  of  Lake 
Michigan.  Its  climate,  although  a  very  variable  one 
and  subject  to  sudden  changes,  with  excessive  heat  or 
cold  and  increased  humidity,  is  not  an  unwholesome  one ; 
and  the  death  rate  from  consumption  along  the  west 
shore  of  the  lake  is  less  than  farther  inland.  According 
to  Dr.  John  A.  Robinson*  the  physiological  effect  of  the 
lake  climate  is  to  promote  physical  activity  and  mental 
vigor,  and  to  increase  bodily  nutrition.  "Persons,"  he 
says,  "  who  have  been  predisposed  to  pulmonary  tuber- 
culosis have  enjoyed  robust  health  in  this  climate  so  long 
as  they  have  avoided  its  bad  features  and  observed  other 
precautions."  The  favorable  features  of  the  climate,  as 
Dr.  Robinson  gives  them,  are;  first,  air  in  motion,  tlie 
winds  s^veeping  down  into  the  dark  corners  of  the  streets 
and  alleys,  and  whirling  the  filth  into  the  highways 
where  the  rain  and  sunshine  disinfect  it ;  these  winds 
act  as  great  atmospheiic  purifiers.  Second,  the  lake 
purifies  the  air  as  it  blows  from  its  surface  toward  the 
land.  Third,  the  lar^e  amount  of  sunshine.  "Observa- 
tions for  several  j'ears,"  continues  Dr.  Robinson,  "prove 
that  the  monthly  mean  of  cloudy  days  is  about  ten 
a  month ;  which  means  that  the  sunshine  is  present 
about  two-thirds  of  the  time."  From  the  accompany- 
ing climatic  table  it  will  be  seen  also  that  the  number 
of  clear  and  fair  days  is  two  hundred  and  fifty-seven 
a  year. 

♦North  American  Practitioner,  Chicago,  1897,  ix.,  pp.  296-298. 
"  Chicago  as  a  Health  Resort" 


Climate  of  Chicago,  III.— Latitude,  41°  52' ;  Longitude,  8"°  38'. 
Period  of  observation.  Thirteen  Years. 


Temperature  (Fahr.) — 

Avfiu^^e  or  normal 

AvHiaibre  daily  range 

Mean  of  warmest 

Mean  of  coldest 

H  igbest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  or  relative  

Precipitation — 
Average  rainfall  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  number  of  clear  days 

Average  number  of  fair  days 

Average  number  of  clear  and  fair  days 


^ 

fl 

r 

3 
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50 
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9 
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7.1 

7.8 

8.1 

12.9 

12.9 

12  2 

12.5 

20.7 

20.3 

25.4 

48.8° 


70.8* 
37.58 

S.W. 

8.4 

108.5 
14X.6 
257.1 


The  authority  above  quoted  does  not  think  the  Chicago 
climate  contraindicates  the  establishment  of  a  sanatorium, 
in  the  vicinity,  for  the  treatment  of  curable  cases  of  con- 
sumption. "At  any  rate,"  he  says,  "the  climate  in  the 
lake  region  affords  as  good  an  opportunity  as  the  climates 
of  England  and  New  England."  For  a  statistical  ac- 
count of  the  Chicago  climate  one  is  referred  to  "The 
Climate  of  Chicago,"  by  Professor  Hazen,  1893,  of  the 
Weather  Bureau,  published  by  the  United  States  Gov- 
ernment. Edward  0.  Otis. 

CHICHANCANAB.— Yucatan,  Mexico.  The  water  of 
this  lake  is  perfectly  clear  and  very  bitter  in  taste.  It 
deposits  crystals  similar  in  appearance  to  those  of  mag- 
nesium sulphate.  A'.  J.  Ponce  de  Leon. 

CHICHIMEQUILLAS.— Queretaro,  Mexico.  Nothing 
much  is  known  of  these  waters.  The  laity  recommends 
them  in  cases  of  rheumatism,  leprosy,  and  disorders  of 
menstruation.  A',  J.  Ponce  de  Leon. 

CHICHIPICO.— Puebla,  Mexico.  This  is  a  lukewarm- 
sulpliurctcd  calcic  water.  Although  there  are  no  bath- 
ing facilities  at  this  spring,  many  people  take  the  baths, 
as  they  are  highly  recommended  by  local  physicians,  for 
the  treatment  of  rheumatism  and  nervous  disorders. 

N.  J.  Ponce  de  Leon. 

CHICKENPOX.  — (Sj-nonyms:  Varicella,  Crystalli, 
Swinepox;  Fr.,  La  Varicelle ;  Ger.,  M'asseiyocken.) 
Chickenpox  is  an  acute,  specific,  infectious  fever,  char- 
acterized bj'  successive  crops  of  vesicles  distributed  over 
the  entire  surface  of  the  body,  which  disappear,  in  from 
four  to  seven  days,  by  desiccation.  It  is  the  mildest  and 
least  important  of  the  eruptive  fevers. 

The  belief,  formerly  generally  entertained  by  the  pro- 
fession, that  varicella  is  not  an  inde])endent  affection 
but  a  modified  variola,  is  now  abandoned,  save  by  a  few 
clinicians  who  follow  the  teaching  of  Kaposi  and  the 
Vienna  school.  The  proof  of  the  non-identity  of  the  two 
diseases  is  overwhelming. 

Varicella,  like  the  other  members  of  the  exanthematic 
group,  is  due  to  a  specific  virus,  or  poison,  the  nature  of 
which  is  unknown.  It  is  pre-emincntlv  a  disease  of  early 
life.  It  affects  babes  at  the  breast,  attains  its  maximum 
frequency  about  the  fifth  j'car,  and  is  rarely  met  with 
after  the  tenth  year  of  age.  It  rarely  occurs  a  second 
time  in  the  same  individual.  Adults  enjoy  special  im- 
munity from  the  disease,  even  when  unprotected  by  an 
attack  in  childhood. 

Sporadic  cases  of  chickenpox  are  sometimes  observed, 
but  it  usually  prevails  as  an  epidemic.  It  is  highly  con- 
tagious, and  few  children  who  are  susceptible  to  its  in- 
fluence escape  when  exposed.  Many  authors  affirm  that 
inoculation  with  the  contents  of  the  vesicles  yields  nega- 
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tive  results,  but  Steiner  and  others  have  repeatedly  re- 
produced the  disease  in  this  way.  The  period  of  incuba- 
tion in  these  experimental  cases  is  about  eight  days,  but 
when  the  disease  is  transmitted  in  the  ordiuarj'  manner 
it  is  longer  and  more  variable,  running  from  ten  to  seven- 
teen days. 

Prodromal  symptoms  are  not  infrequenth'  wholly 
absent,  the  ajipearance  of  the  eruption  giving  the  first 
indication  that  the  child  is  ailing.  When  present,  they 
rarely  last  longer  than  twenty-four  hours,  and  are  such 
as  usher  in  mild  febrile  attacks,  namely,  anorexia,  lassi- 
tude, general  bodily  discomfort,  chilliness,  and  slight 
elevation  of  temperature. 

The  initial  fever  is  mild,  seldom  measuring  more  than 
101°  F.,  and  the  constitutional  disturbances  are  corre- 
spondingly slight,  but  in  exceptional  cases  they  may  be 
as  severe  as  those  which  commonly  attend  mild  attacks 
of  the  other  eruptive  diseases.  The  eruption  follows 
promptly  on  tlie  first  increase  in  temperature,  and  in  a 
few  hours  attains  its  full  development.  Small  hypertemic 
patches  resembling  roseola  spots  first  appear  and  are 
speedily  followed  by  vesicles.  When  full}'  formed,  the 
eruption  consists  of  perfectly  transparent  vesicles,  more 
or  less  abundantly  scattered  over  the  body,  globular  or 
ovoid  in  form,  and  varying  in  size  from  a  pinhead  to  a 
split  pea,  or  even  larger.  They  are  unicellular  in  struc- 
ture, collapse  wiien  pricked,  and  leave  behind  no  swell- 
ing or  elevation  of  the  skin.  A  distinct  areola  may  or 
may  not  be  present. 

The  wall  of  the  vesicle,  formed  by  the  outer  layer  of 
the  epidermis,  is  very  thin  and  easily  broken. 

When  the  eruption  is  abundant  the  body,  as  well  de- 
scribed by  Di'.  Gregory,  presents  the  appearance  of  hav- 
ing been  exposed  to  a  momentary  shower  of  boiling 
water,  each  drop  of  which  has  produced  a  small  blister. 

The  eruption  apjiears  first  upon  the  trunk,  and  spreads 
irregularly  over  the  entire  body.  It  is  most  abundant 
upon  the  back  and  breast,  and  least  so  upon  the  face, 
where  it  is  usually  limited  to  the  forehead.  The  scalp 
nearly  always  exhibits  a  full  crop  of  eruptions,  which, 
protected  by  the  hair,  maintains  its  physical  integrity 
longer  than  in  any  other  location,  and  thus  renders  valu- 
able aid  in  diagnosis.     The  eruption  is  never  confluent. 

The  occurrence  of  two,  three,  or  more  successive  crops 
of  eruption,  eacli  running  an  independent  course,  consti- 
tutes a  striking  and  unique  feature  of  varicella.  Be- 
tween the  vesicles  first  formed  new  roseola  spots  appear, 
and  soon  ripen  into  fully  developed  vesicles.  Thus, 
newly  formed  vesicles  may  be  seen  side  by  side  with 
others  in  all  stages  of  development,  even  to  advanced 
desiccation.  The  irregularity  in  the  course  and  develop- 
ment of  the  eruption  is  an  important  point  in  the  diag- 
nosis of  the  disease. 

The, mucous  membranes  are  often  implicated.  The 
tongue,  buccal  membrane,  and  the  mucous  surfaces  of 
thegenital  organs,  especially  in  girls,  are  favorite  sites 
for  the  foiTnation  of  vesicles.  In  these  locations  the 
vesicles  soon  lose  their  epithelial  covering,  and  leave 
small,  round,  superficial  ulcers  resembling  the  ulcers  of 
herpetic  stomatitis. 

If  unbroken  by  accident  or  by  the  scratching  of  the 
child  to  relieve  the  itching  so  generally  present,  the 
vesicles  remain  until  the  third  day  without  change,  when 
their  contents  become  cloudy  and  desiccation  begins. 

At  this  stage  a  few  scattered  pustules  may  be  ob- 
served, but  these  are  purely  accidental  and  not  essential 
features  of  the  disease.  The  vesicles  begin  to  dry  up  in 
the  centre  and  form  thin,  brownish -yellow  crusts,  which 
soon  become  detached.  Faint  red  spots  remain,  which 
pass  away  in  a  few  days,  and  carry  with  them  every 
trace  of  the  eruption;  but  very  exceptionally  depressed, 
slightly  pitted  cicatrices  permanently  mark  the  seat  of  a 
few  of  the  vesicles. 

Mr.  Hutchinson  has  called  attention  to  the  gangrenous 
ulcers  which  sometimes,  though  rarely,  complicate 
chickenpox  in  feeble,  ill-nourished  infants.  In  these 
cases  a  greater  or  less  number  of  vesicles,  instead  of  pur- 
suing the  ordinary  benign  course,  become  gangrenous. 


increase  in  size,  and  form  black  scabs  of  one-half  to  one 
inch  in  diameter,  surrounded  by  dusky  red  areolfe.  The 
ulcers  heal  slowly.  In  fact  this  condition  may  result 
fatally  in  infants  whose  constitutions  are  depraved  by 
inherited  taints  or  bad  surroundings.  It  is  not  peculiar 
to  varicella  and  is  described  on  other  pages  of  the  H,\nd- 
BOOK  under  the  name  of  Varicella  Gangroenosa. 

The  varieties  of  chickenpox  described  by  authors 
under  the  names  of  Varicdla  lenticidaris.  Varicella 
conmdcs,  and  Vnrimlla  glohata,  based  on  the  various 
shapes  assumed  by  the  eruption,  maj'  be  wholly  ignored, 
since  in  every  well-marked  case  vesicles  answering  all  of 
these  descriptions  are  abundantly  found.  In  fact  this 
variability  in  .size  and  form  of  the  typical  varicellar  erup- 
tion is  a  characteristic  feature  of  the  disease.  The  prog- 
nosis is  always  favorable. 

Erysipelas  is  the  most  serious,  though  a  rare  complica- 
tion.    Holt  has  met  with  three  fatal  cases. 

Henoch  and  others  have  reported  cases  of  nephritis 
occurring  both  as  complications  and  as  sequels.  Vari- 
cella is  not  infrequently  complicated  by  other  infectious 
fevers.  The  combination  of  scarlatina  and  varicella  has 
been  often  observed. 

Varicella  derives  its  chief  importance  from  the  liability 
of  inexperienced  or  careless  diagnosticians  to  mistake  it 
for  smallpox,  or  Hce  tersd. 

In  variola,  or  well-marked  varioloid,  the  physiognomy 
is  so  distinctive  as  almost  to  preclude  the  possibilit.y  of 
error.  But  in  exceptional  cases  of  varioloid  the  consti- 
tutional symptoms  are  so  mild  and  the  eruption  so  rudi- 
mentary and  irregular  that  a  careless  examination  will 
not  suffice  to  distinguish  them  from  the  graver  forms  of 
varicella. 

For  two  years  or  more  an  unusually  mild  form  of 
variola  lias  prevailed  extensively  throughout  the  country, 
especially  in  the  South  and  middle  West.  The  mortality 
has  been  almost  nil.  In  2,81!)  cases  recorded  in  Ohio  up 
to  January,  1900,  the  death  rate  was  1.4  per  cent.  Dur- 
ing most  of  the  time  varicella  has  been  epidemic  in  a 
part  of  the  same  territory,  which  with  tlie  exceedingly 
mild  type  of  variola  has  given  rise  to  much  confusion 
and  many  mistakes  in  diagnosis. 

Time  will  always  clear  up  the  diagnosis,  but  in  the 
meanwhile  the  reputation  of  the  physician  and  the  safety 
of  the  community  may  be  seriously  compromised. 

The  absence  of  prodromal  manifestations,  the  short 
initial  fever,  the  rapidity  and  irregularity  with  which 
the  eruption  spreads  over  the  body,  the  globular,  non- 
umbilicated,  transparent,  unicellular  vesicles,  the  absence 
of  a  distinct  pustular  stage,  and  the  successive  crops  of 
eruption,  which  show  roseola  spots,  vesicles,  and  crusts 
in  close  proximity,  will  rarely  give  room  to  hesitate  in 
the  presence  of  chickenpox. 

While  any  case  of  varicella  may  present  an  occasional 
vesicle  slightly  umbilicated  or  with  purulent  contents, 
due  to  accidental  causes,  the  fact  that  this  appearance  is 
only  exhibited  by  a  few  scattered  vesicles,  and  is  not  the 
predominating  character  of  the  eruption,  will  suflice  to 
establish  the  diagnosis. 

It  is  well  to  bear  in  mind  thata  vesicular  eruption  which 
occurs  in  a  child  over  ten  or  twelve  years  of  age,  and 
especiall}'  in  an  adult,  is  open  to  grave  suspicion.  The 
writer  cannot,  however,  agree  with  those  authors,  by  no 
means  few  in  number,  who  maintain  that  varicella  never 
occurs  in  the  adult.  He  can  recall  three  cases  in  adults, 
all  females,  which  have  come  under  his  observation. 

Varicella  is  a  self-limited  disease  and  needs  but  little 
treatment. 

Light  diet,  cooling  drinks,  a  gentle  aperient,  and  con- 
finement within  doors  while  the  fever  lasts,  is  all  that 
will  ordinaril}-  be  required.  To  prevent  the  infection  of 
other  children  isolation  should  be  maintained  until  the 
crusts  have  fallen.  W.  J.  Conklin. 

CHICK'S  SPRINGS.— Greenville  County,  South  Caro- 
lina. 
Post-Office. — Greenville.     Hotel  and  cottages. 
Access. — Via  Atlanta  and  Charlotte  Air-Line  (Southern 
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Railway  system),  to  Taylor's   Station,   10   miles    from 
Greenville,  theuce  1  mile  to  springs. 

Chick's  Springs  are  located  in  a  broken,  rugged  coun- 
try, about  1,300  feet  above  tbe  sea  level.  Paris  Moun- 
tain, a  spur  of  the  Blue  Ridge,  is  only  three  or  four 
miles  distant.  The  climate  of  this  region  is  very  salu- 
brious and  well  adapted  for  pulmonary  cases  during  the 
winter  months.  The  air  is  dry,  and  clear  weather  with 
invigorating  breezes  the  rule.  The  resort  has  had  a  wide 
reputation  in  tlie  South  for  many  years,  but  owing  to 
tlie  destruction  of  the  liotel  by  fire  it  has  not  been  open 
to  the  public  until  two  or  three  years  .since,  when  the 
present  owner  built  a  small  hotel  and  several  cottages. 
A  large,  new  hotel  is  projected,  which,  with  other  im- 
provements, will  bring  the  place  up  to  its  old  standard 
of  excellence.  The  springs  are  two  in  number,  known 
as  the  "  Iron  "  and  the  "  Sulphur  "  Springs,  and  are  about 
one  hundred  and  fifty  feet  apart.  The  following  analysis 
b}-  Dr.  Charles  U.  Shepherd,  of  Charleston,  was  sent  to 
us  by  Mr.  Julius  C.  Smith,  of  Greenville: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  sulphate 32.57 

Magnesium  sulphate 63 

Sodium  sulphatfi 2.37 

Sodium  siUcate 3.69 

Potassium  silicate 31 

Silica 50 

Iron  oxide .41 

Total 40.48 

Carbonic  acid  gas  present  in  appreciable  quantities. 

These  waters  have  been  found  of  great  advantage  in 
cases  of  atonic  dyspepsia  accompanied  by  hepatic  con- 
gestion. They  are  also  useful  auxiliaries  in  Bright's  dis- 
ease of  the  kidneys.  Janus  K.  Crook. 

CHICORY. —  Cichorium.  The  root  of  Cichonum  In- 
tyhiis  L.  (faiu.  Cichoriacem).  A  perennial,  milky-juiced, 
European  herb,  with  dandelion-like  leaves  and  tall, 
sparsely  branching  stems,  bearing  large,  delicate,  bright 
blue  flowerheads.  It  is  very  abundantly  naturalized  in 
this  country,  along  roadsides,  and  is  also  extensively 
cultivated  both  here  and  abroad.  The  root  is  fleshy  and 
branched,  very  much  like  that  of  dandelion  when  dry, 
but  rather  larger,  and  deficient  in  regard  to  the  briglit 
yellow  woody  ring  so  distinctly  seen  in  the  cross  section 
of  dandelion.  It  is  grayish  lirown  externally,  whitish 
within,  generally  odorless,  and  l)ut  slightly  bitter.  The 
cultivated  root  is  larger  and  darker  tTian  the  wild.  It 
occurs  in  commerce  mostly  cut  into  halves  and  quarters 
of  transverse  sections,  and  is  heavily  wrinkled  in  drying. 
The  leaves,  which  are  somewhat  employed  as  a  salad,  are 
irregularly  pinnatified,  with  a  large  terminal  and  small 
lateral  segments.  They  resemble  lettuce  in  taste,  but 
are  more  bitter. 

The  roasted  root  is  very  extensively  used  as  an  adul- 
terant of,  or  addition  to,  or  substitute  for  coffee,  and  this 
use  is  steadily  increasing.  In  some  European  countries, 
especially  England,  it  is  generally  assumed  that  the  cus- 
tomer desires  the  addition  of  chicory  unless  he  directs 
otherwise.  To  the  natural  taste,  it  imparts  a  bitter  and 
nauseous  flavor  to  the  beverage,  but  this,  by  custom,  be- 
comes tolerable  or  even  agreeable. 

Cliicory  is  scarcely  entitled  to  rank  as  a  medicine,  al- 
though it  is  laxative  and  about  similar  to  dandelion  in  its 
effects.  Tlie  root  contains  iiiuHn,  like  many  others  in  the 
order,  hitter  extrfictive,  and  svgar.  The  flowers  contain 
a  peculiar  glucoside.  Henri/  H.  Rusby. 

CHIGOE.  —  Synonyms. — Besides  the  classical  terms 
Pulex  penetrans,  DertnatopJdlus.  Rhynchoprion  penetrnns, 
and  SarcMpsylla  penetrans,  this  troublesome  tropical  para- 
site is  known  by  the  following  names:  aagrini,  atten, 
bicho,  bichos  dos  pes,  chego,  chegoe,  chegre,  chica. 
chico.  chicque,  chigga,  chigger,  chiggre,  ehigo,  chigoe, 
chigua.  cliique,  ckicke.  earth-flea,  jatecuba,  jigger,  mi- 
gor,  nigua,  pico,  picque,  pigne,  pigue,  pique,  punque. 


sand-flea,  sandfloh,  seccec,  sico,  sike,  sikka,  siko,  tchike, 
torn,  ton,  tschlcke,  tschik,  tschike,  til,  tunga,  tungay, 
xique. 

Etymology. — Chigoe  is  supposed  to  be  derived  from 
the  Spanish  chiqtiito,  small. 

For  natural  history,  classification,  anatomy,  etc.,  see 
article  Insects. 

GEOGn.\PHic.\L  DisTRrBUTioN. — The  chigoe  is  confined 
exclusively  to  the  tropics,  and  is  probably  indigenous  to 
South  America.  It  is  most  prevalent  in  the  West  Indies, 
and  Central  and  tropical  America,  its  bounds  being  about 
30^  of  latitude  North  and  South.  Withi^  these  limits  it 
is  certainly  very  common  indeed,  and  for  its  size  is  the 
most  troublesome  of  all  the  tropical  pests.  Till  about 
twenty -five  years  ago  it  had.  never  been  known  out  of 
the  Western  hemisphere,  save  for  a  stray  case  imported 
into  Europe  from  South  America  or  the  West  Indies  (one 
such  case  is  elaboratel)-  reported  b.v  Laboulbfene):  but  in 
1872  or  1873  it  was  found  in  tropical  Africa,  and  within 
the  last  decade  it  is  said  to  have  reached  South  China. 

Probably  it  will  be  found  all  over  the  tropics.  It  is 
most  abundant  in  the  dry  sandy  soil,  and  in  the  parts 
near  the  sea :  also  in  pens,  stables,  and  in  the  dust,  ashes, 
etc. ,  of  neglected,  unswept  houses.  Negroes  are  chiefly 
affected,  and  those  wlio  work  or  go  about  with  bare  feet, 
and  are  not  accustomed  to  hygienic  surroundings  and 
conditions.  Eui'opeans  and  newcomers  suffer  the  most, 
but  probably  because  the  older  residents  know  what 
trouble  these  little  pests  can  give,  and  have  learnt  from 
experience  to  appreciate  the  first  signs  of  the  presence  of 
the  parasite.  Women  and  children  with  their  thinner 
and  more  delicate  skin  suffer  very  much.  Soldiers  have 
been  attacked  by  these  tiny  parasites  and  have  been  dis- 
comfited if  not  routed  by  them.  "  It  is  stated  that  as  early 
as  b")38  a  division  of  Spanish  troops  was  disabled  from 
marching  by  swarms  of  the  parasite  settling  in  tlieir  feet. 
In  recent  times  the  French  troops  under  Bazaine,  in  the 
Mexican  expedition,  had  the  same  unfortunate  experi- 
ence" (Hirsch). 

Shiirt  Description. — The  chigoe  is  a  parasite  of  the 
"  flea  "  tribe :  it  is  smaller  than  the  flea,  but  has  a  larger 
liead.  It  attacks  birds,  warm-blooded  animals  both  wild 
and  domestic,  as  well  as  tiie  human  subject.  The  male 
and  immature  female  are  both  free  parasites,  obtaining 
tlieir  board  and  lodging  wherever  they  can,  but  on  im- 
pregnation the  female  seeks  a  host.  It  is  the  impregnated 
female  that  causes  all  the  trouble,  and  it  is  to  her  alone 
that  we  refer  in  the  present  article.  With  its  head  the 
chigoe  liores  into  the  skin,  going  obliquely  through  the 
epidermis;  it  tlien  enters  between  the  epidermis  and 
dermis,  and  burrows  down  into  the  latter,  but  probably 
never  goes  deeper;  from  the  capillaries  of  this  region  it 
obtains  its  food  supply. 

Parts  Affected. — All  portions  of  the  body  are  liable  to 
attack,  but  the  chigoe  exhibits  a  decided  preference  for 
the  feet.  These  are  nearlj-  alwaj's  involved,  especially 
under  and  around  the  nails,  and  in  the  digito-plantar  fold. 
The  insertion  of  the  tendo  Achillis  is  another  favorite 
place.  The  dorsum  of  the  foot  is  very  seldom  involved. 
Next  to  the  feet,  the  scrotum,  prepuce,  corona  glandis, 
axilla,  arm,  forearm,  palm  of  hand.  lower  eyelid,  cheek, 
neck,  elbow,  and  knee  are  places  of  predilection ;  and  as 
the  feet  and  genitals  are  oftenest  attacked,  the  question 
has  been  raised  as  to  how  far  the  chigoe  is  attracted  by 
the  odor  of  those  parts,  especially  in  the  uncleanly.  As 
a  rule  only  one  or  a  few  chigoes  are  found,  but  Bonnett 
rejiorts  a  case  in  which  he  found  no  fewer  than  three 
hundred  in  one  person.  It  has  also  been  stated  that  the 
chigoe  likes  to  effect  an  entrance  either  near  to  another 
chigoe,  or  into  the  very  spot  which  another  chigoe  has 
previously  occupied;  the  neighborhood  of  an  ulcer  pro- 
duced b\'  her  comrades  is  also  attractive  to  the  chigoe. 

Clinic.\l  Course  and  Symptoms. — Three  stages  have 
been  described,  but  ordinarily  only  the  first  two  are  ob- 
served; and  if  proper  care  be  bestowed  the  trouble  is 
limited  to  the  first  stage. 

1.  Period  of  Invasion. — This  lasts  for  from  twenty-four 
to  thirty-six  hours,  and  is  marked  by  itching  and  tick- 
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ling,  due  to  the  perforation  of  the  skin.  The  sensation. 
which  at  first  is  not  very  definitely  localized  and  some- 
times is  a  little  way  fnjm  the  actual  seat  of  the  trouble, 
is  rather  pleasant  than  otherwise;  and  many  people  have 
been  known  to  keep  the  insect  for  a  day  or  two  before 
extracting  it.  The  pain  or  discomfort  is  intermittent; 
but  as  the  sac  with  the  eggs  increases  in  size  it  presses 
on  the  neighboring  tissues  and  gives  rise  to  a  slight  pain, 
which  later  becomes  dull  and  throbbing  and  increases  in 
intensity.  At  first  there  is  nothing  to  be  seen,  but  as  the 
sac  grows  there  can  be  observed  a  small  spot,  black  or 
dark  blue  in  color,  and  somewhat  deeply  set  in  the  skin 
which  at  this  stage  is  hardly  raised.  If  the  trouble  be 
near  a  nail  (as  it  is  very  apt  to  be)  inflammation  will  soon 
follow  unless  the  sac  be  carefully  extracted.  In  delicate 
people  even  one  chigoe  will  cause  lameness  and  hinder 
walking. 

3.  Period  of  Inflammation. — If  the  insect  be  allowed  to 
remain  in  the  tissues,  or  the  sac  be  ruptured  and  some  of 
the  eggs  remain,  inflammation  ensues,  the  intensity  of 
which  depends  on  the  thickness  of  the  skin  and  the  rich- 
ness of  its  vascular  and  nerve  supply.  If  the  skin  is 
thick,  there  are  pain,  very  little  heat  or  redness,  and  little 
or  no  swelling ;  in  other  cases  there  are  considerable  pain, 
heat,  and  redness,  and  a  serous  fluid  is  present.  If  there 
are  several  parasites  with  well-developed  sacs,  the  degree 
of  inflammation  is  very  great,  and  there  is  the  possibility 
of  further  trouble.  This  second  stage  lasts  for  four  or 
five  days,  sometimes  longer;  the  inflammation  only 
ceasing  on  the  extraction  of  the  chigoe. 

3.  Period  of  Ulceration. — If  the  part  be  still  neglected 
and  the  inflammation  remain  unchecked,  a  large  ulcera- 
tion occurs;  the  vessels  may  become  obliterated,  and 
gangrene  is  a  possible  result.  Ulceration  is  very  com- 
mon when  several  chigoesare  present  in  close  proximity ; 
and  the  union  of  several  small  ulcers  gives  a  very  ugly 
sore.  The  ulcer  is  characterized  by  red,  scalloped 
edges,  grayish  base,  and  thin  fetid  pus  which  may  separ- 
ate the  epidermis  from  the  dermis.  These  ulcers  are  apt 
to  sjiread  along  the  surface,  and  in  very  severe  cases  the 
skin  is  destroyed,  subjacent  structures  are  denuded, 
tendons  laid  bare,  phalanges  nia_v  be  necrosed,  and  toes 
drop  off.  This  is  exceedingly  rare,  and  we  believe  that 
the  severe  symptoms  attributed  to  this  stage  have  been 
exaggerated. 

Prophtlaxis  consists  in  personal  cleanliness,  particu- 
larly in  constant  bathing  of  the  feet.  Avoid  sleeping  on 
the  ground,  and  do  not  go  barefooted.  Keep  socks  and 
bedroom  slip]3ers  off  the  floor  when  not  in  use.  See  that 
rooms  are  swept  and  floors  sprinkled.  Some  people  use 
a  pungent  essential  oil  to  keep  away  the  insect,  the 
natives  employing  an  infusion  of  tobacco  leaves  for  this 
purpose. 

TREATiMEKT. — There  is  but  one  method  that  can  be 
recommended,  and  that  is  careful  extraction  of  the  sac  at 
the  earliest  jiossible  moment.  On  the  first  itching  sensa- 
tion a  search  shoidd  be  instituted  for  the  insect,  which 
when  found  should  be  at  once  dislodged.  This  is  best 
accomplished  with  a  sharp  needle,  which  should  be  steril- 
ized b_v  passing  through  a  flame,  and  then  carefully  in- 
serted in  the  opening  made  by  the  chigoe,  and  passed 
round  the  sac.  separating  it  from  the  tissues,  and  when 
thus  loosened  it  can  be  extruded.  Great  care  must  be 
taken  to  avoid  breaking  the  sac  and  scattering  the  eggs. 
If  unfortunately  this  should  occur,  wash  out  the  debris 
with  water  (sterile  if  possible)  or  a  mild  .solution  of 
bichloride  of  mercury.  If  the  skin  is  very  thick  an  incision 
may  be  necessar}-.  The  negresses  are  skilful  in  "echi- 
quage "  (as  extraction  of  a  chigoe  is  termed),  but  it  is 
very  necessary  to  see  that  they  employ  a  surgically  clean 
needle.  If  a  dressing  is  considered  necessary,  a  three  or 
four  per  cent,  solution  of  carbolic  is  as  good  as  any.  If 
the  wound  is  large  and  intractable  to  ordinary  treatment, 
you  may  have  to  curette  and  treat  as  an}-  other  fresh 
wound.  Care  must  be  taken  to  prevent  the  entrance  of 
any  pathogenic  bacteria.  Inflammation  is  treated  in  the 
usual  wa3'.  If  idcerafion  has  occurred,  chloroform  lini- 
ment or  mercurial  ointment  can  be  employed ;  and  in  the 


very  worst  cases,  and  those  badlj'  neglected,  amputation 
may  be  necessary.  R.  J.  E.  Scott. 

References. 

Bonnet:  Arch,  de  m^d.  nav.,  186". 

Brassac :  An-h.  de  med.  nav.,  18&'). 

Hirsch  :  Handbook  of  Geog.  and  Hist.  Path.  New  Syd.  Soc,  vol.  il.,  1885. 

Laboulbene  :  Diet.  Encyclbp.  des  Sciences  Medicales,  Paris,  1875,  torn. 

xvi. 
In  the  last  two  of  these  there  is  a  very  complete  bibliography. 

CHILBLAIN.     See  Dermatitis  calorica. 

CHILDHOOD.— In  the  arbitrary  division  of  life  em- 
ployed for  purposes  of  description  or  discussion,  child- 
hood includes  the  period  from  the  end  of  the  second  J'ear 
to  puberty.  The  material  for  our  consideration,  there- 
fore, includes  all  the  phenomena  that  belong  to  the 
human  organism  in  its  progress  from  the  conditions  pre- 
vailing at  the  end  of  the  second  year  of  life  to  those  of 
maturity. 

Natuiallj'  at  the  outset  of  this  period  the  organism, 
both  in  conformation  and  in  function,  corresponds  closely 
to  the  infantile  type,  yet  it  has  progressed  sufficiently 
far  to  exhibit  in  some  degree  nearly  all  the  powers  that 
belong  to  the  fully  developed  organism.  No  essentially 
new  powers  are  developed  until  the  concluding  years  of 
the  period  introduce  the  changes  incident  to  puberty. 

At  the  end  of  the  second  year  the  bod,v  still  maintains 
many  of  the  infantile  characteristics.  The  head  is  large 
in  proportion  to  the  size  of  the  body,  its  circumference 
being  about  nineteen  inches:  the  tnmk  is  large  in  pro- 
portion to  the  extremities,  the  general  outlines  are  full 
and  round.  The  child  at  this  age.  however,  has  attained 
such  a  degree  of  muscular  co-ordination  that  he  is  able  to 
stand,  walk,  or  run,  and  to  use  the  hands  freely.  The 
special  senses  are  all  awakened  to  a  degree,  and  he  has  ac- 
quired a  certain  small  store  of  experience,  is  constantly 
adding  to  that  store,  and  in  a  feeble  way  reasoning  upon 
the  results  of  it.  The  same  development  from  the  condi- 
tion at  birth,  which  is  so  especially  notable  in  the  case  of 
the  brain  and  nervous  sj'stem,  is  also  to  be  observed  in 
the  other  organs  of  the  body.  The  lachrymal  glands  are 
very  active,  the  mouth  has  filled  with  teeth,  the  salivary 
glands  have  assumed  their  functions,  the  stomach  and 
intestines  are  possessed  of  increased  digestive  power,  and 
the  eliminative  functions  of  the  kidneys  are  more  in  evi- 
dence. A  more  detailed  consideration  of  some  Of  the  an- 
atomical and  physiological  peculiarities  of  childhood  will 
be  in  order. 

The  Skin. — ^The  superficial  area  of  the  body  in  child- 
hood relatively  to  the  size  and  weight  of  the  body  Is 
much  greater  than  in  adult  life.  Changes  in  the  condi- 
tion of  the  skin  have,  therefore,  a  relatively  greater  influ- 
ence in  the  earlier  years.  Children  react  to  cold  or  hot 
applications  to  the  surface  of  the  body  very  quickly  and 
markedly.  Hydropathic  treatment  must  therefore  be 
carried  out  verj'  carefully,  and  the  length  of  exjjosure  to 
either  heat  or  cold  regulated  by  the  effect  upon  the  gen- 
eral condition.  Under  proper  regulation  we  can  expect 
more  marked  and  lasting  effects  from  such  measures  in 
children  in  an  inverse  relation  to  their  age.  Thus  simple 
sponging  of  the  surface  of  the  body  with  cold  water  or 
the  application  of  a  cold  pack  may  be  quite  sufficient  in 
a  child  to  produce  an  effect  which  in  an  adult  would  re- 
quire a  prolonged  cold  bath. 

The  sensitiveness  of  the  child  to  sudden  changes  of  the 
temperature  of  the  body  should  not  be  lost  sight  of  in 
considering  the  questions  of  hygiene.  The  surface  of 
the  body  should,  as  a  rule,  be  protected,  even  in  summer. 
The  exposure  of  the  neck  and  chest,  arms  and  legs  of  a 
delicate  child — often  resorted  to  by  mothers  in  the  belief 
that  it  will  "  harden  "  the  child — is  much  more  likely  to 
residt  in  weakening  it  or  even  producing  definite  and 
severe  illness. 

Except  in  the  hottest  part  of  summer  flannel  or  wool 
should  be  worn  next  the  skin,  and  whenever  it  is  dis- 
pensed with,  particular  care  should  be  exercised  to  pre- 
vent sudden  chilling  of  the  surface  of  the  body.     Proper 
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care  of  the  surface  of  the  body  will  protect  a  child  from 
many  of  the  attacks  of  intlammation  of  the  respiratory  or 
alimeutary  tract  to  which  childhood  is  so  susceptible. 

On  the  other  hand,  daily  bathing  should  be  as  sys- 
tematically carried  out  in  childhood  as  in  infant  or  adult 
life.  No  specific  rule  can  be  given  for  the  temperature 
or  duration  of  the  daily  bath.  These  must  be  regulated 
according  to  age  and  constitutional  vigor.  A  bath  that 
leaves  a  child  blue,  cold,  and  shivering  for  some  time 
after  it  must  be  harmful,  but  such  results  are  unneces- 
sary. Either  b}'  lessening  the  duration  of  the  bath  or  b}- 
raising  the  temperature  of  the  water,  they  may  not  only 
be  avoided,  but  in  their  stead  we  can  secure  a  healthy 
reaction  which  will  leave  the  skin  warm  and  glowing  and 
the  child  stimulated  and  strengthened.  No  other  one 
measure  is  so  potent  in  increasing  the  vitality  of  weakly 
children  and  enabling  them  to  avoid  the  constant  recur- 
rence of  colds  as  systematic  bathing  with  water  at  the 
lowest  temperature  compatible  with  a  proper  reaction. 
As  a  rule,  the  gradual  reduction  of  the  temperature  of 
the  bath  is  not  only  feasible,  but  advisable.  The  rate  of 
reduction  must  be  regulated  by  the  effects  produced. 

Not  only  is  the  skin  area  relatively  greater  in  child- 
hood, but  the  skin  itself  is  more  delicate  and  more  readily 
affected  by  any  application.  The  use  of  external  reme- 
dies, either  in  the  form  of  lotions,  ointments,  dressings, 
or  local  applications,  must  be  carefully  watched  and  lim- 
ited to  small  areas.  Local  irritants  or  caustics  are  to  be 
employed  with  care.  Blisters,  burns,  and  severe  ulcera- 
tions are  readily  produced  by  incautious  applications  to 
the  skin ;  even  grave  constitutional  effects  may  be  pro- 
duced by  the  external  use  of  such  readily  absorbable  sub- 
stances as  carbolic  acid  and  its  allies. 

The  skin  in  childhood  readily  reflects  disturbances  of 
other  parts  of  the  body,  especially  the  gastrointestinal 
tract.  Eruptions  dependent  upon  disturbances  of  the 
stomach  or  bowels  are  frequently  seen,  and  the  dietetic 
treatment  of  skiu  diseases  is  seemingly  much  more  potent 
in  childhood  than  in  adult  years. 

The  Bones. — At  the  beginning  of  childhood  the  bones 
are  still  very  cartilaginous  and  soft.  Ossification  pro- 
gresses very  slowly  till  puberty  is  reached.  The  fonta- 
nels are  closed,  but  the  bones  of  the  skull  are  still  rela- 
tively thin  and  soft,  and  the  sutures  remain  open  for 
many  years.  The  spine  of  a  child  is  remarkabh'  soft  and 
flexible,  becau.se  of  the  limited  ossification  of  the  verte- 
brae. At  the  end  of  the  second  year  it  still  presents  the 
nearly  perpendicular  column  characteristic  of  infancy. 
During  childhood  the  S  like  antero-posterior  curvature 
characteristic  of  adult  life  is  developed.  Owing  to  the 
softness  of  the  vertebra;  and  the  laxity  of  the  ligaments, 
the  conformation  of  the  spine  during  childhood  is  readily 
influenced  bj'  the  attitudes  of  the  body,  and  much  more 
attention  than  is  usually  given  should  be  paid  to  the  pos- 
tures and  carriage  of  the  child. 

The  thorax  of  the  child  gradually  changes  its  form 
from  the  change  in  the  curvature  of  tlie  spine  and 
attendant  changes  in  the  direction  of  the  ribs.  The  ribs, 
as  age  increases,  are  directed  more  obliquely  downward. 
TJie  thorax  becomes  relatively  broader  above  than  be- 
low, a  reversal  of  the  conditions  found  in  infancy. 

The  pelvis  in  childhood  gradually  enlarges  so  as  to  be 
more  capacious,  and  receives  more  of  the  abdominal  vis- 
cera, thus  diminishing  tlie  prominence  of  the  abdomen  so 
notaljle  in  early  life.  There  is  practically  no  difference 
in  the  pelves  of  the  two  sexes  until  the  changes  of  puberty 
introduce  the  special  characters  of  the  sexes. 

The  bones  of  the  extremities  in  childhood  show  the  di- 
vision into  diaphyses  and  epiphyses.  There  is  active 
growth  at  the  junction  of  the  shaft  and  epiphysis;  the 
bones  are  still  soft  and  easily  affected  by  pressure.  In 
consequence  of  these  conditions  deformities  are  easily 
produced,  and  are  also,  as  a  rule,  readily  amenable  to 
proper  mechanical  treatment. 

The  Teeth. — At  the  close  of  the  second  year,  or  within 
the  following  sixth  months,  the  eruption  of  temporary 
teeth,  twenty  in  number,  is  completed.  At  this  time  the 
child  has  not  onlj'  the  temporary  teeth,  but  also  the  cal- 


cified crowns  of  all  the  permanent  teeth  except  the  second 
and  third  molars.  The  crowns  of  the  second  molars  begin 
to  be  calcified  duiing  tlie  fourth  or  the  fifth  year,  but  the 
third  molars,  or  wisdom  teeth,  are  not  calcified  till  pu- 
berty. At  the  end  of  the  fifth,  or  the  beginning  of  the 
sixth  year,  therefore,  the  jaws  contain  not  only  the  tem- 
porary teeth,  but  all  the  permanent  excepting  the  wis- 
dom teeth.  At  this  period  there  occurs  a  marked  devel- 
opment of  the  jaws  in  the  horizontal  plane,  in  order  to 
accommodate  the  permanent  molars,  which  make  their 
appearance  posteriorly  to  the  temporary-  molars.  The 
permanent  teeth  are  cut  in  the  following  order: 

Year. 

Molar,  first Sixth. 

Incisor,  central Seventh. 

Incisor,  lateral Eighth. 

Bicuspid,  anterior Ninth. 

Bicuspid,  posterior Tenth. 

Canines Eleventh  to  twelfth. 

Molars,  second Twelfth  to  thirteenth. 

Molars,  third Seventeenth  to  twenty-flfth. 

Owing  to  this  eruption  of  the  pennanent  teeth,  the 
care  of  the  teeth  in  childhood  is  of  especial  importance. 
Undoubtedly  mucli  of  the  common  early  deca}'  of  the 
permanent  teeth  is  to  be  attributed  to  lack  of  care  of  the 
mouth  during  the  critical  period  of  their  eruption.  Usu- 
ally as  soon  as  the  proper  cai'e  is  given,  the  decay  ceases, 
and  the  condition  of  the  teeth  remains  good  for  many 
years.  Good  teeth  are  so  necessary  to  the  preparation 
of  food  for  digestion  that  every  effort  made  for  their 
preservation  is  a  step  toward  improved  digestion  and 
assimilation. 

The  Alimentary  Tract. — Anatomically  the  child  pos- 
sesses practically  the  digestive  apparatus  of  an  adult. 
That  is,  he  has  teeth,  salivary  glands,  oesophagus,  stom- 
ach, small  intestine  (relatively  longer  than  in  an  adult), 
large  intestine,  rectum,  liver,  gall  bladder,  and  pancreas. 
There  are  certain  slight  anatomical  differences  from  the 
adult  type.  The  stomach  occujjies  still  a  somewhat 
more  vertical  position,  and  the  cardiac  sphincter  is  poorly 
developed.  The  liver  is  relatively  large.  The  small  in- 
testine is  relatively  long.  Little  of  the  intestines  is  found 
in  the  pelvis  owing  to  its  small  .size.  The  sigmoid  fiexure 
is  remarkably  long  and  may  be  found  in  almost  any  part 
of  tlie  abdomen.  These  differences,  however,  are  not 
sufficient  to  account  for  any  marked  difference  in  the  di- 
gestion of  this  period  from  that  of  adult  life.  Function- 
ally also  the  several  parts  of  the  digestive  apparatus  are 
active.  Still  there  is  a  notable  deficiency  in  the  digestive 
powers  in  the  earlier  years  of  childhood.  The  several 
tligestive  fluids  have  not  the  power  that  they  acquire  in 
later  life,  and  imdoubtedly  much  harm  is  done  children 
by  allowing  them  from  their  earliest  years  the  general 
diet  of  their  parents.  The  transition  from  the  milk  diet 
of  the  first  two  years  to  a  general  diet  shoidd  be  slowly 
and  cautiously  made. 

The  rajiidity  of  bodily  growth  and  the  unceasing  activ- 
itv  of  children  render  the  metabolism  of  tlie  organism 
mucli  more  rapid  than  in  adult  life.  A  child  therefore 
requires  an  amount  of  food  greatly  out  of  proportion  to 
its  size  and  weight.  According  to  the  estimates,  partly 
based  on  experiment,  partly  arbitrarily  assumed,  of  At- 
water  and  Bryant.'  a  child  from  3  to  5  years  old  requires 
0.4  the  food  of  a  man;  a  child  from  6  to  9  years  old  re- 
quires 0.5  the  food  of  a  man,  and  a  child  from  10  to  13 
years  old,  0.6  tlie  food  of  a  man. 

According  to  Edward  Smith,  the  growing  child,  in 
proportion  to  its  weight,  requires  about  three  times  as 
much  carbonaceous  food  as  the  adult  and  six  times  as 
much  animal  food.  Evidently  if  these  demands  are  to 
be  met,  care  will  be  required  in  both  the  selection  and  the 
preparation  of  the  food  during  this  period  of  life.  In  the 
absence  of  such  care  disorders  of  stomach  and  intestines 
naturally  result.  Probably  the  great  majoiity  of  chil- 
dren, especially  those  of  school  age,  suffer  in  greater  or 
less  degree  from  indigestion  and  constipation,  or  diar- 
rhoea. In  the  earlier  years  the  parents  require  instruction 
as  to  the  proper  care  of  their  children's  diet;  later  the 
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children  themselves  require  instruction  and  training  in 
these  fundamental  matters  of  health.  It  is  impossible  in 
this  article  to  go  minutelj'  into  the  diet  of  children  of 
various  ages.  Thompson's  "Practical  Dietetics"  con- 
tains a  store  of  information  on  the  sub.iect. 

The  Kidneys. — In  keeping  with  the  generally  more 
active  metabolism  of  the  child,  it  is  commonly  agreed 
that  children  void  relatively  more  urine  than  adults 
and  that  the  proportion  of  urea  is  higher.  The  most  ex- 
tensive observations  the  writer  has  been  able  to  tind  are 
those  of  F.  S.  Churchill,''  made  upon  the  children  of  the 
Half-Orphan  Asylum  of  Chicago.  These  observations 
are  so  complete  as  to  make  them  especially  valuable,  and 
they  are  therefore  reproduced  in  full: 


disturbance  of  the  general  health  or  impairment  of  ner- 
vous tone  is  marked  in  early  cliildhood  by  loss  of  this  con- 
trol of  the  bladder.  Incontinence  of  urine  is  a  very  com- 
mon complaint  at  tliis  period  of  life  and  is  usually 
accompanied  by  a  marked  increase  in  the  frequency  of 
micturition,  a  child  of  three  to  live  years  often  urinating 
every  hour  or  even  more  frequently.  In  health  the  abil- 
ity to  control  the  bladder  should  at  this  period  of  life  in- 
crease steadily  with  increasing  years. 

Tltc  Lymphiitic  System. — The  lymphatics  and  lymph 
nodes  in  children  are  relatively  large  and  much  more 
active  than  in  the  adult.  Absorption  from  the  surface, 
either  of  skin  or  mucous  membranes,  occurs  with  marked 
rapidity.     As  a  consequence  the  Ij-mph  nodes  are  found 
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Age. 


3  years 

4  '• 

5  " 

6  " 

7  " 

8  " 

9  " 

10  "    , 

11  "    , 
13  "    , 


16.8 

16.9  j 

16.8] 
16.T 
20.9 -] 

22.6-1 


26, 
27.5 


■!i 


27.3 -j 
36.4-1 


2  males. 

7  males. 
4  females. 
1  male. 
7  females. 

3  females. 

1  male. 

3  females. 

2  males. 

7  females. 
1  male. 
9  females. 

3  males. 

ti  females. 
1  male. 
3  females. 
3  males. 
3  females. 


5  i  n 

Amount 
in  cubic 
centi- 
metres. 

si 

^1 

i  . 
11 

.2  £ 

ill 

4 

o. 

Amount 

of  mine 

to  1  ligm. 

borty 

weiglit. 

Urea  to 

1  ligm. 

body 

weight. 

5 

358 

1024.0 

2.2 

7.87 

12.50 

12.00 

1.08 

31.3 

0.468 

299 

1027.1 

2.9 

8.67 

11.17 

9.23 

1.41 

17.6 

.513 

\   ^^ 

392 

1034.5 

2.6 

10.19 

10.37 

8.89 

1.13 

23.3 

.606 

2 

405 

1023 

2.7 

10.94 

11.00 

6.50 

1.13 

24.2 

.655 

1"     ^ 

.564 

1018 

1.1 

6.20 

7.00 

5.63 

.85 

28.9 

.296 

}-  20 

628 

1021.1 

2.2 

13.82 

9.16 

7.32 

1.11 

27.8 

.611 

[  25 

731 

1020.7 

2.3 

16.81 

8.46 

7.61 

1.10 

27.9 

.641 

f   ^^ 

768 

1023.5 

2.1 

11.28 

9.29 

6.85 

1.10 

21.9 

.592 

j.     7 

716 

1018.8 

2.3 

16.83 

10.03 

7.50 

.92 

26.3 

.618 

[■     8 

829 

1021.5 

2.8 

23.21 

9.27 

6.77 

1.00 

22.7 

.637 

The  quantities  given  in  this  table,  altliough  their  accu- 
racy is  emphasized  by  the  observer,  are  notably  below 
those  reported  by  others.  Holt's^  table,  compiled  by 
combining  the  results  of  eight  observers,  gives  the  aver- 
age quantity  at  the  ages  of  3  to  5  years  as  500  to  800  c.c. ; 
at  5  to  8  years  as  600  to  1.200  c.c. :  at  8  to  14  years  as 
1,000  to  1.500  c.c.  The  amounts  are  also  below  those 
given  by  Vierordt  in  Gerhardt's  "Handbook." 

The  specific  gravity  noted  by  Churcliill  is,  as  would  be 
expected  with  the  smaller  cjuautity.  notably  higher  than 
that  given  by  other  observers.  The  ])crcentage  of  urea 
is  also  notabl_y  high  and  remarkably  constant.  The  ratio 
of  urea  to  1  kgm.  of  body  weight,  while  lower  than  that 
given  by  other  observers,  is  still  higher  than  that  obtained 
in  adult  life. 

The  elimination  of  chlorides  is  not  remarkable.  The 
phosphates  are  lower  than  in  adult  life,  the  deficiency 
being  explained  on  the  ground  that  tbey  are  retained  in 
the  system  to  facilitate  the  development  of  bone  which 
belongs  to  the  period  of  childliood. 

Carri^re  and  Marfet  thus  sum  up  the  results  of  their 
observations  upon  the  urine  in  childhood: 

1.  The  child  voids  relatively  more  urine  than  the  adult. 

2.  The  specific  gravity  is  higher. 

3.  The  acidity  is  greater. 

4.  The  nitrogenous  metabolism  is  more  active  than  in 
the  adult,  that  is,  1  kgm.  of  a  child  uses  up  a  weight  of 
nitrogen  more  completely,  the  adult  percentage  of  util- 
ized "nitrogen  being  eighty-five,  while  in  a  child  it  is 
ninety. 

5.  The  mineral  nutrition  shows  marked  differences,  the 
younger  organism  being  more  liighly  mineralized. 

6.  All  the  phenomena  of  nutrition  are  much  more  active 
in  the  cliild  than  in  the  adult,  the  maximum  being  from 
the  fifth  to  the  tenth  year. 

7.  Tlie  standard  figures  of  the  composition  of  normal 
urine  for  the  adult  are  not  applicable  to  children. 

The  process  of  urination  in  early  childhood  is  marked 
by  frequency  and  lack  of  control.  In  the  third  year  the 
urine  may  be  retained  during  sleep  for  eight  or  nine  hours, 
during  the  day  for  two  or  three  hours.     Any  unfavorable 


enlarged  with  unusual  frequency.  Indeed,  enlargement 
of  the  lymph  nodes,  to  such  a  degree  as  to  render  them 
palpable,  is  so  common  in  children  whose  nutrition  is 
under  par  or  whose  general  care  of  the  body  is  poor,  that 
it  assumes  much  less  importance  as  a  symptom  of  disease 
than  we  attach  to  it  in  later  life.  The  lymph  nodes  are 
especially  affected  in  tuberculosis  and  in  all  acute  inflam- 
matory processes,  especially  those  of  the  throat. 

The  Nermiia  System. — In  the  comparison  of  a  child 
with  an  adult  tlie  greatest  disparity  is  found  in  the  rela- 
tion of  brain  weight  to  body  weight.  Thus  at  birth  the 
brain  weighs  one-sixth  the  weight  of  the  body,  in  the 
third  j'car  it  is  one-eighteenth,  in  adult  life  one-forty- 
third.  The  cord  is  also  relatively  large,  altliough  not  to 
the  degree  noted  with  reference  to  the  brain.  Side  by 
side  with  this  large  size  of  the  nervous  .system  we  must 
note  its  unusual  activity  and  sensitiveness  during  the 
early  years  of  life.  The  normal  healtliy  child  during  its 
waking  hours  is  never  still.  Ceaseless  action  is  an  actual 
requirement  liehind  which  must  lie  a  ceaseless  activity  of 
the  brain  and  cord.  Every  sense  is  constantly  on  the 
alert  for  the  new  impressions  that  are  pouring  in  upon 
tlie  awakening  mind,  every  muscle  is  in  almost  constant 
action  in  carrying  out  the  impulses  that  result  from  these 
stimuli.  Rapid  development  in  the  functions  of  the  brain 
and  nervous  system  marks  the  years  of  childhood.  Re- 
cent investigations  have  shown  that  this  mental  develop- 
ment is  accompanied  by  definite  changes  in  the  individ- 
ual cells  of  the  spinal  cord  and  brain.  The  immature 
cells  of  the  cortex  or  of  the  cord  show  steadily  progressive 
changes  in  the  development  of  new,  more  numerous,  and 
more  intricate  communication  with  one  another.  Hand- 
in-hand  with  these  rapid  changes,  both  in  functions  and 
in  physical  structure,  there  goes  a  remarkable  sensitive- 
ness of  the  nervous  system  of  the  child.  Children  are, 
therefore,  peculiarly  subject  to  functional  nervous  dis- 
orders. Much  of  the  irritability  and 'peevishness  of  child- 
hood is  simply  the  expression  of  abnormal  conditions  of 
the  nervous  .system. 

In  acute  diseases  of  all  kinds  the  nervotis  symptoms  in 
childhood  are  likely  to  be  very  marked.     The  onset  of 
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the  acute  infectious  diseases  witli  convulsions  is  well 
known,  likewise  convulsions  resulting  from  an  over- 
burdened stomacli  or  from  the  decomposition  of  food  in 
the  bowels.  It  is  less  generally  known  that,  especiall.y 
in  pneumonia,  children  may  present  many  of  the  symp- 
toms of -meningitis,  profound  stupor,  or  coma,  strabismus, 
rigidity  of  the  neck,  etc.,  without  any  involvement  of  the 
meninges,  the  severe  nervous  symptoms  arising  from  the 
toxaemia  of  the  pneumonia.  Examples  might  be  multi- 
plied to  show  how  sensitive  the  nervous  s^'stem  of  the 
child  is  and  how  profoundly  it  may  be  affected  by  the 
condition  of  organs  or  parts  apijarently  remotel_v  con- 
nected with  it.  Perfect  health  of  the  whole  body  is  es- 
sential to  the  equilibrium  of  the  nervous  system,  and  if 
we  desire  the  best  results  in  the  development  of  intellect 
we  nuist  attend  to  the  liealth  of  each  and  every  part  of 
the  body. 

Derelopnient  of  tJie  Budy. — It  is  evidently  impossible  to 
follow  the  development  of  the  various  organs  and  parts 
of  the  body  in  detail.  Within  recent  years  a  vast  amount 
of  work  iias  l.ieen  done  in  measuring  the  height  and 
weight  of  school-children  of  variovis  ages  and  calculating 
the  averages  of  large  numbers.  The  accompanying  table 
gives  the  results  obtained  by  combining  a  large  nvimber 
of  such  tables.  Naturally  the  larger  the  number  of  cases 
comprised  in  a  table,  the  nearer  the  results  approximate 
a  true  average.  In  comparing  any  two  of  the  tables  em- 
braced in  this  computation,  remarkable  differences  are  at 
times  notable:  at  other  times  the  agreement  between 
measurements  of  chiklren  in  widelj'  separated  communi- 
ties and  imder  different  social  conditions  is  equally  re- 
markable. The  tigures  lierewith  given  may  be  considered 
to  represent  a  safe  average  for  the  field  covered.  In  later 
observations  along  this  line,  notably  those  of  Dr.  W.  T. 
Porter  on  the  school -children  of  St.  Louis,  the  girth  of 
the  chest  is  calculated  for  each  year,  also  the  probable 
deviation  in  any  one  of  three  factors — height,  weight, 
and  chest  circumference.  By  comparison  with  such 
standards  we  may  calculate  how  closely  a  child  in  its 
physical  development  corresponds  to  the  average,  and 
regulate  its  life  accordingly. 

Average  Height  is  Cextimetres  axd  JVeight  in  Kilograms 
OF  Children.  Compiled  from  Tables  of  Qcetelet,  Brussels; 
BowDiTCH,  Boston  ;  Kotelma.v,  Hamburg  :  Pagliani,  Turin, 
AND  THE  Swedish  and  Danish  Commissions. 


Age. 

Height. 

Weight. 

Age. 

Height. 

Weight. 

2-3  years 

3^     "    

4-5     "    

5-6     "    

6-7     "    

7-8     "    

8-9     "    

79.1 
86.2 
92.4 

102.8 

10i).4 

115 

120.4 

11 

12.5 

13.8 

16.9 

19.3 

21.4 

23.4 

9-10  years 

10-11     "    

11-12     "    

12-13     "    

13-14      "     

14-15      "     

15-16      "    

126.1 
129.8 
133.9 
138.2 
142.8 
148.5 
154.6 

25.6 
27.6 
29.6 
32.1 
35.2 
39.3 
45.4 

In  studying  boys  and  girls  separately  certain  differences 
are  notable,  fp  to  the  eleventh  or  twelfth  year  boys  are 
somewhat  taller  and  heavier  than  girls  of  the  same  age. 
At  the  twelfth  year  the  girls  begin  to  grow  rapidly,  and 
from  that  time  till  the  fourteenth  or  fifteenth  year,  the 
measurements  of  the  girls  are  the  larger.  Then  from 
fourteen  to  sixteen  years  the  boys  begin  to  grow  rapidly, 
regain  the  lead  and  coutimie  to  hold  it.  This  rapid 
growth,  in  girls  from  the  twelfth  to  the  fourteenth  year,  in 
boys  from  the  fourteenth  to  the  sixteenth,  is  spoken  of  as 
the  prepubertal  increase,  as  it  is,  of  course,  associated  with 
the  well-known  earlier  maturity  of  the  female  organism. 
Investigation  has  also  shown  that  the  growth,  either  in 
height  or  weight,  is  not  continuous  throughout  the  year. 
Spring  and  early  summer  are  the  time  of  most  rapid 
increase  in  height,  and  in  the  course  of  a  few  months  at 
this  time  most  of  the  annual  increase  in  heiglit  is  accom- 
plished. In  a  similar  way  most  of  the  gain  in  weight  is 
made  in  the  latter  part  of  summer  and  the  fall.  The 
winter,  therefore,  is  a  period  of  no  gain ;  there  may  even 
be  a  loss  of  weight. 

It  is  inadvisable  in  this  place  to  attempt  to  discuss  the 
physical  and  mental  changes  which  belong  to  the  transi- 


tion from  childhood  to  puberty.  It  may,  however,  be 
urged  that  the  child's  welfare,  both  of  body  and  mind, 
demands  such  preparation  for  the  changes  that  belong  to 
this  period,  such  education  that  the  knowled.ge  that  must 
come  shall  come  clean  and  undefiled.  Parents  and  teach- 
ers have  been  too  long  negligent  of  these  matters.  They 
should  be  roused  to  their  duties.  The  evil  consequences 
of  the  policy  of  " laisscz  fiiire"  are  matters  of  common 
knowledge.  It  should  no  longer  be  permitted  that  any 
child  should  pass  through  one  of  the  crises  of  life  without 
a  word  of  instruction  or  admonition  as  to  the  meaning  of 
the  changes  that  he  or  she  must  experience. 

Mtnttil  Derelopnient. — To  fully  describe  the  mental  de- 
velopment of  childhood  would  require  a  complete  psy- 
chology. What  mainly  interests  us  here  is  the  initial 
stages.  Bain*  has  given  a  simple  account  of  these,  and 
from  him  the  following  exposition  is  taken:  In  describing 
the  mental  status  and  progress  of  children,  "there  are," 
he  sa_ys,  "a  few  set  phrases  that  are  regularly  brought 
into  service.  The  child,  it  is  said,  has  a  great  love  of 
activity,  a  desire  to  be  occupied  somehow;  dislikes  con- 
tinuous application  or  attention  to  anj'  one  thing:  is  joy- 
ous, mirthsome,  fond  of  fun  and  frolic ;  delights  in  the 
exercise  of  the  senses,  and  sensation  generally:  is  curious 
and  inquisitive  even  to  destructiveness;  is  strongly  given 
to  imitation:  is  remarkably  credulous;  is  imaginative  and 
fond  of  dramatizing:  is  sociable  and  sympathetic.  On 
the  more  exclusively  intellectual  side  the  child  is  prone 
to  oliservation  and  averse  to  abstraction;  strong  in  mem- 
ory and  weak  in  judgment." 

He  then  proceeds  to  recast  these  observations  in  formal 
psychological  terms  under  the  several  classes  of  activi- 
ties, senses,  emotions,  and  intellectual  powers. 

Activity  is  spontaneous  and  abundant,  but  fluctuating, 
uncertain,  and  indirect,  being  the  outpouring  and  over- 
flow of  natural  energy.  Among  the  first  efforts  at  edu- 
cation is  the  attempt  to  give  it  useful  directions,  but  the 
readiest  way  is  not  to  force  it, -but  to  take  it  at  the  mo- 
ment when  it  is  fallen  on  a  good  course. 

The  Sense.1. — These  being  fresh,  and  everything  being 
new,  sensation  as  such  is  delightful  and  coveted;  hence 
the  employment  of  the  senses  and  the  fruition  of  the 
effects  are  intense  in  infancy.  But  at  first  the  emotional 
side  jjreponderates.  and  the  intellectual  side,  which  is 
nourished  by  nice  distinctions,  docs  not  attain  an  early 
development.  The  emotional  force  partly  paves  the  way 
for,  but  partly  obstructs,  the  intellectual. 

The  eniotiiinn,  strictly  so  called,  are  distinguished  from 
the  .sense  enjoyments.  These  are  mainly  the  strong  social 
feelings,  love  and  affection;  the  strong  anti-social  feel- 
ings, anger,  egotism,  domination,  together  with  the 
workings  of  fear.  All  are  powerful  from  the  dawn  of 
life;  education,  while  connecting  them  with  special  ob- 
jects, may  do  something  to  intensify  or  enfeeble  their 
total  force. 

The  Intellect. — The  fundamental  tendencies  or  func- 
tions— di.scrimiuation.  discovery  of  agreements,  retentive- 
ness  or  memory,  are  at  work  from  the  first ;  but  the  active 
emotional  development  keeps  them  all  down  at  the  out- 
set, although  doing  something  that  will  provide  materials 
that  will  be  used  in  a  future  day.  The  operation  of  in- 
tellect is  requisite  to  such  complex  growths  as  curiosity, 
imagination,  dramatization,  imitation,  and  fancy.  The 
higher  workings  of  intellect  become  necessary  even  to 
the  observation  of  facts  in  any  form  that  deserves  the 
name. 

Turning  to  the  question  of  progress  in  mental  develop- 
ment. Bain  shows  that  the  first  start  in  knowledge  is 
made  through  spontaneous  and  overflowing  activity  and 
in  the  interest  of  the  impressions  upon  the  senses;  all 
which  in  the  pristine  freshness  afford  an  abounding  en- 
joyment. He  then  goes  on  to  show  how  the  child's  field 
of  knowledge  is  enlarged  by  attention  to  things  or  im- 
pressions which,  not  directly  pleasurable  in  themselves, 
gain  attention  by  association  with  the  pleasurable.  Thus 
the  child  is  gradually  led  up  to  the  acquisition  of  the 
indifferent,  that  is,  knowledge  devoid  of  the  element  of 
pleasure.     However  far  along  this  path  the  child  may  be 
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(ed  by  mingling  the  indifferent  with  the  pleasurable,  the 
lime  comes  when  nothing  short  of  the  wish  or  will  of  a 
superior  will  keep  the  child  to  the  acquisition  of  such 
knowledge.  Fi.\ed  or  concentrated  attention  to  what  is 
devoid  of  pleasure  is  unnatural  and  only  to  be  secured  by 
means  of  education. 

It  is  evident  from  the  foregoing  that  the  early  mental 
life  of  a  child  is  made  up  of  accumulating  sensations  or 
sense  impressions.  5Iost  of  these  are  very  simple  and 
crude.  Only  gradually  does  a  child  learn  to  observe 
closely  or  accuratelj'.  Still  more  slowly  does  he  learn  to 
associate  his  impressions  one  with  the  other,  to  compare 
them  or  to  reach  general  propositions.  According  to  one 
authority,  it  is  j'ears  before  the  child  learns  to  distinguish 
between  the  subjective  and  the  objective.  The  power  of 
abstract  reasoning  is  developed,  as  a  rule,  only  as  the 
child  nears  maturity. 

Study  of  the  mental  development  of  a  child  attains  its 
all-important  practical  application  in  the  arrangement  of 
studies  in  the  course  of  education. 

Development  of  motor  power  and  control  should  not 
be  lost  sight  of  in  considering  the  growth  of  the  mind. 
Gradually  the  child  attains  more  and  more  control  over 
the  movements  of  the  eyes,  the  imperfect  speech  of  early 
years  gives  place  to  clear  and  distinct  enunciation,  the 
hands  and  feet  are  used  with  constantly  increasing  skill 
and  accurac_v,  and  finally,  the  movements  of  the  several 
parts  of  the  body  may  be  co-ordinated  in  actions  of  ex- 
treme delicacy  and  complexity.  Increasing  strength 
should  also  naturally  be  developed  in  the  years  of  child- 
hood. 

Sclwnl  Life. — ^AU  but  the  earliest  years  of  childhood  are 
now  regularly  occupied  in  attendance  upon  schools.  The 
conditions  of  school  life  must,  therefore,  have  most  im- 
portant influences  upon  the  welfare  of  the  child.  It  is 
coming  to  be  recognized  that  however  important  educa- 
tion may  be,  it  need  not  and  must  not  be  sought  at  the 
expense  of  the  child's  health.  As  Spencer'  says:  "Peo- 
ple are  beginning  to  see  that  the  first  requisite  to  success' 
in  life  is  to  be  a  good  animal."  Care  is  being  taken  that 
schoolrooms  are  so  constructed  as  to  give  proper  light, 
heat,  and  ventilation,  that  the  seats  should  no  longer  be 
so  made  as  to  directly  contribute  to  deformities  of  the 
body,  that  the  children  are  so  seated  as  to  avoid  unfavor- 
able straining  of  the  eyes,  that  in  every  possible  way  the 
appointments  of  the  schools  shall  contribute  to  health 
and  not  to  disease.  The  tendencies  of  the  times  are  plain, 
but  there  are  unhappily  many  places  where  thev  are  lit- 
tle felt. 

In  the  larger  cities  daily  inspection  of  the  school- 
children by  competent  physicians  has  been  instituted  in 
the  effort  to  prevent  the  spread  of  contagious  diseases, 
of  which  the  schools  have  been  notorious  hotbeds.  In 
New  York  City  many  of  the  schools  are  thrown  open  as 
places  of  recreation  for  the  pupils  during  the  summer 
months. 

Health  of  mind  is  no  less  to  be  sought  than  health  of 
body.  Recent  years  have  brought  great  changes  in  the 
methods  of  school  instruction,  especially  in  the  earlier 
years.  The  names  of  Pestolozzi  and  Froebel  are  con- 
stantl}'  heard  as  the  ideal  teachers  of  the  young,  and  the 
popular  opinion  is  that  their  leading  should  be  followed. 
As  a  matter  of  fact  it  is  the  spirit  rather  than  the  method 
of  these  men  tliat  still  lives.  The  efforts  made  to  follow 
their  methods  have  resulted,  as  Oppenheim''  very  clearly 
shows,  in  much  that  is  not  only  valueless  but  even  harm- 
ful, yet  on  the  whole  the  present  education  of  the  young 
is  on  a  vastly  higher  and  better  level  than  ever  before. 
Not  a  little  of  the  change  has  been  due  to  the  teachings 
of  such  men  as  Spencer  and  Bain  that  the  best  method 
of  education  is  that  which  observes  the  natural  unfolding 
of  the  child's  mind;  that  in  the  arrangement  of  studies 
or  in  the  introduction  or  pursuit  of  anj'  .subject  we  should 
follow  or  consult  the  natural  leadings  of  the  mind  of  the 
child  and  not  attempt  to  force  it  according  to  our  pre- 
conceived ideas.  Education  is  recognized  as  a  process  to 
be  wrought  out  from  within,  and  not  to  be  put  upon  the 
child  from  without. 
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Moreover,  much  attention  is  now  being  given  to  the 
study  of  the  immediate  effects  of  confinement  in  school, 
hours  of  study,  etc.,  upon  the  nervous  system  of  the 
child,  as  these  are  shown  by  various  nerve  reactions. 
Nearly  all  such  investigations  go  to  show  that  our  school 
sessions  are  altogether  too  long,  thai  the  periods  of 
application  to  individual  subjects  are  likewi.se  too 
long,  that  there  is  not  sufficient  variety  in  the  tasks  as- 
signed, and  that  the  periods  of  relaxation  are  far  too 
infrequent. 

Pauli,'  discussing  tins  subject,  advises  one  school  ses- 
sion a  day  with  limitation  of  the  jieriod  of  study  of  any 
one  subject  to  three-quarters  of  an  hour.with  an  interval 
of  rest  before  the  next  study  period. 

A  much-needed  reform  in  these  several  directions  may 
be  looked  for,  but  it  is  not  i^robable  that  we  shall  ever  be 
able  to  reach  the  ideal  position,  pictured  by  zealous  ad- 
vocates of  reform,  where  the  pursuit  and  acquirement  of 
knowledge  shall  be  an  uninterrupted  pleasure.  Nay, 
were  this  hope  realizcfl.  we  would  only  have  succeeded 
in  destroying  one  of  tlie  most  essential  features  in  either 
physical  or  mental  training,  the  ability  to  face  and  ac- 
complish unpleasant  or  ditticult  tasks.  That  such  things 
must  be  met  in  matiu'e  life  is  undoubted;  that  we  should 
be  trained  to  meet  them  seems,  therefore,  to  be  unques- 
tionable. Theories  of  education  should  not  leail  us  to 
ignore  the  teachings  of  conunon  experience. 

Disease  in  ChiUfhiuHl. — Partly  by  reason  of  susceptibil- 
ity, partly  from  flie  conditions  of  life,  childhood  is  pre- 
eminently the  period  of  the  acute  infectious  diseases, 
especially  measles,  scarlet  fever,  diphtheria,  and  whoop- 
ing-cough. Greater  attention  to  prophylaxis,  especially 
the  isolation  of  the  sick  and  the  disinfection  of  the  infected 
room  or  apartment,  is  slowly  but  steadily  lessening  the 
ravages  of  these  diseases.  In  the  case  of  diphtheria  the 
discovery  of  the  specific  micro-organism,  resulting  in 
earlier  diagnosis  and  the  early  u.se  of  antitoxin,  has  pro- 
duced a  most  remarkable  reduction  of  tlie  mortalitj-,  and 
to  a  larger  extent  robbed  the  disease  of  its  terror.  The 
other  members  of  this  group  have  thus  far  refused  to 
yield  the  secret  of  their  power,  the  pathogenic  micro- 
organisms remain  unknown,  and  progress  waits  on  thtir 
discovery. 

Affections  of  the  respiratory  system  are  not  so  common 
in  childhood  as  in  infancy,  but  still  constitute  a  large 
part  of  the  sick  lists,  and  are  responsible  for  many  deaths. 
Broncliitisand  broncho  pneumonia  are  the  most  common. 
Empyema  is  much  less  fiequent.  but  not  so  rare  as  gen- 
erally supposed.  The  latter  is  rarely  primary;  in  the 
great  majority  of  cases  it  follows  a  pneumonia,  especially 
the  complicating  pneumonias  of  the  acute  infectious  dis- 
eases. Tuberculosis  limited  to  the  lungs  is  rare  in  the 
early  years  of  childhood ;  it  becomes  relatively  more  com- 
mon later  on.  especially  after  the  seventh  year. 

Disorders  of  the  alimentary  tract  are  very  common  in 
childhood,  but  are  much  less  .severe  than  in  infancy. 
They  are  in  great  part  acute  inflammations  produced  by 
imiiroper  food  and,  as  a  rule,  are  readily  amenable  to 
treatment.  As  already  stated,  indigestion.  constipatif)n, 
and  chronic  diarrhaas  from  improper  feeding  are  very 
frequent. 

As  a  class,  children  are  very  susceptible  to  tuberculosis, 
which  manifests  itself  in  many  forms.  In  the  earlier 
years  the  common  form  is  a  general  miliary  tuberculosis. 
The  terminal  stage  of  such  a  general  process  is  very  fre- 
quently a  tuberculous  meningitis.  The  meningitis  may 
occur  independently  of  involvement  of  other  organs,  but 
rarely  .so.  Recently  in  studying  the  reports  of  a  large 
orthopiT^dic  dispensary  and  hospital  the  writer  fotmd  that 
of  all  the  deaths  reported  in  cases  of  hip-joint  or  knee 
disease  (nearl}'  all  of  which  are  tuberculous),  twenty-five 
per  cent,  were  due  to  meningitis.  Children  with  tuber- 
culous disease  of  the  bones  (especially  the  spine  and  larger 
joints)  constitute  the  major  part  of  the  chentf  le  of  ortho- 
paedic institutions. 

Tuberculous  enlargements  of  the  l^-mph  nodes  are  very 
common  in  childhood. 

Intestinal  tuberculo.sis  is  common  in  children  suffering 
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from  tubi-Tculous  processes  in  the  lungs;  as  a  primary  af- 
fection it  is  ver}-  rare.  Tlie  main  avenue  of  iufection  in 
cliildreu  is  tlie  respiratory  tract.  In  tlie  tables  of  North- 
rup  and  the  writer,*  out  of  two  hundred  autopsies  on 
cases  of  tuberculosis  in  children,  in  three  only  were  the 
intestines  the  port  of  entry,  the  remainder  being  all  cases 
of  primary  infection  of  the  bronchial  lymph  nodes. 
Therefore,  while  recognizing  the  possibility  of  intestinal 
infection  from  tuberculous  milk  or  meal  and  taking  every 
precaution  to  prevent  entrance  by  that  route,  we  shall 
not  check  the  ravages  of  tuberculosis  among  children  till 
we  have  solved  the  problem  of  preventing  infection 
through  the  air  they  breathe. 

Mortality. — The  "mortality  of  the  early  years  of  child- 
hood {i.e..  from  the  second  "to  the  fifth  year)  is  still  high, 
but  not  at  all  comparable  to  that  of  infancy.  Thus  in 
round  numbers  tlie  death  records  of  New  York  City  for 
1899  in  a  population  somewhat  over  3, .500.000  show  20.- 
000  deaths  in  the  first  two  years  of  life,  4.000  in  the  suc- 
ceeding threi>  years.  In  three  years  we  have  but  one- 
fifth  the  number  of  deaths  credited  to  the  first  two  years 
of  life.  The  contrast  is  even  more  remarkable  with  the 
later  years  of  childhood.  After  the  fifth  year  the  num- 
ber of  deaths  is  calculated  only  for  periods  of  five  years 
each. 

In  1899  in  New  York  City  there  were  but  1.81.5  deaths 
in  children  from  five  to  ten  years  of  age,  while  of  those 
from  ten  to  fifteen  years  bi'it  T88  died.  As  there  is  no 
means  of  calculating  the  numbers  of  cliildren  living  of 
these  several  ages,  we  cannot  calculate  the  ratio  of  deaths 
to  the  number" of  living.  It  is  evident,  however,  from 
the  data  obtainable  that'the  period  from  the  tenth  to  the 
fifteenth  year  shows  the  lowest  death  rate  of  any  equal 
period  of  life.  Coincident  with  the  fall  in  the  mortality 
lists  after  the  second  year,  there  is  a  change  in  the  catises 
of  death.  In  infancy  diarrheeal  diseases  are  the  great 
cause  of  death,  while  the  acute  infeetiotis  diseases  take 
the  first  rank  in  childhood.  Of  these  it  is  generally 
agreed  that  diphtheria  and  scarlet  fever  are  the  most 
malignant.  Jleasles  is  not  generally  regarded  as  a  dan- 
gerous disease,  but  in  the  same  year,  1899,  in  New  York 
City,  there  were  .533  deaths  from  scarlet  fever  and  .587  from 
measles.  Upon  the  basis  of  cases  of  these  diseases  re- 
ported during  the  year.  7.387  for  scarlet  fever  and  12. .530 
for  measles,  flie  death  rate  for  scarlet  fever  is  about  7.3 
per  cent.,  for  measles,  4.6  per  cent.,  yet  the  total  loss  to 
the  coiumunity  from  measles  is  greater  than  that  from 
scarlet  fever.  "Doubtless  the  lack  of  appreciation  of  the 
malignity  of  measles  is  due  to  the  fact  that  its  ravages 
are  greatest  in  hospitals  or  asylums,  while  in  private 
families  the  disease  is  usually  of  a  milder  t\-pe ;  there  is 
no  such  dilTerence  in  the  action  of  scarlet  fever.  Inas- 
much as  the  deaths  from  iliseases  are  not  tabulated  ac- 
cording to  the  ages  of  the  victims,  we  have  been  obliged 
to  assume  that  "the  total  figures  as  given  for  all  ages 
would  have  the  same  relations  as  those  of  childhood  alone: 
considering  the  known  predilection  of  these  diseases  for 
the  years  of  childhood,  this  is  probably  true. 

Ne.xt  to  the  acute  infectious  diseases,  the  worst  enemies 
of  childhood  are  pneumonia  aiKl  tuberculosis.  Tlierc  is 
nothing  pecidiar  in  the  relation  of  pneumonia  to  child- 
hood; it  is  the  scourge  of  all  ages.  Tubercidosis  in  the 
early  years,  in  a  fatal  form,  is  generally,  as  previously 
noted,  eitlier  a  diffuse  process,  affecting  many  parts,  or 
tuberculous  meningitis.  As  age  increases  a  change  is  no- 
ticeable, and  in  the  latter  part  of  childhood  pulmonary 
tuberculosis  becomes  the  more  common  and  deadly  form 
of  the  disease. 

It  would  be  improper  to  leave  this  subject  with  the 
thought  that  the  only  importance  of  disease  in  childhood 
is  the  number  of  deaths  caused  thereby.  The  affections 
of  childhood  assume  a  new  and  greater  importance  when 
we  consider  the  number  of  those  affected  who  are  des- 
tined, b}'  reason  of  the  jiermanent  damages  produced 
by  disease,  to  enter  the  battle  of  life  with  impaired  vital- 
ity and  possibly  a  crippled  body.'  The  waste,  the  suffer- 
ing, the  torture  produced  in  this  way  is  beyond  compu- 
tation. Damd  Bovaird,  Jr. 
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CHILLIES.     See  Capsicum,  sp. 

CHINAPHTOL.— (C,<,Hb0HS0=H)2,Cs„H.,No0j.      Be- 

tanaphtol  alpha-monosulphonate  of  quinine.  This  is  a 
yellow  crystalline  powder  of  bitter  taste,  insoluble  in 
cold  water,  somewhat  soluble  in  hot  water  and  alcohol, 
and  containing  about  forty-two  per  cent,  of  quinine. 
Riegler  states  that  in  the  intestines  it  is  decomposed  into 
quinine  anil  naphtol-sulphonic  acid,  and  therefore  is  both 
an  intestinal  antiseptic  and  an  antipyretic.  He  has  used 
it  with  satisfaction  in  typhoid  fever,  dysentery,  intestinal 
tuberculosis,  and  acute  rheumatism,  in  dailj'  dosage  of 
..5  to  5  gm.  (gr.  viij.  to  Ixxv. ).  W.  A.  Busttdo. 

CHINASEPTOL.  —  (CHj.OH.SOjH.N.)  Diaphtol, 
ortlio-o.\ychiiiolin-meta-sulphouic  acid.  This  occurs  in 
yellowish  crystals  melting  at  295'  C.  (563'  F.),  and  is 
slightly  soluble  in  water,  the  solution  turning  green  with 
ferric  chloiide.  Chemically  it  bears  the  same  relation  to 
chinolin  as  phenol-suljihonic  acid  bears  to  benzol.  It  is 
used  as  a  non-poisonous  antiseptic  or  as  a  substitute 
for  salol.  W.  A.  Bastedo. 

CHINO,  EL.  —  Within  the  municipality  of  Ucareo, 
Michoaian.  Jlexico,  there  are  several  springs — Laguna 
Verde.  Nopalito  Maritaro.  Laguna  Seca.  etc.  The  only 
one  that  enjoys  any  reputation  is  "El  Chino."  to  which 
l^eople  resort  when  sulfering  from  rheumatism,  sciatica, 
and  other  disorders.  Bathers  are  compelled  to  erect  their 
own  tents  if  they  wish  protection  from  the  weather  and 
the  curious,  i\'.  J.  Ponce  de  Leon. 

CHINOIDINE.     See  CincJiona. 

CHINOLINE. — Chinoline.  or  quinoline,  as  it  is  also 
called,  is  a  non-oxygenated  ba.sic  body  represented  by 
the  formula  CbILN.  and  obtained  by  the  distillation  of 
certain  natural  alkaloids — notably  quinine  and  cinchonine 
— with  ])otassium  hydroxide,  and  also,  synthetically,  by 
a  patented  process  (Skraup's),  from  a  mixture  of  aniline, 
nitrobenzol,  glycerin,  and  sulphuric  acid.  An  isomeric 
body — Ifiirolinc — obtained  from  coal  tar  responds  to  chem- 
icaltests  differently  from  chinoline,  and  is  to  be  regarded 
as  a  distinct  cotu pound. 

Chinoline  is  a  colorless  limpid  fluid,  of  alkaline  reac- 
tion, forming,  with  acids,  crystallizable  salts.  Of  such 
Siilts.  those  of  the  so-called  mineral  acids  arc  mostly  too 
deliquescent  for  convenient  medicinal  u.se.  but  chinoline 
tnrlnite  is  free  from  this  objection  and  is  available  as  a 
medicine.  Chinoline  tartrate  is  in  minute,  white,  silky 
crystals,  which,  in  a  specimen  made  by  Merck,  of  Darm- 
stadt, the  writer  tVuind  to  be  of  a  faint  combined  bitter- 
almond  and  coal-.gas  odor,  of  a  peculiar,  sharp,  yet  cool- 
ing taste,  having  a  flavor  as  of  kerosene  with  a  soiipi;on 
of  peppermint,  and  to  be  slowly  soluble  in  about  twenty- 
five  parts  of  cold  water. 

The  effects  of  chinoline  tartrate  are  analogous  to  those 
of  .salts  of  quinine.  In  solutions  ranging  from  0.2  to  0.4 
per  cent,  it  has  been  said  to  inhibit  fermentative  and 
putrefactive  processes  (Donath),  and  in  doses  such  as 
would  be  given  of  quinine,  to  prove  antipyretic  and  anti- 
periodic  after  the  manner  of  that  alkaloid  ( Donath.  Loewy , 
and  others).  As  against  quinine,  chinoline  tartrate  has 
the  advantage  of  comparatively  low  price;  but  the  dis- 
advantage of  a  decided  tendency  to  sicken,  vomiting 
being  quite  a  common  consequence  of  a  medicinal  tkise. 
Furthermore,  later  experience  has  failed  to  confirm  the 
claim  of  autiperiodic  powers  at  first  asserted.  The  drug 
is  best  given  in  a  sweetened  aromatic  water,  and  a  tea- 
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spoouful  of  lemon  juice  or  ix  lump  of  ice  after  the  dose 
is  saiil  to  lessen  tlie  tendency  to  umiseate. 

Neither  chinoliue  nor  anj'  of  its  salts  is  official  in  the 
United  States  Pharmacopceia.  Ediranl  Curtis. 

CHIN0S0L.^{C,,H6NO.SOJv  +  Aq.)  Oxy-chiiioline 
sulpliniiiitc  of  potassium.  This  is  a  yellow  ciystalline 
powder  of  feelily  aromatic  odor,  freely  soluble  iii  water 
and  insoluble  in  alcohol  and  etlier.  Its  dilute  aqueous 
solution  turns  green  with  ferric  chloride,  anil  forms  a 
green  coating  on  steel  instruments.  It  is  stated  to  be  a 
more  powerlid  antiseptic  than  bichloride  of  mercury, 
with  great  penetrating  power,  and  is  highly  spoken  of 
by  European  clinicians;  a  lto-500  solution  killed  the 
plague  bacillus  in  ten  minutes.  It  has  been  used  with 
advantage  bj"  Gilles  in  vaginitis  in  strength  of  1  to  8.0(10 
to  1  to  1.000,  also  in  leprosy  and  bone  tuberculosis. 
Mixed  with  five  to  ten  per  cent,  of  boric  acid  it  may  be 
used  as  an  antiseptic  powder  in  place  of  iodoform.  Hol)- 
day  found  it  a  powerful  disinfectant  for  the  hands,  the 
site  of  operation,  and  suttires,  a  solution  of  1  to  (iO 
producing  no  irritation.  For  cellulitis  or  other  severe 
infection  it  should  be  used  in  strength  of  1  to  500,  but 
for  ordinary  u.se  1  to  1.000  is  lietter.  Cipriani  recom- 
mends it  by  mouth  and  hypoderniically  for  tubercu- 
losis. It  has  also  been  used  as  an  antijiyretic.  Hobday's 
experiments  on  cats  indicate  the  limit  of  .safe  dosage  to 
be  .0037  gm.  (gr.  yV)  PT  500  g'n.  (1  lb.)  of  body  weight. 
Cadavers  are  said  to  be  effectively  jsreserved  by  intra- 
arterial injection  of  tive-per-cent.  solution. 

Puirin  c/iinijsol  comp.  consists  of  chinosol,  chinaseptol, 
talc,  and  silica.  W.  A.  Bmtedo. 

G\\\?ik'\ k.—  Chiretlii.  "Theentire  plant,  Sioertia  Chi- 
T)iyitii  (Roxb. )  Hamilton  (fam.  Gentinnnceie)"  (U.  S.  P.) 
(It  is  spelled  "Chirata"  by  Hamilton.)  The  following  is 
the  official  description  of  this  heiii: 

"  Root  nearly  simple,  about  7  cm.  long ;  stem  branched, 
nearly  1  metre  long,  slightly  quadrangular  above;  con- 
taining a  narrow  wood  circle  and  a  large  yellowish  pith. 
Leaves  opposite,  sessile,  ovate,  entire,  flve-nerved.  Flow- 
ers numerous,  small,  with  a  four-lobed  caly.x  and  corolla. 
The  whole  plant  smooth,  pale  brown,  inodorous,  and  in- 
tensely bitter." 

Special  attention  should  be  given  to  this  large  pith,  as 
there  is  a  spurious  article  which  is  destitute  of  it,  being 
quite  hollow. 

Chirata  is  a  native  of  Northern  India,  especially  in 
mountainous  districts  in  Nepal,  where  it  is  found  at  an 
elevation  of  from  five  to  nine  thousand  feet  (Bentley  and 
Trimen).  Its  use  was  introduced  from  India,  where  it 
has  been  long  employed,  into  European  medicine  about 
fifty  years  ago. 

The  plant  is  gathered  when  fully  grown;  the  flowering 
stems  being  pulled  up  entire,  dried,  and  tied  into  long 
bundles. 

In  composition,  Chirata  is  almost  the  exact  e([uivalent 
of  gentian,  as  it  is  also  in  properties  and  uses.  Bitter 
oplielic  acid  (CuHioOio),  soluble  in  both  alcohol  and 
water,  replaces  the  gentisic  acid  of  the  latter,  eliinttin 
(CjcHj^Cs),  a3'ellow,  bitter,  crystalline  glucoside,  soluble 
in  warm  water  and  alcohol,  rejilaces  gentiopicrin,  and  as 
with  gentian,  there  is  no  tannin,  though  ferric  salts  pro- 
duce a  dark  color,  without  inky  precipitate. 

Chirata  is  a  simple  bitter  and  tonic.  We  have  official 
a  fluid  extract,  dose  1  to  4c. c.  (fi.  3  i  to  i.)  and  a  ten-per- 
cent, tincture,  made  with  sixty-flve-per-cent  alcohol,  dose 
1  to  8  c.c.  (fl.  3  i  to  ij.).  The  latter  is  much  the  better 
preparation,  especially  in  small  doses. 

Jleiivy  II.  Rushy. 

CHIROL  is  a  solution  of  variousoils  and  resins  in  ether 
and  alcohol,  forming  an  antiseptic  varnish  for  the  sur- 
geon's hands.  It  is  applied  by  imiuersing  the  hands, 
opening  and  shutting  them  a  few  times  and  spreading 
the  fingers,  then  exposing  them  to  the  air  for  two  or  three 
minutes  to  dry.  The  pellicle  formed  is  said  to  wash  off 
easily,  not   to  peel  or  crack,  and  not  to  be  sticky.     It 


covers  the  hands  with  a  flexible,  impermeable  coating 
like  a  rublier  glove.  It  has  also  been  used  for  prelim- 
inary sterilization  of  the  surface  to  be  operated  upon. 

W.  A.  Bastedo. 

CHITTENANGO  SULPHUR  SPRINGS.  —  Madison 
County,  N.  Y. 

Post-Office. — Chittenango. 

AccF.ss. — This  plea.sant  summer  resort  is  located  about 
3  tuiles  south  of  the  Chittenango  station,  on  the  New 
York  Central  and  on  the  New  Y'ork,  West  Shore,  and 
Buffalo  railroads,  between  the  beautiful  villages  of  Chit- 
tenango and  Cazenovia.  The  Springs  are  reached  from 
Chittenango  by  an  electric  railroad,  by  carriage,  and  by 
a  stage  line. 

The  coimtiT  surrounding  the  Springs  is  hilly  and  cov- 
ered by  a  growth  of  hemlock,  pine,  beech,  and  maple. 
Thnmgh  the  valley  between  the  hills  flows  the  outlet  of 
Cazenovia  Lake  to  Oneida  Lake.afl'ording  a  stream  twenty 
to  seventy  feet  in  width  and  well  stocked  with  California, 
German,  and  biook  trout.  The  liotel  is  large  and  com- 
modious, with  extensive  verandas,  spacious  parlors,  and 
high  and  well-ventilated  rooms,  capable  of  accommodat- 
ing three  hundred  guests.  The  hillside  grounds,  in  the 
rear  of  the  hotel,  including  several  acres,  are  covered 
with  wild  woods,  intersected  with  walks,  affording  a  cool 
and  delightful  strolling  place  in  liot  summer  days.  The 
Springs  are  three  in  number,  known  as  the  "White  Sul- 
phur," the  "Jlagiiesiuni  Stdiihur."  and  the  "Lithium 
Sulphur"  Springs.  The  following  analyses  were  made 
by  Professor  Chandler,  of  New  Y^ork : 

One  United  States  Gallon  Contains: 


Solids. 

White 
Sulphur 
Spring. 
Grains. 

Lithium 

Sulphur  or 

Cave  Spring. 

Grains. 

Masrnesia 
Sulphur 
Spring. 
Grains. 

Mafrnesiiini  .-.irhonate 

22.03 
"  ".08 

'  ■ '  ii 

81.42 

Trace. 

1.9.') 

1.04 

.16 

Trace. 

.12 

"".OS 
.28 

23.97 

"".ie 

.26 

106.12 

Trace. 

7.59 

1..57 

.23 

Trace. 

.39 

1.12 

23 

152 

20  78 

.32 

.02 

115.09 

Stronliiun  sulphate 

Trace. 

13  73 

1.83 

.33 

.75 

.93 

Silica 

..58 

1W.36 

142.15 

153.35 

Gases. 

Cubic  ins. 

Cubic  ins. 

Cubic  ins. 

Snlphureted  hydrogen 

Carbonic  acid 

0.88 
20.48 

3.75 
15.93 

5.62 
19.43 

Temperature  of  water,  4.5°  F. 

The  water  of  the  White  SiUphur  Spring  also  contains 
a  trace  of  free  sulphur,  which  accounts  for  its  pearly- 
white  hue.  This  water  is  recommended  for  rheumatism, 
neuralgia,  gout,  and  skin  diseases.  The  magnesia  water 
is  transparent,  but  deposits  a  sediment  said  to  consist  of 
magnesia,  yellow  sulphur,  and  a  chloride  of  potfissium. 
This  water  possesses  marked  tonic  properties,  and  is 
much  used  in  genei'al  debilit_y.  nervous  affections,  and 
insomnia.  The  water  of  the  Lithium  Spring  is  also  per- 
fectly clear  and  very  pleasant  to  the  taste.  It  lias  en- 
joyed much  reputation  in  the  treatment  of  kidney  affec- 
tions. There  is  a  lai'ge  bath-house  in  connection  with 
the  Springs,  in  which  liot  mineral  water,  vapor,  and 
electric  batlis  are  furnished.  James  K.  Crook. 

CHLOASMA.— (Synonyms:  Liver  Spot,  Moth  Patch, 
Mask;  Fr. ,  CMonstiie  :  Ger.,  Pifimrntflerken.) 

Definition. — An  abnormal  pigmentation  of  the  skin 
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occurring  usually  in  iiivtcUes  of  yellow,  brown,  or  black 
color,  of  various  shapes  and  sizes. 

It  is  used  as  a  generic  term  and  includes  all  discolora- 
tions  of  the  skin,  either  circumscribed  or  diffuse,  which 
are  not  accompanied  by  any  other  apparent  objective 
changes.  The  color  is  of  a  yellow,  brown,  or  black, 
changing  in  some  conditions  to  a  bronze  or  lilack  (mela- 
noderma). The  disciiloraticins  may  lie  unilateral,  irregu- 
lar, or  symmetrical  in  their  distrilnition,  consisting  of 
patches  or  of  more  or  less  diffuse  pigmentations,  stop- 
]iing  abruptly  at  the  border,  or  they  may  shade  off  into 
the  uormal  color  of  the  part. 

From  the  generic  use  of  the  term,  chloasma  is  usually 
divided  into  the  idiojiathic  or  the  symptomatic  varieties. 

Idiojiat  hie  chloasma  is  due  to  external  causes  or  irritants : 
(1)  ilechanieal;  (2)  chemical;  (3)  thermal:  (4)  jiarasitic. 

1.  Mcr/iiiiu'cal. — As  a  result  of  abrasions  and  of  trauma, 
and  also  in  consequence  of  scratching,  in  pruritus  senilis, 
prurigo,  and  other  jjruriginous  diseases,  dee])  jiigmenta- 
tion  occiu's  in  certain  individuals,  especially  the  rim -down 
and  elderly. 

2.  Cheinkril. — In  this  class  may  be  placed  those  cases  in 
which  pigmentation  follows  sinapisms,  vesicants,  and 
counter  irritants.  It  is  a  question  whether  this  is  due 
directly  to  chemical  effect  or  merelj^  to  the  irritiition. 
Tattooing  may  lie  placed  here. 

3.  Thirniid. — Bronzing  following  the  erythematous 
stage  of  sunburn  is  not  a  true  chloasma:  it  is  simjdj- a 
pigmentation  of  the  exjiosed  jiarts — deep  brown  in  the 
case  of  blondes — produced  liy  the  sun's  rays,  and  occur- 
ing  geneially  in  rather  large  and  well-defined  areas. 
Older  i)eo]ile  of  a  cei-tain  tyjie  have  a  tendency  toward 
patchy  jiigmentation  of  the  neck,  aims,  hands,  anil  face, 
which  is  undoubtedly  e.xcited  and  increased  by  the  sun's 
rays.  Stokers  and  those  exposed  to  hot  fires  often  have 
peculiar  darkened  areas  upon  the  exposed  parts.  Cold 
has  been  known  to  produce  like  conditions. 

4.  Piirasitic. — De  Amicis  has  lately  described  a  pecul- 
iar cafe-au-lait  pigmentation  upon  the  chin  and  lip,  due 
to  the  demodex  folliculorum.  Majocchi  has  likewise 
seen  two  cases.  Pityriasis  nigricans  (Willan)  is  the  deep 
pigmentation  seen  in  vagrants  and  tramjis,  jiroduced  by 
scratcliing  and  generally  due  to  pediculi  cor|)oris. 

The  various  fungi  which  flourish  upon  the  skin  and 
cause  yellowish  or  brownish  spots,  such  as  tinea  versi- 
color, erythrasma.  mal  del  ]iinto,  are  described  under 
their  respective  titles. 

S,ymptomatic  chloasma  may  be  a  sequel  of,  or  accom- 
pany, certain  physiological  or  pathological  conditions  of 
the  system. 

After  certain  inflammatory  skin  diseases  —  e.rj.,  der- 
matitis herpetiformis,  ]isoriasis,  lichen  planus,  eczema, 
syphilitic  erujitions,  etc. — tlie  sites  occupied  by  the  for- 
mer eruption  often  display  a  yellow  or  brown  pigmen- 
tation, a  part  of  which  is  of  haimatogenous  origin,  wliile 
another  ])art  comes  from  the  cells  of  the  locality. 

In  cases  of  varicose  veins  the  legs  often  have  a  deep 
patchy  brown  color,  beginning  about  the  follicles. 

Chloasma  uterinum  is  either  a  physiological  or  a  patho- 
logical condition.  Pregnant  women  usually  liave  a  deep- 
ening of  tlie  color,  in  |iigniented  portions  of  tlie  liody,  of 
a  greater  or  less  degree.  They  also  sometimes  are  affected 
with  an  abnormal  deposit  of  pigment,  which  occurs  in 
patches  of  a  dirty  yellow  to  brown  color  over  the  face, 
especially  on  the  forehead,  cheeks,  and  chin.  Often  it 
becomes  ditt'use  in  the  shape  of  a  sharply  defined  mask, 
the  so  called  i/Kisqiic  ihs  fiinmcs  ennintex. 

In  uterine  and  ovarian  disea.sesa  similar  condition  may 
be  seen,  the  pigmentation  occurring  either  in  spots  or  in 
the  form  of  a  diffuse  mask.  In  the  latter  case  the  neck 
is  especially  involved,  though  in  this  location  the  rough 
and  tightl_y  fitting  rutfle  or  neck  ornament  may  be  a  con- 
tributing factor. 

In  all  cases  of  pigmentation  of  the  face  and  neck  the 
uterus  and  ovaries  should  be  examined. 

Various  lilood  diseasi's  of  uidimiwn  origin  (hremato- 
chromatoses  of  von  Recklinghausen)  are  sometimes  ac 
companied  by  abnormal  pigmentation  of  the  skin. 


In  exophthalmic  goitre,  abnormal  pigmentation,  in  the 
form  of  patchy  or  diffuse  freckles,  is  quite  common,  espe- 
cially along  the  course  of  the  musculo-cutaneous  nerves 
on  the  hands  and  arms,  and  over  those  parts  of  the  face 
which  are  supplied  by  the  fifth  nerve  (Blake). 

In  abdominal  tumors,  tubercidosis.  cancer,  and  lym- 
phoma, pigment  is  common  on  the  face  and  hands. 

Diseases  of  the  liver  give  I'ise  more  often  to  jaundice, 
but  they  are  also  accompanied  liy  a  patchy  or  dift'use 
pigmentation  of  the  skin,  often  simulating,  in  this  re- 
spect, Addison's  disease,  as  is  seen  in  diabetic  cirrhosis. 

It  was  formerlv  the  fashion  to  ascrilie.  in  a  general 
way,  all  "moth  spots"  or  patchy  pigmentations  to  liver 
disorders  (so-called  "liver  spots").  This  idea  was  erro- 
neous, for  the  pigment  due  to  liver  diseases  is  deposited 
more  or  less  generally,  and  not  in  sharply  circumscribed 
spots  or  patches,  as  is  the  case  in  the  so-called  "liver 
S]iots."  These  remarks  may  be  also  applied  to  malarial 
pigmentations,  which  are  produced  by  chronic  malarial 
poisoning. 

Diseases  of  certain  glands — e.r/..  the  suprarenal  (Addi- 
.son's  disease)  and  the  thyroid  (Graves'  disease)  glands — 
are  accompanied  by  dyschromias. 

Pigmentations  of  varying  degree  and  extent  have  been 
observed  in  cases  of  melanotic  cancer  and  also  in  those 
of  other  forms  of  malignant  growths. 

Cachectic  conditions  often  produce  a  universal  deepen- 
ing of  pigment,  from  a  sallow  yellow  to  a  yellowish- 
brown  color.  This  is  particularly  true  of  tuberculosis, 
chronic  rheumati.sm,  syphilis,  and  leprosy:  in  the  last- 
named  disease  the  pigmentation  is  quite  marked  about 
the  face  and  extremities  in  the  late  stages. 

It  is  a  fact  which  is  often  overlooked,  that  gastro-in- 
testinal  disorders  ]ilay  a  role  in  certain  cases  of  chloasma. 
Chronic  constipation  and  intestinal  and  gastric  fermenta- 
tion of  a  chronic  character,  in  which  certain  poisonous 
bodies  are  absorbetl,  produce  besides  other  symptoms  a 
patchy  pigmentation  of  the  face  and  hands,  which  is 
almost  always  symmetricall.v  distributed. 

Syphilitic  pigmentation  of  the  neck,  usually  seen  in 
women,  is  accompanied  by  otiier  local  symptoms  and 
does  not  belong  here. 

In  respect  to  drugs,  the  most  important  discoloration 
is  produced  by  nitrate  of  silver,  for  which  see  Arf/i/na. 

Arsenic  also  produces  a  brown  or  bronze  pigmentation 
of  the  face,  neck,  and  abdomen  after  prolonged  adminis- 
tration of  the  drug,  but,  as  I  have  endeavored  to  show, 
this  is  not  an  essential  primary  pigmentation,  for  it  is 
always  preceded  by  a  sensible  degree  of  iuHammation  of 
the  skin 

Little  is  known  of  the  histopathology  of  chloasma. 
The  ))igment,  in  the  more  superficial  forms,  is  dejiosited 
in  the  epidermis,  either  as  something  which  was  not  there 
before,  or  else  as  an  addition  to  a  previously  existing  de- 
posit ;  but  in  many  varieties  the  cutis  also  contains  a 
great  amount  of  yellow  granules,  either  in  connective- 
tissue  cells,  which  may  form  pigment  themselves,  or  in 
the  lymph  spaces. 

Van  der  Vegt  found  that  in  sections  the  epidermic  pig- 
ment was  soluble  in  a  weak  solution  of  caustic  potash  in 
peroxide  of  hydrogen,  while  that  of  tlie  cutis  was  not  sol- 
uble in  thissolutiiin.  though  perfectly  so  in  strong  hydro- 
chloric acid. 

The  treatment  of  chloasma  con.sists  simply  in  properly 
treating  the  cause  or  the  disease  upon  uhich  it  is  depend- 
ent. Consequently  the  reader  is  referred  to  the  difl'cr- 
ent  articles  which  treat  of  the  various  conditions  above 
mentioned.  But  no  matter  what  the  cause  ma,v  be.  the 
pigment  is  always  slow  to  disappear:  however,  local 
treatment  maj'  in  some  eases  assist  in  its  reiuoval.  The 
results  from  local  treatment  depend,  of  course,  upon  the 
depth  or  location  of  the  pigment.  The  remedies  com- 
monly u.sed  for  this  purpose  cause  desquamation  of  the 
epidermis,  tbu"  attemjiting  by  the  desquamation  to  re- 
move the  iiigmented  cells.  Some  of  these  remedies  are 
also  supposed  to  have  a  bleaching  effect,  which  at  least 
is  doubtful. 

If  after  a   thorough   trial   of  the   usual   remedies  no 
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marked  improvement  is  perceptible,  treatment  should  be 
discontinued,  as  this  proliably  shows  that  there  is  a  de- 
posit in  the  cutis,  and  such  a  deposit  is  often  increased 
by  continued  irritation.  Even  incases  in  which  the  spots 
are  removed,  there  is  often  a  reappearance  with  increased 
pigmentation. 

The  smaller  areas  can  be  very  eifectually  removed  by 
electrolysis,  by  inserting  the  needle  just  to  the  cutis 
margin,  or  by  quick  successive  supeilicial  stabs  of  the 
instrument. 

Peroxide  of  h.ydrogen  is  recommended.  It  should  be 
applied  on  cotton  and  allowed  to  remain  on  the  spot  .sev- 
eral minutes.  This  procedure  may  be  repeated  several 
times  a  day. 

The  various  scaling  agents  used  are:  salicylic  acid  in 
a  saturated  alcohol  solution  or  in  a  paste:  resorcin  in 
from  ten  to  twenty  per  cent,  sohition  in  alcohol  or  in  a 
paste;  corrosive  sublimate,  one  percent,  in  almond  enml- 
ion;  and  nightly  frictions  of  green  soap.  The  following 
prescription  is  to  be  recommended : 

I?  Hydrargyri  ammoniati gij. 

Bismuthi  subuitratis 3ij. 

Vaselini li. 

Olei  rosse q.s. 

M.    Sig. :  Apply  gently  to  the  discolorations  at  night, 
and  wash  off  in  the  morning  with  green  soap. 

This  ointment  in  the  course  of  time  will  materially 
lighten  the  patches,  and  is  greatly  to  be  preferred  to  the 
strong  lotions  of  corrosive  sublimate,  which  often  pro- 
duce disastrous  results.  TI'.  A.  Hardaway. 

CHLORAL.— By  the  title  CMornl.  Chloral,  the  United 
States  Pharmacopreia  recognizes  not  what  is,  chemically 
speaking,  chloral  jiroper,  but  an  entirely  distinct  body, 
chloriillij/drdte.  Chloral  proper,  C2HCI3O,  is,  chemically, 
acetic  aldehyde  (common  aldehyde)  with  three  atoms  of 
hydrogen  in  the  molecule  replaced  by  chlorine.  It  is  a 
thin,  oily,  colorless,  heavy  fluid.  On  mi.xing  chloral  with 
water  the  two  bodies  unite,  forming  a  crystalline  hydrate 
of  chloral,  C2HCl30.II.:(),  which  is  the  substance  used  in 
medicine  under  the  misnomer  rhliinil.  Chloral  hydrate, 
or  "chloral,"  appears  in  "separate,  rhomboidal,  colorless, 
and  transparent  crystals,  having  an  aromatic,  penetrat- 
ing, and  slightly  acrid  odor,  and  a  bitterish,  caustic  taste; 
slowly  volatilized  when  exposed  to  the  air.  Freely  solu- 
ble in  water,  alcohol,  or  ether;  also  in  chloroform,  Ijenzol, 
benzin,  carbon  disulphide,  fixed  and  volatile  oils.  It 
liquefies  when  triturated  with  about  an  equal  quantity 
of  camphor,  menthol,  thymol,  or  earliolic  acid.  When 
heated  to  al)Ovit  38'  C.  (136.4'  F. )  it  melts,  forming  a 
liquid  having  a  specific  gravity  of  about  1..575,  which 
at  a  higher  temperature  should  not  evolve  inflammable 
vapors.  Liquefied  chloral  solidifies  to  a  crystalline  mass 
between  3.5'  and  50'  C.  (95"  and  122°  F.l.  "Chloral  is  de- 
composd  by  caustic  alkalies,  alkaline  earths,  and  am- 
monia, chloroform  being  fra-med,  and  a  formate  of  the 
base  jjroduced.  A  freshly  prepared  aqueous  solution 
of  chloral  is  neutral,  but  gradually  acqtiires  an  acid  re- 
action" (U.  S.  P.).  Chloral  hydrate  should  be  kept  in 
glass-stoppered  bottles  in  a  cool  and  dark  place. 

Chloral  hydrate  was  proposed  as  a  medicine  b_v  Lie- 
breich,  in  1869,  on  the  theoretical  assumption  that  wlien 
absorbed  into  the  circulation  it  would,  by  virtue  of  the 
warmth  and  alkalinity  of  the  blood,  undergo  decomposi- 
tion and  conversion  into  chloroform.  But,  though 
chloral  hydrate  has  proved  itself  a  valuable  medicine, 
it  is  now'certainly  known  not  to  undergo  the  assumed 
decomposition  in  the  circulation,  so  that  its  effects  are 
those  of  itself  as  such,  and  not  of  chloroform. 

The  effects  of  chloral  hydrate  upon  the  animal  economy, 
while  much  resembling  those  of  chloroform,  yet  differ 
therefrom  in  many  marked  respects.  Chloral  hydrate, 
like  chloroform,  is  locally  a  sharp  irritant,  and  constitu- 
tionally a  |iowerful  neurotic,  capable  of  producing  arrest 
of  the  more  important  of  the  nervous  functions,  and  so 
death.     The  most  important  difference  between  the  action 


of  chloral  and  that  of  chloroform  is  that  the  former  drug 
has,  relatively,  a  greater  tendency  to  determine  sleep, 
depression  of  respiration,  and  fall  of  temperature,  and 
a  distinctly  less  pronounced  power  to  dull  sensation, 
than  has  chloroform.  In  ordinary  medicinal  dosage  (a 
single  dose  of  from  2  to  3  gm.,  equivalent  to  from  gr. 
XXX.  to  xlv.)  the  only  marked  effect  of  chloral  hydrate 
is  a  gentle,  calm,  agreeable,  dreamless  sleep,  which,  if 
Induced  at  bedtime,  will,  unless  there  be  special  reasons 
to  the  contrarj',  probably  last  till  morning,  and  from 
which  the  waking  will  be  natural,  unattended  by  the 
disagreeable  by-ett'ects  of  an  opiate.  During  the  chloral 
sleep,  forced  awakening  is  as  easy  as  during  a  natural 
heavy  sleep,  and  the  suljject,  when  roused,  is  perfectly 
rational.  Pulse  and  respiration  are  a  little  slowed,  but 
otherwise  the  functions  are  not  obviously  affected.  In 
increased  dosage  natural  sleep  deepens  into  coma;  respi- 
ration, blood  pressure,  and  pulse  rate  are  markedly  de- 
pressed, or  the  heart's  action  may  be  rapid  while  weak; 
temperattire  distinctly  falls;  sensation,  after  an  initial 
temporary  hypera;stliesia,  becomes  moderatel)'  blunted; 
motor  paralysis,  voluntary  and  reflex,  comes  on,  and,  if 
the  dose  has  been  sufficiently  large,  death  ensues  by  fail- 
ure of  respiration ;  or,  if  the  action  has  been  sudden  and 
overwhelming,  death  is  by  syncope,  as  in  shock.  The 
principal  post-mortem  revelation  in  fatal  chloral  poison- 
ing is  congestion  of  the  lungs  and  of  the  cerebrospinal 
axis.  These  various  phenomena  are  undoubtedly  pro- 
duced by  a  direct  action  of  the  poison  upon  the  nerve 
centres  presiding  over  the  functions  deranged.  Of  the 
effects,  those  of  greatest  clinical  importance  are  the  hyp- 
notism and  the  paresis  of  the  respiratory  centre  and  of 
the  motor  tract  of  the  sjiinal  cord  generally. 

AVlien  chloral  hydrate  is  taken  habitually,  certain  pecul- 
iar effects  may  follow.  Perhaps  the  most  common  is 
some  form  of  skin  eruption,  ■U'hich  is  generally  erythema- 
tous, though  sometimes  papular.  In  ceitain  subjects, 
urticaria  or  purpura  may  result;  in  other  cases,  conjunc- 
tival or  faucial  irritation:  in  still  others,  dyspnoea;  and 
in  unique  cases,  pains  in  all  the  limbs  and  partial  para- 
plegia have  clearly  been  traced  to  chloral  poisoning 
(Anstie).  Quite  a  common  effect,  seen  even  in  ca.ses  of 
single  dosage,  is  one  where  chloral  and  alcohol  have  been 
taken  together,  namely,  deep  flushing  of  the  face  and 
throbbing  of  the  vessels,  exactly  as  produced  by  amyl 
nitrite.  Prolonged  habitual  use  of  the  drug  proliably 
tends  to  debase  the  mind  and  morals  of  the  subject  in 
the  same  manner  as  indulgence  in  alcohol,  ether,  or  chloro- 
form; and  sudden  discontinuance,  after  a  fixed  habit  of 
excess,  may  naturally  lead  to  the  same  consequences  as 
the  sudden  breaking  of  a  pronounced  alcohol  habit. 

In  the  matter  of  toxicology,  cases  of  fatal  or  of  even 
dangerous  poisoning  have  generally  resulted  from  inad- 
vertent medicinal  overdosage.  The  smallest  authenti- 
cated fatal  dose  is  twenty  grains  (1.30  gm.),  and  the  fact 
that  such  dose — one  less  than  the  usual  medicinal  dose — 
has  killed  only  emjihasizes  the  fact,  now  pretty  gener- 
ally recognized  by  the  pi'ofession,  that  individuals  show 
very  different  degrees  of  suseeptiljility  to  the  action  of 
chloral  hydrate.  The  condition  of  dangerous  poisoning 
is  one  of  narcosis,  distinguishable  from  the  narcosis  of 
opium,  with  which  it  is  most  likely  to  be  confounded, 
by  the  conditions  of  the  pupils.  The  pupils,  in  chloral 
poisoning,  are  either  dilated,  or  if  contracted  are  but 
moderately  so,  and  dilate  upon  the  subject's  awakening. 
Very  often,  also,  in  cldoral  narcosis,  the  face  is  deeply 
flushed  and  somewhat  bloated,  the  lips  and  eyelids 
swollen,  and  the  eyes  blood-shot.  The  treatment  of 
poisoning  b}'  chloral  hydrate  is  to  evacuate  the  stomach, 
laest  b}'  the  stomach  pump,  and  to  sustain  the  flagging 
lungs  and  heart  by  artificial  respiration.  Medicinal 
respiratory  and  cardiac  stimulants,  though  theoretically 
indicated," are  practically  of  little  use,  because  of  the  al- 
ready hopelessly  paralyzed  condition  of  the  tissue  upon 
which  they  are  to  act. 

Therapeutically,  chloral  hydrate  is  available  to  pro- 
cure sleep,  to  ojipose  spasm,  and  to  bbmt  pain.  As  a 
hypnotic  it  takes  front  rank  among  medicines,  because 
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of  the  combined  certaiuty  and  yet  pleasantness  of  its 
action.  Yet  tlie  indiscriminate  use  of  the  drug  in  all 
conditions  of  wakefulness  may  easily  work  great  harm. 
Thus,  remembering  the  strong  specific  action  of  chloral 
hydrate  to  depress  resjuratory  activity,  it  is  plain  that  in 
the  restlessness  and  wakefulness  that  result  from  dysp- 
noea, in  such  conditions  as  congestion  of  the  lungs, 
emphj'sema,  or  bronchitis  with  obstructed  circulation, 
the  drug  is  the  most  improper  thing  that  could  be  pre- 
scribed. Similarly,  from  its  associated  cardiac  depression, 
all  conditions  caused  or  attended  by  feeble  or  embarrassed 
circulation  contraindicate  chloral.  As  an  antispasmodic, 
chloral  hydrate  is  peculiarly  appropriate  where  the  cause 
of  the  spasms  is  morbidly  excited  reflex  irritabilitj-  of  the 
nerve  centres.  In  tetanus  it  has  thus  worked  many  cures. 
As  an  anodyne  this  remedy  is  inferior  to  many  others, 
as  might  be  infeiTed  from  the  fact,  already  mentioned, 
that  anaesthesia  is  not  a  very  pronounced  element  of  its 
physiological  operation. 

A  special  use  of  chloral  hydrate,  not  medicinal,  yet 
utilized  by  the  physician,  is  as  a  preservative.  Like  "the 
related  suijstances.  the  volatile  alcohols  and  ethers,  chloral 
hydrate  is  markedly  antiseptic,  and  possesses  the  peculiar 
feature  that,  while  preserving  putrefiable  tissues  from 
decay,  it  yet  does  not  obviously  change  the  physical 
appearance  of  even  the  most  delicate  structures.  The 
agent  is,  therefore,  peculiarly  useful  as  a  preservative 
for  urines  set  aside  for  microscopical  examination.  As 
much  of  the  drug  in  crystals  as  will  lie  on  the  thumb-nail 
added  to  about  100  c.c.  (about  fl.  Jiij.)  of  urine  will 
preserve  the  same  perfectly  for  days  or  even  weeks,  and 
that,  too,  without  affecting  the  ready  recognizability  of 
casts,  blood  or  pus  corpuscles,  epithelial  scales,  or  sper- 
matozoa. The  addition  does  not  affect  the  heat  and  nitric 
acid  test  for  allnimiii,  lint  it  vitiates  the  test  for  sugar  by 
Fehling's  solution,  since  a  solution  cif  chloral  hydrate  of 
sufficient  concentration  will  itself  reduce  the  copper  of 
that  test  fluid.  The  antiseptic  action  of  chloral  hydrate 
is  available  for  use  in  surgerv,  and  lotions  of  from  one  to 
three  per  cent,  strength  have  been  proposed  for  wotmds. 
Such  weak  percentages  are  necessary,  else  the  application 
will  smart  and  perchance  develop  constitutional  poison- 
ing by  absorption. 

Lastly,  chloral  hydrate  has  been  suggested  as  an  anses- 
thetic  for  surgical  use,  by  the  procedure  of  injecting  an 
aqueous  solution  directly  into  a  vein.  The  quantity  of 
one  hundred  grains  has  been  so  injected,  with  tlie  effect 
of  producing  in  eight  minutes  a  complete  anjesthesia  that 
lasted  an  hour,  and  was  followed  by  a  deep  sleep,  with 
blunted  sensibility,  for  fourteen  hours.  In  other  cas<'S 
death  has  been  reported  as  a  consequence,  as  might  natu- 
rally have  been  anticipated,  and  the  procedure  is  little 
likely  to  find  favor  with  conscientious  surgeons. 

For  medicinal  giving  for  its  legitimate  purposes,  the 
dose  of  chloral  hydrate  for  an  adult  should  not  at  first 
exceed  1.30  gm.  (gr.  xx.).  Often  twice  and  three  times 
that  quantity  is  perfectly  well  borne,  but,  until  the  indi- 
vidual susceptibility  of  a  given  subject  is  tested,  it  is 
best  to  prescribe  the  smaller  doses.  The  remedy  is  given 
in  solution,  with  the  sharp  twang  of  the  taste  disguised 
by  some  syrupy  and  aromatic  addition. 

Edward  Curtis. 

CHLORAL    ACETO-PHENON-OXIME.— CHsCHsC- 

NO,CH,OHCCl3.  Tliis  is  olilaineil  liy  the  interaction  of 
chloral  and  acetopheuonoxime  at  low  temperatures.  It 
occurs  in  colorless,  prismatic  crystals,  insoluble  in  water, 
soluble  in  alcohol  and  ether,  and  decomposed  by  acids. 
It  is  hypnotic,  and  has  been  used  in  epilepsy  and  tetanus, 
but  its  effective  dose  has  not  yet  been  determined. 

W.  A.  Bmtedo. 

CHLORAL  ALCOHOLATE— This  body.  CHCUO, 
CaHsO,   forms  during   the   process   of  manufacture  of 


chloral  from  alcohol.  It  is  in  white  crystals,  distinguished 
from  those  of  chloral  hydrate  by  their  insolubility  in  cold 
water,  although  they  melt  on  admixture  with  hot  water. 
This  body  is  not  used  as  a  medicine,  and  needs  mention 
only  because  it  may  possibly  be  mistaken  in  the  market 
for  chloral  hydrate.  Edward  Curtis. 

CHLORAL-AMMONIUM  is  obtained  by  passing  dry 
ammonia  gas  tluough  a  solution  of  chloral  in  chloroform. 
It  forms  colorless  needles  melting  at  84°  C.  (183.2'  F.) 
and  is  almost  insoluble  in  water.  Boiled  with  water  it 
forms  cliloroform  and  ammonium  formate.  It  is  given 
as  an  analgesic  and  hypnotic  in  dose  of  1-2  gm.  (gr. 
XV. -XXX.).  "  W.  A.  Bcistcdo. 

CHLORAL  CAMPHOR.— This  name  has  been  applied 
to  the  clear  fluid  that  results  from  trituration  of  equal 
parts  of  chloral  h_ydrateand  camphor.  The  fluid  is  solu- 
ble in  alcohol,  ether,  glycerin,  and  fixed  oils,  but  on 
mixture  with  water  suffers  precipitation  of  tlie  camphor. 
It  possesses  the  medicinal  properties  of  its  ingredients, 
and  in  a  teaspoonful  dose  in  one  case  produced  severe, 
irritant,  and  narcotic  poisoning.  The  compound  is  not 
official,  but  has  been  used  medicinally  as  a  nervous  seda- 
tive in  doses  of  from  gtt.  x.  to  xx.  Edicard  Curtis. 

CHLORAL  CYANHYDRATE.— CClsCOH,HCN,chloral 

hydrocyanin,  chloral  cyanhydrin.  It  occurs  in  small 
crystals  or  a  crystalline  powder  having  a  mixed  odor  of 
hydrocyanic  acid  and  chloral  and  readilj- soluble  in  water, 
alcohol,  and  ether.  Its  aqueous  solution  is  only  fairly 
stable,  and  it  is  decomposed  by  alkalies  or  boiling  water. 
Hermes  states  that  it  has  the  action  of  hydrocyanic  acid 
with  about  one-seventh  its  strength.  A  solution  of  14.4 
parts  in  sufficient  water  to  make  100  parts  corresponds 
with  the  Acidum  Hydrocyanicuin  Dilutum  of  the  United 
States  Pharmacopa?ia.  Six  parts  in  1.000  make  a  solution 
equivalent  to  the  German  Pharmacopeia  bitter  almond 
water.  W.  A.  Bastedo. 

CHLORALOSE.— CsHnCljO.,  anhydro-gluco  chloral. 
By  heating  chloral  and  glucose  together  for  an  hour  at 
about  96°  C,  chloralose  and  parachloralose  are  formed. 
The  latter  is  not  used  in  medicine.  Chloralose  occurs  in 
fine,  colorless  needles  or  small  crj'stals  of  bitter,  unpleas- 
ant taste,  soluble  in  170  parts  of  cold  water  and  readily 
soluble  in  hot  water  or  alcohol.  The  crystals  melt  at 
184--186'  C.  (363.2°-366.8°  F.).  Following  experiments 
on  dogs,  it  was  introduced  in  1893  by  Hanriot  and  Richet 
as  a  certaiii  hypnotic  devoid  of  depressing  effects  on 
respiration  and  circulation.  In  1897  following  experi- 
ments on  man,  Richet  again  recommended  it  highly,  yet 
subsequent  investigations  have  shown  it  to  be  extremely 
variable  in  its  effects,  and  even  imsafe  in  so  small  a  dose 
as  eight  or  ten  grains.  It  is  said  to  cause  nausea,  vomit- 
ing, slow  weak  heart,  involimtary  uiination  during  sleep, 
and  various  nervous  symptoms,  such  as  delirium,  tremors, 
and  paraly.sis.     The  dose  is  0.2-0..')  gm.  (gr.  iij.-viij.). 

By  treating  arabinose  and  xylose  in  the  .same  manner 
as  glucose,  the  above  investigators  have  obtained  analo- 
gous compounds  named  respectively  arabinochloralose 
and  xylochloralose.  Tlie  former  is  stated  to  produce 
quiet  sleej)  without  nervous  sym|)toms  and  to  be  much 
less  toxic  than  chloralose.  Xylochloralose,  however,  was 
found  to  be  more  toxic  and  less  hypnotic. 

11'.  A.  Bastedo. 

CHLORALOXIMES  are  compounds   of    chloral   with 

various  oxinies  and  are  nearly  insoluble  in  water,  de- 
composed by  hot  water,  and  soluble  in  alcoliol.  The 
principal  ones  are  chloralacetoxime,  chloralcamphor- 
oxime,  chloral  acetaldoxime,  chloral  nitroso-betanaphtol- 
oxime,  chloral  benzaldoxime,  and  chloral  acetophenon- 
oxime.  They  all  act  as  hypnotics  (see  Chloral  aceto- 
phenon-oxime).  TV.  A.  Bastedo. 
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